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Abstract
We employed N-benzyl-2-methyl-4-nitroaniline (BNA) crystals bonded on substrates of different thermal conductivity to 
generate THz radiation by pumping with 800 nm laser pulses. Crystals bonded on sapphire substrate provided four times more 
THz yield than glass substrate. A pyrodetector and a single-shot electro-optic (EO) diagnostic were employed for measuring 
the energy and temporal characterisation of the THz pulse. Systematic studies were carried out for the selection of a suit-
able EO crystal, which allowed accurate determination of the emitted THz spectrum from both substrates. Subsequently, 
the THz source and single-shot electro-optic detection scheme were employed to measure the complex refractive index of 
window materials in the THz range.

Keywords  Terahertz (THz) generation · Organic crystals · Single-shot electro-optic (EO) detection

1  Introduction

The terahertz (THz) frequency range is usually defined 
as the spectral regime between 0.1 and 10 THz. In the 
last decades THz radiation has attracted huge interest 
due to the availability of compact, broadband and tun-
able sources enabling real-life applications ranging from 
fundamental science to spectroscopic and imaging appli-
cations in industry, security and life science [1–11]. For 
example, terahertz waves can be employed to study car-
rier dynamics in semiconductor materials, imaging of 
biological tissues and investigation of phonon excitations 

and collision rates of conduction electrons in solids, etc. 
[12, 13]. Furthermore, theoretical and experimental stud-
ies have shown that strong terahertz fields can be used to 
excite nonlinear responses in materials [14–16]. Thanks 
to their non-ionising nature, THz radiation can also be 
employed for biochemical analysis [17, 18]. Last decade 
has witnessed a tremendous growth in terahertz genera-
tion technology which in turn resulted in the development 
of ultra-compact sources for industrial and biological 
applications that reach ultrahigh peak and average pow-
ers enabling their use for studies of nonlinear processes 
[2, 6, 19, 20]. The availability of high power THz sources 
based on organic crystals accelerated this growth thanks 
to their simpler experimental schemes and phase matching 
at commonly available laser wavelengths. N-benzyl-2-me-
thyl-4-nitroaniline (BNA) is a novel organic crystal suit-
able for pumping with NIR laser pulses delivered by Tita-
nium–Sapphire lasers. Although BNA and other organic 
crystals offer simple schemes to generate THz radiation 
compared to LiNbO

3
 crystals, the efficiency of THz gener-

ation is relatively low due to their low thermal capacity [6, 
21–26]. Thus, different methods and techniques existing 
in laser technology, such as external cooling or bonding 
with substrate materials having high thermal conductivity, 
could be implemented to increase the THz yield [27, 28]. 
External cooling brings complexities and could be suitable 
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for laser systems operating at kHz or higher repetition 
rates. However, mounting the crystals onto substrates with 
high thermal conductivity could reduce the heat load on 
them and enable a change in the optical properties result-
ing in increased THz yield. At first, we study and compare 
the performance of BNA crystals mounted on commonly 
employed substrate materials such as glass and sapphire 
and characterise the generated THz radiation.

Traditionally, electro-optic sampling based on the Pock-
els effect is employed to measure the terahertz electric field 
[29–31]. Here the pulsed terahertz radiation and short opti-
cal pulses enter collinearly in an electro-optic crystal. The 
short optical pulse is delayed in time to sample the electric 
field of the comparatively longer terahertz pulse, requiring a 
large number of measurements to trace the whole THz pulse. 
This technique is suitable for sources driven by high repeti-
tion rate laser systems. Filtering techniques are employed 
to improve the signal to noise ratio and shot-to-shot fluc-
tuations. However, for THz sources driven by low repeti-
tion rate laser systems the above technique is not feasible. 
Since they can deliver high-power terahertz pulses, a non-
collinear geometry can be employed which opens up the 
possibility of single-shot detection of the terahertz electric 
field using a single-shot electro-optic diagnostic [32–34]. 
In this scheme the terahertz pulse is incident normal to the 
electro-optic crystal like in the case of collinear sampling. 
However, a spatially extended optical probe pulse enters at 
an angle onto the crystal as shown in Fig. 1. This implies 
that different spatial components of the probe pulse arrive at 
different times at the crystal providing an observation time 
window. By adjusting the angle between the THz and optical 
beams the time window can be optimised for the measure-
ments. Using a large area charge-coupled device (CCD) the 

