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Ultrafast excitation of non-equilibrium carriers under intense pulses offers unique opportunities
for controlling the optical properties of semiconductor materials. In this work, we propose a scheme
for ultrafast generation of surface plasmon polaritons (SPPs) via a transient metagrating formed
under two interfering optical pump pulses in the semiconductor GaAs thin film. The grating can
be formed due to modulation of the refractive index associated with the non-equilibrium carrier
generation. The formed temporal grating structure enables the generation of SPP waves at the
GaAs/Ag interface via weak probe pulse excitation. We propose a theoretical model describing
non-equilibrium carriers formation and diffusion and their contribution to permittivity modulation
via Drude and band-filling mechanisms. We predict that by tuning the parameters of the pump
and probe one can reach the critical coupling regime and achieve efficient generation of SPP at the

times scales of 0.1-1 ps.

I. INTRODUCTION

The recent progress in nonlinear all-dielectric nanopho-
tonics [1-5] naturally stimulated active studies of all-
optical modulation of semiconductor and dielectric
nanostructures such as single scatterers [6, 7] and meta-
surfaces [8-16]. On this path, thermooptical effect, prob-
ably, shows the largest values of Kerr-type nonlinear-
ity leading to efficient modulation of linear and non-
linear light scattering [17-21] and reaching bistability
regimes [22-25], but the modulation time scales can not
be shorter than nanoseconds [22, 26]. At the same time,
non-equilibrium carrier generation results in optical mod-
ulation at much shorter time scales ranging from hun-
dreds of femtoseconds to picoseconds [27].

The ultrafast nonlinearity driven by the non-
equilibrium carriers has already been utilized for the
Kerr-type self-induced modification of scattering of single
semiconductor metaatoms [6, 7] and light reflection and
transmission in metasurface structures [10, 11, 14, 16]
including fast light modulation in anisotropic struc-
tures [15]. In addition to self-induced modulation of opti-
cal properties, ultra-strong all-optical modulation of all-
dielectric metasurfaces was achieved in the pump-probe
scheme [28-30] also with the help of formation of polari-
tonic condensates in novel excitonic materials [31, 32].

The streamline strategy underlying the ultrafast all-
optical manipulation and control of light is based on
semiconductor nanostructures, such as single nanoanten-
nas and metasurfaces, with pronounced resonant prop-
erties [1, 3, 33]: indeed, resonances allow to concentrate
fields on subwavelength scales, granting superior modula-
tion efficiency in compact structures with respect to non-
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FIG. 1. Illustration of optically induced transient grating
formation in GaAs film under the interference of pump fs-
pulses with wavelength Apump. The grating is formed due to
generation of non-equilibrium free-carriers under ultrashort
pump excitation. Excitation of SPP wave at GaAs/Ag inter-
face with probe pulse with wavelength Ap;.

resonant systems, e.g., thin films. On the other hand,
fabrication of nanometric components with optimal qual-
ity for applications still represents a challenge for the
manufacturer. Moreover, in terms of reconfigurability of
optical functionality, regardless of the physical mecha-
nism exploited for the reconfiguration (being electrical,
thermal or hot carrier based), nanostructured materials
pose a further substantial issue, i.e. the addressability of
their individual nanoelements.

We present here a possible approach to tackle these
limitations, based on the concept of spatial inhomo-
geneity in the photo-induced permittivity variation. We
exploit the phenomenon of transient diffraction grat-
ing induced in a thin GaAs to excite surface plasmon-
polaritons (SPPs) at the interface between the semicon-
ductor thin film and a metallic medium. Such tran-
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sient diffraction gratings, formed through the interfer-
ence of coherent light beams, are known to be crucial for
investigating various semiconductor processes on nano-
to femtosecond time scales. These gratings facilitate
the study of dynamics related to thermal expansion[34],
thermal [35] and ambipolar diffusion [36], surface re-
combination [37] , and other carrier relaxation phenom-
ena [38, 39], as well as the crystallization of amorphous
semiconductors [40] and carrier reaction kinetics [41].
Furthermore, they allow for the development of tran-
sient plasmonic metasurfaces in GaAs thin films, which
offer tunable resonance conditions across a broad spec-
trum and enable functionalities such as perfect absorp-
tion [42]. The spatio-temporal grating formation in met-
als has also been explore recently [43-45]. Despite the
notable progress in the realm of transient diffraction grat-
ings, the ultrafast excitation and manipulation of sur-
face plasmon polaritons through diffraction grating guid-
ance remain largely unexplored, opening the possibility
for a deeper understanding of semiconductor physics and
paving the way for optically tunable ultrafast photonic
devices.

