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In this article, we primarily review the time-resolved imaging of THz phonon polariton, which is
generated by femtosecond laser in ferroelectric crystal. We pay more attention to the imaging in
thin crystal, which can be used as an integration platform for terahertz-optics or terahertz-electrics.
The imaging techniques, which can get quantitatively in-focus time-resolved images, are introduced
in more detail. They have made enormous progress in recent years, and are powerful tools for
the research of phonon polariton, optics, and THz wave. We also briefly introduce the generation
principle and general propagation properties of THz phonon polariton.
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1 Introduction

Phonon polariton is a result of the coupling of an in-
frared photon with a transverse optic phonon (polar lat-
tice vibration). It is a quasi-particle with partly electro-
magnetic and partly mechanical energy, which travels at
light-like speed through the host [1, 2]. In another view,
phonon polariton is the internal degrees of freedom of the
substrate, which is excited by an external perturbation

[3, 4].
In 1950s, Kun Huang first dealt with the elementary

excitation, the coupling of electromagnetic wave and TO
phonon, in an isotropic diatomic ionic crystal and pre-
dicted the existence of polariton [1, 5]. Later, Hopfield
first named this kind of elementary excitation as po-
lariton [6, 7]. Now the word “polariton” is widely used,
which refers to the coupling of electromagnetic waves and
polarization waves induced by elementary excitations, or
quasi-particles consisting of photons and matter excita-
tions [8]. Since there are a variety of elementary exci-
tations in solids which can be coupled to the photons,
there are also a lot of polariton species. For example, spin
waves in ferromagnetic crystals can couple to electromag-
netic wave to form magnon-polaritons [9]; Electron–hole
excitations also can form exciton-polaritons [6, 10] or
exciton-polariton microcavities [11–13]. In recent years,
surface plasmon polaritons (SPPs), surface plasmons
coupled with photons, have been experiencing a rapid
increase of attention because of the amazing properties
for nanophotonics [14].

For the research of phonon polariton, the discovery
and early research have been conducted by means of in-
elastic light scattering spectroscopy [7, 15]. Thanks a lot
to the development of laser technology, in 1980s, Aus-
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ton and coworkers generated and detected the phonon
polariton in ferroelectric crystal using femtosecond laser
[16–20]. The frequencies of this kind of phonon polari-
ton are in the range from hundreds of gigahertz to sev-
eral terahertz (THz). In the case of the crystals typically
used in our work, LiNbO3 and LiTaO3, the frequencies
most easily observed are from 0.1 to 4 terahertz. Then,
this method is widely used for the generation of tera-
hertz wave for the application of terahertz spectroscopy
or high speed signal processing. In recent years, it is es-
pecially used for the generation of high power terahertz
wave and nonlinear terahertz spectroscopy [21–24].

On the other hand, a more visualized technique, spa-
tiotemporal imaging for phonon polariton [25, 26] was
developed to fully characterize the collective vibrational
response travelling at light-like speeds through the sam-
ple. This powerful tool makes it possible to coherent con-
trol over lattice vibrational waves. Spatiotemporal imag-
ing is also necessary for the research of the terahertz
integration platform using ferroelectric crystals. In an
on-chip platform, the information of terahertz wave gen-
eration, propagation, controlling, detection, and spec-
troscopic analysis can be fully integrated just in a thin
crystal and acquired through the spatiotemporal imaging
[27–29].

In this review, we present time-resolved imaging of
THz phonon polariton in ferroelectric crystal. In Section
2, we briefly introduce the generation principle of THz
phonon polariton by femtosecond laser in ferroelectric
crystal. In Section 3, we show the propagation proper-
ties of THz phonon polariton in bulk and thin crystal
and the time-resolved imaging techniques. We pay more
attention to the thin crystal, especially to subwavelength
waveguide, which can be used as an integration platform
of THz phonon polariton. In Section 4, we introduce the
properties of generation and propagation of THz phonon
polariton in a subwavelength, anisotropic LiNbO3 crys-
tal waveguide. In the last section, we give a summary
and perspectives.