whole THz pulse can be measured in a single-shot allowing 
faster and accurate pump-probe studies and other terahertz 
applications.

Combining high-power sources and single-shot THz 
detection schemes opens up a plethora of applications as 
mentioned earlier [5]. Similarly with increasing THz pulse 
energy it is also important to understand the optical proper-
ties of materials in the THz range for efficient beam con-
trol and guiding. In fact, previous studies have shown that 
current THz sources can create intense pulses which can 
induce optical nonlinearities in the medium as they propa-
gate through it [5, 21, 22, 35, 36]. Thus, characterisation of 
optics and window materials for THz applications needs to 
be carried out. Until now conventional time domain spec-
trometers either in the reflection or transmission mode have 
been employed to determine the optical constants at tera-
hertz wavelengths. Here, we will employ our high-power 
THz source to characterise different window materials using 
single-shot spectroscopy [36]. Then, we will compare the 
outcome of these studies to previous works using THz-time 
domain spectrometers to verify the feasibility of this method 
[35, 37–39].

2 � Experiments

The experiments were performed at the JETI-40 (JEna 
Titanium-Sapphire) laser facility. It is a semi-commercial 
high-power laser system capable of providing peak powers 
up to 40 TW for experimental studies [40]. The output from 
the femtosecond oscillator is amplified via chirped pulse 
amplification (CPA) to 1.2 J and re-compressed to a mini-
mum pulse duration of 30 fs. However, for the experiments 

Fig. 1   Schematic of the experi-
mental setup for THz generation 
and detection
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discussed here a pulse energy up to 50 mJ was employed. 
A schematic of the experimental setup is shown in Fig. 1. 
About 5% of the pump beam power was taken out using 
a beam splitter and sent to the electro-optic diagnostic for 
coherent detection of the THz pulse. The rest of the pump 
beam was reshaped to 2 × 2cm2 using reflective optics. The 
BNA crystal fixed on a rotary mount was exposed to the 
pump beam. Phase matching for optimal THz generation 
was achieved by rotating the crystal axis with respect to 
the laser polarisation. Initially a 600 μ m thick BNA crys-
tal mounted onto a glass substrate was employed to gen-
erate THz radiation. The residual pump beam was filtered 
out at first with a Teflon sheet followed by a HRFZ ( High 
Resistivity Float Zone) silicon wafer. The transmitted THz 
beam was collected and guided using gold-coated mirrors 
and focused down using a f/1 parabola. At first the THz 
yield was optimised using a pyrometer fitted with a HRFZ 
silicon window. The measurements were carried out at 10 
Hz repetition rate of the laser. Thereafter, the single-shot 
spatial encoding technique was employed to detect the THz 
electric field transient and thereby calculate the THz pulse 
spectrum [34]. The single-shot spatial encoding scheme is a 
coherent detection method based on the linear electro-optic 
effect. This means that the electric field of the THz pulse 
induces a variation in the refractive index of the electro-
optic (EO) crystal and thereby generates an instantaneous 
birefringence. A co-propagating linearly polarised optical 
pulse experiences a change in the polarisation state due to 
the modulation of the refractive index of the crystal.

