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Abstract
Spintronic metal thin films excited by femtosecond laser pulses have recently
emerged as excellent broadband sources of terahertz (THz) radiation. Unfortunately,
these emitters transmit a significant proportion of the incident excitation laser, which
causes two issues: first, the transmitted light can interfere with measurements and
so must be attenuated; second, the transmitted light is effectively wasted as it does
not drive further THz generation. Here, we address both issues with the inclusion
of a high-reflectivity (HR) coating made from alternating layers of SiO2 and Ta2O5.
Emitters with the HR coating transmit less than 0.1% of the incident excitation pulse.
Additionally, we find that the HR coating increases the peak THz signal by roughly
35%, whereas alternative attenuating elements, such as cellulose nitrate films, reduce
the THz signal. To further improve the emission, we study the inclusion of an anti-
reflective coating to the HR-coated emitters and find the peak THz signal is enhanced
by a further 4%.

Keywords THz-TDS · Spintronic · Terahertz · Spintronic emitters ·
Reflective coatings

1 Introduction

Terahertz (THz) radiation (0.1–30 THz) covers the region of the electromagnetic
spectrum between microwave and infrared radiation [1]. It is non-ionising and can
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penetrate through plastics and packaging [2], making it a powerful tool for security
[3] and medical imaging [4, 5] applications. THz spectroscopy has become a valuable
research technique, as it allows for the non-contact measurement of the optoelec-
tronic properties of materials with sub-picosecond time resolution. THz spectroscopy
has been widely used to study charge-carrier dynamics in different semiconductor
materials, which has guided and driven the development of semiconductor devices,
such as nanowire sensors [6–8] and novel solar photovoltaic cells [9, 10]. Efficient,
high-power, broadband THz sources are key components of high performance THz
spectroscopy and imaging systems.

Recently, multilayer heterostructures of ferromagnetic (FM) and nonferromag-
netic (NM) metals have been shown to emit THz radiation when illuminated by
femtosecond laser pulses [11–16]. The majority of electrons in the FM layer have
their spin aligned with an external magnetic field. The incident femtosecond laser
pulse excites electrons in the heterostructure to states above the Fermi energy and,
because of the different transport properties of the FM and NM materials, a net cur-
rent of spin-polarised electrons is driven from the FM layer to the NM layer [11, 16].
Subsequently, this spin-current is converted to a transverse charge current because of
the inverse-spin-Hall effect, which results in the emission of a THz pulse [16]. That
is, the interaction of the femtosecond laser electric field with the FM/NM heterostruc-
ture gives rise to a transient electric field — the THz pulse. Such emitters are referred
to as spintronic THz emitters (STEs) [11]. One of the most efficient STE designs
involves two different NM layers (NM1 and NM2) arranged in a NM1|FM|NM2
trilayer structure, for example W|Co40Fe40B20|Pt [11]. The different NM layers
are chosen to have large spin-Hall angles with the opposite sign, which allows for
constructive interference of the charge current in these layers [11].

W|Co40Fe40B20|Pt STEs have demonstrated broadband THz emission from 0.1
to 30 THz, with greater THz electric field amplitudes than other standard sources
such as a biased photoconductive switch or a millimetre thick ZnTe crystal [11, 12].
Furthermore, it has been shown that the THz generation efficiency is remarkably con-
stant for excitation wavelengths within the range 900–1550 nm [14, 17]. Such STEs
are compatible with many different femtosecond laser systems for THz time-domain
spectroscopy (THz-TDS) and have great potential for real-world applications.

In THz-TDS systems utilising STEs, a significant proportion (>20%) of the fem-
tosecond laser pulse is transmitted through the STE, as the optimised trilayer is only
several nanometres thick [11, 14]. This transmitted beam can photoexcite the sam-
ple or damage the THz detection elements, and thus must be sufficiently attenuated
to prevent disturbing the measurement itself. One method to attenuate the residual
beam is to place a thin cellulose nitrate film behind the STE; however, as discussed in
Section 3.4, the cellulose nitrate weakly attenuates the emitted THz radiation given
its non-negligible absorption coefficient. Alternatively, the transmitted light can be
utilised to enhance the THz emission. For example, Feng et al. [13] developed an
STE with a photonic crystal structure, such that the transmitted light passes through
multiple NM1|FM|NM2 trilayers resulting in increased laser absorption within the
STE and thus improved THz emission. Additionally, Herapath et al. [14] demon-
strated that a suitable dielectric cavity adjacent to the STE can increase absorption of
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the excitation pulse, leading to an increase in the THz emission. However, over 3%
of excitation light was still transmitted through both of these emitters.