2 Generation of THz phonon polariton in

ferroelectric crystal by femtosecond laser

The general theory of phonon polariton has been stud-
ied for decades. In this review, we just focus on those
in ferroelectric crystal, typically LiNbO3 and LiTaO3,
generated by femtosecond laser. These theories have also
been developed for some years [18, 20, 30–33]. The rea-
sons of choice of LiNbO3 and LiTaO3 is that they can
produce high power terahertz wave with tunable central
wavelength and bandwidth and at the same time these
crystals can be the on-chip platform to control or guide

THz waves. Moreover, they have large nonlinear optical
coefficients and electro-optic coefficients, which make in-
terconversion between terahertz frequencies and optical
frequencies or electrical signal possible. Figure 1 shows
some LiNbO3 crystals with different doping, which are
produced by Nankai University.

Fig. 1 Lithium niobate crystals produced by Nankai University.

First, we assume that phonon polariton works in the
linear regime, although the nonlinear effects of THz
phonon polariton are more useful and becoming more
and more of interest. Then the model of ion motion in the
crystal is essentially an oscillator that undergoes trans-
verse vibrations when driven by an external electromag-
netic field. The vibrated oscillators radiate electromag-
netic waves which can be coupled to the lattice vibration
wave to result in the phonon polariton. Second, we derive
this coupling by a microscopic model using Maxwell’s
equations to derive the optical properties of phonon po-
lariton. The derivations closely follow those given pre-
viously by Kun Huang. And we have to point out that
LiNbO3 and LiTaO3 are of trigonal symmetry instead of
cubic symmetry, so some derivation processes have to be
adapted [27, 34, 35].

The phonon polariton equations are summarized as

Q̈ + Γ Q̇ − b11Q = b12E (1)

(∇2 �A− 1
c2
0/εω→∞

�̈A) = −μ0ωTO

√
ε0(εω→0 − εω→∞) �̇Q

(2)

Here Q is the phonon normal mode displacement, E is
the macroscopic electric field, and b coefficients are con-
stants characteristic of the substance and direction rela-
tive to the optic axis of the uniaxial crystal. Phenomeno-
logical damping term Γ is introduced for the interactions
among different eigen modes of lattice vibrations. �A is a
vector potential and we assume a non-magnetic material
μ0

�H = ∇ × �A. ε0 and μ0 are the permittivity and the
permeability of free space. εω→0 and εω→∞ are the di-
electric constants in low and high frequency limits. ωTO

is the transverse optic (TO) phonon frequency.
For THz phonon polariton produced by femtosecond

laser, a driving force from Impulsive Stimulate Raman
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Scattering (ISRS) [30, 36] should be put into the phonon
polariton equations

Q̈ + Γ Q̇ − b11Q = b12E + FISRS (3)

So the properties of THz phonon polariton, such as cen-
tral wavelength, wavelength bandwidth, can be changed
by the properties of femtosecond laser pulse and the
beam profile through ISRS. It is useful for the generation
and control of THz phonon polariton wave.

A focused femtosecond laser beam by a cylindrical lens
to a line or by a spherical lens to a point in the crystal will
produce broadband, roughly single-cycle, phonon polari-
ton wave. There are also some other methods to produce
narrowband wave for high intensity, multi-oscillation of
electromagnetic wave, or tunable central wavelength [22,
23, 37]. Because broadband waves are widely used for
THz phonon polariton imaging, in this review we pay
more attention to broadband THz phonon polariton.

From the normal dispersion equations of phonon po-
lariton, we can get the dispersion curves of LiNbO3, as
shown in Fig. 2. The blue curves are the upper and lower
branches of the dispersion. For the imaging, in most
cases, the frequencies are below 2 terahertz. Although
the behavior is very light-like here, some of the energy of
phonon polariton is also stored in the ionic displacement.
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Fig. 2 Dispersion curves of the phonon polariton in LiNbO3.
The blue curves are the upper and lower branches, respectively.
νTO and νLO are the resonance frequencies of the lowest trans-
verse and longitudinal optic phonon mode, respectively. The green
lines describe the dispersion of uncoupled optical radiation.