This phase shift experienced by the optical probe beam 
as it propagates through the EO crystal with a thickness d 
can be written as

where n
1
 and n

2
 are the slow and fast components of the 

refractive index. In the absence of the external field the 
refractive index of the medium is isotropic ( n

1
= n

2
 ). For 

optimal alignment of the optical probe and THz beam with 
respect to the crystal plane, the accumulated phase by the 
probe beam can be written as [30]

where r
41

 is the electro-optic coefficient of the crystal and 
nopt is the refractive index of the EO crystal at the probe fre-
quency �opt . The above equation explains that the induced 
birefringence and thereby the phase change experienced by 
the optical probe beam is directly proportional to the THz 
electric field ( E

THz
 ). The instantaneous THz electric field 

can be measured by sending a ultra-low power linearly polar-
ised short optical probe pulse. The short optical probe pulse 

(1)� =
�optd

c
(n

1
− n

2
)

(2)sin� =
�opt

c
n3
opt
r
41
ETHzd

is delayed in time to sample the comparatively longer THz 
electric field by scanning over a longer time range, requiring 
longer delay ranges and sampling space, thereby suitable 
only for high repetition rate systems. A lock-in-detection 
technique can be employed to obtain high signal-to-noise 
ratio and improve the spectral signal [31]. For high-power 
THz systems, single-shot measurements based on the spatial 
encoding scheme are advantageous. In the spatial encoding 
scheme, like in the case of EO sampling, the THz pulse is 
incident normally onto the plane of the EO crystal and the 
optical probe beam is sent at an angle to the EO crystal. This 
results in different arrival times for different spatial compo-
nents of the probe beam as shown in the inset of Fig. 1. In 
other words, by choosing the optimal crystal width, probe 
beam width (x) and incident angle ( � ) for the probe beam, 
a suitable observation time window ( T =

x

c
tan � ) which 

allows the full readout of the temporal evolution of the 
terahertz pulse in a single-shot can be obtained. The varia-
tion in the spatial intensity profile of the probe pulse can be 
recorded using a suitable imaging scheme equipped with a 
high dynamic range charge-coupled device (CCD).

The selection of suitable EO-crystal parameters is an 
important task for the optimal detection of THz radiation. 
The bandwidth and signal strength of the detection depend 
on the thickness and material of the EO crystal. From Eq. 2 
it could be interpreted that thicker crystals and a higher 
value of the refractive index at the probe wavelength can 
induce a larger phase shift. However, the term r

41
 together 

with the thickness of the crystal defines the bandwidth of 
detection. For optimum EO signal, the phase-matching con-
dition [30] between the two pulses has to be met, 
Δk =

1

�

(

nphTHz − ngopt

)

= 0 . In particular, the group velocity 
of the probe pulse should match closely with the phase 
velocity of the THz pulse inside the EO crystal.

 We evaluated numerically the phase-matching condi-
tion for the ZnTe and GaP crystals prior to analysing their 
electro-optic response functions. For both crystals the 
complex refractive indices were obtained by evaluating the 
complex dielectric function �(f ) = �el +

∑

j

Sjf
2

j

f 2
j
−f 2−iΓj f

 . Here 

the first and second terms correspond to the contributions 
from bound electrons and lattice oscillations, respectively 
[41–44]. It can be seen in Fig. 2 that the requirements for 
better phase matching and lower reflection losses are met 
by ZnTe, thereby placing it at an advantageous position 
compared to GaP provided the THz spectrum only con-
tains spectral components below 4.5 THz. Although the 
phase-matching condition for a 800 nm probe pulse and 
THz beam in GaP crystal is less optimal, due to their 
higher frequency of the transverse optical (TO) lattice 
oscillation resonances, thin GaP crystals can detect THz 
frequencies up to 10.8 THz compared to ZnTe, which pos-
sesses a TO resonance at 4.5 THz. Consequently, we 
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evaluated and compared the crystal response functions for 
different thicknesses of the two crystals by taking into con-
sideration the effective phase mismatch between the probe 
and THz pulse, absorption and transmission of THz 

radiation in the crystal. The outcome of this study is pre-
sented in Fig. 3a where solid and dotted lines represent 
GaP and ZnTe crystals, respectively. In both cases, for 
thinner crystals the absorption near the lattice oscillation 