The grating emergence is obtained with two crossed
femtosecond pump pulses, whose interference grants a
spatially periodic absorption pattern (see Fig. 1). In
turn, this causes a periodic modulation of the permittiv-
ity Ae due to the non-equilibrium carriers’ distribution:
thus, the grating structure is transient, and exists at the
time scale of carrier diffusion and recombination. In this
ultrafast temporal window, SPPs can be excited at the
GaAs/Ag interface with a probe pulse, as the diffraction
grating allows to fulfill the necessary phase-matching con-
dition [46].

To quantitatively discuss the key ideas presented
above, we developed a theoretical description for the non-
equilibrium carriers generation and transport dynamics
at the nanoscale. Our self-consistent model represents
a considerable expansion and improvement with respect
to the approaches employed up-to-now to study the ul-
trafast response of semiconductor nanostructures, photo-
excited with pulsed light.

II. RESULTS AND DISCUSSION
A. Theoretical model

Extended two-temperature model. Modeling of
optically induced transient structures requires a com-
prehensive analysis of the generation, thermalization,
diffusion, and recombination of free carriers, as well
as their interaction with the lattice phonons. The
most common approach is based on the extended two-
temperature (eTT) model [43], which has already been
actively used for describing ultrafast dynamics in met-
als [43] and metallic nanostructures [47]. Here we utilize
eTT to model the dynamics of nonequilibrium processes
occurring within a GaAs film when subjected to ultra-

short laser pulse irradiation. Specifically, generation of
nonequilibrium electron and hole charge carriers is caused
by optically induced interband transitions. While the de-
tailed description of the theoretical model is provided in
Supplemental Information [48], Section 1, here we will
present the key aspects of the model.

The formed non-thermalized carriers are described by
the concentration NNT(r,t) and corresponding energy
UNT(r,t) as shown in Fig. 1. The Dember effect [58],
which facilitates ambipolar diffusion of generated elec-
trons and holes, enables us to assume that the evolution
of charge carriers occurs in a nearly identical manner.
Consequently, we can analyze our problem exclusively
from the perspective of single charges, i.e. electrons. The
subsequent carriers thermalization results in formation
of their quasi-equilibrium distribution with temperature
T.(r,t) and concentration NJX(r,t). The further cool-
ing of electron and hole subsystem due to interaction
with phonons leads to increase of the lattice temperature
Tpr(r,t). The model also accounts for non-thermalized
and thermalized carrier diffusion and relaxation, as well
as for heat generation and diffusion. One can see the
characteristic times of mentioned processes occurring in
the structure in Table I.

The approach is based on the system of coupled dif-
ferential equations describing the key characteristics dy-
namics with a spatiotemporal resolution (below each
characteristic is assumed with (r,¢) dependence):
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Here Qn, and @, represent the concentration and en-
ergy sources characterized by optical absorption at each
point of the structure defined by the imaginary part
of the dielectric permittivity e(r,t). The coefficients
Ce/phs ke/ph, te/pn correspond to the electron/phonon
heat capacity, thermal conductivity, and mobility [59-
61], respectively. Additionally, T, denotes the rate of
energy exchange between non-thermal and thermal elec-
trons [62], while Iy, is the rate of energy transfer between
electrons and phonons [43]. The electron-phonon relax-
ation time is given by Ge_pn [43, 63], and D is the coef-
ficient for ambipolar heat diffusion [64]. It is worth not-
ing that, in submicron semiconductor systems, ballistic
transport [65] of hot carriers may become non-negligible.
As discussed in the Supplementary Information [48] (Sec.



1E), the estimated Knudsen number indicates that the
carrier mean free path can approach the characteristic
size of the structure. In the present work, however, we
restrict our analysis to diffusive transport for both ther-
malized and non-thermalized carriers. Incorporating bal-
listic and quasi-ballistic effects remains an important di-
rection for future studies. Finally, model also accounts
for non-radiative decay <y, radiative recombination ~,
and Auger recombination v4,4 in GaAs [66].