3 Propagation and imaging of THz phonon
polariton in ferroelectric crystal

From our experience or intuition, when an electromag-
netic wave is generated in a crystal by a laser, the pro-
duced electromagnetic wave will propagate collinearly
with the pump beam, for example frequency doubling
effect. But after THz phonon polariton waves are pro-

duced in ferroelectric crystals by femtosecond laser pulses
through ISRS, they are in the case of phase matched in
lateral directions, with the largest wavevector compo-
nents perpendicular to the optical beam path for the
reason of Cherenkov radiation effect [16, 17, 38, 39].
This key property makes it possible to obtain the time-
resolved images of the field envelope, generation and
propagation of THz phonon polariton.

3.1 Cherenkov radiation cone

Considering a focused femtosecond laser pulse propa-
gates through a thick piece of LiNbO3, as shown in Fig.
3, the pump is only acting in a small region of the crystal
at any given instant in time. For a 100 fs pump pulse, it
is only about 13 microns long inside the crystal. So the
pump pulse produces a series of THz phonon polaiton
waves along the propagation direction from the input
face of the crystal to the output face. Since the pump
pulse travels through the crystal significantly faster than
the produced THz radiation (with a double speed for
the difference of refractive indices), this will produce a
Cherenkov cone. The angel between the generated THz
wave and the pump beam is

θ = arcsin(vpol
p /vpump

g ) (4)

and the corresponding polariton forward component is

ϕ = arccos(vpol
p /vpump

g ) (5)

Here vpol
p is the polariton phase velocity, and vpump

g is
the pump group velocity [28].

Fig. 3 A focused femtosecond laser pulse generates a Cherenkov
radiation cone of THz phonon polariton. The laser pulse propa-
gates along the arrow direction from the input face of a LiNbO3

crystal to the output face.

3.2 In bulk crystal

Here we introduce the propagation of THz phonon po-
lariton in bulk crystal using a typical setup that fem-
tosecond laser pulses are focused into a bulk uniaxial fer-
roelectric LiNbO3 by a cylindrical lens, as shown in Fig.
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4. Both the polarization of the pump pulse (red) and the
generated phonon polariton wave (blue) are along the
crystal optical axis (z axis of the coordinate system).
THz phonon polariton wave propagates in the crystal
with a Cherenkov angle.

Laser

x
y

Phonon
polaritonz

Fig. 4 Typical setup for THz phonon polariton wave generated
in a LiNbO3 crystal by a femtosecond laser pulse and the coordi-
nate system. The pump laser pulse (red) propagates through the
crystal, orthogonal to the crystal surface, while the THz phonon
polariton waves propagate with a Cherenkov angle.

In the top view of the crystal (x–y plane), a
Cherenkov-like propagation can be clearly observed, as
shown in Fig. 5. There are simulation results using Finite
Element Method (FEM). These pictures illustrate that
the phonon polariton are generated and propagate when
the excitation pulse traverses the sample from front to
back. The sample is a 0.5 mm3 LiNbO3 crystal. A 100
fs, 800 nm laser pulse is focused to a 20 µm width line
into the sample.

Fig. 5 Top view (x–y plane) of the generation and propagation
process of phonon polariton. A 100 fs, 800 nm laser pulse is focused
to a 20 µm width line into a 0.5 mm3 LiNbO3 crystal to excite the
broadband polariton wave. The snapshots are the results of 0.5,
1.5, and 3.5 ps, respectively.

From the front view (x–z plane), the THz phonon
poalriton waves propagate almost perpendicular to the
pump beam and primarily in the lateral directions, as
shown in Fig. 6.

