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Nanotechnology ('nanotech’) is manipulation of matter on an atomic, il Laglsss
molecular, and supramolecular scale. The earliest, widespread description of nanotechnology
referred to the particular technological goal of precisely manipulating atoms and molecules for
fabrication of macro scale products, also now referred to as molecular nanotechnology. A more
generalized description of nanotechnology defines nanotechnology as the manipulation of matter
with at least one dimension sized from 1 to 100 nanometers. This definition reflects the fact
that quantum mechanical effects are important at this quantum-realm scale

«Quantum mechanics (QM; also quantum physics or quantum theory) gl \$il<ia ¥
including quantum field theory, is a fundamental branch of physics concerned with processes
involving, for example, atoms and photons. Systems such as these which obey quantum
mechanics can be in a quantum superposition of different states, unlike in classical physics

Molecular electronics is the study and application of molecular 4d.aiid mﬂ\ Gluig ASY) ¥
building blocks for the fabrication of electronic components. It is an interdisciplinary area that
spans physics, chemistry, and materials science. The unifying feature is the use of molecular
building blocks for the fabrication of electronic components. Due to the prospect of size reduction
in electronics offered by molecular-level control of properties, molecular electronics has
generated much excitement. Molecular electronics provides a potential means to extend Moore's
Law beyond the foreseen limits of small-scale silicon integrated circuits

CMOS is complementary-symmetry (Jasa dud-as) — Odall) Jilaill Adaga O gSabiuad) LuinglgiS €
metal-oxide-semiconductor (or COS-MOS). The words 'complementary-symmetry" refer
to the fact that the typical design style with CMOS uses complementary and symmetrical
pairs of p—type and n-type metal oxide semiconductor field effect transistors(MOSFETs)

for logic functions

9.


https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Nanotechnology&usg=ALkJrhgszNP-kIasl7lpHjAfxTP7YkDFEw
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Nanotechnology&usg=ALkJrhgszNP-kIasl7lpHjAfxTP7YkDFEw
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Quantum_mechanics&usg=ALkJrhhRKANz73p9MrHT9qUrwp6C4de4YQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Quantum_mechanics&usg=ALkJrhhRKANz73p9MrHT9qUrwp6C4de4YQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Silicon&usg=ALkJrhioPmKIP1s3FZqeeZVqpip_6m3EaQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Silicon&usg=ALkJrhioPmKIP1s3FZqeeZVqpip_6m3EaQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/22_nanometer&usg=ALkJrhj_F0hsZpDKy3RonE0LXx2yexClCQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Nanotechnology&usg=ALkJrhgszNP-kIasl7lpHjAfxTP7YkDFEw
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Nanotechnology&usg=ALkJrhgszNP-kIasl7lpHjAfxTP7YkDFEw
https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Molecular
https://en.wikipedia.org/wiki/Supramolecular_complex
https://en.wikipedia.org/wiki/Molecular_nanotechnology
https://en.wikipedia.org/wiki/Nanometers
https://en.wikipedia.org/wiki/Quantum_mechanics
https://en.wikipedia.org/wiki/Quantum_realm
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Quantum_mechanics&usg=ALkJrhhRKANz73p9MrHT9qUrwp6C4de4YQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Quantum_mechanics&usg=ALkJrhhRKANz73p9MrHT9qUrwp6C4de4YQ
https://en.wikipedia.org/wiki/Quantum_field_theory
https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Photons
https://en.wikipedia.org/wiki/Quantum_superposition
https://en.wikipedia.org/wiki/Quantum_superposition
https://en.wikipedia.org/wiki/Classical_physics
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Molecular_electronics&usg=ALkJrhg630rAG9IpWVA_1MhcxqgGE1g6Ww
https://en.wikipedia.org/wiki/Moore%27s_Law
https://en.wikipedia.org/wiki/Moore%27s_Law
https://en.wikipedia.org/wiki/Integrated_circuits
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Silicon&usg=ALkJrhioPmKIP1s3FZqeeZVqpip_6m3EaQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Silicon&usg=ALkJrhioPmKIP1s3FZqeeZVqpip_6m3EaQ
https://en.wikipedia.org/wiki/P-type_semiconductor
https://en.wikipedia.org/wiki/N-type_semiconductor
https://en.wikipedia.org/wiki/MOSFET

8L CALEAS Wyldie s Ay 6f Laglei€ (lal) (ams (B 4y gilil) cilaig AStY) it . aUAHY)
Aol Alalsiall pdgally culuig SSIY) ciliaglsiSi oo S

I‘x‘.)
' . \| o
. -
3 b
. —n ‘_\. ™ )
Yo e 3 .
v Sl A AL - - L e . L S A - - S e d - -
11 ey L rem 10 ey L0J ' Lym 10 pum 100 L mn

. A
il ‘74'%‘5 . ¥
-~ o

Alaal) L glsi€illy Aunglgall CUlS il o ASjla (V - Y) JSad)
L) asplial) V — ¥
Baga Lalddd) (e OsSilid) @) giaiili Bllaa 1470 ale (A g s BaY
alaal o Gua () jg0 00 anly dy Lad gy AN Aaadlall Ay ¢ paical) Walgina
Yory alall 8 jagilh YA-YY g ) jagsSse Vo (e a8l gleilil

Moore's law is the observation that the number of transistors in a dense ga (4ilé ¢
integrated circuit doubles approximately every two years, and projected this rate of growth
would continue for at least another decade. In 1975, predicted that chip performance
would double every 18 months (being a combination of the effect of more transistors and

the transistors being faster)
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The nanoscopic scale (or nanoscale) usually refers to structures with a aaal) 44 iagilil) 1
length scale applicable to nanotechnology, usually cited as 1-100 nanometers. A nanometer is a
billionth of a meter. The nanoscopic scale is a lower bound to the mesoscopic scale for most
solids. For technical purposes, the nanoscopic scale is the size at which fluctuations in the
averaged properties (due to the motion and behavior of individual particles) begin to have a
significant effect

single—electron transistor. It consists of two electrodes known as aalgll (5 3SW) &) giwiils Vv
the drain and the source, connected through tunnel junctions to one common electrode with a
low self-capacitance, known as the island. The electrical potential of the island be tuned by a
third electrode, as the gate, which is capacitively coupled to the island.

Nanoelectromechanical systems (NEMS) are a class of devices il clil<iag iSty) ksl A
integrating electrical and mechanical functionality on the nanoscale. NEMS form the logical next
miniaturization step from so-called microelectromechanical systems, or MEMS devices. NEMS
typically integrate transistor-like nanoelectronics with mechanical actuators, pumps, or motors,
and may thereby form physical, biological, and chemical sensors.

A nanowire is a nanostructure, with the diameter of the order of a nanometer gl &M 4
(10‘9 meters). It can also be defined as the ratio of the length to width being greater than 1000.
Alternatively, nanowires can be defined as structures that have a thickness or diameter

constrained to tens of nanometers or less and an unconstrained length.
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Nanotubes have been constructed with length—to-diameter ratio of up ) 44l i Y.
(to 132,000,000:1
Nanoparticles are particles between 1 and 100 nanometers in size. 43 gl clijall V)
In nanotechnology, a particle is defined as a small object that behaves unit with respect
to its transport and properties.
Quantum dots (QD) are very small particles, so small that their optical and A< klii Y
electronic properties differ from those of larger particles
Molecular self-assembly is the process by which molecules adopt ) g;\ss\ aaadll VY
an arrangement without guidance or management from an outside source. There are two
types of self-assembly. These are intramolecular self-assembly and intermolecular self-
assembly. Commonly, the term molecular self-assembly refers to intermolecular self-
assembly, while the intramolecular analog is more commonly called folding.
Reconfigurable computing is a computer architecture combining <&l sale) duwgal ¥ ¢
some of the flexibility of software with the high performance of hardware by processing
with very flexible high speed computing fabrics like field-programmable gate
arrays (FPGAs).
A field-programmable gate array (FPGA) is an aall & daapll AL clisd) cldghans Vo

integrated circuit designed to be configured by a customer or a designer after manufacturing
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A uni molecular rectifier is a single organic molecule which functions 4.5 Lfalai aska V1
as a rectifier (one-way conductor) of electric current., it was the first serious and concrete
theoretical proposal in the new field of molecular electronics .