TABLE I. The characteristic times associated with the var-
ious ultrafast process rate underlying the two-temperature
model of the GaAs material sorted in ascending order. These
values are defined for electron temperatures 7. = 300 — 10* K
and high-density electron-hole plasma N. = 10%° cm™3
taking into account the characteristic nonuniformity length
scale d ~ 1 um. Here, electron-phonon scattering rates
are T7¢(N.) = Go_pn(Ne)/Ce(N.) and TTor(N,, Tpn) =
Ge—ph(Ne)/Cpn(Tpn). These two rates differ due to the con-
trast in electron and phonon heat capacities, not due to dis-
tinct scattering mechanisms. The electron-lattice thermaliza-
tion is thus governed by the total rate of the electron-phonon
scattering process, I'Te 4 T'Tph | corresponding to a character-
istic time 7e—pn ~ 500 fs. The diffusion of electron concentra-

tion can be characterized by the concentration diffusion time
Ne __

Ths = while the heat diffusion coefficients for elec-

d2
472D>
Te/ph d?

trons and phonons are defined as 74,{"" = D, where

Dejph = kejpn/Cespn [67] (See more details in Supplemental
Information [48] Sec. 1).

Characteristic
Effect time scale Value
Thermalization of
non-thermal electrons Mé\IT Te = 1/Te(Te) |~ 200 fs
Evolution of temperatures T, Te—ph =
and T}, due to 1/(TTe(Ne) 4+
electron-phonon scattering FTPh) =~ 500 fs
Diffusion of electron
temperature Te Tgﬁir (d,Te) ~2ps-52fs

Diffusion of electron

concentration N Té\{é(d, Te) ~ 13 ps - 390 fs

Energy transfer between
non-thermal electrons and

phonons 1/Tpn(Ne) ~ 0.3 ns
Diffusion of phonon T
temperature T, Tdi’;fh (d) ~ 80 ns

All coefficients in the system are dependent on the
evolving parameters, which ultimately makes this ap-
proach complex and highly self-consistent. The self-
consistency is also caused by the temporal modulation
of dielectric permittivity and optical properties of struc-
tures, driven by the dynamics of carriers and phonons
characteristics, which in terms changes the source func-
tions Qn, and Q. .

It is worth noting that the applied model represents
a substantial extension of the standard two-temperature
framework [68, 69], as it explicitly accounts for both non-
thermalized and thermalized carriers and their coupling
to the lattice [43]. Although solving the full Boltzmann

equation would offer a more rigorous description [70], it
would introduce unnecessary complexity without provid-
ing significant additional insight into the key ultrafast
processes examined in this study.

Dielectric permittivity. We account altering of
the dielectric constant of the material via two main ef-
fects: formation of free-electron gas accounted within the
Drude model [71], and band-filling effect [72] related to
the occupation of the states at the bottom of the conduc-
tance band (top of the valence band) with the free car-
riers (see more details in Supplemental Information [48]
Sec. 2). Thus, the dielectric constant of has two contri-
butions associated with the Drude model and band-filling
effect:

Eﬁn(r, t) = [(no—‘rA?’Lbf(I', t)) +i(ko + Akbf)(r, t)}Q + ...
+ Aepr(r,t), (2)

where ng + ikg is the initial complex refractive index of
GaAs [73], while the terms Angs(r,t) + iAkys(r,t) and
Aep,(r,t) represent the change of complex refractive in-
dex due to the band filling effect and the complex di-
electric permittivity modulation based on Drude model,
respectively. Within the model, we also assume that di-
electric constant e(r, t) varies in time slowly enough that
we can consider the problem segregated manner and solv-
ing stationary Maxwell’s equations at each time moment
t. This approximation is valid for pulses of hundreds of
femtosecond and optical systems with relatively low Q-
factor, and self-consistent solution of Maxwell’s equations
along with a carrier dynamics equations may be required.
However, our research indicates that accounting for this
self-consistency in the context of ultrashort pulses (with
femtosecond duration) is negligible, but for longer pulse
duration the developed model is essential (See Sec. 4B
in ST [48]).

Finally, we implemented our theoretical model within
the COMSOL Multiphysics simulation package (See
Sec. 3 in SI [48]) by linking Maxwell equations
with diffusion equations describing carriers dynam-
ics in a self-consistent manner. This allows us
to explore the connection between the electromag-
netic field distribution E(r,t¢) within the semiconduc-
tor material and the evolution of the key parame-
ters (ueNT (I‘, t): Né\IT (I‘, t): N‘;F(ra t)v Te(rv t)’ Tph(r’ t)) re-
sulting in the overall variation of the optical constants
and change in optical properties of the photonic struc-
ture.