The propagating waveform of THz phonon polariton
induces a change of the refractive index of the sample
through electro–optic effect. And for its specular prop-
erty that it propagates primarily in the lateral directions
as shown in Fig. 6, it is possible to obtain time-resolved
images of the electric field of the phonon polariton. The
time-delayed probe pulses (400 nm), which can be ex-
panded to illuminate the whole sample and propagate

Fig. 6 Two dimensional plots of the front view (x–z plane). A
50 fs, 800 nm pump laser is focused to a 30 µm line into a LiNbO3

crystal. Reproduced from Ref. [34].

parallel to the pump beam, experience a spatially de-
pendent phase shift proportional to the refractive in-
dex change. These phase information are transformed
to amplitude information, which can be detected by a
CCD camera, using some methods. We will introduce
and compare these methods in the following section. For
the imaging in bulk crystal, the method widely used is
Talbot effect, where the CCD camera is slightly shifted
out of imaging plane, as shown in Fig. 7. The series of
images can construct a “movie” that fully captures the
spatiotemporal evolution of phonon polariton in the sam-
ple.

Fig. 7 Imaging setup of THz phonon polariton in a bulk LiNbO3

crystal. CL: Cylindrical lens, SL: Spherical lens. Reproduced from
Ref. [27].

Using this imaging technique, the researchers have got-
ten the spatiotemporal images of phonon polariton [25,
26, 40, 41], coherent controlled polatiton generation and
propagation [42–45], and integrated functional elements
in the crystal [46–51]. Even a research field of “photon-
ics” analogous to photonics and electronics is brought
out, in which signals are carried by phonon polariton to
bridge the gap between electronics and photonics [27, 29,
52].

3.3 In thin crystal

Although the imaging in bulk crystal has gotten fruitful
results, there are some drawbacks that prevent it from
being more widely applicable. One limitation is that the
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probe beam is not phase matched to the excitation for
the difference of refractive index (ne = 2.163, 2.312 for
800 nm and 400 nm in LiNbO3 respectively). But in suf-
ficiently thin crystal (typically thinner than 300 µm), the
phase-matching condition on probing is relaxed since any
differences in the propagation times for pump and probe
pulses through so thin crystal can be negligible.

The other drawback is the imaging technique using
Talbot effect in bulk crystal, which converts the phase
information to intensity information for the detection
of CCD camera. But only certain wave vector compo-
nents of the phase image can be efficiently converted to
the intensity information from the deduction of Fresnel
diffraction theory [53, 54]. And at the same time static
structures in the sample will be blurred because the CCD
camera is translated out of the image plane of the sam-
ple. In this section, we will introduce some new methods
in thin crystal to address this problem.

Moreover, the thin ferroelectric crystal can be used for
an integration platform, not only for THz wave but also
for the interconversion between terahertz and optical or
electrical signal. Furthermore, when the sample thick-
ness becomes subwavelength, the strong evanescent field
of the THz wave can interact with materials deposited
on the crystal surface. This opens the door for the in-
terface of the ferroelectric crystal with other optical or
photoelectric devices.

Because of these advantages, most work of THz
phonon polariton is focused on the subwavelength fer-
roelectric crystal now. In this section, we will introduce
it in more detail.

The common part of the experimental setups described
below is a pump probe system, as shown in Fig. 8. The
laser is a Ti:sapphire regenerative amplifier, whose pulse
duration is about 100 fs, central wavelength is 800 nm,
and repetition rate is 1 kHz. The laser pulses are split to
pump and probe, which can be delayed relative to one
another. The pump is focused into the sample (LiNbO3,
LN) at normal incidence using a cylindrical lens (CL)
to produce a line source of THz phonon polariton. The

Fig. 8 The pump probe setup for THz phonon polariton imag-
ing. The laser is a Ti:sapphire regenerative amplifier. BS is partial
beam splitter, CL is cylindrical lens, and DM is dichroic mirror.
LN is the sample LiNbO3.

generation process of THz phonon polariton is similar
to that in Fig. 4 and the coordinate system is also the
same to Fig.4. For optimum signal, the polarization of
pump and generated THz fields are all parallel to the
optical axis of LiNbO3. The probe is frequency-doubled
to 400 nm through a BBO crystal. It is spatially filtered
to minimize the spatial variation noise and expanded to
be larger than the sample. It is collinear with the pump
reflected by a dichroic mirror. So the generated THz
phonon polariton wave travels in the crystal plane or-
thogonal to the direction of probe propagation, as shown
in Fig. 9.