Fig. 2   a Optical refractive indi-
ces at the probe wavelength and 
b terahertz refractive indices 
for the two crystals employed in 
this study

Fig. 3   a Plots of the EO 
response function for ZnTe and 
GaP crystals of thicknesses 
from 100−500 μ m. b Phase 
delay experienced by the optical 
probe pulse for different EO 
crystals. c Time domain signals 
of the THz pulse generated by 
BNA crystals measured with 
different EO crystals and d their 
corresponding spectra obtained 
by the Fourier transformation 
of (c)
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frequency limits the bandwidth of detection. In the experi-
ments, we tested the performance of both GaP and ZnTe 
crystals with various thicknesses.

3 � Results

3.1 � Selection of a suitable EO crystal

In order to select a suitable EO crystal for our studies, we 
employed 100 and 500 μ m thick ZnTe crystals as well as 
100 and 200 μ m thick GaP crystals. THz radiation was 
generated with a 600 μ m BNA crystal mounted on a glass 
substrate. The phase retardation measured by the single-
shot EO detection scheme is presented in Fig. 3b. The 
phase retardation experienced by the probe pulse is the 
highest for the ZnTe crystal with 500 μ m thickness, which 
in fact shows an over rotation of the phase retardation 
( sin� ≥ 1 ). Meanwhile, employing a thinner ZnTe crys-
tal or a GaP crystal with a lower electro-optic coefficient 
reduces saturation effects and the measured phase retarda-
tion has a magnitude less than 1.

For the same thickness, ZnTe offers a factor of three 
higher signal than GaP. Considering the fact that ZnTe 
( r

41
= 4.1 p m/V) has an electro-optic coefficient four times 

higher than GaP ( r
41

= 0.88 pm/V) and a lower refractive 
index, the detected phase retardation by the two crystals 
agrees with the expected value. Next, the time domain sig-
nals were calculated using Eq. 2 while taking into considera-
tion the noncollinear geometry and the outcome is presented 
in Fig. 3c. Despite the different optical properties, the cal-
culated THz field strengths are comparable. In the case of 
500 μ m ZnTe, the plot shows broadening or multiple peaks 
due to over rotation. Meanwhile, GaP measurements pro-
vide comparatively higher field strengths thus giving a more 
accurate estimate of the field strength. Subsequently, taking 
the Fourier transformation of the time domain signals pro-
vided the spectra of the THz pulse presented in Fig. 3d. It is 
evident that, despite the difference in detection bandwidths, 
the spectra remain centred around 1.2 THz with frequency 
components extending up to 3 THz. Therefore, we selected a 
100 μ m ZnTe crystal over GaP for the subsequent studies due 
to the former’s higher value of the electro-optic coefficient. 
Slight variation in the appearance of the peaks in the time 
domain signal can be observed which could be due to the 
imperfect spatial positioning of the EO crystal while placing 
it on the crystal holder. Due to the noncollinear geometry 
even small variation in the crystal thicknesses and crystal 
positioning can cause this temporal shift, while the broaden-
ing of the pulses in the crystals in the time domain, could 
lead to modifications in the spectra that are not represented 
in the crystal transfer functions.