Here, we address the above issues related to the transmitted light with the inclu-
sion of a broad-band high-reflectivity (HR) coating made from alternating SiO2 and
Ta2O5 layers. We show that W|CoFeB|Pt STEs with the HR coating transmit less
than 0.1% of the femtosecond excitation pulse, which is comparable to the trans-
mission through a 0.1-mm-thick layer of cellulose nitrate. Hence, it is not necessary
to further attenuate the transmitted beam through the HR-coated emitters. Addition-
ally, we show the HR-coated emitter generates THz pulses with roughly 35% greater
peak electric field compared to uncoated emitters. Furthermore, we find the inclu-
sion of a broad-band anti-reflective (AR) coating increases the peak THz signal by
another 4%. In order to demonstrate the practicality of these coated emitters, they
were utilised as THz sources in THz-TDS measurements on a GaAs wafer.

2 Methodology

2.1 Description of the Spintronic Emitter and Reflective Coatings

Figure 1 (a) shows a schematic diagram of an AR+HR-coated emitter, and Fig. 1 (b)
represents the structure of the AR and HR coatings. The STE layers consisted of W
(1.9 nm)|Co40Fe40B20 (2.0 nm)|Pt (1.9 nm), and were dc-sputtered in Ar background
gas onto a 1-mm-thick, 25-mm-diameter c-cut sapphire substrate with a sputter tool
(Rotaris, Singulus Technologies, Germany). Sapphire was chosen as the substrate
owing to its high thermal conductivity. The substrate helps dissipate heat away from
the metallic STE layers following laser photoexcitation; thus, the higher the ther-
mal conductivity of the substrate, the higher the laser power that can be applied (and
hence THz power generated) before the device’s damage threshold is reached. The
AR and HR coatings were fabricated from alternating layers of Ta2O5 and SiO2
deposited by ion-beam sputtering (Navigator, Cutting Edge Coatings, Germany).
Specifically, the AR coating consisted of a 155.5-nm layer of SiO2 on a 44.5-nm-
thick layer of Ta2O5 deposited directly onto the sapphire substrate. The HR coating
was deposited onto the Pt layer of the STE and consisted of a total of 22 layers
to sufficiently reduce the excitation pulse transmission. In contact with the Pt was
30 nm of Ta2O5, followed by 88 nm of SiO2. On top of these layers were nine pairs
of 95-nm-thick Ta2O5 and 136-nm-thick SiO2 layers. Another 95 nm of Ta2O5 and
a final 272-nm layer of SiO2 completed the HR coating. Figure 1 (c) shows the sim-
ulated electric-field profile in the HR coating, which has a peak in intensity near
the STE layers. The coatings were optimised for 800-nm wavelength light at normal
incidence.

The materials chosen for the AR and HR coatings are common in optical coating
deposition. SiO2 is the material with the lowest refractive index that can be deposited
in a standard configuration ion-beam sputtering coating plant. Therefore, SiO2 was
chosen as the low refractive index material in the coatings to ensure the highest con-
trast between refractive indices of the deposited layers. Ta2O5 was chosen as the
second material because it has a sufficiently high refractive index in the visible to
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Fig. 1 (a) Schematic of an AR+HR-coated spintronic THz emitter. The emitter is in a magnetic field, B,
parallel to the emitter surface. (b) Diagram of the layers in the AR and HR coatings. (c) Electric-field
profile of the HR coating. The peak electric field is at the boundary between the STE and HR coating,
hence absorption of the femtosecond pulse is maximised

near infrared spectral range, and features a higher laser induced damage threshold
than alternative materials like Nb2O5 or TiO2 [18]. Furthermore, we noticed good
adhesion between Ta2O5 and the Pt layer of the STE.