Nanoionics is the study and application of phenomena, properties, ¢ligigtill VvV
effects and mechanisms of processes connected with fast ion transport (FIT) in all-solid-state
nanoscale systems. The topics of interest include fundamental properties of oxide ceramics at
nanometer length scales, and fast ion conductor (advanced super ionic conductor) / electronic
conductor heterostructures. Potential applications are in electrochemical devices (electrical
double layer devices) for conversion and storage of energy, charge and information. The term and
conception of nanoionics (as a new branch of science)

Nanophotonics or Nano-optics is the study of the behavior of light on the Ul cljya: YA
nanometer scale, and of the interaction of nanometer—scale objects with light. It is a branch
of optics, optical engineering, electrical engineering, and nanotechnology. It often (but not
exclusively) involves metallic components, which can transport and focus light via surface
plasmon polaritons. The term 'nano-optics', just like the term ‘'optics', usually
concerns ultraviolet,visible, and near-infrared light (free-space wavelength around 300-1200

nanometers).
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A central processing unit (CPU) is the electronic circuitry within 43Sl dallaall clasg 14
a computer that carries out the instructions of a computer program by performing the
basic arithmetic, logical, control and input/output (I/O) operations specified by the
instructions.

Dynamic random-access memory (DRAM) is a type of 4:<ulisl) (Alsdall Jsagl 5513 ¥
random-access memory that stores each bit of data in a separate capacitor within
an integrated circuit

Nanolithography is the branch of nanotechnology concerned with 4, il 40l ds ikl ¥
the study and application of fabricating nanometer—scale structures, meaning patterns
with at least one lateral dimension between 1 and 100 nm. Different approaches can be
categorized in serial or parallel, mask or mask less/direct-write, top—down or bottom-

up, beam or tip—based, resist-based or resist-less methods.
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In electronics, a crossbar switch (cross—point switch, matrix switch) (ajlal) Jsadll 7 Uda Y Y
is a collection of switches arranged in a matrix configuration? A crossbar switch has
multiple input and output lines that form a crossed pattern of interconnecting lines
between which a connection may be established by closing a switch located at each
intersection, the elements of the matrix

Nano-RAM is a proprietary computer memory technology from gl dlsdall Jgagll 5,513 YY
the company Nantero. It is a type of nonvolatile random access memory based on the
position of carbon nanotubes deposited on a chip-like substrate. In theory, the small size
of the nanotubes allows for very high density memories

A memristor (a portmanteau of memory resistor) is a hypothetical , giuaa paic Y¢
non-linear passive two—terminal electrical component relating electric charge and
magnetic flux linkage.

Flash memory is an electronic (solid—state) non-volatile computer storage (i) 5s)3 Yo

medium that can be electrically erased and reprogrammed.
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Spintronics meaning spin transport electronics, also known as fluxtronics, 4.),gal) cilug <yl Y1
is the study of the intrinsic spin of the electron and its associated magnetic moment, in addition
to its fundamental electronic charge, in solid-state devices. Spintronics differs from the
older magnetoelectronics, in that spins are manipulated by both magnetic and electrical fields.

Magnetoresistance is the tendency of a material to change the value d.uualsal) 4aglaall YV
of its electrical resistance in an externally—applied magnetic field. There are a variety of effects
that can be called magnetoresistance: some occur in bulk non-magnetic metals and

semiconductors (e.g. geometrical magnetoresistance,
Giant magnetoresistance (GMR) is a quantum mechanical 48l bl 4aglial) YA
magnetoresistance effect observed in thin—film structures composed of alternating ferromagnetic and non-
magnetic conductive layers.
Tunnel magnetoresistance (TMR) is a magnetoresistive effect that occurs 4uuuhliaal) 34 daglia Y4

in a magnetic tunnel junction (MTJ), which is a component consisting of two ferromagnets
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Magnetoresistive random-access memory (MRAM) is a 4kl (Alsdall Jgpagl 3503 ¥
a non-volatile random-access memory technology increases in density of existing memory
technologies — notably flash RAM and DRAM eventually become dominant for all types of
memory, becoming a universal memory

Optoelectronics is the study and application of electronic devices that ;\:Um,d\ daig Aty T
source, detect and control light, usually considered a sub-field of photonics. In this
context, light often includes invisible forms of radiation such as gamma rays, X-rays, ultraviolet
and infrared, in addition to visible light. Optoelectronic devices are electrical-to—optical or optical-
to—electrical transducers, or instruments that use such devices in their operation.

*A photonic crystal is a periodic optical nanostructure that affects the 4.igall <) gl vv
motion of photons in much the same way that ionic lattices affect electrons in solids. Photonic
crystals occur in nature in the form of structural coloration—and, in different forms, promise to
be useful in a range of applications.

Quantum dots (QD) are very small particles, so small that their optical anddagast) Jaldil) vy

electronic properties differ from those of larger particles
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Carbon nanotubes (CNTs) are allotropes of carbon with A il ¢ gl il v
nanostructure. Nanotubes have been constructed with length—-to—diameter a cylindrical
ratio of up to 132,000,000:1
technology A field emission display (FED) is a flat panel display Jlaall cllas) gae lils ve
that uses large-area field electron emission sources to provide electrons that strike
colored phosphor to produce a color image. In a general sense, an FED consists of a
matrix of cathode ray tubes, each tube producing a single sub-pixel, grouped in threes
to form red—green—blue (RGB) pixels. FEDs combine the advantages of CRTs, namely
their high contrast levels and very fast response times, with the packaging advantages
of LCD and other flat panel technologies.
Quantum computing studies theoretical computation systems !l jiguas SJ'g.;i 1
(quantum computers) that make direct use of quantum-mechanical phenomena, such as
superposition and entanglement, to perform operations on data.! Quantum computers are
different from binary digital electronic computers based on transistors. Whereas common digital
computing requires that the data are encoded into binary digits (bits), each of which is always in
one of two definite states (0 or 1), quantum computation uses quantum bits, which can be

in super positions of states.
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In quantum computing, a qubit or quantum bit (sometimes qgbit) is a unit of "cus< ¥V
quantum information—the quantum analogue of the classical bit. A qubit is a two—state quantum-
mechanical system, such as the polarization of a single photon: here the two states are vertical
polarization and horizontal polarization.

vivo (Latin for 'within the living';) are those in which the effects of various _all auall YA
biological entities are tested on whole, living organisms usually animals including humans, and
plants as opposed to a partial or dead organism, or those done /in vitro ('within the glass’), i.e., in

a laboratory environment using test tubes
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Nanosensors are any biological, chemical, or surgical sensory points (g4l Cladiua ¥4
to convey information about nano particles to the macroscopic world. Their use mainly
includes various medicinal purposes and as gateways to building other nano products,
such as computer chips that work at the nano scale and nano robots.

Electrochemistry is the branch of physical chemistry that studies the 4l ¢S ¢
relationship between electricity, as a measurable and quantitative phenomenon, and identifiable
chemical change, with either electricity considered an outcome of a particular chemical change

that derives electrical A galvanic cell, or voltaic cell, is an electrochemical cell Al LA ¢
A galvanic cell, or voltaic cell, is an electrochemical cell that derives electrical energy from
spontaneous redox reactions taking place within the cell. It generally consists of two different
metals connected by a salt bridge, or individual half-cells separated by a porous membrane.

is the amount of The blood sugar concentration or blood glucose levelaal) jgSgla ¢ ¥
glucose (sugar) present in the blood of a human or animal. The body naturally tightly regulates
blood glucose levels as a part of metabolic homeostasis.

