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Application of Multipass Cell Compression to
Achieve High Repetition Rate Lithium Niobate
Terahertz Sources With Broadened Bandwidth
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Abstract—The performance of high-repetition-rate (e.g., MHz)
1030-nm-pumped lithium niobate (LiNbO3) terahertz (THz)
source is significantly influenced by pulse duration, intensity, and
pump wavelength. In this study, we present the application of
single-stage multipass cell (MPC) compression technology to com-
press 1030 nm laser pulses from 200 to 49 fs and investigate its
impact on THz emission using the tilted pulse front method. The re-
sults show that the compressed 49 fs pulses significantly broaden the
THz spectral bandwidth, shifting the center frequency from 0.5 to
0.84 THz and extending the cutoff frequency to 4.1 THz. Although
shorter pulses have lower conversion efficiency compared with
longer pulses (e.g., 200 fs), they generate a broader THz spectrum.
This bandwidth improvement addresses the critical limitations of
narrow bandwidth and low temporal resolution in current LiNbO3-
based THz scanning tunneling microscopy (THz-STM) systems. By
increasing the THz bandwidth, we provide an efficient approach to
achieve better temporal resolution and more affluent spectral infor-
mation in THz-STM systems. This study demonstrates the poten-
tial of MPC compression technology to significantly enhance THz
bandwidth in LiNbO3 crystals, paving the way for more accurate
material analysis, imaging, and characterization using THz-STM.

Index Terms—Broadband terahertz (THz) generation in lithium
niobate (LiNbO3), high-repetition-rate LiNbO3 THz sources,
multipass cell (MPC) compression, THz scanning tunneling
microscopy (THz-STM).
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I. INTRODUCTION

T ERAHERTZ (THz) technology has been widely applied
to ultrafast optics, imaging, and materials science, driv-

ing numerous innovative experiments [1], [2], [3], [4], [5],
[6], [7]. Among the most effective techniques for generating
high-intensity single-cycle THz pulses, the tilted pulse front
(TPF) pumping method based on lithium niobate (LiNbO3)
crystal plays a critical role, which is commonly used in high-
repetition-rate applications, such as THz scanning tunneling
microscopy (THz-STM) [8], [9]. The performance of THz
pulses—including pulse intensity, repetition rate, and spectral
width—is significantly influenced by the characteristics of the
pump laser. Currently, the most common pump sources are
titanium: sapphire (Ti: sapphire) lasers and ytterbium (Yb)
doped lasers. Ti: sapphire lasers, with their short pulse dura-
tions (<100 fs) and high single-pulse energy, are widely used
for generating strong-field THz sources. However, their low
average power at high repetition rates limits their suitability
for high-repetition-rate applications [10], [11], [12]. In contrast,
Yb-doped lasers, known for their higher average power during
regenerative amplification, offer significant advantages for high-
repetition-rate THz sources in the MHz range [13], [14], [15].
High-repetition-rate THz source holds great importance in many
fields of THz applications. For instance, high-repetition-rate
THz source could provide better signal–noise ratio in traditional
far-field pulsed THz imaging systems [16], [17], [18]. In addi-
tion, for near-field THz microscopies associated with a nanotip,
such as THz scattering scanning near-field optical microscopy
(THz s-SNOM) [19], [20] and THz-coupled THz-STM [21],
[26], [29], high-repetition-rate THz source plays a critical role.
In THz s-SNOM systems, various kinds of background noise sig-
nificantly affect the signal analysis, making high-repetition-rate
THz pulse a compulsory option for reliable THz imaging. For
THz-STM application, thermal expansion of the nanotip poses a
great threat to the THz-induced tunneling current, which could
be efficiently repressed by using high-repetition-rate THz pulses
in the MHz range. These demands for high-repetition-rate THz
sources urge for innovations and improvements in this field.
However, the long pulse duration in Yb-doped pumping lasers,
e.g., several hundreds of femtoseconds, limits their effectiveness
in generating broadband THz radiation, which is critical for
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applications requiring both high temporal resolution and broad
spectral coverage.