2.2 Terahertz Time-Domain Spectroscopy

We used THz-TDS to investigate the THz emission of the coated STEs, and to
demonstrate their suitability for dark conductivity (i.e. without photoexcitation) mea-
surements. The THz-TDS setup has been described in previous work [19, 20], and
so only a short description is provided here. Briefly, the laser beam from an ampli-
fied Ti:sapphire laser with average power of 4 W, 5-kHz repetition rate, 35-fs pulse
duration, and 800-nm central wavelength was split into an excitation beam and a
gate beam. The excitation beam was directed at normal incidence to the spintronic
emitter. The laser had a Gaussian profile with FWHM of ≈0.9 mm and a fluence of
≈15 mJ/cm2. An external pair of neodymium magnets provides an effective mag-
netic field of ≈20 mT at the centre of the emitter, with the magnetic field parallel
to the surface of the emitter (see Fig. 1). The subsequently emitted THz pulses were
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detected by electro-optic sampling using the gate beam, a 200-μm (110) GaP on 4-
mm (100) GaP crystal, a Wollaston prism, and a pair of balanced photodiodes. THz
generation and detection all occurred under a vacuum of 10−2 mbar. The measured
THz pulse in the time domain was Fourier transformed to obtain the electric-field
amplitude spectrum.

3 Results

3.1 Optical Properties

To quantify the performance of the AR and HR coatings, optical transmission (T )
spectra were measured for photon energies from 1.2 to 2 eV with a Fourier trans-
form infrared (FTIR) spectrometer (Vertex 80v, Bruker). A tungsten halogen lamp
was used as the light source with an 11◦ angle of incidence, and a silicon diode was
used for detection. Figure 2 (a) shows the transmission of 0.1-mm-thick cellulose
nitrate, as well as emitters with different coating arrangements. The uncoated emit-
ter transmits roughly 31% of light for the wavelengths sampled, which is consistent
with the relatively flat transmission reported previously [11, 14]. The HR-coated and
AR+HR-coated emitters have very similar transmission spectra, and both allow less
than 1% of light through between 720 and 880 nm. As shown in the inset, emitters
with the HR coating transmit nearly identical fractions of incident 800-nm wave-
length light as a 0.1-mm film of cellulose nitrate. Hence, the HR coating provides
similar transmission pulse attenuation as cellulose nitrate.

Figure 2 (b) shows that the AR-coated sapphire substrates transmit approximately
8% more 800-nm light than uncoated sapphire. This is very similar to the 7.6% Fres-
nel reflection of unpolarised light incident upon a single vacuum-sapphire interface.

Fig. 2 Optical transmission spectra of spintronic THz emitters. (a) Transmission of a 0.1-mm cellulose
nitrate (CN) film, and of uncoated, HR-coated, and AR+HR-coated W|CoFeB|Pt spintronic THz emitters.
The inset shows a zoom of the spectrum near 800 nm. Emitters with the HR coating have comparable
transmission to the cellulose nitrate near 800 nm. (b) Transmission of a bare c-sapphire substrate and an
AR-coated sapphire substrate. The inset shows a zoom of the region near 800 nm. The red dashed line
highlights the target wavelength of 800 nm
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Table 1 Average power measurements of 35-fs laser pulses (800-nm center wavelength, 5-kHz repetition
rate) before and after emitters with different coatings. The laser power was attenuated by a factor of 100
by neutral density filters before reaching the emitters so the incident power was within a highly linear
range of the power meter

Sub-STE Sub-STE-HR AR-Sub-STE-HR

Power before emitter 10.5 ± 0.2 mW 10.5 ± 0.2 mW 10.5 ± 0.2 mW

Power after emitter 3.7 ± 0.2 mW 6.8 ± 0.4 μW 7.6 ± 0.4 μW

Transmission 35 ± 3% 0.065 ± 0.005% 0.072 ± 0.005%

This result indicates that the AR coating is well-designed for the target wavelength
and shows the inclusion of the AR coating enhances the fraction of the incident laser
excitation that reaches the active STE layers.

To confirm that the 800-nm laser light is effectively blocked by the HR coating,
the average power of 800-nm femtosecond laser pulses was measured directly before
and after the different emitters with a power meter (Coherent LM2 VIS). Table 1
tabulates the power measurements and calculated transmission of 800-nm laser light
through the different emitters. Note that for these measurements, the laser incident
on the STE was attenuated by a factor of 100 by neutral density filters placed directly
before the STE. This attenuation was necessary so that the excitation beam power was
within a highly linear range of the power meter. The power transmission values are
very similar to the optical transmission spectrum, which emphasises the effectiveness
of the HR coating to block transmission of 800-nm light.