Nano robotics is the emerging technology field creating machines glil) ciligig ) ¢ ¥
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meters). More whose components are at or close to the scale of a nanometre (10‘9 or robots
engineering discipline of designing and technology specifically, nanorobotics refers to the nano
meters and constructed building nanorobots, with devices ranging in size from (.1-10 micro

molecular components. of nanoscale or
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dielectric The term high—k dielectric refers to a material with a high ¢Sl Ao Jjall 4lle agall € ¢

constant kK (as compared to silicon dioxide). High-k dielectrics are used in semiconductor

manufacturing processes where they are usually used to replace a silicon dioxide gate dielectric or

another dielectric layer of a device. The implementation of high—k gate dielectrics is one of several

strategies developed to allow further miniaturization of microelectronic components, colloquially

referred to as extending Moore's Law.

The nanocables consist of magnetite nanowires surrounded by cobalt 4, saall sili cUIS ¢ 0

nanotube sheaths and cobalt nanowires surrounded by magnetite nanotube sheaths. These

materials are a combination of separate hard (Co) and soft (Fe304) magnetic materials in a single

nanocable structure
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NOMFET is a nanoparticle organic memory field—effect . Jlaall il 4, ganl) gilil) 5503 €1
transistor. The transistor is designed to mimic the feature of the human synapse known
as plasticity, or the variation of the speed and strength of the signal going from neuron to neuron.
The device uses gold nano—particles of about 5—2(0 nm set with pentacene to emulate the change
in voltages and speed within the signal.. A compact model was developed, and these organic
synapstors were used to demonstrate an associative memory, which can be trained to present a
pavlovian response. A recent report showed that these organic synapse-transistors (synapstor)
are working at 1 volt and with a plasticity typical response time in the range 100-200 ms When
the NOMFET is used in a neuromorphic circuit it can replicate the functionality of plasticity that
previously required groups of several transistors to emulate and thus continue to decrease the
size of the processor that would be attempting to utilize the computational advantages of a

pseudo-synaptic operation.
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Buckyballs, called fullerenes, were one of the first nano particles 5,3<a 4 4y £A

discovered. Buckyballs composed of carbon atoms linked to three other carbon atoms by

covalent bonds. However, the carbon atoms are connected in the same pattern of

hexagons and pentagons you find on a soccer ball, giving a buckyball the spherical

structure as shown in the following figure.

«Spintronics (a portmanteau meaning spin transport electronics) i)l Ag58M) goil) €4
also known as spinelectronics or fluxtronics, is the study of the intrinsic spin of

the electron and its associated magnetic moment, in addition to its fundamental electronic

electronics, in Spintronics differs from the older magneto charge, in solid—state devices.

that spins are manipulated by both magnetic and electrical fields..

Racetrack Memory writes magnetic information onto nano scale Wires jluall gl 3553 ¢«

out of a special alloy, each storing hundreds of bits. The bits are then transported along the wires

to the read—write heads using ‘spin polarized’ electric current, produced by a transistor. Racetrack

memory is still in the research

Nano-RAM is a proprietary computer memory technology jlia a1l Slgdall Jsagl 5,813 o)

from the companyNantero. It is a type of nonvolatile random access memory based on the position

of carbon nanotubes deposited on a chip-like substrate. In theory, the small size of the nanotubes

allows for very high density memories. Nantero also refers to it as NRAM
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cellular automata, is a discrete model studied in computability theory, 4 gill N oY
mathematics, physics, complexity science .theoretical biology and microstructure
modeling. Cellular automata are also called cellular spaces, tessellation
automata, homogeneous structures, cellular structures, tessellation structures, and
iterative arrays
Quantum entanglement is a physical phenomenon that occurs when pairs or sl ¢hilis o ¥
groups of particles are generated or interact in ways such that the quantum state of each
particle cannot be described independently — instead, a quantum state must be described
for the system as a whole.
Superposition principle in physics, mathematics, and engineering, Al j cshyill o ¢
describes the overlapping of waves.
Spatial design is a relatively new conceptual design discipline ala! Ol AlKal) uesil) 00
that crosses the Dboundaries of traditional design specialisms such
as architecture, landscape architecture, landscape design, interior design and service

design as well as certain areas of public art.
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quantum realm, called the quantum scale, is a term of art in physics referring asll Jlle 01
to scales where quantum mechanical effects become important as an isolated system,
means distances of 100 nanometers (10‘9meters) or less or at very low temperature. More

precisely, it is where the action or angular momentum is quantized.
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An adder,called summer, is a digital circuit that performs addition of numbers.In  2aas CiaiS oV
many computers and other kinds of processors, adders are used not only in the arithmetic logic
units, but also in other parts of the processor, where they are used to calculate addresses, table
The half adder adds two indices, increment and decrement operators, and similar operations.
single binary digits A and B. It has two outputs, sum () and carry (C). The carry signal represents
an overflow into the next digit of a multi-digit addition. The value of the sum is 2C + S. The
simplest half-adder design, incorporates an XOR gate for Sand an AND gate for C. With the
addition of an OR gate to combine their carry outputs, two half adders can be combined to make
a full adder.
The simplest device in which the effect of Coulomb blockade (4 i<y} Lalad cfgiasilal oA
can be observed is the so-called single—electron transistor. It consists of two electrodes known
as the drainand the source, connected through tunnel junctions to one common electrode with a
low self-capacitance, known as the island. The electrical potential of the island can be tuned by
a third electrode, known as the gate, which is capacitively coupled to the island.
Quantum dot cellular automata (or QCA) are proposed models of quantumgﬂ\ Goiad) asl) adhds 09
computation, which have been devised in analogy to conventional models of cellular automata
The Crossbar Latch is a technology that could replace transistors in gl 4z )lal) gllall 1
some applications. This would allow the construction of integrated circuits made entirely
from memristors, t it is possible for memristors to eventually replace transistors in the way that

transistors replaced the vacuum tube.
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automotive, industrial, and multimarket sectors, as well as chipcard and security products.

With a global presence,
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Flexible electronics, also known as flex circuits, is a Technology 4l 4.5 yi<ly) cliadail) 1y
for assemblingelectronic circuits by mounting electronic devices on flexible plastic
A flexible display is an electronic visual display which is flexible in nature; differentiable
from the more prevalent traditional flat screen displays Many electronic paper
technologies hold static text and images indefinitely without
electricity. Flexible electronic paper uses plastic