Previous studies have explored the use of 1030 nm laser
pulses to efficiently generate THz waves from 0.6% MgO-doped
stoichiometric LiNbO3 crystals. For example, Fülöp et al. [22]
reported the generation of strong THz pulses with an electric
field strength of 650 kV/cm and a center frequency of 0.2 THz,
using a 0.01 kHz pump laser with a pulse duration of 785 fs.
With increased repetition rates, Schneider et al. [23] employed
a 300 kHz pump laser with an 800 fs pulse duration, achiev-
ing a THz electric field strength of 10 kV/cm and a center
frequency of 0.3 THz, although the spectral width remained
relatively narrow due to the large pulse duration. More recently,
Kramer et al. [24] utilized a single-stage gas-filled multipass
cell (MPC) compression technique to shorten the pump pulse
from 700 to 70 fs, with a repetition rate of 100 kHz. This
approach generated a THz electric field strength of 150 kV/cm,
with a center frequency of approximately 0.6 THz and a cut-
off frequency of around 2.5 THz. Their study demonstrated
the potential of pulse compression technology for developing
broadband, high-repetition-rate THz sources. However, due to
the relatively low repetition rate and high single-pulse energy,
significant crystal absorption still occurred, limiting the THz
spectral range. In addition, Meyer et al. [25] employed MPC
compression technology to compress laser pulses to 97 fs at a
repetition rate of 13.3 MHz, producing a THz source with an
electric field strength of 16.7 kV/cm and a center frequency of
approximately 0.7 THz. These results highlight the challenges
of achieving broader THz spectra in LiNbO3 crystals at high
repetition rates, particularly with respect to optimizing pulse
duration and spectral width for the pump light.

In the THz-STM field, it is well known that THz acts like
a transient bias linear to its near-field waveform [26]. There-
fore, improving the temporal resolution urges the development
of broad bandwidth THz sources with narrow electric field
waveform pulsewidth. In addition, broader THz bandwidth also
holds importance in surface phonon-mode studies employing
THz-STM system, as more phonon modes at higher frequen-
cies on material surfaces could be excited [27]. However, the
typical THz bandwidth in current LiNbO3-based THz-STM
systems is only less than 2 THz [28], [29], [30], [31]. Yet,
despite the progress in developing broad bandwidth LiNbO3

THz sources, much broader THz spectral scope at high repetition
rate is still difficult to achieve. To address these challenges,
this study employs MPC nonlinear compression technology to
further advance the realization of broadband THz sources under
high-repetition-rate conditions.

In this study, we use a single-stage solid MPC nonlinear com-
pression system to compress high-repetition-rate (520.8 kHz)
1030 nm laser pulses from 200 to 49 fs. By comparing the
compressed 49 fs pulses and the uncompressed 200 fs pulses,
we investigate the effects of these different pump pulses on the
THz waves generated from a 0.6% MgO-doped stoichiometric
LiNbO3 crystal. The experimental results show that the 49 fs
pulses produce THz waves with a significantly broader spectral
width, with a cutoff frequency extending to 4.1 THz and a
center frequency of 0.84 THz, while the 200 fs pulses generate

Fig. 1. Schematic diagram of the nonlinear compression and LiNbO3 crystal-
based THz pulse generation and electro-optic (EO) sampling detection setup.
The inset shows the circular distribution of the beam spots on the cavity mirrors.
The experimental setup includes a Yb solid-state amplifier laser system, a single-
stage bulk MPC nonlinear compression setup, pump pulse setups of 200 and
49 fs for LiNbO3 OR, and its EO sampling setup. The components are labeled
as follows: M, movable magnetic mirror; BS, beam splitter; L, lens; FS, fused
silica medium; CMs, chirped mirrors; HWP, half-wave plate; PBS, polarization
beam splitter; G1, transmission grating; PM, parabolic mirror; ATT, variable
attenuator; QWP, quarter-wave plate; WP, Wollaston prism; and BD, balanced
photodetector.

THz waves with a center frequency of approximately 0.5 THz
and a cutoff frequency of 2 THz. Through MPC nonlinear
compression, it is shown that narrow pump pulses efficiently
enhance the THz pulse bandwidth, providing new possibili-
ties for the potential application of THz-STM systems [32],
[33], [34].