3.2 Enhancement of Terahertz Emission

The emission of THz radiation from an uncoated, HR-coated, and AR+HR-coated
emitter was measured with THz-TDS. As discussed in the previous section, the
uncoated emitter transmits a significant fraction of incident light. Therefore, it was
necessary to attenuate the transmitted beam with a 0.1-mm cellulose nitrate film
placed directly behind the emitter to prevent damage to the detector. The same cel-
lulose nitrate was also placed behind the HR and AR+HR-coated emitters to keep
the THz emission from each emitter under the same conditions. The effect of the
cellulose nitrate film on the THz signal is discussed further in Section 3.4.

Figure 3 (a) shows the electric field of the THz pulse for each emitter in the time
domain. The amplitude of the THz pulse is 35% greater from the HR-coated emit-
ter than the uncoated emitter. This enhancement of the THz electric field arises from
the design of the HR coating, which maximises the electric field of the exciting laser
pulse at the STE trilayer (see Fig. 1 (c)), thereby maximising absorption of the laser
pulse and consequently increasing the intensity of THz emission [12–14]. A further
4% increase (net 40% increase compared to uncoated emitter) in THz electric field
amplitude is observed for THz emission from the AR+HR-coated emitter compared
to the HR-coated emitter. This additional enhancement results as the AR coating
increases transmission of the incident laser pulse through the substrate, and so a larger
fraction of the light is absorbed within the STE layers causing the intensity of THz
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Fig. 3 THz emission from W|CoFeB|Pt spintronic THz emitters with different coatings measured with
a 0.2-mm-thick (110) GaP detector via electrooptic sampling. (a) THz electric field in the time domain.
The inset shows a schematic of the experiment, with CN representing a 0.1-mm film of cellulose nitrate
used for attenuation of the transmitted beam. (b) and (c) Emitted THz electric field in the frequency
domain on a logarithmic and linear scale respectively. The inset in (c) highlights the peak amplitude of
the THz emission. Solid lines are the average of three repeated scans, and semi-transparent surrounding
regions show the standard deviation between measurements. The standard deviation is very small for these
measurements and is mainly observed above 6 THz in (b) at this scale. Note the spectral intensity of the
spintronic emitters is convolved with the GaP detector response in all spectra presented in (b) and (c)

emission to also increase. It is worth noting that the observed 40% increase in THz
electric field amplitude with the AR+HR-coated emitter is less than the roughly 70%
and 100% enhancement in electric field reported for an emitter with photonic crys-
tal structure [13] and an emitter with an adjacent dielectric cavity [14] respectively.
However, we emphasise that the design of the HR coating is to eliminate the need for
further attenuation of the beam transmitted through the emitter, whereas the above
examples aim to maximise THz emission.

Figure 3 (b) and (c) show the emitted THz electric field spectra on a logarithmic
and linear scale respectively. The emitted spectra for all emitters have approximately
the same shape from 0 to 2 THz, with an average of 35% (42%) greater signal from
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the HR-coated (AR+HR-coated) emitter compared to the uncoated emitter. From 4
to 7 THz, the emission from the uncoated emitter has the same or slightly greater
amplitude than the coated emitters. This result is likely to arise from the absoprtion
coefficient of Ta2O5 increasing for the higher THz frequencies [21]. Thus further
improvements in emitter performance are envisaged if dielectric coatings with even
lower absorption coefficients at THz frequencies are utilised.

Near 8 THz, the electric field drops sharply as there is a dip in the detector response
function of the GaP detector at 8 THz [22]. These results show that the HR coating
has the additional benefit of significantly increasing the THz electric field intensity
from STEs, particularly at frequencies below 4 THz where interesting features in the
ac conductivity spectra of many inorganic semiconductors occur. The AR coating
further improves the THz emission.

3.3 THz-TDS of GaAs

THz-TDS may be used to measure the intrinsic properties of a material, such as
the complex refractive index (ñ) and dark conductivity (σ ) [20, 23]. It is important
that the material is not photoexcited during such measurements, as photoexcitation
can significantly change the dielectric response of the sample. Hence, careful man-
agement of the light transmitted through the THz emitter is essential for accurate
THz-TDS measurements. We measured the refractive index and dark conductivity of
a 2.96 ± 0.01-mm-thick, semi-insulating GaAs wafer by THz-TDS to demonstrate
the suitability of the HR-coated emitters for accurate characterisation of material
properties. The method to calculate the index of refraction and conductivity is
described later. Results from an uncoated emitter with and without 0.1 mm of cel-
lulose nitrate behind it are compared to results from an HR and an AR+HR-coated
emitter.