Rollable displays have many advantages over glass: better dakwall (2l Clald sliad) 1¢
durability, lighter weight, thinner dimensions, and can be perfectly curved and used in many
devices. Moreover, the major difference between glass and rollable display is that the display area
of a rollable display can be bigger than the device itself; If a flexible device measuring, for
example, 5 inches in diagonal and a roll of 7.5mm, it can be stored in a device smaller than the
screen itself and close to 15mm in thickness. Another example of the benefits of being able to roll
up your T.V are being able to easily transport your T.V to places you would never normally have

expected to take a T.V, i.e. to a friends house, or even to work.
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Cosmic rays are immensely high—energy radiation, mainly originating 4.l 4a3y) ve
outside the Solar System.!!! They may produce showers of secondary particles that
penetrate and impact the Earth's atmosphere and sometimes even reach the surface.
Composed primarily of high—energy protons and atomic nuclei, they are of mysterious
origin. Data from the Fermi space telescope (2013) have been interpreted as evidence that
a significant fraction of primary cosmic rays originate from the supernovae of massive
stars. However, this is not thought to be their only source. Active galactic nuclei probably

also produce cosmic rays
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Carbon nanotubes (CNTs) are allotropes of carbon with a cylindrical nanostructure. i gilil) i) 11
Nanotubes have been constructed with length—to—diameter ratio of up to 132,000,000:1
A nanowire is a nanostructure, with diameter of nanometer (10'9 meters). il Bl Y
It can also be defined as the ratio of the length to width being greater than 1000. Alternatively,
nanowires can be defined as structures that have a thickness or diameter constrained to tens
of nanometers or less and an unconstrained length. At these scales, quantum mechanical effects
are important — which coined the term 'quantum wires'. Many different types of nanowires exist,
including  superconducting (e.g., YBCO[”), metallic  (e.g., Ni, Pt,Au), semiconducting
(e.g., Si, InP, GaN, etc.), and insulating (e.g., SiO,, TiO,).Molecular nanowires are composed of

repeating molecular units either organic (e.g. DNA) or inorganic (e.g. MoSy_l,)-
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Tiny tubes of carbon, crafted into the (Y) djalady) 4alll & glgl) Cija JS& o gl 1A
shape of a Y, could revolutionise the computer industry. The work has shown that Y-
shaped carbon nanotubes are easily made and act as remarkably efficient electronic
transistors — the toggles used to control the flow of electrons through computer circuits.
But the nanotransistors are just a few hundred millionths of a metre in size —roughly 100
times smaller than the components used in today’s microprocessors. They could,
therefore, be used to create microchips several orders of magnitude more powerful than
the ones used in computers today, with no increase in chip size.

logic circuits with field—effect transistors based on single carbon 4 gl bl haiall ijga 14
nanotubes. the device layout features local gates that provide excellent capacitive coupling
between the gate and nanotube, enabling strong electrostatic doping of the nanotube from p-
doping to 7—-doping and the study of the nonconventional long-range screening of charge along

the one—dimensional nanotubes
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Top-down and bottom-up are two approaches s ) Jaul crag ¢ Jaul ) Aol (1 ananaill) zgs
for the manufacture of products. These terms were first applied to the field of nanotechnology to
distinguish between molecular manufacturing (to mass—produce large atomically precise objects)
and conventional manufacturing (which can mass-produce large objects that are not atomically
precise). Bottom—up approaches seek smaller (usually molecular) components built up into more
complex assemblies, while top—down approaches seek to create nanoscale devices by using
top—down approach often uses the larger, externally controlled ones to direct their assembly.
traditional workshop or microfabrication methods where externally controlled tools are used to

cut, mill, and shape materials into the desired shape and order.

An organic compound is any member of a large class of gaseous, &, gl aligall v

liquid, or solid chemical compounds whose molecules contain carbon. a few types of carbon-

containing compounds, such as carbides, carbonates, simple oxides of carbon (such as CO and
CO,), and cyanides are considered inorganic. The distinction between organic and

inorganic carbon compounds, while 'useful in organizing the vast subject of chemistry... is

somewhat arbitrary Organic chemistry is the science concerned with all aspects of organic

compounds. Organic synthesis is the methodology of their preparation.
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field-effect transistor (FET) is a transistor that uses an electric field to Jlaall &)y giuils VY
control the shape and hence the electricalconductivity of a channel of one type of charge
carrier in a semiconductor material. FETs are also known as unipolar transistors as they
involve single-carrier-type operation. The FET has several forms, but all have high
input impedance., a FET's conductivity is regulated by a voltage applied to a terminal (the
gate) which is insulated from the device. The applied gate voltage imposes electric field
into the device, which attracts or repels charge carriers to or from the region between a
source terminal and a drain terminal. The density of charge carriers in turn influences the
conductivity between the source and drain.
In optics, a diffraction grating is an optical component with a periodic structure, &liadl V¥
which splits and diffracts light into several beams travelling in different directions. The emerging
coloration is a form of structural coloration. The directions of these beams depend on the spacing
of the grating and the wavelength of the light so that the grating acts as the dispersive element.
Because of this, gratings are commonly used in mono chromators and spectrometers
A zone plate is a device used to focus light or other things exhibiting sgall S5 palic V¢
wave character. Unlike lenses or curved mirrors however, zone plates
use diffraction instead of refraction or reflection. The zone plate's focusing ability is an
extension of the Arago spot phenomenon caused by diffraction from an opaque disc.
A photomask is an opaque plate with holes or transparencies that allow 4.igal) 4a8y) Ve

light to shine through in a defined pattern. They are commonly used inphotolithography.
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the wavelength of a sinusoidal wave is spatial period of the wave— dagall Jighb) V1
the distance over which the wave's shape repeats, and the inverse of the spatial
frequency. It is usually determined by considering the distance between consecutive
corresponding points of the same phase, such as crests, troughs, or zero crossings and
is a characteristic of both traveling waves and standing waves, as well as other spatial
wave patterns. Wavelength is commonly designated lambda (A). for transparent transport
of services over optical wavelengths in DWDM systems. It is also known
as Optical Transport Hierarchy (OTH)

Phase-shift masks (PSM) are photomasks that take advantage of the Jsall dla s 4238 VYV
interference generated by phase differences to improve image resolution in photolithography.
There exist alternating and attenuated phase shift masks. A conventional photomask is a
transparent plate with the same thickness everywhere, parts of which are covered with non-
transmitting material in order to create a pattern on the semiconductor wafer when illuminated.

Optical proximity correction (OPC) is a photolithography enhancement ($yadl cuill muawal VA
technique commonly used to compensate for image errors due to diffraction or process effects.
The need for OPC is seen mainly in the making of semiconductor devices and is due to the
limitations of light to maintain the edge placement integrity of the original design, after processing,
into the etched image on the silicon wafer. These projected images appear with irregularities such
as line widths that are narrower or wider than designed, these are amenable to compensation by

changing the pattern on the photomask used for imaging.
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Directed self-assembly (DSA) As of 2010, much progress was reported 4asal) L",.:\SS\ il VA
on the use of PMMA-PS block copolymers to define sub-2(0 nm patterns by means of self-
assembly, guided by surface topography (graphoepitaxy) and/or surface chemical patterning
(chemoepitaxy).@l The key benefit is the relatively simple processing, compared to multiple
exposures or multiple depositions and etching.

Extreme ultraviolet lithography (or EUVL) is a next— 4ékial) Luawdid) (38 4aal) dclidal) A s
generation lithography technology using an extreme ultraviolet (EUV) wavelength,
currently expected to be 13.5 nm. EUV is currently being developed for possible future
high volume use in 2020 The primary EUV tool maker, ASML, projects EUV at 5 nm node
to require a higher numerical aperture than currently available and multiple patterning to
a greater degree than immersion lithography at 20 nm node. Immersion lithography is still
more than 4 times faster than EUV, due to source power limitations; hence, multiple
patterning with immersion lithography has already been used where EUV had previously
been expected to be used. However, it is currently recognized that EUV cannot practically
realize 40-50 nm pitch, due to stochastic effects in resist exposure, so even 10 nm node
is currently off limits.
Next-generation lithography or NGL is a 4aall deldall (e Jaal) Jaadl B DLiss) JisY) oed AN
termused in integrated circuit manufacturing to describe the lithography technologies slated
to replace photolithography. As of 2016 the most advanced form of photolithography
is immersion lithography, in which water is used as an immersion medium for the final lens.
It is being applied to the 16 nm and 14 nmnodes, with the required use of multiple
patterning. The increasing costs of multiple patterning have motivated the continued search
for a next—generation technology that can flexibly achieve the required resolution in a single

processing step.
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Nanoimprint lithography is a method of fabricating nanometer gilil) daad 43 aall dclhal) A Y
scale patterns. It is a simple nanolithography process with low cost, high throughput and
high resolution. It creates patterns by mechanical deformation of imprint resist and
subsequent processes. The imprint resist is typically a monomer or polymer formulation
that is cured by heat or UV light during the imprinting. Adhesion between the resist and
the template is controlled to allow proper release.