II. EXPERIMENTAL SETUP

In this experiment, we employed a single-stage bulk MPC
nonlinear compression system to compress high-repetition-rate
(520.8 kHz) laser pulses from 200 to 49 fs. Both the 200 and
49 fs pulses were used to pump an LiNbO3 crystal, generating
broadband THz radiation through optical rectification (OR) and
TPF techniques, utilizing a 4f imaging system. The 49 fs com-
pressed pulses generated a broader THz spectrum with enhanced
time-domain resolution, which can potentially improve applica-
tions, such as high temporal resolution THz-STM imaging [33],
[34].

A. MPC Experimental Setup

To achieve shorter pulse durations, we employed a single-
stage bulk Herriott-type MPC for nonlinear pulse compression.
The setup relies on self-phase modulation (SPM) for spectral
broadening and chirped mirrors (CMs) for dispersion compen-
sation [35], [36], [37]. As illustrated in Fig. 1, the 49 fs pulses
generated by MPC compression, along with the uncompressed
200 fs pulses, served as two distinct pump sources to excite the
LiNbO3 crystal, generating single-cycle THz pulses.

In the experiment, we employed a Yb: YAG femtosecond am-
plifier (CARBIDE C20563) as the driving laser, which emitted
200 fs pulses at a wavelength of 1030 nm with an average power
of 23 W and a repetition rate of 520.8 kHz. The laser’s spectral
width was approximately 10 nm. The MPC system consisted
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of two concave mirrors, each with a diameter of 50.8 mm and
a radius of curvature (ROC) of 300 mm. The mirrors were
coated with high-reflectivity layers featuring low group delay
dispersion (GDD), optimized for wavelengths between 850 and
1100 nm. The distance between the mirrors (L) was set to
580 mm, satisfying the stability condition for a Herriott-type
MPC (0 < L < 2R) [38], [39].

The stability of the MPC was ensured by following the princi-
ples of a stable resonator, which favors a specific light transmis-
sion mode, known as the eigenmode. Once the mirror curvature
and spacing are determined, the re-entrant beam pattern after N
round trips in the MPC requires the angular progression angle
to satisfy the following condition:

C =
L

R
= 1− cos (πk/N) (1)

where k = 1, …, N−1, and ξ = 2πk/N represents the angular
progression of the light spots on the cavity mirrors [38], [39]. N
represents the number of round trips made by the beam in the
MPC. C is a constant as defined. R represents the ROC of the
MPC cavity mirrors, which is 300 mm. Based on the MPC sta-
bility condition, the distance L between the MPC mirrors cannot
exceed 2R. To maintain consistent nonlinear pulse propagation
characteristics over multiple round trips, the beam transmission
must match the eigenmode of the MPC. The eigenmode can
be analyzed using the ABCD transmission matrix for Gaussian
transmission, and the multiple reflections within the MPC are
described by the following matrix:

Mmpc =

[
1− C L (1− C/2)
−2/R 1− C

]j
. (2)

Here, the integer j is the number of reflections (52 reflections
in this experiment). Simplify using C = L/R defined in (1). For
any integer j, applying this matrix to the Gaussian parameter q0
should give the same value. For j = 1, this means

q0 =
(1− C) q0 +RC (1− C/2)

(−2/R) q0 + 1− C
. (3)

The Gaussian parameter q0 for the MPC cavity can be calcu-
lated as follows:

q0 = −R

2

√
C (C − 2). (4)

Based on the properties of the q parameter of a Gaussian
pulse, the beam waist radius ω0 corresponding to the linear-
mode-matched beam (neglecting the effect of Kerr lensing on
the MPC eigenmode) can be expressed as follows:

ω2
0 =

Rλ

2π

√
C (2− C) =

Rλ

2π
sin (πk/N) (5)

where λ is the laser wavelength. Under the condition of a stable
resonator (i.e., 0 < C < 2), mode matching is feasible. Using the
simple Gaussian beam equation, the beam radius on the cavity
mirrors ωm derived from

ω2
m =

Rλ

π

√
C

2− C
=

Rλ

π
tan (πk/2N) . (6)

To further broaden the input pulse spectrum, two 1-mm-thick
fused silica (FS) plates were symmetrically inserted 15 mm from
the center of the MPC. These media are coated with antireflec-
tion coatings. The nonlinear properties of FS make SPM the
primary mechanism responsible for spectral broadening in the
MPC. The laser-induced damage threshold of the MPC mirrors
is typically evaluated based on two key parameters: fluence (Fm)
and peak-focused intensity (I0). These parameters are calculated
using the following formulae:

