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Abstract - In the present scenario of materials science and
solid-state physics, the study of photoconductivity has emerged
as an area of deep interest. This phenomenon, where a
material’s electrical conductivity is modulated by light, unfolds
in a captivating narrative through the exploration of complex
oxide hetero-structures. These structures, formed by growing
film oxides hetro-structures of distinct oxide materials with
unique electronic and optical properties, offer a rich
playground for investigating novel electronic phases, quantum
phenomena, and optoelectronic behaviors. By manipulating
interfaces and film thickness, researchers unlock the potential
for applications in electronics, spintronics, and energy
conversion. This study delves into the captivating properties of
LaAlO3/SrTiOs,  LaNiO3/SrTiOs,  LaVOs/SrTiOs,  and
LaTiO3/SrTiO3 compounds, where photoconductivity reveals
its intriguing plane. LaAlOs/SrTiOs, for instance, boasts a
conducting interface and a 2D electron gas, driven by polar
discontinuity and charge transfer. LaNiO3 /SrTiOs, on the other
hand, exhibits a conducting interface with notable photo
response, while LaV0s;/SrTiOs and LaTiOs/SrTiOs offer their
unique photoconductivity properties.The mechanisms driving
photoconductivity, from charge separation to -carrier
transport, are unraveled, offering insights into their intricate
behaviors. Applications span a wide spectrum, from high-
mobility transistors to Photovoltaic cell, fuel cells, and beyond,
with each compound presenting a unique set of possibilities as
we look to the future, the promise of these compounds shines
brightly, with ongoing research poised to enhance their
properties and expand their horizons. The journey, marked by
captivating narratives and intricate interplays, leaves us
standing at the cusp of discovery, ready to revels the full
potential of these materials in the realm of optoelectronics.
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1.INTRODUCTION

Photoconductivity, a fascinating phenomenon where light
alters a material’s electrical behavior, has intrigued
researchers in materials science and solid-state physics. The
intricate makeup of complex oxide heterostructures has
become a captivating realm for delving into the mysteries of
photoconductivity, thanks to their special combination of
electronic and optical properties. Complex oxide hetero-
structures have emerged as promising arenas for probing
into the enigma of photoconductivity, owing to their unique
blend of electronic and optical characteristics [1]. These

intricate structures come to life by layering thin films or
epitaxial layers of different oxide materials, each with its
distinct crystal structure and electronic behavior [2]. It's at
the boundaries between these materials that magic unfold,
revealing emergent phenomena not witnessed within the
individual components [3].

These hetero-structures offer a rich playground for
unraveling novel electronic phases, quantum peculiarities,
and the wondrous world of optoelectronic properties [2]. By
masterfully crafting these interfaces and fine-tuning film
thickness, researchers wield the power to manipulate
electronic traits, giving birth to functionalities unseen in bulk
materials. This mastery holds promises spanning various
domains, including electronics, spintronics, and the realm of
energy conversion. Among these complex oxide wonders,
one star takes the spot light: the LaAlO3/SrTiO; (LAO/STO)
system [4]. Extensively explored for its beguiling attributes,
this duo showcases a conducting interface and a 2D electron
gas (2DEG) brought to life by the charge transfer due to
polar discontinuity at the LAO/STO interface [5]. This 2DEG
in LAO/STO exhibits a splendid property of
photoconductivity, with its electrical conductance swaying
dramatically under the influence of light's gentle caress [6].

This intriguing response to photons is a result of a complex
interplay involving the injection of photogenerated carriers,
their entrapment and liberation, and transformative
alterations to the electronic band structure, all
choreographed by the whims of light [7]. LAO/STO holds
within it the promise of illuminating optoelectronic devices,
such as photodetectors and solar cells [8]. But the stage
doesn't belong solely to LAO/STO; there's another dynamic
duo in the spotlight, the LaNiO3/SrTiO3 (LNO/STO) system.
LNO, with its impressive conductivity and a penchant for
absorbing light in the visible and near-infrared spectrum,
takes center stage [9]. When LNO elegantly layers itself onto
the STO substrate, a conducting interface graces us with its
presence, boasting captivating photo response behavior
LNO/STO's photoconductivity narrative begins with the
absorption of photons, birthing electron-hole pairs that
gracefully traverse the interface, harmoniously contributing
to the overall photoconductivity [10].

