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Abstract. This paper provides a detailed analysis of the physical nature of quantum dots (QDs),
their size-dependent optical and electrical properties, and their practical applications in
optoelectronics, energy systems, and biotechnology. Quantum dot technology is one of the most
promising areas of modern nanophysics and semiconductor technology, playing a crucial role in
the development of energy-efficient, environmentally safe, and highly effective devices.

AHHOTauus. B 1aHHOH cTaThe MpenCcTaBlIeHO JCTATBHOE UCCIIEA0BaHNE (DU3NIECKON MPUPOJIBI
KBaHTOBBIX TouekK (QDs), uX ONTUYECKUX U IEKTPUUYECKUX CBOMCTB, 3aBUCSIIUX OT pa3MepoB, a
TAKXKEC MPAKTUYCCKUX HpI/IMeHCHI/Iﬁ B OIITOSJICKTPOHHMKE, ODHCPICTUKEC U OHMOTEXHOJIOTHH.
TexHOoJOrusl KBaHTOBBIX TOYEK SBISETCS OJHHUM M3 CaMbIX IEPCHEKTUBHBIX HaIpaBICHUH
COBPEMEHHOW HAaHO(DM3MKH M MOJYNPOBOJHUKOBOW TEXHOJOTHH, WIpas BaXXKHYIO pOJb B
pa3paboTke 3Heprod(EKTUBHBIX, IKOJIOTUYECKH O€30IaCHBIX M BBICOKOMPOM3BOJUTEIbHBIX
YCTPOMCTB.

Annotatsiya. Ushbu maqolada kvant nuqtalarining (QDs) fizik tabiatiga, ularning o‘lchamga
bog‘liq optik va elektr xossalariga, shuningdek, optoelektronika, energetika va
biotexnologiyadagi amaliy qo‘llanilishiga batafsil tahlil berilgan. Kvant nuqtalar texnologiyasi
zamonaviy nanofizika va yarimo‘tkazgich texnologiyalarining eng istigbolli yo‘nalishlaridan biri
bo‘lib, energiya tejamkor, ekologik xavfsiz va yuqori samarali qurilmalarni yaratishda muhim
ahamiyat kasb etadi.

Introduction

In recent decades, nanotechnology has become one of the most dynamically developing
branches of science. It focuses on studying and manipulating materials at the nanometer scale to
create new-generation materials and devices. Quantum dots (QDs) are among the most important
components of nanotechnology. These are semiconductor particles with diameters typically
ranging from 2 to 10 nanometers, where the motion of electrons is confined in all directions
according to quantum-mechanical principles. This unique confinement gives QDs their “artificial
atom” behavior due to discrete energy levels [1].

The energy band gap of quantum dots depends directly on their size. As the particle size
decreases, the band gap widens, and the emission frequency increases. This phenomenon, known
as the quantum confinement effect, enables the tuning of optical emission wavelengths simply by
changing the dot size [2]. For example, CdSe (cadmium selenide) quantum dots emit blue light
when their diameter is about 2 nm, while larger dots (about 5 nm) emit red light. Such
controllable luminescence makes QDs ideal for OLED displays, laser diodes, and optical
communication devices.

Quantum dots also play a significant role in solar energy conversion systems. Compared
to conventional silicon-based solar cells, quantum-dot solar cells absorb a broader range of the
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solar spectrum, thereby increasing the efficiency of energy conversion [3]. Their low energy loss
and environmental safety make them a sustainable alternative for future energy technologies.

In biotechnology, quantum dots are widely used as fluorescent markers. They enable the
visualization of biological molecules, tracking of cellular activities, and analysis of drug delivery
pathways. Quantum dots based on CdTe or InP emit bright and tunable light under UV excitation,
making them valuable tools for medical diagnostics and bioimaging [4].

Another emerging application area is quantum computing. The stable quantum states of
QDs can act as quantum bits (qubits) for storing and processing information at the quantum level.
This opens new opportunities for creating ultra-fast, energy-efficient data processing systems,
forming the foundation of future information technologies [5].

Quantum dots represent one of the most critical elements in the progress of
nanotechnology. Through precise control of their size and composition, it is possible to
manipulate their optical and electrical properties. The size-dependent quantum effects observed
in QDs have led to breakthroughs in electronics, optoelectronics, biotechnology, and renewable
energy. The physics and practical applications of quantum dots continue to be one of the most
promising directions of modern science, laying the groundwork for developing energy-saving,
eco-friendly, and high-performance technologies that will shape the future of human innovation.
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