Fm =
2E

Rλ

√
2/C − 1 =

2E

Rλ

1

tan (πk/N)
(7)

I0 =
4P

Rλ

1√
C (2− C)

=
4P

Rλ

1

sin (πk/N)
. (8)

Here, E is the pulse energy and P is the peak pulse power.
The MPC mirrors were selected to operate below their damage
threshold, ensuring optimal performance throughout the exper-
iment. To achieve mode matching between the incident laser
pulse and the MPC eigenmode, we employed three singlet lenses
(L5, L6, and L7). L5 and L6 were used to control the beam size,
while L7 adjusted the mode matching. Based on (5) and (6),
the eigenmode diameter on the MPC mirrors is calculated as
2ω1 =1.456 mm, and the eigenmode diameter at the center of the
MPC is 2ω0 = 0.266 mm. Using (7) and (8), the fluence Fm is
estimated to be approximately 4.6 mJ/cm2, and the peak-focused
intensity is about 6.9 × 1011 W/cm2.

The incident laser pulse was coupled into and out of the
MPC system via a 4-mm-wide rectangular mirror, coated with a
high-reflective layer. With the aid of an infrared viewer (Electro
Optic Abris-M 2000), 26 evenly distributed reflection points
were observed on each cavity mirror. During each round trip, the
beam advanced by four reflection points along the mirror surface,
completing a total of 52 reflections. As a result, the laser pulse
traversed the FS medium 52 times, inducing significant spectral
broadening through SPM.

The laser pulse propagated a total distance of 0.104 m within
the FS and 30.056 m in the air. To compensate for the dispersion
introduced by the MPC system, CMs were employed. Dispersion
compensation was achieved by reflecting the output beam three
times from two mirrors with a GDD of −1000 fs2 each, and two
additional reflections from two mirrors with a GDD of−150 fs2.
This resulted in a total dispersion compensation of −3300 fs2.
The compressed pulse was subsequently characterized using a
frequency-resolved optical gating (FROG) system, achieving a
pulse duration of 49 fs, which closely approached the Fourier
transform limit (FTL), thereby confirming the effectiveness of
the MPC nonlinear compression process.

B. Generation and Detection of LiNbO3 THz Source

To efficiently generate THz radiation, a 0.6% MgO-doped sto-
ichiometric LiNbO3 crystal was employed, cut into a triangular
prism with a 63° apex angle. The THz radiation was produced
using OR and TPF techniques, which are well-established meth-
ods for generating THz radiation in nonlinear crystals [40], [41].
A beam splitter with a 1:9 reflection-to-transmission ratio was
placed before the MPC compression setup to split the incoming
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Fig. 2. Setups for the LiNbO3 THz source and the EOS approach. (a) Typical
LiNbO3 THz source setup based on a 4f imaging system. (b) EOS setup. L:
Lens; G1: Transmission grating; LN: LiNbO3 crystal; ATT: Variable attenuator;
PM: Parabolic mirror; QWP: Quarter-wave plate; WP: Wollaston prism; BD:
Balanced photodetector; and LK: Lock-in amplifier.

beam into two parts. The 10% of the power was directed to the
electro-optic sampling (EOS) detection path, while 90% was
used for THz generation after MPC compression. A movable
magnetic mirror was positioned near the Yb: YAG laser output
to redirect the beam before it enters the MPC compression stage.
After splitting, the magnetic mirror guided the compressed beam
along the THz pump path and the uncompressed beam to the
EOS detection path (refer to Fig. 1).

The output pulse from the MPC system passed through a
half-wave plate to adjust polarization for efficient THz genera-
tion in the LiNbO3 crystal. A transmission blazed grating (G1)
with 1600 lines/mm was used, which maximizes the first-order
diffraction at 1030 nm. The use of the transmission grating not
only allows for a compact figuration for the optical setup but
also provides a high transmission rate over 90% and a high
damage threshold for strong pumping light. Due to the refractive
index difference between the pump and THz pulses, momentum
matching is achieved by introducing a 63° tilt angle for the pump
pulse, corresponding to the apex angle of the LiNbO3 crystal.
This angle determines the THz radiation plane, ensuring optimal
alignment for THz generation.