Figure 4 (a) and (b) show the real and imaginary components of the conductiv-
ity respectively. For all emitters, the real conductivity shows a small feature near
0.7 THz and a much larger peak near 2.4 THz. Both of these features have been
reported previously and are attributed to multiphonon processes [24, 25]. The real
conductivity tends to increase with frequency, whereas the imaginary conductivity
tends to decrease with frequency. These observations are consistent with the effect of
the TO phonon on the lattice component of the dielectric function (εL) of GaAs near
8 THz [23]

εL = ε∞ + (εst − ε∞)
ω2

TO

ω2
TO − ω2 − iωγTO

, (1)

where ε∞ is the high frequency dielectric constant of GaAs, εst is the static dielectric
constant, ω is angular frequency, ωTO is the frequency of the TO phonon, and γTO is
the phonon damping constant [6, 23, 26]. The TO phonon conductivity contribution
can then be calculated by

σ(ω) = iωε0(ε∞ − εL(ω)), (2)

where, ε0 is the permittivity of free space. Figure 4 (a) and (b) include the calculated
conductivity of the TO phonon.
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Fig. 4 (a) and (b) Real and imaginary components of the conductivity of GaAs extracted from THz-TDS
using W|Co40Fe40B20|Pt spintronic THz emitters with different coatings. The TO phonon conductivity
was calculated according to Eq. 2 and scaled by a factor of 30 for comparison to the experimental data.
The inset in (b) shows the real (blue) and imaginary (red) components of the TO phonon conductivity.
(c) Photoconductivity of GaAs resulting from transmission of 800-nm light through the uncoated STE.
Calculated as the difference in conductivity when using the uncoated emitter with and without cellulose
nitrate (CN) behind it. The dashed lines are a fit to the Drude model. In all panels, the solid lines are the
average of three repeated scans and the semi-transparent surrounding regions show the standard deviation
between measurements

The real conductivity is nearly identical when measured with the HR, AR+HR,
and uncoated+cellulose nitrate emitters, whereas a significantly higher real conduc-
tivity was measured from 0.5 to 2.2 THz when the uncoated emitter without cellulose
nitrate was used. This higher conductivity can be explained as follows: the bandgap
of GaAs (1.41 eV [27]) is less than the energy of the 800-nm light (1.55 eV), and so
any 800-nm light transmitted through the emitter will photoexcite electron-hole pairs
in the GaAs. Hence, the roughly 30% of incident 800-nm light transmitted through
the uncoated emitter without cellulose nitrate photoexcites electron-hole pairs in the
GaAs, resulting in an increased conductivity. In contrast, less than 0.1% of 800-nm
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light transmits through the cellulose nitrate, and the HR and AR+HR-coated emitters,
hence the GaAs is effectively not photoexcited when these emitters are used, and so
the true dark conductivity is measured from 0.5 to 2.2 THz.

To demonstrate the photoexcitation resulting from the excess transmitted 800-nm
light, Fig. 4 (c) shows the difference in conductivity between the uncoated emit-
ter with and without cellulose nitrate. The dashed lines show a simple Drude model
[6] fit, which agrees reasonably well with the experimental data. Previous reports
show the Drude model fits very well to the photoconductivity of GaAs [28], hence
the observed difference in conductivity between the uncoated emitter without cellu-
lose nitrate and the other emitters can be attributed to photoexcitation of the GaAs
by the transmitted 800-nm light pulse. Note that the transmitted 800-nm light does
not uniformly excite the GaAs wafer, and so regions with different degrees of pho-
toconductivity are probed resulting in the imperfect Drude fit observed here [29].
These conductivity results show the importance of managing the transmitted 800-nm
light through the emitter for THz-TDS. Furthermore, it demonstrates that emitters
with the HR coating effectively prevent photoexcitation, which allows for accurate
determination of the intrinsic material properties.

We now briefly describe the method used to calculate the refractive index and dark
conductivity of GaAs. First, the THz signal of GaAs and the THz signal through vac-
uum were measured, and then the Fourier transform of the GaAs signal was divided
by the Fourier transform of the vacuum signal to obtain the THz transmission func-
tion (TTHz). As the GaAs studied here was relatively thick (2.96 ± 0.01 mm), the
Fabry-Perot reflections within the GaAs can be windowed out as described in [30].
This results in a THz transmission function of the form

TTHz(ω) = 4ñ

(1 + ñ)2
ei(ñ−1)dω/c, (3)

where, d is the thickness of the GaAs, and ω = 2πν where ν is the frequency. The
refractive index was numerically found using the method described in Refs. [20, 30].
Finally, the refractive index was converted to conductivity by Eq. 2, where εL was
replaced by the relative permittivity of GaAs, εr = ñ2.