B. Transient grating formation in GaAs film

We applied developed theoretical model and numerical
approach to describe formation of a transient diffraction
grating within a GaAs film with a height of A = 300 nm
on an Ag substrate. To achieve this, we excited the film
using two 'pump’ plane wave pulses with central wave-
length Apymp = 500 nm impinging the surface at angles
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FIG. 2. (a) Interference of two pump beams forming a lat-
tice with period a in GaAs film of height h. The dynamics
of non-thermalized NJ'T (b) and thermalized NS (c) elec-
trons concentration, energy of non-thermalized electrons YT
and electron temperature 7. (d) and phonon temperature Tpn
computed at the point O in (a). b) Evolution of real (d) and
imaginary (e) parts of the dielectric permittivity correspon-
dent to the wavelength 1600 nm and computed at point O.
Drude model (black dashed line) and band filling model (red
dashed line) contributions are shown along with their sum
("total’, blue solid line). The Gaussian pump profile is shown
with a dashed green line.

Opump = £13° as shown in Fig. 2 (a). The pulse has
Gaussian profile GP(t) = Ipympexp(—4-In2-¢?/72) reach-
ing the maximal intensity about Ipymp = 10** W/m? that
leads to significant evolution of the optical parameters of
the film, while the pulse duration is set to 7, = 100 fs.

These pump intensity and pulse duration correspond to
a fluence of F = 1 mJ/cm?, which is below the damage
threshold in GaAs [27, 74, 75]. The resulting periodical
interference pattern triggers intense generation of non-
equilibrium carriers. The period of this interference is
a = 1100 nm corresponding to the angle of pump inci-
dence of approximately @pump ~ arcsin (Apump/(2a)).

In Fig. 2, we plot the evolution of non-equilibrium car-
rier dynamics computed at one point close to the surface
(point O in Fig. 2 (a)). At first, the absorbed energy
of the pump pulse is transferred to the non-thermalized
carriers and excite their population, causing the rapid
growth of concentration NNT' (up to the values about
10%! ¢cm™3) and energy UNT (see red solid lines in Fig. 2
(b, ¢)).

These hot carriers do not instantaneously attain an
equilibrium energy distribution; instead, they relax via
electron—electron scattering with a characteristic ther-
malization time 7. =~ 200 fs. As a result, after a short
delay on the order of 0.2-0.3 ps, the concentration of ther-
malized electrons NI begins to increase (see the blue
solid line in Fig. 2(b)).

It reaches a maximum roughly 250 fs after the peak
of the pump pulse (see Sec. 4A Fig. 4(c) in SI [48]),
then subsequently decreases due to relaxation and recom-
bination processes. This is in line with ultrafast spec-
troscopic studies of GaAs, which report a comparable
sub-picosecond onset for carrier thermalization [76-78]].
Moreover, this sub-picosecond thermalization timescale
is also consistent with observations in metals, where the
electron gas also thermalizes on the order of hundreds
femtoseconds [79, 80].

The carrier temperature rapidly rises to values of
8.10* —9-10* K, reaching its peak even before the center
of the excitation pulse. This phenomenon arises because
the carrier heat capacity is directly proportional to their
concentration in semiconductors. Consequently, the ini-
tially low heat capacity causes a rapid rise in electron
temperature. Subsequently, the carrier temperature ap-
proaches a quasi-equilibrium value during the pulse and
gradually decreases after the pulse ends, primarily due
to electron—phonon interactions (see blue solid line in
Fig. 2(c)). At the same time, the phonon temperature
increases by less than 100 K over the same timescale (see
blue dashed line in Fig. 2(c)). A more detailed analysis
can be found in Sec. 4A in ST [48].

Finally, the predicted increase of free carrier concentra-
tion results in a drastic change of the complex dielectric
permittivity Re ep, + iIm ey, at the probe wavelength
Apr = 1600 nm as shown in FigS. 2(d) and 2(e). At the
first stage, non-thermalized electrons are generated im-
mediately after the pump pulse arrival. These electrons
subsequently undergo thermalization and diffusion, lead-
ing to a corresponding modulation of the dielectric con-
stant. One can see that at the current pump intensity,
the real part of the permittivity can be reduced for 4-6
units at time scale of 1 ps which constitute almost 50% of
the non-perturbed dielectric constant ¢ = 11.4 40 [73].
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FIG. 3. The distribution of thermalized and non-thermalized
electrons concentrations (left column) and real and imaginary
parts of dieletric permittivity (right column) for probe wave-
length A\pr = 1600 nm within the unit cell in GaAs film at
different delay time.