The efficiency of THz generation depends heavily on the
proper alignment and optimization of several components in
the THz generation path. The optical system was designed to
accurately tilt the pump pulse wavefront and image the transmis-
sion grating precisely onto the LiNbO3 crystal to maximize THz
output. Parameters of the transmission grating and lenses L3 and
L4 are calculated according to the LiNbO3 emission theory [40].
L3 and L4 formed a 4f optical imaging system, which minimized
aberrations while imaging the transmission grating onto the
crystal [see Fig. 2(a)]. This system along with the transmission
grating tilted the wavefront of the 1030 nm pump light in the

LiNbO3 crystal, ensuring efficient THz generation. In addition,
two antireflection-coated lenses (L1 and L2) were used to control
the pump spot size on the crystal’s surface, further enhancing the
THz emission. These lenses were optimized to focus the beam
to a spot size of approximately 0.8 mm, defined by the full width
at half maximum (FWHM). This corresponds to a spot area of
approximately 5.03 × 10−3 cm2.

To ensure that both the 200 fs and 49 fs pump pulses were
under equal power conditions, the power of the 200 fs pulse
was adjusted using a half-wave plate and a polarization beam
splitter to match the output power of the 49 fs pulse (13.5 W),
ensuring that both pump pulses delivered comparable power.
Under these conditions, the single-pulse energy for both pump
durations was calculated to be approximately 25.92 μJ. The
corresponding peak powers were determined to be 129.6 MW
for the 200 fs pulse and 529.8 MW for the 49 fs pulse. In addition,
the energy densities were calculated to be 2.58 × 1010 W/cm2

for the 200 fs pulse and 1.05 × 1011 W/cm2 for the 49 fs
pulse.

To further characterize the THz waveform and beam profile,
we employed an EOS setup in conjunction with a THz camera
(Swiss THz Rigi S2). A variable attenuator was placed in the
detection path to control the probe beam’s pulse energy. Both
the THz and 1030 nm probe beams were simultaneously focused
onto a 2-mm-thick GaP crystal for EOS using lens L8 (focal
length: 150 mm) and an off-axis parabolic mirror (PM3, focal
length: 50 mm). Lens L9 (focal length: 100 mm) was then used
to collimate the converging beam from L8. In the pump path, a
chopper operating at 611 Hz was employed for lock-in detection.
A quarter-wave plate was used to convert linearly polarized light
into circularly polarized light, and a Wollaston prism separated
the vertical and horizontal polarization components for differ-
ential detection. The balanced photodetector measured the dif-
ferential signal, which was subsequently sent to a Zurich Instru-
ments lock-in amplifier (HF2LI) to extract the THz time-domain
waveform [see Fig. 2(b)].

In this experiment, the 200 fs laser pulse before MPC com-
pression and the 49 fs pulse after spectral broadening and dis-
persion compensation were used as two distinct pump sources
for generating THz radiation in the LiNbO3 crystal. Notably, a
coherent 200 fs pulse served as the same probe beam for these
two pump conditions, employing the EOS technique to measure
the THz time-domain waveform. This configuration allows us to
explore THz generation under different pulse durations (49 and
200 fs) and to perform a detailed comparison of the THz pulse
characteristics for both pumping conditions.

III. EXPERIMENTAL RESULTS AND DISCUSSION

This section presents the results of spectral broadening
and pulse duration reduction achieved by compressing high-
repetition-rate Yb-amplified laser pulses. By reducing the pulse
duration from 200 to 49 fs, we observed significant broaden-
ing of the THz spectrum, with the compressed pulse duration
approaching the FTL. The impact of pump pulse duration on
the generated THz radiation was systematically investigated,
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Fig. 3. Characteristics of the compressed pulse. (a) Autocorrelation traces
before compression (red) and after compression (blue), along with the phase
change after compression (green) and the autocorrelation measurement of
the Fourier transform-limited pulse (orange). (b) Spectra before compression
(red) and after compression (blue), along with the spectral phase change after
compression (green).

revealing that shorter pulse durations not only enhanced the
spectral bandwidth but also increased both the center and cutoff
frequencies of the THz emission. These findings highlight the
crucial role of optimizing pump pulses to improve the perfor-
mance of broadband THz sources.