Fig. 9 The pump probe geometry in LiNbO3 crystal. The 800
nm and 400 nm beams propagate through the crystal, orthogonal
to its surface. THz phonon polariton waves propagate in the plane
of the waveguide, orthogonal to the probe.

Because LiNbO3 is an electro–optic crystal, the THz
electric field can modulate the refractive index signifi-
cantly. The probe beam experiences a spatially depen-
dent phase shift proportional to the refractive index
change when it passes through the sample. So the sig-
nal of THz phonon polariton is codded into the phase of
probe beam. But the normal detector, such as a CCD
camera, is intensity detector, which cannot detect phase
signal directly. Therefore, a method is needed to convert
the phase information to amplitude information.

Before the introduction of these methods, which
can change the phase information to the intensity

Fig. 10 Waveguide confinement effect for THz phonon polariton
over crystal thickness. The arrow means the incidence direction of
pump beam. Reproduced from Ref. [34].
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information, the confinement effect of the thin sample is
shown in Fig. 10.

The excitation conditions are the same to what men-
tioned above. In 500 µm thickness sample, the wave ex-
periences two bounces which induce the interference pat-
tern. In this case, the properties of phonon polariton is
similar to that in bulk crystal. But in 10 µm crystal, the
wave is quickly straightened out and propagates with no
interference pattern. The simulation results show that
the propagation properties of THz phonon polariton are
changed from bulk regime to waveguide regime as the
crystal thickness is gradually decreased.

The methods, which can generate in-focus images and
quantitatively measure the electric field of THz phonon
polariton in large-area or structured samples, are phase
contrast and self-compensating polarization gating imag-
ing [54, 55]. Phase contrast imaging, introduced by Frits
Zernike in the 1930s [56, 57], has been widely used for
the imaging of transparent samples in biology. Here, we
used a 4f system, with a phase plate at the center of the
focal plane of the first lens, to implement this technique,
shown in Fig. 11. The phase mask induces a π/2 rela-
tive phase shift between the zeroth order beam and the
diffracted light. When these two fields are recombined
on the CCD camera (image plane), the phase image is
converted to intensity image.

The generation and propagation process of THz
phonon polariton in the thin crystal can be gotten using
the pump probe setup in Fig. 8 to generate a movie. Fig-
ure 12(a) shows a snapshot of the movie, 42 ps after THz
phonon polariton is generated. It is broken up into dis-
crete modes for the confinement effect of the waveguide.

Fig. 11 Experimental setup of phase contrast imaging. The
pump (red) and probe (blue) beams come from the laser as that
in Fig. 8. f1 = f2 = 15 cm. Reproduced from Ref. [54].

Because we use a cylindrical lens to excite THz phonon
polariton, the signal of Fig. 12(a) can be averaged over
the vertical dimension and changed to the signal of the
electric field of THz phonon polariton, shown in Fig.
12(b).

Fig. 12 (a) Image of THz phonon polariton 42 ps after it is gen-
erated. The chirping of the pulse because of waveguide dispersion.
(b) The electric field profile from (a). Reproduced from Ref. [54].