3.2 � THz source and characterisation

In our previous work, BNA crystals bonded onto glass sub-
strates were employed to generate few micro-Joule THz 
pulses with a laser to THz conversion efficiency of 0.2% at 
10 Hz repetition rate [25]. It was also found that the maxi-
mum laser fluence for optimal operation is 8 mJ/cm2 and the 
THz yield saturates at fluences above 10.5 mJ/cm2 . We think 
that this saturation effect could be attributed to the heating 
of the crystal and the subsequent change in the refractive 
index that leads to a phase mismatch between the pump and 
the generated THz radiation resulting in the reduction in 
the effective nonlinear interaction length in the crystal. This 
suggests that a higher heat dissipation from the crystal could 
allow increased laser fluence and thereby enabling higher 
THz yield. Indeed it is well understood in laser physics that 
bonding crystals onto materials with higher thermal con-
ductivity can dissipate the heat and reduce the heat load 
[45, 46]. Hence, we tested and compared glass and sap-
phire as substrate materials for BNA [26]. BNA crystals of 
5 × 7mm2 size and 600 μ m thickness were mounted onto two 
inch diameter glass and sapphire substrates of one millimetre 
thickness. The substrates were exposed to the laser radiation 
and the generated THz radiation propagated freely into air. 
The outcome of this study is presented in Fig. 4. It can be 
seen that for the same input laser fluence, a BNA crystal 
bonded onto a sapphire substrate generates more than four 
times higher THz yield compared to glass substrate (Fig. 4a). 

Here, the incident laser fluence is adjusted for the Fresnel 
reflection losses by the two substrates. In the case of a glass 
substrate the THz yield increased quadratically and tends to 
saturate at higher fluences [25], while BNA on sapphire sub-
strate does not show any sign of saturation in the inspected 
pump fluence regime. Increased thermal load at higher flu-
ences caused browning of the BNA crystal at ∼ 10.5mJ/cm

2 
for the glass substrate and ∼ 14mJ/cm

2 for the sapphire sub-
strate. Subsequently, we looked at the time domain signal of 
the THz pulses and the outcome of these measurements are 
shown in Fig. 4b. The peak to peak electric field value for 
the sapphire substrate is more than 2 times higher in com-
parison to the glass substrate, while the respective temporal 
durations of 430 ± 11 fs and 450 ± 11 fs are comparable.

The frequency spectra of the THz pulses are obtained 
by the Fourier transformation of time domain signals. The 
spectra presented in Fig. 4c show no significant difference 
due to the substrate material. In Fig. 5, the EO measurements 
of the electric field as a function of laser fluence for the two 
substrate materials are presented. Similar to the outcome of 
the pyrodetector measurements, an increase in the THz field 
with respect to the incident laser fluence is evident. Calcu-
lating peak-peak fields for both substrates we can observe 
a linear increase with laser fluence. In the case of the glass 
substrate the observed conversion efficiency is ∼ 0.2% while 
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for the sapphire substrate it is ∼ 0.8% . This swift increase in 
THz yield could be understood based on the thermo-optical 
effect. Although the time interval between consecutive laser 
pulses is 100 ms, due to the peak power of the laser radia-
tion, an instantaneous increase in the crystal temperature 
occurs. This in turn can vary the refractive index and thereby 
the terahertz generation process. BNA is a crystal belonging 
to the aniline family which are known to have a low melting 
point around 100 ◦C while its thermal and optical properties 
are not yet fully studied [6, 47–52]. Due to its high value of 
thermal conductivity a sapphire (32 W/K  m) substrate dis-
sipates the heat faster than glass (1 W/K  m) and reduces the 
refractive index variation due to a rise in temperature. This 
may suggest that the BNA crystal temperature remains low 
and thereby at a constant refractive index for sapphire bond-
ing, while in the case of glass the crystal temperature rises 
and the refractive index mismatch between the pump and the 
THz pulse increases. By measuring their thermal expansion 

coefficient and thermo-optic coefficient it would be easier to 
choose a suitable substrate material for heat dissipation. A 
detailed study on the thermal properties of BNA crystal is a 
subject of an independent study.

Next, we discuss the application of our THz source and 
single-shot THz detection scheme for the characterisation 
of common window materials. With increasing pulse ener-
gies, organic crystal-based THz sources can be employed 
for time resolved pump-probe studies [5]. Many of these 
experiments are conducted in restricted environments that 
require THz pulses propagating through window materials to 
arrive at the physical process under investigation. We tested 
windows made of high resistive float zone (HRFZ) silicon 
(3.04 mm), diamond ( 500 μm), sapphire (5 mm), polycar-
bonate (5 mm), TPX (6.1 mm), Teflon (3.3 mm) and PMMA 
( 500 μm), respectively. The transverse size of the THz beam 
was comparable to the BNA crystal dimensions while the 
windows had a diameter of 5 cm or more.