A. Spectral Broadening and Recompression of the
Yb-Amplified Laser System

The output power of the laser pulse after spectral broad-
ening and recompression in the MPC system was measured
using a power meter, yielding 13.5 W. This corresponds to a
transmission efficiency of approximately 65% within the MPC
setup, indicating effective energy transfer during the nonlinear
compression process.

To characterize the compressed pulses, we employed a FROG
instrument (Mesa Photonics FROG scan). Fig. 3(a) shows the
autocorrelation traces of both the initial 200 fs pulse (before
MPC compression) and the compressed 49 fs pulse (after MPC
compression), along with the associated phase shift of the 49 fs

Fig. 4. (a) and (b) show the measured and retrieved FROG traces of the
compressed laser pulse.

pulse. The full width at FWHM of the compressed pulse was
measured at 49 fs, which closely matches the FTL, confirming
successful pulse recompression. Fig. 3(b) presents the spectra
of both the initial 200 fs pulse and the compressed 49 fs pulse,
along with the spectral phase corresponding to the 49 fs pulse.
The spectrum broadened to approximately 40 nm (measured
at half the intensity of the outer spectral peaks), representing
a fourfold increase in bandwidth. The spectral peak structure
shows the characteristics of SPM, confirming SPM as the pri-
mary mechanism for the observed spectral broadening. Fig. 4(a)
and (b) shows the measured and retrieved FROG traces, which
exhibit near symmetry, further validating the effectiveness of
the nonlinear compression process and confirming that the pulse
compression was close to the FTL.

To assess the preservation of beam quality after compression,
we measured the M2 factor using a Thorlabs scanning slit beam
quality analyzer (BP209-VIS: 200–1100 nm). The M2 values for
the input beam before MPC compression, as shown in Fig. 5(a),
were 1.30 and 1.31 for the X and Y axes, respectively, with
an estimated waist relative astigmatism (ESA) of 0.34%. After
compression, as shown in Fig. 5(b), the M2 values were 1.51 and
1.40 for the X and Y axes, indicating minor degradation in beam
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Fig. 5. Beam quality factor measurement (M2) of the (a) input beam before
MPC setup and (b) output beam along the transverse axes. The solid lines show
the hyperbolic fits to the measured beam caustics.

quality. The final ESA was measured at 4.35%, which is similar
to the input values. This slight increase in astigmatism is likely
due to alignment errors during the M2 measurement, rather than
originating solely from the MPC compression process itself.

In this section, we demonstrated that the single-stage bulk
MPC compression system successfully achieved substantial
spectral broadening and pulse recompression, reducing the
pulse duration from 200 to 49 fs. This compression, driven by
SPM, resulted in significantly increased spectral bandwidth. The
preservation of beam quality with minimal astigmatism further
confirms the robustness of the MPC system.

The primary objective of achieving such ultrashort pulses
is to optimize the generation of broadband THz radiation in
LiNbO3 crystals. Shorter pump pulses are essential for enhanc-
ing the bandwidth of the THz spectrum, and the compressed
49 fs pulse is expected to significantly improve the bandwidth
performance of the LiNbO3-based THz source. Therefore, this
work on nonlinear compression is fundamental to achieving
high-performance, broadband THz generation, which has broad
implications for applications in spectroscopy, high-resolution
imaging, and other THz-related fields.

B. Characterization of THz Generation Results

In this experiment, the initial 200 fs laser pulse was com-
pressed to 49 fs using the MPC nonlinear compression system.
Both 49 and 200 fs pulses at 1030 nm were used as pump sources
for the LiNbO3 crystal to investigate the impact of different pulse
durations on the THz spectral bandwidth at a high repetition rate
of 520.8 kHz. The primary goal was to highlight the advantages
of using shorter pumping pulses, generated through MPC com-
pression, in producing a broader THz spectrum from the LiNbO3

crystal, especially for applications in THz-STM, which urges for
broader THz bandwidth.

Fig. 6. Characterization of THz output results. (a) Comparison of the THz
time-domain waveforms of the LiNbO3 crystal under two pump conditions with
pulse durations of 49 and 200 fs, with the inset showing the THz beam profile
by the 49 fs pump pulse. (b) Normalized spectra comparison of the generated
THz pulses.