This variation is predominantly provided by the Drude
contribution, while the band filling component is rel-
atively small. The increase in the imaginary part of
the permittivity is clearly related to generation of free-
carriers, as the impact of the band filling effect is zero for
the probe wavelength of 1600 nm, which is higher than
the band gap wavelength. At the same time, above the
band gap, at the pump wavelength A,ump = 500 nm for
instance, both the Drude model and the band filling ef-
fect play a substantial role in modulating the dielectric
constant of the material (see Sec. 2C in ST [48]).

While previous simulations show the evolution of di-
electric permittivity in time at the given point close to
the film interface (point O in Fig. 2 (a)), it is quite in-
sightful to trace the spatial distribution of generated free
carriers and corresponding variation of the dielectric per-
mittivity. The left column in Fig. 3 depicts the spatial
distribution of the free carriers in a unit cell of the film
at different time delays from 0 to 1 ps. One can that
the initially formed non-thermalized electrons are fully
converted to thermalized electrons within 0.2 ps at the

depth of around h/2 = 150 nm, since the thermalization
time 7, ~ 200 fs (See Table I). The thermalized electrons
undergo the following diffusion in the depth of the film.
The variation of the real and imaginary part of the di-
electric permittivity (right column in Fig. 3) generally
follows the free-carriers concentration forming an opti-
cal grating with high contrast. One can also notice that
already at 1 ps delay the optical grating is almost van-
ished. Indeed, the grating contrast is defined by the in-
homogeneity of the hot carriers distribution, at the same
time within 1 ps the hot carriers become homogeneously
distributed across the film driven by diffusion processes
(See Table I). Note, that the dielectric permittivity of the
film is far from the equilibrium (Ree = 5) and it will be
kept at this values on the timescale of free carrier recom-
bination, around 5-10 ns. Thus, the lifetime of grating
is much faster than the life time of free carriers and is
defined by the carrier diffusion time 735 (See Table I).

C. Excitation of SPPs

The optically-induced diffraction grating formed
within the GaAs film at picosecond timescale enables the
ultrafast excitation of SPPs at the semiconductor/metal
interface. As it is widely recognized, SPPs are tightly
confined TM electromagnetic surface waves propagating
along a metal-semiconductor interface with spectrum ly-
ing below the light cone [46]. Therefore, the induced
diffraction grating ensures the quasi-phasematching con-
dition and fulfills the quasi-wavevector conservation law,
necessary for exciting SPPs from free space [81] as shown
in Fig. 1:

27 .
7 + kpr Sln(epr) = kSPP(Wpr)' (3)

Here, k,y = wp/c is the wavevector of the incident
probe, wy, is the probe frequency, c is the speed of light,
kspp(wpr) is the dispersion relation of SPP at the probe
frequency.

The excitation of SPPs can be observed in the re-
flectance spectra of the probe beam. For that we plotted
the reflectance amplitude as function of the probe wave-
length and incidence angle shown in Fig. 4 (a) at time
delay of t,; = 0.2 ps after the pump pulse arrival. One
can see a distinct dip in the reflectance amplitude corre-
sponding to the excitation of SPP. The SPP dispersion
according to Eq.(3) is shown with a red dashed line for
the time delay t,; = 0.2 ps. This time corresponds to
the point of maximum variation in the real part of the
dielectric permittivity ARe e, as depicted in Fig. 3.

The distribution of H, field component for a fixed
probe wavelength A, = 1600 nm and angle 6,, = 21.3°
related to the point A in Fig. 4(a) is shown in Fig. 4(b)
with a clear signature of SPP mode. The temporal evolu-
tion of the reflectance amplitude for the same parameters
of the probe wavelength and angle is shown in Fig. 4(c)
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a) Reflectance map for the probe irradiation as a function of probe wavelength A, and angle of incidence 0,
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(frequency w/wp = a/Apr and lateral wavenumber kjj/ko = sin(fp,)). The map corresponds to a fixed probe time t,, = 0.2 ps.
The evolution of SPP dispersion over probe time is demonstrated through dashed lines for probe delay time t,. = 0,0.2,0.5
ps. (b) The magnetic field distribution H, near the GaAs/Ag interface at a probe delay time t, = 0.2 ps for three specific
excitation points labeled as A, B, and C in Fig. 4 (a)). The arrows indicate the direction of Poynting vector. (c) The reflectance

dynamics for point A (Apr = 1600 nm and qpr = 21.3°).

