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"JHYUD A4 The THz region of the EM spectrum, depicting low energy phenomena that can occur in this frequency
range.
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"JHYUD Gt/ An experimentally collected time resolved single cycle THz pulse generated from the optical rectinca-
tion of 1040 nm light in (110) cut GaP.
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"JHYUD (& THz power generated by optical rectincation in GaP as polarization is rotated around the [110] axis
compared to the theoretical polarization response given in equation 2.5. Also shown is the power of green light
(520 nm) generated by second harmonic generation, both measured using the instrument built in this work.
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7>@D Q& Common materials used for generating THz EM radiation, where def is the highest nonlinear coefi-
cient.
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"JHYUD QtEs A comparison of simulated THz pulses and Ehe resulting spectra. The inset ngure shows two pulses
of different temporal lengths of the form E = Ege ' cos (!t), while the outset plot shows the spectra after
Fourier transform. Pulses shorter in time produce wider bandwidth spectra.
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"JHYUD QEs Image on the left shows the unit cell of GaP and the image on the right is the (110) plane of GaP, illus-
trating the bonds that allow incoming photons of a given polarization to couple to the electrons and generate THz
light through OR.
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7>@iD QG Properties of common EOS materials used in THz-TDS. Here g is the IR wavelength in which phase
matching in the nonlinear medium occurs, reff is the effective electro-optic coefricient, and  pnonon is the lowest
TO phonon. Data from Y. Leets 3UIOAISBY EP 7DU> 1 DUXA. 3°
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*JHYUD QtEs The THz pulse generated and detected by 0.3 mm GaP shown in time (left) and the resulting spectrum
after Fourier transform (right).
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Amplitude (a.u.)

Frequency (THz)

"JHYUD (X&s The resulting THz spectra of various values of pulse compression (Pc)ofal Jpulse, as modulated by
changing laser settings. The range of pulse compression from 425 - 625 fs2 show the inverse nature between the
pulse length and the spectral bandwidth, however true IR pulse size measurements are difficult to achieve without
the use of an autocorrelator or FROG.
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"JHYUD QtEs Top plots a) and b) show a 30 ps THz waveform displaying the rirst 3 internal reNections from the gen-
eration GaP as well as the spectrum of this waveform after Fourier transform. c) and d) show the same THz pulse
with internal reNections removed using a sigmoid window centered around the main peak along with respective
spectrum, and e) and f) show reNection removal using the same sigmoid window, now centered instead around
individual reNections, along with the resulting spectrum.
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"JHYUD Gtés Shape of the sigmoid window transition with varying steepness parameter.
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"JHYUD Qtl s Cross-section of an ATR prism made out of HRFZ Si, showing important angles. With carefully chosen
p. the refracted beam will satisfy total internal reNection and become polarized.
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" JHYUD QtAAs As light moves through the interface between two media with differentindices of refraction, the beam

iseitherrefracted or internally reNected. The angle at which this occurs depends on the ratio of the refractive index
1

ofbothmaterialsas . = sin ﬁf . The insetimage shows how total internal reNection leads to a non-uniform

plane wave, as longer wavelengths penetrate further beyond the surface. Also shown here is the Goos-Hénchen
shift which describes the lateral displacement of the point of reNection.
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"JHYUD QtAZE A plot of TE reNection I'p as a function of i, showing p-polarized reNection for the interface of the
materials in table 2.3 and air, with minimized reNected losses at Brewsteris angle.
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7>@D QiEs Indices of refraction for different candidate prism materials, along with the angles needed for prism
geometry to satisfy both critical and Brewsterfs angles.
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"JHYUD Et/E Diagram of the full THz-TDS spectrometer, with IR depicted as red rays and THz depicted by green.
The beam is initially passed through a 90/10 beam splitter (BS) where the higher power beam (pump) goes on to
generate the THz pulse, and the lower power beam (probe) is sent to the balanced photodetector (BPD). Before
reaching the detector, the probe is nrst polarized with a Brewster polarizer (BP), and then steered through (110)
GaP collinearly with the generated THz pulse which changes its polarization via the Pockels effect. Itis this change
in polarization that is ultimately measured. The THz section of the physical instrument can be seen in the top left
corner.
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"JHYUD EtGy Left: Beam pronile of the rirst THz focus where the sample resides, collected with 32x32 pixel infrared
thermopile array. The aperture size of the camerais 2.6 mm, indicating FWHM 0.5 mm, while the beam power
was measured to be roughly 27.5 W. Right: the normalized THz intensity signal as measured by BPD vs the inci-
dent laser power.
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"JHYUD EtEs The plot on the left shows two reference scans taken 5 hours apart. The plot on the left shows the
changes in the resulting absorption spectra due to drifting in laser power and spectral content.
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7>@D Et/& The maximum SNR and DR values for both time and frequency domains for a typical reference scan,
averaged over 5 scans.
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"JHYUD EtEs Top: The THz time trace with calculated SNR. Bottom: The resulting spectrum from above time trace
with associated SNR, showing the frequency dependence of the SNR.
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"JHYUD EtEs This plot depicts the difference between averaging in the time domain versus averaging in the fre-
quency domain. Time domain averaging aids in resolving low frequency features and reducing noise, as can be
seen in the ratio between time averaged and FT averaged spectra overlayed on the plot.
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"JHYUD Etds An example of the reference pulse compared to the same pulse having been transmitted through
BiFeO3, showing the free induction decay of the pulse.
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