We repeat the treatment step as mentioned above for
the movie, and place the results in one row of matrix,
as shown in Fig. 13(a). It fully shows the temporal and
spatial evolution of THz phonon polariton. In this im-
age, dispersion, reflection, interference, and the different
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Fig. 13 (a) E-field evolution of THz phonon polariton as a function of space and time. The sides of the image are the
crystal edges. (b) 2-dimensional Fourier transform of the boxed region in (a). The red curves are the experimental results,
and the other cures are the calculation results. Reproduced from Ref. [54].
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Fig. 14 Image of the phonon polariton 26.4 ps after it is generated, using normal polarization gating setup. Two crystals
with the same thickness are put with the optical axis perpendicular with each other.

waveguide modes are all clearly apparent. Figure 13(b) is
the 2-dimensional Fourier transform of image (a), which
shows the dispersion of the waveguide modes.

Polarization gating has been used in ultrafast optics
for a long time, especially through optical Kerr effect or
electro–optic sampling. It was also used for THz phonon
polartion imaging [53]. But the inherent birefringence of
LiNbO3 is large, which is mixed with the transient bire-
fringence induced by THz phonon polariton. The phase
shift induced by THz phonon polariton is small and dy-
namic, so it is hard to get good signal in large or struc-
tured samples. We also try to compensate the inherent
birefringence using a second crystal of equal thickness
with its optic axis rotated by 90 degree. However, the
defects and non-uniformity of the thickness make it im-
possible. Figure 14 shows the result. If a structured sam-
ple is considered, it will be an impossible mission.

To address this problem, we improve the setup to
be self-compensating, in which the probe beam goes
through the crystal twice with flipped vertical and hor-
izontal polarizations to compensate the inherent bire-
fringence by the sample itself. The experimental setup
is shown in Fig. 15. A 4f system is also used here. The
retroreflective mirror (RM) reflects the image of the crys-
tal through itself with a magnification of 1. The probe
beam double passes through the quarter wave plate
(QW1), whose fast axis rotated to 45◦. So QW1 flips
the vertical and horizontal polarizations of probe beam.
After the second pass through the sample, the spatially
varying phase shift between the vertical and horizon-
tal polarization components from the first pass is com-
pensated. In this way, the crystal self-compensates any
phase shift introduced by the inherent birefringence or
any defects, which only induce birefringence phase shift.
Figure 16 shows the noises induced by phase defects in
the image, which are compensated by self-compensating
setup. At the same time, the phase shift induced by THz

phonon polariton is not compensated, because it is gener-
ated only after the probe pulses pass through the sample
at the first time.

Fig. 15 Experimental setup of self-compensating polarization
gating. The pump (red) and probe (blue) beams come from the
laser as that in Fig. 8. GTP1 and GTP2 are Glan–Taylor prisms,
whose polarizations are at +45◦ and –45◦ to z-axis respectively.
BS: 400 nm beam splitter; CL: Cylindrical lens; DM: Dichroic
mirror; RM: Retroreflective mirror. QW1 and QW2 are zero order
400 nm quarter-wave plates with optic axes at +45◦ and parallel
to z-axis respectively. Reproduced from Ref. [58].

Although the setup of self-compensating polarization
gating is complicated, it can also be used for the imag-
ing of structured crystal, just like phase contrast setup.
Figure 17 shows an image, picked up from a movie, 56
ps after THz phonon polariton wave is generated and
guided to a Y-coupler. The Y-coupler is structured in a
LiNbO3 crystal using femtosecond laser machining.

The other two methods for imaging of THz phonon
polariton were compared with phase contrast and self-
compensating polarization gating in detail [53, 55].
Figure 18 shows the space-time plots, similar to Fig.
13(a), for each imaging method. For Sagnac interfer-
ence method, there are some diffraction patterns from
the edge of the crystal because the distances of two in-
terference beam are different. The Talbot imaging just
shows a part of information as we discussed above.
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Fig. 16 Defects in LiNbO3 crystal induce birefringence phase shift noise in the image (left), and that are compensated
by self-compensating setup (right).

Fig. 17 Self-compensating polarization gating imaging shows
THz phonon polariton wave guided in a Y-coupler, which is struc-
tured into a LiNbO3 crystal using femtosecond laser machining.