Fig. 4   a Results of terahertz yield measurements from pyrodetector. b THz electric field recorded with the EO detection scheme and c the spec-
tral content of the THz pulse calculated from the Fourier transform of the time domain data

Fig. 5   Results of EO measure-
ments for glass (a) and sapphire 
(b) substrates for various inci-
dent laser fluences
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3.3 � THz spectroscopy of window materials

The free standing windows were placed in the collimated 
THz beam path and the transmitted THz pulse has been 
recorded with EO detection. Based on the results from the 
EO measurements presented in the previous section, we 
chose a 500 μ m ZnTe crystal as our THz detector while 
considering the reduction in the THz signal due to the win-
dow materials. In Fig. 6 the time domain signal (a) and the 
corresponding spectra (b) are shown. Upon insertion of the 
sample, the THz pulse is delayed from the observation time 
window in its absence. This requires the temporal delay 
of the probe pulse to be adjusted such that the THz pulse 
appears at the observation window of the reference pulse. 
The time domain signal also provides a first insight into the 
suitability of the window material for applications. Fresnel 
reflection losses cause a decrease in the amplitude of the 
detected signal while strong absorption and dispersion lead 
to broadening of the time domain signal. Although none 
of the samples showed any strong absorption or dispersion 
except PMMA, it can be easily said that teflon and TPX are 
promising candidates in terms of high transmissivity and 
economy.

 For easy alignment of the optical setup TPX and Tsu-
rupica are also candidates due to their transparency in the 
optical spectral regime. From the spectra of the time domain 
signal presented in Fig. 6b, we can understand that none of 
the samples except PMMA shows any signatures of absorp-
tion. For other samples, the decrease in the signal is mainly 
due to Fresnel losses. Despite lower thickness compared to 
TPX and other polymers, PMMA shows strong absorption 
and dispersion.

We further analysed the data by extracting the spectrally 
resolved refractive index and absorption coefficient from the 
spectral amplitudes. The Fourier transform of the respec-
tive time domain signals provided the complex frequency 
spectra of the terahertz pulse with ( Ẽsamp(𝜔) ) and without 
( Ẽref (𝜔) ) the presence of the sample. From the complex 

amplitude spectra, the spectrally resolved refractive index 
( ns(�) ) and absorption coefficient ( �s(�) ) were calculated 
using the magnitude and phase of the spectral ratios [12, 31, 
53]. The spectrally resolved refractive index and absorption 
coefficient of the common window materials employed in 
THz systems are presented in Figs. 7 and 8. The error bars 
show the shot-to-shot fluctuation of the laser fluence. Com-
paring our results obtained with a single-shot THz detec-
tion scheme to reference data recorded using standard THz- 
TDS employing EO sampling technique, we can see that the 
results agree within two decimal places [35, 37–39].

We can see that the spectrally resolved refractive indices 
of polymer windows are all below 1.6 while the refractive 
indices of crystalline materials are higher. For both silicon 
and sapphire it is close to 3.4 and around 2.2 for diamond. 
Also no significant change over the entire spectral range is 
present except for the PMMA sample. Although crystalline 
materials extend better thermal stability for vacuum appli-
cations, their high values of the refractive indices cause 
reflection losses. This could be partially solved by parylene 
coating of the surfaces [39] or via diffraction methods [54].