A monomer is a molecule that may bind chemically or supramolecularly asise daua A¥
to other molecules to form a (supramolecular) polymer. The process by which monomers
combine end to end to form a polymer is called polymerization. Molecules made of a small
number of monomer units (up to a few dozen) are called oligomers.

Contact lithography, also known as contact printing, is a form 4ygall 4 aall deldall At
of photolithography whereby the image to be printed is obtained by illumination of
a photomask in direct contact with a substrate coated with an imaging photoresist layer.

Cold welding or contact welding is a solid—state welding process in 3Ll alal dag Ao
Cold welding or contact welding is a solid—state welding process in which joining takes
place without fusion/heating at the interface of the two parts to be welded. Unlike in the
fusion-welding processes, no liquid or molten phase is present in the joint. Newly
discovered micro— and nano-scale cold welding has already shown great potential in the

latest nanofabrication processes.
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Multiphoton lithography (also direct laser lithography or «.ligigdll 3.1 dpal) dsluball AY
direct laser writing) of polymer templates has been known for years by the photonic
crystal community. Similar to standard photolithography techniques, structuring is
accomplished by illuminating negative-tone or positive-tone photoresists via light of a
well-defined wavelength. The fundamental difference is, however, the avoidance of
reticles. Instead, two—photon absorption is utilized to induce a dramatic change in the
solubility of the resist for appropriate developers.

Two—-photon absorption (TPA) is the simultaneous absorption of two (yigisdll palais) AY
photons of identical or different frequencies in order to excite a molecule from one state
(usually the ground state) to a higher energy electronic state. The energy difference
between the involved lower and upper states of the molecule is equal to the sum of the
energies of the two photons. Two-photon absorption is a third—order process several

orders of magnitude weaker than linear absorption at low light intensities.
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Scanning probe lithography (SPL) describes a set of sl goall jlaas dupal) dsludall AA
nanolithographic methods to pattern material on the nanoscale using scanning probes. It
is a direct—write, mask-less approach which bypasses the diffraction limit and can reach
resolutions below 10 nm. It is considered an alternative lithographic technology often
used in academic and research environments. The term scanning probe lithography was
coined after the first patterning experiments with scanning probe microscopes (SPM) in
the late 1980s

Dip pen nanolithography (DPN) is a scanning probe lithographyalil) ki, 454U 4aa 4slla A4
technique where an atomic force microscope (AFM) tip is used to create patterns directly
on a range of substances with a variety of inks. A common example of this technique is
exemplified using alkane thiolates to imprint onto a gold surface. This technique allows

surface patterning on scales of under 100 nanometers.
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a plasmon is a quantum of plasma oscillation. As light consists of Ll @i A< 4.
photons, the plasma oscillation consists of plasmons. The plasmon can be considered as
a quasiparticle since it arises from the quantization of plasma oscillations, just
like phonons are quantizations of mechanical vibrations. Thus, plasmons are collective (a
discrete number) oscillations of the free electron gas density. For example, at optical
frequencies, plasmons can couple with a photon to create another quasi particle called a
plasmon polariton.

Stencil lithography is a novel method of fabricating nanometer Juiiuy) 4 aall dcldall 49
scale patterns using nanostencils, stencils (shadow mask). It is a resist-less, simple,
parallel nanolithography process, and it does not involve any heat or chemical treatment of the

substrates (unlike resist-based techniques).

Stencils are also used in micro/nanotechnology, as miniature shadow masks Jhll ¢l 4 ¥
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through which material can be deposited, etched or ions implanted onto a substrate. These
stencils are usually made from thin (100-500 nm) low-stress SiN in which apertures are defined
by various lithographic techniques (e. g. electron beam, photolithography).

X-ray lithography, is process used in electronic industry to duuwl 4aill 4jpal) deldl) 4
selectively remove parts of a thin film. It uses X-rays to transfer a geometric pattern from a mask
to a light—sensitive chemical photoresist, or simply 'resist," on the substrate. A series of chemical
treatments then engraves produced pattern into material underneath the photoresist.

the Fresnel diffraction equation for near—field diffraction, is an approximation Jiwu b aga 4¢
of Kirchhoff-Fresnel diffraction that can be applied to the propagation of waves in the near field It
is used to calculate the diffraction pattern created by waves passing through an aperture or around
an object, when viewed from relatively close to the object. In contrast the diffraction pattern in

the far field region is given by the Fraunhofer diffraction equation.
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The laser printing of single nanoparticles is a method of 5424l 4,1l clijadl 5 delda 40
applying optical forces that direct single nanoparticles to targeted substrate regions. Van
der Waals interactions cause attachment of the single nanoparticles to the substrate areas.
This has been accomplished with gold and silicon nanoparticles .

In physical chemistry, the van der Waals' forces , are the residual Jl& s -l (g8 41
attractive or repulsive forces between molecules or atomic groups that do not arise from
a covalent bond, or electrostatic interaction of ions or of ionic groups with one another or
with neutral molecules. The resulting van der Waals forces can be attractive or repulsive.

Magnetolithography (ML) is a method for pattern surfaces. 4suhaliaall 43,0al) 4clidal) 4V
ML based on applying a magnetic field on the substrate using paramagnetic metal masks
named 'magnetic mask'. Magnetic masks are analogous to a photomask in
photolithography, in that they define the spatial distribution and shape of the applied
magnetic field. The second component of the process is ferromagnetic nanoparticles
(analogous to the photoresist in photolithography) that are assembled onto the substrate

according to the field induced by the magnetic mask.
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Self-assembled monolayers (SAM) of organic molecules are molecular g;m\ aaail) gilil) 4 A
assemblies formed spontaneously on surfaces by adsorption and are organized into large
ordered domains.

Proton beam  writing (p-beam  writing) is direct- (gl plads LU 44
lithography process write

lon beam lithography is the practice of scanning a focused (5! &l Lpall delidall Vo s
beam of ions in a patterned fashion across a surface in order to create very small

structures such as integrated circuits or other nanostructures
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A functional transistor recently discovered has an active region 33| 1)aa giwjilill ¥«
composed of a single atom. this transistor would be difficult to incorporate into your DIY
project, its discovery means that a new generation of atom-scale processors could be

close at hand, leading eventually to nano-scale computers and devices.
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Atomic force microscopy (AFM) is also known as Scanning force _aiill paall GigSuySia Y o Y
microscopy (SFM). This device is used to visualizing, imaging, taking measures and for
manipulating objects that are in nanometre scale. The resolution of such a device is said
to be in the order of fractions of a nanometre. The earlier version of the AFM was called
the Scanning Tunneling Microscope, developed in the early 1980’s. The AFM was

developed in the year 1986 -
\YA
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STM-1 frame is the basic transmission format for SDH ulu¥) Jluwy) G JUa) Vo ¥
(Synchronous Digital Hierarchy). A STM-1 frame has a byte-oriented structure with 9
rows and 270 columns of bytes, for a total of 2,430 bytes (9 rows * 270 columns = 2430
bytes). Each byte corresponds to a 64kbit/s channel
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macroscopic scale is the length on which objects or phenomenad ya, 5 Skl cilisjall Y+ ¢
are large to be visible practically with the naked eye, without magnifying devices.