THz time-domain waveforms and corresponding spectra for
both pump conditions were measured using home-made Lab-
VIEW software. As shown in Fig. 6(a), the THz waveform
generated by the 49 fs pulse is significantly narrower compared
with the 200 fs pulse, indicating that shorter pump pulses
result in more compact THz waveforms, thereby enhancing
the time-domain resolution. Fig. 6(b) compares the spectral
characteristics: the 200 fs pulse generates THz radiation with
a center frequency of around 0.5 THz and a cutoff frequency
near 2 THz, while the 49 fs pulse produces a higher center
frequency of approximately 0.84 THz and a broader bandwidth
extending up to 4.1 THz. It should be noted that, in EO sampling,
the use of 200 fs probe pulses and a 2-mm-thick GaP crystal
imposes a bandwidth limitation on the detected THz spectrum.
Consequently, the actual THz spectrum may be broader than
what is presented in Fig. 6, particularly in the case of the
49 fs pump pulse. This detection constraint should be taken into
account when interpreting the measured spectral bandwidth.

Although the shorter 49 fs pulse generates a broader THz spec-
trum, it comes at the cost of lower THz output power and field
strength compared with the longer 200 fs pulse. This tradeoff
between spectral width and conversion efficiency is a crucial as-
pect of the study. Despite the lower THz power, the broader spec-
tral bandwidth enhances time-domain resolution and frequency
coverage, which are particularly important for THz-STM. The
THz output power was measured near the focal point of the THz
beam using a calibrated THz power meter (THZ5B-BL-DZ-D0,
Gentec-EO). The measurements were conducted under identical
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pump conditions (13.5 W at 520.8 kHz) for both cases. For
a 200 fs pump pulse, the generated THz power was 1.56 mW,
whereas for a 49 fs pump pulse, it was 0.15 mW. The power meter
was positioned to capture the peak THz intensity at the focus, and
appropriate alignment was ensured to minimize measurement
uncertainties. Correspondingly, the conversion efficiency of THz
generation was calculated as 1.11×10−5 for the 49 fs pulse and
1.15×10−4 for the 200 fs pulse. Even though the 49 fs pulse
produces much lower THz energy, it is still stronger than other
THz sources used in THz-STM systems, e.g., photon-conducive
antenna THz source [42], and is sufficient for THz-STM appli-
cations.

In summary, a broader-bandwidth THz radiation output has
been achieved in the higher repetition rate LiNbO3 THz source,
while its power level meets the requirements for integration into
STM applications. These findings demonstrate the significant
role of pulse duration in optimizing the performance of LiNbO3-
based THz sources. The 49 fs pulse, achieved through MPC
compression, significantly broadens the THz spectrum, which is
critical for optimizing high-frequency broadband THz sources,
especially for advancing THz-STM technology.

IV. CONCLUSION

This study demonstrates the successful application of a single-
stage MPC nonlinear compression system to compress high-
repetition-rate (520.8 kHz) 1030 nm laser pulses from 200 to
49 fs. The compressed pulses were used to generate broadband
THz radiation in a 0.6% MgO-doped stoichiometric LiNbO3

crystal, resulting in a THz source with a center frequency of
0.84 THz and a cutoff frequency of 4.1 THz. The results show
that shorter pulses (49 fs) significantly broaden the THz spec-
trum, enhancing the spectral bandwidth from 0.5 to 0.84 THz
and extending the cutoff frequency from 2 to 4.1 THz. While
narrower pulses increase bandwidth, they come at the cost of
lower conversion efficiency and reduced output power com-
pared with longer pulses. However, the broader THz spectrum
generated by shorter pulses is critical for improving THz-STM
temporal resolution, which is limited in current LiNbO3-based
THz-STM systems. Due to the difficulty of coupling and the
stability problem for the whole system, this study has not di-
rectly integrated the broadband THz source with THz-STM for
experimental verification. However, it is expected that this new
strategy for generating broadband LiNbO3 THz sources will
significantly enhance the potential application of THz-STM in
material analysis and nanoscale imaging.

The enhanced time-domain resolution and frequency cov-
erage achieved with the shorter pulses pave the way for new
possibilities in high-resolution imaging and material analysis,
particularly in THz-STM. These improvements are essential
for the accurate characterization of nanomaterials and complex
samples. This work highlights the potential of MPC compression
technology to significantly improve THz bandwidth, enabling
advanced applications in ultrafast optics, imaging, and THz-
STM, particularly for nanoscale analysis and complex sample
characterization.
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