The Gaussian pump profile is shown with a dashed green line. (d)

Reflectance map of the probe beam as a function of probe delay time tp, and normalized wavenumber k|/ko for fixed probe

wavelength Apr = 1600 nm.

demonstrating ultrafast excitation of SPP with FWHM
about 40 femtoseconds reaching almost zero reflectance.
It is worth mentioning that nearly total reduction in re-
flectance was achieved by adjusting the film thickness of
the GaAs film h under fixed pump and probe irradiation
conditions ensuring the critical coupling regime. Addi-
tionally, at the same angle of incidence 8,, = 21.3° and
probe wavelength A, = 1360 nm (point C) it is feasible
to achieve SPP excitation propagating in the opposite
direction along the metal-semiconductor interface. The
reverse propagation of SPP is indicated by the Pointing
vector orientation depicted by arrows in Fig. 4(b) illus-
trating the energy flow along the interface of the struc-
ture. This figure also illustrates the magnetic field distri-
bution H, at normal incidence of the probing field (point
B). The latter relates to the excitation of two oppositely
directed SPPs, leading to the formation of a standing
SPP wave.

Finally, in Fig. 4(d), we observe that the evolution of
the diffraction grating, driven by the diffusion and re-
combination of induced nonequilibrium carriers in the
conduction band (Fig. 3), causes a shift in the disper-
sion of the surface plasmon polariton towards shorter
wavelength (see in more detail in Supplemental Infor-
mation [48] Sec. 4C).

This phenomenon opens up an unprecedented way for
the ultrafast control over SPPs. Actually, when operat-
ing at a fixed wavelength Ay, (for example, 1600 nm) and
suitable angle of incidence 6, (21.3°), the phase match-
ing with SPP is only permitted over the extremely short
temporal window at around the intersection between hor-
izontal and vertical dashed lines in Fig. 4(d). These re-
flectivity dynamics are computed assuming an idealized,
instantaneous probe pulse. In a realistic pump—probe
measurement, finite probe duration broadens ultrafast
features. However, as shown in Supplemental Informa-

tion [48] Fig. S6, a probe pulses of 50-100 fs duration
are sufficient to resolve the sub-50 fs reflectivity dip with
minimal distortion.

Moreover, while our model primarily focuses on ul-
trafast changes in dielectric permittivity and the result-
ing reflectivity modulation driven by electronic excita-
tion, thermalization, and relaxation, coherent phonons
may introduce oscillatory features in transient reflectiv-
ity through mechanisms such as band renormalization
or electro-optic coupling [82, 83]. However, their over-
all contribution to the dielectric response is substantially
smaller than that of carrier-induced effects, particularly
at the high excitation densities considered in this study.
Previous reports indicate that reflectivity changes due to
coherent phonons are typically on the order of 1 — 2%.
In contrast, our model predicts reflectivity modulation
exceeding 90% (AR/R = 0.9), corresponding to changes
in the real part of the dielectric permittivity by approx-
imately 6-7 units. Therefore, to model reflectivity dy-
namics and heat transport on picosecond timescales, we
treat the lattice response as predominantly diffusive and
incoherent.

IIT. CONCLUSION

We theoretically proposed a setup for the ultrafast
generation of SPP waves at semiconductor film/metal
interface by optically induced grating structure. The
grating formed in a thin film of GaAs material is in-
duced by the non-equilibrium carriers and exists at the
timescales of carriers diffusion that opens an opportunity
for ultrafast control over SPP below the picosecond time
scale. Our results are based on a developed extended
two-temperature self-consistent model that describes the
ultrafast optically induced processes in GaAs film and



semiconductors in general. In particular, it demonstrates
that the optimal delay between the pump pulse generat-
ing the grating and the probe pulse exciting the SPP
wave, as well as the optimal angle of probe pulse inci-
dence, are fully defined by the carriers’ dynamics and
can be chosen in a wide range. Finally, we believe that
our advanced theoretical framework concerning ultrafast
semiconductor responses to pulsed electromagnetic radi-
ation and proposed novel technique for ultrafast SSP con-
trol exhibit significant potential for diverse applications
in all-optically controlled ultrafast devices.

IV. SUPPORTING INFORMATION

The Supporting Information is available free of charge
at https://pubs.acs.org.

This section provides additional details on the theo-
retical model and numerical simulations that describe
the interaction of ultrafast semiconductor structures with
pulsed laser radiation. It also includes additional infor-

mation on the optically induced diffraction grating that

facilitates the excitation of surface plasmon polaritons
(SPPs).
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