The absorption coefficients calculated from the spec-
tral amplitudes are presented in Fig. 8. Error bars repre-
sent the shot-to-shot fluctuation arising from laser fluence. 
The extracted values of �s(�) are well below 5 cm−1 except 
for PMMA. Absorption is the lowest for diamond sample 
while PMMA exhibits the highest absorption value of 11 
cm−1 at 0.8 THz. The data for refractive index and absorp-
tion coefficient of window materials calculated from the 
single-shot THz detection scheme agrees closely with the 
data obtained from a traditional time-domain spectrom-
eter [55, 56]. Large error bars in the measurements could 
be attributed to the shot-to-shot fluctuations in the laser 
energy associated with high power laser systems, which 
directly influence the absorption measurements. Using the 
complex value of the refractive index we also estimated the 
complex dielectric constant of the materials using the rela-
tions �� = [n(�)]2 − [�(�)]2 and ��� = 2n(�)�(�) , where 

Fig. 6   a A comparison of the 
transmitted THz pulses through 
window materials obtained 
from the EO detection-based 
single-shot spectrometer b and 
the corresponding transmitted 
spectra
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Fig. 7   Spectrally resolved 
refractive indices calculated 
from the Fourier transform of 
the single-shot time domain 
signal

Fig. 8   Spectrally resolved 
absorption coefficient calculated 
from the Fourier transform of 
the single-shot time domain 
signal
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�(�) = �(�)c∕(2�) . The results are presented in Fig. 9. We 
can see that the real part of the dielectric constant does not 
change significantly for most samples except PMMA as the 
contribution from the absorption term is negligible. The 
imaginary part of the dielectric constant does show some 
variation with frequency, albeit having a very low value. In 
the case of silicon and diamond it decreases with increasing 
frequency while sapphire shows an opposite trend. The very 
low value for the imaginary term of the dielectric constant 
implies that the main losses in the investigated samples arise 
from the bound carriers which contribute to the real part of 
the dielectric constant. This conclusion is also supported 
by estimation of the dielectric loss ( tan � = �

�∕��� ) for the 
samples. Among the crystalline materials, silicon has the 
highest value of dielectric loss of 0.8 × 10−4 and in the case 
of polymer samples, PMMA experiences the highest loss 
of 5 × 10−4.

4 � Summary

Terahertz radiation generated from BNA crystals mounted 
on glass substrate pumped with NIR laser pulse was 
detected and characterised using a single-shot electro-
optic detection scheme. EO crystals of different detec-
tion bandwidths were employed to corroborate the THz 
spectra. Based on these studies a suitable EO crystal was 
chosen for the comparative study using BNA crystals 
mounted on substrates of different thermal conductivity. A 

sapphire substrate is found to increase the damage thresh-
old, thermal stability and also the laser to THz conversion 
efficiency by a factor of 4. Subsequently, the high-power 
THz source and single-shot THz detection scheme were 
employed for the characterisation of common window 
materials. Time domain signals for reference and samples 
were recorded. Afterwards, the Fourier transformation of 
the time domain signal was employed to obtain the ampli-
tude and phase information of spectrum, from which the 
spectrally resolved refractive index and absorption coef-
ficient of the samples were calculated. Analysis showed 
significant absorption in the spectrum for PMMA samples. 
Meanwhile, there is almost no attenuation or absorption in 
the observed spectral regime for Teflon and TPX, project-
ing them to be the best choice for a window material. How-
ever, for this conclusion we have not considered the vari-
ation in the refractive index due to a possible temperature 
rise in high vacuum environments. In this case crystalline 
materials like diamond or sapphire would be a better can-
didate. Comparing the spectrally resolved dielectric prop-
erties measured using single-shot THz detection scheme 
are close to the reference data obtained using standard 
THz- TDS employing the EO sampling technique. The 
results agree within two decimal places, thus demonstrat-
ing the suitability of single-shot spectroscopy for material 
characterisation. Although a single-shot scheme lacks the 
superior signal to noise ratio extended by the traditional 
time domain spectroscopy systems, with the availability 
of organic crystal-based sources, the single-shot scheme is 
suitable for pump-probe and nonlinearity studies.

Fig. 9   The real and imaginary components of the dielectric constants for the window materials
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