This performance places LNO/STO firmly on the map as a
promising candidate for photodetection and photovoltaic
exploits [11]. Not to be overshadowed, the LVO/STO and
LTO/STO hetero-structures gracefully waltz onto the scene,
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each with its unique tale of photoconductivity [12]. In the
LVO/STO duet, the photoconductivity narrative unfolds
through the exchange of charges between the layers of LVO
and STO [13, 14]. Meanwhile, in the LTO/STO performance,
the story is interwoven with the modulation of carrier
density and mobility at the interface [15]. The result is a
tunable metal-insulator transition that follows the dictates of
external factors like strain, electric fields, and of course, the
ever-intriguing light [16]. The unique qualities of
photoconductivity exhibited by LVO/STO and LTO/STO open
doors to a realm of possibilities, spanning optoelectronic
devices and advanced energy conversion technologies [17].
In conclusion, our exploration of photoconductivity in
LaAlO3/SrTiO3;,  LaNiOs/SrTiO;, LaVO3/SrTiOs;, and
LaTiO3/SrTiO3 compounds reveals not just scientific
mysteries but also promising applications in the realm of
optoelectronics [18]. Complex oxide hetero-structures grant
us the power to engineer and mold electronic and optical
properties, allowing the creation of innovative devices for
light detection, energy transformation, and other exciting
optoelectronic frontiers [19]. However, this journey is far
from its final act; further research is essential to unravel the
intricate mechanisms governing photoconductivity in these
compounds, illuminating the path toward the design and
fabrication of efficient and versatile optoelectronic devices.

2. Elementary Concepts and History

Let's delve deeper into the fundamental principles that
underpin our exploration: Photoconductivity, an intriguing
phenomenon, arises when a material's electrical conductivity
transformation upon exposure to light. Our protagonists,
LaAlO3/SrTiOs,  LaNiOs/SrTiOs, LaVOs/SrTiOs;, and
LaTiO3/SrTiOs3, are hetero-structures meticulously crafted by
layering thin films or epitaxial layers of these materials onto a
SrTiO; (001) substrate [13-18].

The study begins with the star of our show, LaAlO3/SrTiOs.
This captivating duo has garnered significant attention due to
its captivating properties. When a thin layer of LaAlO3 graces
the SrTiO; substrate, it conjures a conducting interface, a
phenomenon shrouded in mystery, given that both materials
are insulators in their bulk form [19-21]. This astonishing
behavior is attributed to the polar discontinuity at the
interface, birthing a two-dimensional electron gas (2DEG)
that dances to the tune of light [22]. The exact mechanisms
driving photoconductivity in this enchanting performance
remain an enigma, the subject of ongoing research [3].
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Figure: 1 Resistance-temperature curves of the hetero
interface in darkness, and the inset displays the schematic
illustration of the heterointerface for the photoinduced
measurement [23].

LaNiO3/SrTiO3 hetero-structures join the narrative, offering
their unique electronic and catalytic prowess. LaNiO3, a
metallic compound, takes on a new persona when grown on
an STO substrate, displaying enhanced conductivity and
intriguing electronic traits [24]. the resistance- temperature
curves in the range between 12-100 K by the expression [25].