Nanorobotics is the emerging technology field creating machines or sl ciliggy V.0
robots whose components are at or close to the scale of a nanometre (10'9meters). More
specifically, nanorobotics refers to the nanotechnologyengineering discipline of designing and
building nanorobots, with devices ranging in size from (.1-10 micrometres and constructed
of nanoscale ormolecular components

Molecular self-assembly is the process by which molecules adopt g.\:uai\ gs\ls\ il Vet
a defined arrangement without guidance or management from an outside source. There are two
types of self-assembly. These are intramolecular self-assembly and intermolecularself-
assembly. Commonly, the term molecular self-assembly refers to intermolecular self-assembly,

while the intramolecular analog is more commonly called folding.
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Cancer is a group of diseases involving abnormal cell growth with the dula,ud) LAY VoV
potential to invade or spread to other parts of the body. Not all tumors are
cancerous; benign tumors do not spread to other parts of the body.

A protease is any enzyme that performsproteolysis, that is, begins g Jalél) ¥« A
protein catabolism by hydrolysis of the peptide bondsthat link amino acids together in
a polypeptide chain. Proteases have evolved multiple times, and different classes of
protease can perform the same reaction by completely different catalytic mechanisms.
Proteases can be found inanimals, plants, fungi, bacteria, archaea and viruses.

The immune system is a host defense system comprising many 4. Ual) Ll;:u}'\ R
biological structures and processes within an organism that protects against disease.

Quantum dots (QD) are very small semiconductor particles, only several aslj Llai 1.
nanometresin size, so small that their optical and electronic properties differ from those

of larger particles.
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Deoxyribonucleic acid (‘DNA) is a molecule that carries the genetic (g5l (aasl) V)
instructions used in the growth, development, functioning and reproduction of all known
living organisms and many viruses.
Communication is the act of conveying intended meanings from one entity <¥ylaiy) VY Y

or group to another through the use of mutually understood signs and semiotic rules.
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The basic steps of communication are: The forming of communicative intent.,
Message composition. Message encoding and decoding. , Transmission of the encoded
message as a sequence of signals using a specific channel or medium., Reception of
signals. Reconstruction of the original message. Interpretation and making sense of the
reconstructed message. The study of communication can be divided into:Information
theory which studies the quantification, storage, and communication of information in
general; Communication studies which concerns human communication;
Biosemiotics which examines the communication of organisms in general. The channel of
communication can be visual, auditory, tactile  (such as in Braille)
and haptic, olfactory, Kinesics, electromagnetic, or biochemical. Human communication
is unique for its extensive use of abstract language.

Olfaction, also known as olfactics, is the sense of smell. This sense is e.id\ dwla VY
mediated by specialized sensory cells of the nasal cavity of vertebrates, which can be
considered analogous to sensory cells of the antennae of invertebrates. In humans,

olfaction occurs when odorant molecules bind to specific sites on the olfactory receptors.
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Carbon nanotubes (CNTs) are allotropes of carbon with a cylindrical < sl gl VY
nanostructure. cylindrical carbon molecules have unusual properties, valuable
for nanotechnology, electronics, optics and other fields of science and technology.

Supramolecular chemistry is the domain of chemistry beyond that of 4ulus clia Ve
molecules and focuses on the chemical systems made up of a discrete number of assembled
molecular subunits or components. The forces responsible for the spatial organization may vary
from weak (intermolecular forces, electrostatic or hydrogen bonding) to strong (covalent
bonding), provided that the degree of electronic coupling between the molecular component
remains small with respect to relevant energy parameters of the component

Raman spectroscopy (named after Sir C. V. Raman) is a spectroscopic SAlial) laly egua YY1
technique used to observe vibrational, rotational, and other low-frequency modes in a
system. Raman spectroscopy is commonly used in chemistry to provide a fingerprint by which
molecules can be identified.

Surface-enhanced Raman spectroscopy or surface—enhanced 3 jzall 5 filiial) jla); Gh.ui Yy
Raman scattering (SERS)is a surface-sensitive technique that enhances Raman
scattering by molecules adsorbed on rough metal surfaces or by nanostructures such as
plasmonic-magnetic silica nanotubes. The enhancement factor can be as much as 10!° to

10!', which means the technique may detect single molecules.
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A hydrogel is a network of polymer chains that are hydrophilic, sometimes Jiag;ua YYVA
found as acolloidal gel in which water is the dispersion medium. Hydrogels are
highly absorbent (they can contain over 90% water) natural or synthetic polymeric
networks. Hydrogels also possess a degree of flexibility very like natural tissue, due to

their significant water content

V¢o


https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Nanophotonics&usg=ALkJrhiMdhjNs0_M5C9WJSAgVMjPaJPIAg
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Hydrogel&usg=ALkJrhgYbx2S7Mcsp2AgTiadFn9v3KyC5w
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Hydrogel&usg=ALkJrhgYbx2S7Mcsp2AgTiadFn9v3KyC5w
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Hydrogel&usg=ALkJrhgYbx2S7Mcsp2AgTiadFn9v3KyC5w
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Hydrogel&usg=ALkJrhgYbx2S7Mcsp2AgTiadFn9v3KyC5w
https://en.wikipedia.org/wiki/Colloid
https://en.wikipedia.org/wiki/Absorption_(chemistry)

iV Lagas &g Suall) pmiiiunal) Lgia Basaa (1) &y g9 See CilSiag 48 Aaliif B
WY Al Ak dlag gl aaa B Cligfe mas b lay (819 ¢ g Sl aaal )
i i) Beal paad o gehis sMlg Ao b ) Jaul e Aih gl jadion
CYlaa) Y Lapdl cpdl o aligal ¢ as dlia @ligga (e

A

() onS) A pranil S (Go gl paanll sl padion Jla (IF1 - ¥) Jead)
Go5il) Qaaal) Auid SIA aaaill 44,3 358l jgaal §) s
S ¢ Ana oSl B (GAY) aay Saay dima Bale (e b dliad o dlld (gshiyg
¢ OTRLN 5gal sgaa Jia gl aladials Alenal) CLEaY) B (3825 8 AS) 0y a2l

MEMS sensor generations represent the progress made in 43, S 4.l 9,98 Aakil 114
micro sensor technology and can be categorized as follows: 1st Generation, MEMS sensor
element mostly based on a silicon structure, sometimes combined
with analog amplification on a micro chip.. 2nd Generation, MEMS sensor element
combined with analog amplification and analog-to-digital converter on one micro
chip.3rd Generation , Fusion of the sensor element with analog amplification, analog-to-
digital converter and digital intelligence for linearization and temperature compensation
on the same micro chip. 4th Generation Memory cells for calibration— and temperature
compensation data are added to the elements of the 3rd MEMS sensor generation.
Atomic—force microscopy (AFM) or scanning—force Microscopy (SFM) A0 568N g VY
is a very—high-resolution type of scanning probe microscopy (SPM), with demonstrated
resolution on the order of fractions of a nanometer, more than 1000 times better than

the optical diffraction limit.
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Fast ion conductor aiyull 51 Juaga 1 Y

Solid-state ionics is the study of solid electrolytes and their uses. gl 4lal) Al VY Y
Some materials that fall into this category include inorganic crystalline and polycrystalline solids,
ceramics, glasses, polymers, and composites. Solid—state ionic devices, such as solid oxide fuel
cells can be much more reliable and long-lasting, especially under harsh conditions, than

comparable devices with fluid electrolytes.
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A solid oxide fuel cell (or SOFC) is an electrochemical conversion 4.lal Sy 3689 LA VY £
device that produces electricity directly from oxidizing a fuel. Fuel cells are characterized
by their electrolyte material; the SOFC has a solid oxide or ceramic electrolyte. Advantages
of this class of fuel cells include high efficiency, long-term stability, fuel flexibility, low
emissions, and relatively low cost. The largest disadvantage is the high operating
temperature which results in longer start-up times and mechanical and chemical
compatibility issues.