Fig. 18 E-field evolution of THz phonon polariton as a function
of space and time. (a) Talbot imaging. (b) Phase contrast imaging.
(c) Sagnac interference imaging. (d) Polarization gating imaging.
Reproduced from Ref. [55].

Figure 19 shows the average wave vector response for
each imaging method. Both phase contrast and polariza-
tion gating have smooth and un-modulated wave vector
response and large detection bandwidths. So they are
better than Sagnac and Talbot imaging.

As a conclusion from the analytical and experimental
comparison, both phase contrast and self-compensating
gating can focus in images and quantitatively measure
the THz phonon polariton in large or structured sam-
ple. Of these two methods polarization gating has better

Fig. 19 Measured wave vector content of the images for different
imaging methods. Reproduced from Ref. [55].

signal-to-noise ratio and is preferred for most situations,
while phase contrast imaging has better spatial reso-
lution and is preferred for measurements in structured
samples. More details for the comparison of these four
methods can be found in Refs. [53, 55].

4 Properties of subwavelength waveguide of
THz phonon polariton

As discussed above, the thin crystal is necessary for the
in-focus quantitative imaging of THz phonon polariton
and the integration platform. We have experimentally
and theoretically analyzed the properties of generation
and propagation of THz phonon polariton in the sub-
wavelength, anisotropic LiNbO3 crystal.

Figure 20 shows dispersion curves for different propa-
gation directions of THz phonon polariton.

From our experimental and simulation results, we can
get a series of phase or group effective refractive index
ellipses of different modes. They are useful to exposit
the propagation properties of THz phonon polariton and
are necessary for the future research of nonlinear phonon
polariton. For example, Figure 21 shows a phase effective
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Fig. 20 Dispersion curves for different propagation directions. Blue and green dotted lines are calculated TE-like and
TM-like modes, respectively. All the experimental results agree well with the calculated curves. Reproduced from Ref. [58].

refractive index ellipse for the first three TE-like modes
at wave vector 50 rad/µm.

Fig. 21 Effective refractive index ellipse for three TE modes at
a wave vector 50 rad/mm in a 50 µm LiNbO3 slab waveguide.
The solid lines are the calculated results. The open symbols are
experimental data. Reproduced from Ref. [58].

5 Summary and perspectives

In this article, we mainly demonstrate the imaging of
THz phonon polariton, which is generated by femtosec-
ond laser through ISRS effect in ferroelectric crystal.
We pay more attention to the imaging in thin crystal,
which can be used as an integration platform of THz
phonon polariton or an interconversion of terahertz, op-

tical, and electrical signals. The imaging techniques of
phase contrast and self-compensating polarization gating
have been introduced in more detail. These techniques all
can get the quantitatively time-resolved in-focus imag-
ing of THz phonon polariton in large or structured sam-
ples. We also introduce the properties of subwavelength,
anisotropic waveguide for THz phonon polariton. They
are usually thin ferroelectric crystals, which are the im-
portant platforms for the research of THz phonon polari-
ton and for the integrated terahertz-optics or terahertz-
electrics.

Thus, we brought out the detection techniques and
properties of research platform of THz phonon polariton.
An enhanced frequency-tunable source of THz phonon
polariton was also achieved in a LiNbO3 slab waveguide
[22]. So as an important member of elementary exci-
tation family, THz phonon polariton is very significant
for both theoretical research and practical applications.
One of them is polaritonics, the integrated platform,
especially the subwavelength waveguide deposited with
metamaterials or nanoparticles. Because of the strong
evanescent field, the intensive interaction may bring new
ideas for the integrated terahertz-optics. The other is
to illustrate the principles of electromagnetism for the
excellent spatiotemporal resolution of the imaging. An-
other application is to coherent control lattice vibration.
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It is very interesting not only for nonlinear terahertz
spectroscopy and terahertz nonlinear optics, but also for
nonlinear phonon polariton.
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