R =Ry +RoT?+ R,T® + Ry (i) 1)
Tk
Photoconductivity in this tale unfolds as a symphony of
charge transfer and energy transfer processes. Light's
entrance on the stage triggers the birth of photogenerated
carriers in the LaNiO; layer, making their journey to the
SrTiO; layer through interfacial charge transfer processes
[13]. Energy transfer sequences add depth to the narrative, as
the excited states of LaNiO3z generously share their energy
with SrTiOs3, birthing additional charge carriers. The presence
of oxygen vacancies and defects adds an element of
unpredictability to this performance [26]. In the realm of
LaVO3/SrTiO; hetero-structures, multi-functionality is the
name of the game. LaVO3, a Mott insulator, partners with
SrTiO3, a band insulator, to craft a mesmerizing interface
[27]. The photoconductivity tale unfolds with light's radiance
as the backdrop. LaVO3;, under the influence of photons,
promotes electrons from the valence band to the conduction
band [19]. These photogenerated electrons embark on a
journey to the SrTiO; layer through interfacial charge
transfer processes, with the efficient separation and
transport mechanisms enhancing the photoconductivity [28].

© 2024, IRJET | ImpactFactor value: 8.226

ISO 9001:2008 Certified Journal | Page1078



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 11 Issue: 05 | May 2024

www.irjet.net

p-ISSN: 2395-0072

R(Q)

100
Temperature (K)

Figure 2 Temperature dependence of the resistance at
LANO/STO (x=0,0.01, 0.03, and 0.05) heterointerfaces in
darkness. The solid lines are fit to eq 1 in the temperature

range of 12-100 K. Carrier density.

In the LaTiO3/SrTiO3 saga, unique electronic properties and
potential applications in oxide electronics take center stage
for the better half of characteristics of the interface between
LTO/STO and LAO/STO, Researchers found extremely thin (~
8 nm) epitaxial layers on (100) SrTiOs substrate by a pulsed
laser deposition Technique using an excimer laser.
Approximately ~ 0.015 nm/s was the growth rate of LaAlOs
and LaTiO3 epitaxial films grown layer-by-layer at 700, 750,
and 800 °C in 1 x 10* mbar of oxygen pressure.
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Figure: 3 The temperature dependence of sheet resistance
of (a) LTO and (b) LAO films deposited on (001) STO at
different substrate temperatures. Inset (a) shows the
variation of resistance with growth temperature at 300 K
[28].

It is evident that, as compared to films deposited at lower
temperatures, those developed at higher substrate
temperatures have more metallicity. It is evident from the
inset of Figure 3 that the room temperature resistance (R) of
the LTO film is lower than that of the LAO film when
comparing the two films that were deposited at 800 °C [29].
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Figure: 4 shows the temperature dependence of sheet
resistance for both the interfaces of 3 u.c. and 5 u.c. LVO-
STO samples in the absence of light. Completely insulating
behaviour was observed for the interface of 3 u.c. LVO-STO
sample and the sheet resistance approach to 677G (at
76K). The interface of 5 u.c. thick sample is conducting
down to 76K as (colour online) (a) Temperature
dependence of sheet resistance of 3 u.c. and 5 u.c. LVO
grown on (001) STO single crystal [30].

LaTiO3, an insulator with a charge-transfer gap, finds
synergy with SrTiOs, a band insulator, at their interface [31].
Here, the photoconductivity narrative unfolds with light's
entrance. Electron-hole pairs take their cue from the light's
touch, with electrons tunneling to the SrTiO; layer, crafting a
2DEG, while holes find solace in the LaTiO3 layer [32]. The
presence of oxygen vacancies and interface defects adds
complexity to this tale, influencing the photoconductivity
properties [33]. In summary, the photoconductivity tales of
LaAlO3/SrTiO;,  LaNiOs/SrTiOs, LaVOs/SrTiOs;, and
LaTiO3/SrTiO; compounds dance to the rhythms of light
absorption, charge separation, and carrier transport. These
tales unfold through a captivating interplay of material
properties and the intricacies of their interfaces. As light's
embrace spawns excitations, alters charge densities, and
transforms conductivity, the curtain falls on this act, leaving
behind a tapestry of mysteries yet to be fully unraveled.
Further research is needed to grasp these mechanisms and
harness their potential applications.