In crystallography, crystal structure is a description of the ordered (g slill oSl VYo
arrangement of atoms, ions ormolecules in a crystalline material.l3! Ordered structures
occur from the intrinsic nature of the constituent particles to form symmetric patterns that

repeat along the principal directions of three-dimensional space in matter.
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formerly A supercapacitor (SC) (sometimes ultracapacitor, A dlall Al clibica Y Y1
formerly electric double-layer capacitor (EDLC)) is a high—capacity
electrochemical capacitor with capacitance values much higher than other capacitors (but lower
voltage limits) that bridge the gap between electrolytic capacitors and rechargeable batteries.

A proton conductor is an electrolyte, typically a solid electrolyte, ¢ gigull cSuaga VYV
in which H" are the primary charge carriers. For practical applications, proton conductors are
usually solid materials. Typical materials are polymers or ceramic. Typically, the pores in practical
materials are small such that protons dominate direct current and transport of bulk solvent is
prevented.lce is a proton conductor through the Grotthuss mechanism, albeit a relatively poor one

A hydrogen ion is created when a hydrogen atom loses its electron. ;pag ugd) ciligd YA
A lone hydrogen ion (or proton) can readily combine with other particles and therefore is

only seen isolated when it is in a gaseous state or a nearly particle free space
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The term advanced superionic conductors (AdSIC) was first dasiall g pmgud) cDagall VY4
introduced in a paper by A.L. Despotuli, A.V. Andreeva and B. Rambaby.llAdSICs are fast
ion conductors that have a crystal structure close to optimal for fast ion transport (FIT).
The rigid ion sublattice of AdSIC has structure channels where mobile ions of opposite

sign migrate
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Classification of solid-state ionic conductors by the /g (electronic conductivity, Q.)
— /g (ionic conductivity, Q;) diagram. 2, 4, and 6 - known solid electrolytes (SEs),
materials with Q; >> Q.; 1, 3, and 5 — known mixed ion—electron conductors; 3 and 4 —
superionic conductors (SICs),

Yttria—stabilized zirconia (YSZ) is a ceramic in which LigS;; Lyl Jia dadlid) 4lal) C)La‘i\ vy
the crystal structure of zirconium dioxide is made stable at room temperature by an addition
of yttrium oxide. These oxides are commonly called 'zirconia' (ZrO,) and 'yttria' (Y,0;),.

prepared by doping Y,0; into ZrO, as.is, 3l s & agil) sl Jia cilladial) b e dgall o34 Alas) V¥ E
oxygen sensor (or /ambda sensor) is an electronic device that Guaws¥) jlediul Sjga.i \ve

measures the proportion of oxygen (0,) in the gas or liquid being analysed
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NASICON, (Na;Zr,Si,PO,,) , a sodium super—ionic conductor One example is ¢ gSuli Y ¥1
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Beta—-alumina solid electrolyte (BASE) is a fast ion conductor material used as a membrane in

several types of molten saltelectrochemical cell. Currently there is no known substitute available

The most common form of crystalline aluminium oxide is known Usagl¥) JIS&i cp JS& Y FA

corundum, which is the thermodynamically stable form. The oxygen ions nearly form a hexagonal
close—packed structure with aluminium ions filling two-thirds of the octahedral interstices.

A sodium-sulfur battery is a type of <uslly agaguall clyjladd a g guall Ol Jagas V¥4
molten-salt battery constructed from liquidsodium (Na) and sulfur (S).["?! This type of battery has
a high energy density, high efficiency of charge/discharge (89-92%) and long cycle life, and is
fabricated from inexpensive materials. The operating temperatures of 300 to 350 °C and the
highlycorrosive nature of the sodium polysulfides, primarily make them suitable for stationary

energy storage applications. The cell becomes more economical with increasing size.

Yoy


https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Beta-alumina_solid_electrolyte&usg=ALkJrhii-q43RRiXHZAt3vda2XTr5rjh7w
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Beta-alumina_solid_electrolyte&usg=ALkJrhii-q43RRiXHZAt3vda2XTr5rjh7w
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Beta-alumina_solid_electrolyte&usg=ALkJrhii-q43RRiXHZAt3vda2XTr5rjh7w
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Aluminium_oxide&usg=ALkJrhg1BSx8b8Psv3hD_dSOnbfa3hN0AA#Structure
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Aluminium_oxide&usg=ALkJrhg1BSx8b8Psv3hD_dSOnbfa3hN0AA#Structure
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Sodium%25E2%2580%2593sulfur_battery&usg=ALkJrhiXWGijPlQzIusho6k4o4VVrfuPJQ
https://en.wikipedia.org/wiki/NASICON
https://en.wikipedia.org/wiki/NASICON
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Beta-alumina_solid_electrolyte&usg=ALkJrhii-q43RRiXHZAt3vda2XTr5rjh7w
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Beta-alumina_solid_electrolyte&usg=ALkJrhii-q43RRiXHZAt3vda2XTr5rjh7w
https://en.wikipedia.org/wiki/Fast_ion_conductor
https://en.wikipedia.org/wiki/Semipermeable_membrane
https://en.wikipedia.org/wiki/Electrochemical_cell
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Aluminium_oxide&usg=ALkJrhg1BSx8b8Psv3hD_dSOnbfa3hN0AA#Structure
https://en.wikipedia.org/wiki/Corundum
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Sodium%25E2%2580%2593sulfur_battery&usg=ALkJrhiXWGijPlQzIusho6k4o4VVrfuPJQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Sodium%25E2%2580%2593sulfur_battery&usg=ALkJrhiXWGijPlQzIusho6k4o4VVrfuPJQ
https://en.wikipedia.org/wiki/Molten_salt_battery
https://en.wikipedia.org/wiki/Battery_(electricity)
https://en.wikipedia.org/wiki/Sodium
https://en.wikipedia.org/wiki/Sulfur
https://en.wikipedia.org/wiki/Sodium%E2%80%93sulfur_battery#cite_note-1
https://en.wikipedia.org/wiki/Sodium%E2%80%93sulfur_battery#cite_note-1
https://en.wikipedia.org/wiki/Energy_density
https://en.wikipedia.org/wiki/Charge_cycle
https://en.wikipedia.org/wiki/Corrosion
https://en.wikipedia.org/wiki/Polysulfide

A0l O gl Dl gal) o0

QU] e B addieng ¢ sl clisl Juage (M uglh aguitidil) NG
Bl dad Baliy wysld (abal cpa L 5l Alaga jlpaiuls a3 (')A gl Auila
V61 ) dabal) salal) cpdud sisc Aadll Guasd s aajw Ogl Jeagal JUa dla .
e U} cpagl) cliph JCET (sl a8 L jaddss Bale OgS3 Aygia A
Bagly ipe €000 dlial) Balall 4l Alagall dajig Aadl) ale jlgal) e 2ala
- Gllg L) cpagly Al agng V) Cptsaly couladl) cpasd Jiles slu