3.4 Effect of Cellulose Nitrate

We now focus on the effect of the cellulose nitrate film on the THz signal. Figure 5
(a) shows the measured THz pulse from an HR-coated emitter with and without a
0.1-mm-thick cellulose nitrate film directly behind the emitter. The THz pulse has a
slightly larger amplitude when no cellulose nitrate is behind the emitter. The emitted
THz spectra are shown in Fig. 5 (b). The spectral profile is very similar with and
without cellulose nitrate, however the electric field is an average of 10% weaker
from 0 to 6 THz when cellulose nitrate is behind the emitter. These results indicate
the cellulose nitrate absorbs weakly in the THz frequency range. To quantify this
absorption, the absorption coefficient α was extracted by

α = − 1

dCN
ln

(
ICN

Ivac

)
, (4)
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Fig. 5 THz emission from an HR-coated W|CoFeB|Pt spintronic THz emitter with and without cellulose
nitrate (CN) behind it measured with a 0.2-mm-thick (110) GaP detector via electrooptic sampling. (a)
THz pulse in the time domain. The inset shows a schematic diagram of the measurement arrangement.
(b) Corresponding THz spectra on a logarithmic scale. (c) Absorption coefficient of cellulose nitrate as
calculated by Eq. 4. Solid lines are the average of three scans, and semi-transparent surrounding regions
show the standard deviation between measurements. Note the spectral intensity of the spintronic emitters
is convolved with the GaP detector response in all spectra presented in (b)

where Ivac and ICN are the THz electric field intensities through vacuum and cellulose
nitrate respectively, and dCN is the thickness of the cellulose nitrate film. Figure 5 (c)
shows the absorption coefficient. At frequencies below 1 THz, the absorption coef-
ficient is relatively small, but at higher frequencies the absorption coefficient tends
to increase. Upon comparison of the cellulose nitrate results shown in Fig. 5 and the
coated emitter results shown in Fig. 3, it is clear that the HR coating is preferable to
cellulose nitrate, as the HR coating enhances the THz electric field while attenuating
the transmitted light to the same degree that cellulose nitrate does, whereas the cellu-
lose nitrate reduces the THz electric field intensity. Additionally, the HR coating acts
as a robust element on the STE that should be resistant to mechanical and chemical
damage, and can be cleaned easily. In the case of any scratches to the surface, only a
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small fraction of incident light should be scattered and the THz conversion efficiency
should remain unchanged.

4 Conclusion

We have studied the performance of W|Co40Fe40B20|Pt trilayer spintronic emitters
with AR and HR coatings optimised for 800-nm light. Spintronic THz emitters with
the HR coating transmit less than 0.1% of incident 800-nm light, which is compara-
ble to the transmission of a 0.1-mm-thick cellulose nitrate film. Hence, THz systems
can utilise emitters with the HR coating without additional elements for attenua-
tion of the transmitted light. Such alternative methods of attenuating the transmitted
light, such as cellulose nitrate, can reduce the measured THz signal by roughly 10%
across the emitted frequency range. In contrast, THz emission from HR-coated emit-
ters showed a roughly 35% increase in THz electric field amplitude compared to
an uncoated emitter. This was further increased to a roughly 40% enhancement in
electric field amplitude when the emitter had both an AR and HR coating. Above
4 THz, the coated emitters had slightly weaker THz electric field intensity compared
to uncoated emitters, likely owing to weak absorption in the Ta2O5 layers of the HR
coating. Alternative coating materials which may have less absorption could lead to
greater THz signal across a broader frequency range. Additionally, while the AR and
HR coatings studied here were optimised for a target wavelength of 800 nm, the coat-
ings can theoretically be tuned to any target wavelength, making them ideal for a
range of THz systems and applications. Overall, the HR and AR coatings enhance
the THz emission of spintronic emitters while effectively attenuating the transmitted
laser pulse, which makes the coated emitters highly useful for THz spectroscopy and
the accurate characterisation of materials.
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