Power scaling of ultra-thin terahertz beam-splitters
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Abstract—A low-cost ultra-thin broadband terahertz beam-
splitter based on a thin conductive layer has previously been
fabricated and tested. Here, this paper shows the linearity
of power scaling of the beam-splitter from lower to higher
power in typical terahertz time-domain spectroscopy systems.
The presented results consider multiple samples of differing
thicknesses.

I. INTRODUCTION AND MOTIVATION

ERAHERTZ time-domain spectroscopy (THz-TDS) sys-
T tems along with discrete terahertz radiation sources are
continually increasing in their generated power [1], [2]. It is
becoming necessary to monitor and exploit this higher gen-
erated power by sampling or splitting this generated terahertz
beam. Many new optical components, such as waveguides [3]—
[6], lenses [7]-[9] and filters [10] are also being produced,
and beam-splitters are necessary to complete the set of optical
components for THz frequencies. The beam-splitter presented
in this paper can be manufactured at low-cost with an ac-
curately adjustable splitting ratio [11]. This allows for use
in scenarios where a generated terahertz beam’s quality and
power need to be monitored in real-time, or in high power
systems, where a single source may be used to power multiple
systems. This paper shows the linearity of using the presented
beam-splitter in both lower (nJ) and high (uJ to mJ) power
THz-TDS transmission setups.

II. FABRICATION

The presented beam-splitter is fabricated using low cost
materials. Common off-the-shelf generic branded household
cling-wrap is used as the low-density polyethylene (LDPE)
sheet stretched over a 50 mm diameter aluminum ring, forming
a 6.5 pm thick substrate. This base substrate is initially
weighed as a basis to determine the thickness of the applied
coating. A silver conductive paint layer is then sprayed onto
the surface of the substrate using an air brush at an arm’s
length to the substrate to ensure a uniform coating. The paint
is then left to dry at room temperature for 30 minutes. The
sample is then weighted again to ensure an accurate measure-
ment of the average coating thickness down to approximately
0.1 um. A photograph of the fabricated beam-splitters can be
seen in Fig. 1.

III. EXPERIMENTAL SETUP

Initially, low power THz-TDS experiments were performed
on a Picometrix 2000XP fiber coupled THz-TDS system

Fig. 1.
beam-splitters with reflection to transmission ratios of 10:90, 50:50 & 90:10 in
the terahertz range can be seen. The inserts show micrographs of the surface
of the beam-splitters at a magnification of 60x.

A photograph of the fabricated beam-splitters. From left to right,

emitting terahertz radiation in the nJ region for character-
izing the transmission of the beam-splitter at both normal
and 45° incidences. High power characterization experiments
were performed using with an amplified Ti:Sapphire laser
pumping a LiNbOg crystal for terahertz emission in pJ region.
Detection in this system was performed using a ZnTe crystal
and balanced photo-diodes for electro-optical detection. Again,
as with the low power system, both normal and 45° inci-
dence transmission measurements were performed on the same
beam-splitter samples. All measurements were performed in a
dry atmosphere under ambient conditions.

I'V. RESULTS

As can be seen in both the normal and 45° transmission
plots of Figs. 2 & 3, the presented beam-splitters do not exhibit
any additional spectral features measured in both low and high
power THz-TDS systems. The low and high power plots show
reasonable agreement considering that the high power system
is bandwidth limited to approximately 1 THz, there-after the
noise floor overwhelms the measured data. Minute changes in
the transmission curves can be observed in all six instances,
showing the performance of the beam-splitter is consistent
across both low and high power systems at varying angles.
The decrease in transmission of the 45° measurement follows
the previously published paper [11], where the tranmission
decreases as the Brewster angle of 72° is approached.

V. POTENTIAL IMPROVEMENTS

To increase the accuracy and consistency of fabrication
of the beam-splitters, adjustments could be made in the
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Fig. 2. The relative transmission of three samples in green, red and blue
depicting samples of 90%, 50% and 20% transmission at 1 THz, respectively,
for normal incidence. The solid lines denote measurements taken with a low
power system, while the dotted lines denote measuremements taken with a
high power system. The trend present in the plots is due to the frequency
approaching roughly one fifth of the skin depth [11], [12].
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Fig. 3. 45° Angle of incidence transmission measurements of the same beam-
splitters. Again, as with the normal incidence measurements seen in Fig. 2,
good agreement can be seen between the plots, with no additional spectral
features present between the systems. Note, the transmission amplitude
deacreased compared with the normal incidence measurements, as the angle
of incidence approaches the Brewster angle of the conductive paint at 72°.

fabrication process. In particular, replacing spray coating with
inkject printing with its controlled droplet size and accurate
drop placement could increase the uniformity of the coating,
along with thickness tolerance. Moreover, machine stretching
and deposition of the cling-wrap could ensure an even and flat
surface, such that minimal to no lensing effect can be observed
in fabricated samples.

VI. CONCLUSION

From the measurements, it can be seen that the pre-
sented ultra-thin conductive beam-splitter performs consis-
tently across both low and high power systems within the tera-
hertz range. The low-cost and ratio-adjustability of the beam-

splitter provides significant advantages over the current beam-
splitters in use, while the ultra-thin property enables minimal
beam deflection and elminates the possibility of Fabry-Perot
interference occuring in both transmitted and reflected beams,
unlike with float-zone silicon, where thicker wafers exhibit
significant amounts of interference and deflect the terahertz
beam. The beam-splitter is also robust, with stable coatings
remaining intact for well over 9 months. These properties
provide the opportunity for these beam-splitters to be used
in applications such as beam-sampling a terahertz Quantum-
Cascade Laser (QCL), to monitor the output beam in real-time
for diagnosis purposes. In addition to this, the beam-splitter
provides opportunities to make use of future high power
terahertz systems, where the genertated beam may be able
to power multiple systems for simultaneous measurements.
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