3. Experimental Investigations

Our quest for understanding takes us through a series of
experimental endeavors, each a piece of the puzzle:

3.1 Sample Preparation:

The crafting of thin film samples of LaAlO3/SrTiOs,
LaNiO3/SrTiO;, LaVO3/SrTiOs, and LaTiO3/SrTiO3; a
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meticulous process orchestrated through the pulsed laser
deposition (PLD) technique [34]. Here, target materials are
gracefully ablated by a high-energy laser, and delicately
deposited onto atomically smooth SrTiO3z substrates under
precise growth conditions [35-36]. Every detail, from laser
fluence to substrate temperature and oxygen pressure, is
meticulously honed to ensure the birth of high-quality thin
films.

3.2 Structural Characterization:

With the films in their glory, the time for structural revelation
comes through X-ray diffraction (XRD) measurements. A
high-resolution diffractometer steps into the spotlight,
capturing XRD patterns that hold the secrets of lattice
parameters and film orientation [37], adding depth to our
understanding of these enchanting structures.

3.3 Electrical Measurements:

The quest to understand the photoconductivity of these thin
films leads us to the realm of electrical characterization. Hall
effect measurements become our guiding light, revealing the
intricacies of carrier concentration, mobility, and
conductivity within the samples. As light graces the stage,
these measurements unveil the photoconductivity properties,
offering a glimpse into the magic [38].

3.4 Optical Measurements:

Spectroscopic techniques step in to paint the optical canvas.
Photoluminescence (PL) measurements probe the
recombination processes of photoexcited charge carriers,
while UV-visible spectrophotometry unveils absorption
spectra, sheddinglight on the materials' affinity for light. This
optical ballet provides insights into the light absorption
properties of our protagonists [21].

This is not an overview of the current work in this area,
butrather a highlight of elementary processes of forming thin
films, structural revelations through XRD, a remarkable
change with electrical measurements, and a symphony of
optical revelations. These meticulous procedures lay the
foundation for comprehending the structural, electrical, and
optical aspects of LaAlO3/SrTiO3;, LaNiO3/SrTiO3,
LaVO3/SrTiO3, and LaTiO3/SrTiO; thin films, helping us
decipher their photoconductivity properties.

4. Mechanism of Photoconductivity:

The mechanisms that propel our photoconductivity tales take
center stage, each one a unique performance:

In the realm of LaAlO3/SrTiOs; heterostructures, where
electronic marvels grace the interface, the photoconductivity
tale is one of many facets [21]. As photons weave their magic,
electron-hole pairs emerge, guided by the built-in electric
field, a gift from the polar discontinuity [39]. These

photoexcited carriers traverse the conductive SrTiO; layer,
leading to a crescendo in conductivity.

LaNiOs/SrTiOs systems unfurl their photoconductivity
narrative, a fusion of charge transfer and energy transfer.
Light's touch sets the stage, triggering the birth of
photogenerated carriers in the LaNiOs; layer [40]. These
carriers embark on a journey to the SrTiO3 layer through
interfacial charge transfer, while energy transfer processes
add depth to the performance [41]. The presence of oxygen
vacancies and defects adds intrigue to this tale [38].

In LaV03/SrTiO; compounds, light absorption sets the stage
for the photoconductivity mechanism. LaVO3's absorption of
photons elevates electrons from the valence band to the
conduction band [42]. These photogenerated electrons
gracefully traverse to the SrTiO3 layer through interfacial
charge transfer, where efficient separation and transport
mechanisms enhance the photoconductivity [43].

The LaTiO3/SrTiO3 duet, characterized by charge ordering,
magnetism, and metal-insulator transitions, unfolds its
photoconductivity mechanism with light's gentle embrace
[29]. As light touches the surface, electron-hole pairs make
their debut in the LaTiO; layer. Electrons, following the script,
tunnel to the SrTiOj; layer, crafting a 2DEG, while holes find
solace in the LaTiOz layer. The presence of oxygen vacancies
and interface defects adds complexity to this narrative [43].

In summary, the mechanisms underpinning
photoconductivity in LaAlO3/SrTiO;, LaNiOs/SrTiO3,
LaVO03/SrTiO3, and LaTiO3/SrTiO; compounds blend light
absorption, charge separation, and carrier transport. This
intricate dance unfolds through the interplay of material
properties and the nuances of their interfaces. As light
orchestrates the birth of excitations, alters charge densities,
and transforms conductivity, the curtain falls on this act,
leaving us with an array of mysteries awaiting discovery.
Further research is needed to fully grasp these mechanisms
and harness their potential applications.

5. Application and Future Prospects:

Our journey takes a turn toward applications and the promise
of the future:

LaAlO3/SrTiOs; hetero-structures emerge as stars in the
world of oxide electronics. The 2DEG at the interface, a gift
from their captivating performance, finds applications in
high-mobility transistors, superconducting devices, memory
devices, and more. The ability to control conductivity through
electric fields makes them ideal for field-effect devices and
memristive applications. Moreover, these hetero-structures
reveal their potential in photodetection and photocatalysis,
offering a ray of hope in solar cells and water-splitting
endeavors.
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LaNiO3/SrTiO; systems cast their spell in various domains,
thanks to their electronic and catalytic prowess. LaNiO3's
conductive nature makes it a valuable asset in solid oxide fuel
cells, electrolyzers, and batteries. The magnetic properties at
the LaNiOs/SrTiOs interface add intrigue, beckoning toward
spintronic devices and magnetic memory applications. Their
catalytic activity tantalizes with the promise of water
splitting, photocatalysis, and gas sensing.

In the realm of electronic devices and energy conversion,
LaV03/SrTiO3 compounds don their armor. The unique
electronic and magnetic properties of LaVOs; find applications
in spintronic devices, magnetic sensors, and memory devices.
The interface's hidden treasures, including ferroelectricity
and multiferroicity, promise data storage and logic
applications. Moreover, their potential in thermoelectric and
photovoltaic endeavors beckons, courtesy of their tunable
bandgap and excellent charge transport.

LaTiO3/SrTiOs; hetero-structures, with their captivating
electronic properties, find their calling in fields such as field-
effect transistors, resistive switching devices, and memory
applications. The ability to control conductivity and metal-
insulator transitions presents opportunities waiting to be
harnessed. Furthermore, their exploration of photo-catalysis
and energy storage applications hints at their potential in
these domains.

As we gaze into the future, the prospects for LaAlO3/SrTiOs,
LaNiOs/SrTiO;, LaVO3/SrTiOs;, and LaTiOs/SrTiO;
compounds shine brightly. Advancements in material
synthesis and device fabrication hold the promise of
enhancing their properties and expanding their horizons.
Future research endeavors may navigate towards more
efficient and stable devices based on these compounds,
optimizing their performance for specific applications, and
unveiling novel functionalities within their interfaces and
heterostructures. Integrating these compounds with other
materials and exploring hybrid systems opens doors to
technological marvels yet to be envisioned.

6. Summary and Conclusions

Our exploration of photoconductivity in LaAlO3/SrTiOs,
LaNiO3/SrTiO3;, LaVO3/SrTiO;, and  LaTiO3/SrTiO3
compounds has unraveled captivating tales woven from the
interplay of material properties and the secrets held within
their interfaces. These complex oxide hetero-structures have
introduced us to a world of electronic marvels, 2DEGs, charge
transfer processes, and carrier dynamics. As light's embrace
spawns excitations, alters charge densities, and transforms
conductivity, we stand at the threshold of discovery, with the
full comprehension of these mechanisms yet to be unveiled.
Our journey holds significant implications for the
development of efficient optoelectronic devices, from high-
mobility transistors to solar cells. Understanding the
underlying mechanisms is the key to optimizing device
performance and designing innovative applications based on

these remarkable materials. Thus, our voyage continues,
seeking to unravel the fundamental physics governing
photoconductivity in these compounds and forge a path
toward the design and fabrication of efficient and versatile
optoelectronic devices.
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