GAY) 4 ganll & dlgal) o

AL O gaf el ams A ardiy Ll Cligl) Juaga ¢ Ll 4ipS o

Blall clajys g i) sie Jaga pabayl) aysls AUl e

Npay = (CuSedy) b aub Abgsmally asilit agedlS wulsl Qo o

(4 agugl clig) Aage Ay — agigfiad) Cliliv ¢ agiig ) Clilis

4 guant) dlgall

s Ol CBlaga Ay ¢ Jlal ¢ tabisl Ag e ¢ Aaadlgd) dgall ¢ uael) @

Obil) (Aoal) das) 2 agiall) el e = anlsl) (A ldal) mlal) o

O Jage g ¢ Ol Jia — Clagially Alall g gl e

Lanthanum trifluoride (LaF;) is conductive for F~ ions, 1,44 agfidl) A3 4V ¢

ion selective electrodes 4. 4ulan) cadl Y ¢
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Some perovskite ceramics — strontium titanate, strontium stannate — conductive for 0>~ ions
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Optical engineering is field of study focuses on applications of optics. z.ym,d\ darigll VeY
Optical engineers design components of optical instruments such
as lenses, microscopes, telescopes, and other equipment that utilizes the properties of light.
Other devices include optical sensors and measurement systems, lasers, fiber optic
communication systems, optical disc systems (e.g. CD, DVD), etc.
Surface plasmon polaritons (SPPs), are infrared or visible-frequency gl b Auld V¢
electro magnetic waves, which travel along a metal-dielectric or metal-air interface. The
term 'surface plasmon polariton' explains that the wave involves both charge motion in
metal ('surface plasmon’) and electromagnetic waves in the air or dielectric ('polariton’).
In general, objects emit infrared radiation across a ¢jpall cial dail) ggn V€0
spectrum of wavelengths, but sometimes only a limited region of the spectrum is of
interest because sensors usually collect radiation only within a specific bandwidth.
Thermal infrared radiation also has a maximum emission wavelength, which is inversely
proportional to the absolute temperature of object, in accordance with Wien's
displacement law. Therefore, the infrared band is often subdivided into smaller sections.
The term subwavelength is used to describe an object having(u.cgﬂ\ ol Johll Basg) V€1
one or more dimensions smaller than the length of the wave with which the object
interacts. For example, the term subwavelength—diameter optical fibre means an optical

fibre whose diameter is less than the wavelength of light propagating through it.
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Diffraction limit, resolution of an optical imaging system a microscope— agall aa V¢V
telescope, or camera — can be limited by factors such as imperfections in the lenses or
misalignment. However, there is a fundamental maximum to the resolution of any optical
system which is due to diffraction. An optical system with the ability to produce images
withangular resolution as good as the instrument's theoretical limit is diffraction limited.

(Rayleigh criterion) Angular resolution or spatial resolution describes the ng\J e VEA
ability of any image—-forming device such as an optical or radio telescope, a microscope,
a camera, or an eye, to distinguish small details of an object, thereby making it a major

determinant of image resolution.

Surface plasmons (SPs) are coherent delocalized electronoscillations that glawl) ciligaidall €4
exist at the interface between any two materials where the real part of dielectric function changes
sign across the interface (e.g. a metal-dielectric interface, such as a metal sheet in air).

A Localized Surface Plasmon (LSP) is the result of the 4laall 4kl cligadll Ve
confinement of a surface plasmon in a nanoparticle of size comparable to or smaller than the
wavelength of light used to excite the plasmon. The LSP has two important effects: -\ Electric
fields near the particle’s surface are greatly enhanced. This enhancement falls off quickly with
distance from the surface.— Y The particle’s optical absorption has a maximum at
the plasmon resonant frequency. For noble metal nanoparticles, this occurs at visible
wavelengths.!! For semiconductor nanoparticles, the maximum optical absorption is often in the
near-infrared and mid-infrared region.

Near—field scanning optical microscopy (NSOM/SNOM) .3l yall Jaall i sgaa Vo)
is a microscopy technique for nanostructure investigation that breaks the far field resolution
limit by exploiting the properties of evanescent waves.

A scanning tunneling microscope (STM) is an instrument i) ($gaall mual) cigSuSiag 10

for imaging surfaces at the atomic level.
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A spaser is the nanoplasmonic counterpart of a laser, (gupwlu) VoY
but it (ideally) does not emit photons. It is analogous to the conventional laser, but in a
spaser photons are replaced by surface plasmons and the resonant cavity is replaced by
a nanoparticle, which supports the plasmonic modes. Similarly, to a laser, the energy
source for the spasing mechanism is an active (gain) medium that is excited externally.
This excitation field may be optical and unrelated to the spaser’s operating frequency; for
instance, a spaser can operate in the near-infrared but the excitation of the gain medium

can be achieved using an ultraviolet pulse

YoV
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Heat-assisted magnetic recording (HAMR) is §lall Sacluay epbliaall Juaudl) Vot
a magnetic storage technology for hard drives in which a small laser is used to heat the
part of the disk that is being written to. The heat changes the magnetic properties (its
'coercivity') of the disk for a short time, reducing or removing the superparamagnetic

effect while writing takes place. This magnetic effect sets a limit on the areal density of

magnetic recording (how much data can be stored in each area of a disk).
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Nonlinear optics (NLO) is the branch of optics that describes. 4dill ,& clijadl Voo
behavior of light in nonlinear media, that is, in which dielectric polarization P responds
nonlinearly to the electric field E of the light. This nonlinearity is typically only observed at very
high light intensities (values of the electric field comparable to interatomic electric fields, typically

103 V/m) such as those provided by lasers.

Surface-enhanced Raman spectroscopy or surface—enhanced (L))l jjaall ALl ph Y o1

Raman scattering (SERS)is a surface-sensitive technique that enhances Raman

scattering by molecules adsorbed on rough metal surfaces or by nanostructures such as
plasmonic-magnetic silica nanotubes.

A practical superlens, or super lens, is a lens which uses metamaterials 42l 4uall YoV
to go beyond the diffraction limit. The diffraction limit is a feature of conventional lenses
and microscopes that limits the fineness of their resolution. Many lens designs have been
proposed that go beyond the diffraction limit in some way, but there are constraints and obstacles
involved in realizing each of them.

A metamaterial (meaning 'beyond") is a material engineered to Auiya il afgally Lay 3laiy Y0 A
have a property that is not found in nature. They are made from assemblies of multiple elements
fashioned from composite materials such as metals or plastics. The materials are usually arranged
in repeating patterns, at scales that are smaller than the wavelengths of the phenomena they

influence.
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The term subwavelength is used to describe an object having (guall &3l agall Jghll Y04
one or more dimensions smaller than the length of the wave with which the object interacts. For
example, the term subwavelength—diameter optical fibre means an optical fibre whose diameter is
less than the wavelength of light propagating through it.

Dual-polarization interferometry (DPI) is an analytical technique Ja)uil) GUadic) g..t.a R
that probes molecular layers adsorbed to the surface of awaveguide using the evanescent wave of
a laser beam. It is used to measure the conformational change in proteins, or other biomolecules,

as they function (referred to as the conformation activity relationship).

Plasma oscillations, known as 'Langmuir waves',are rapid oscillations oflaDlll a5 Y11

the electron densityin conducting media such as plasmas or metals. The oscillations can be
described as an instability in the dielectric function of a free electron gas. The frequency only
depends weakly on the wavelength of the oscillation. The quasiparticle resulting from

the quantization of these oscillations is the plasmon

A


https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Near-field_scanning_optical_microscope&usg=ALkJrhg5RiSuW9skjhY1p83EuuszTIftQA
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Dual_polarization_interferometry&usg=ALkJrhg2X4CgoNr3KGebzGbBi_meZSFHLw
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Dual_polarization_interferometry&usg=ALkJrhg2X4CgoNr3KGebzGbBi_meZSFHLw
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Dual_polarization_interferometry&usg=ALkJrhg2X4CgoNr3KGebzGbBi_meZSFHLw
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Microwave_engineering&usg=ALkJrhg5f1di9zPmURBNlrw6a58YPVdEsQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Microwave_engineering&usg=ALkJrhg5f1di9zPmURBNlrw6a58YPVdEsQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Antenna_(radio)&usg=ALkJrhiuHAkhBS-ikiF7hkJsjZPnXykkmA
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Antenna_(radio)&usg=ALkJrhiuHAkhBS-ikiF7hkJsjZPnXykkmA
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Waveguide&usg=ALkJrhhHdQ2lT5luuHoXh_7CHcigcKJHnA
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Permittivity&usg=ALkJrhhSioqgMrfJBQCnNZv8XCrkZGmQxQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Permittivity&usg=ALkJrhhSioqgMrfJBQCnNZv8XCrkZGmQxQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Plasma_frequency&usg=ALkJrhgHLqeSn6rYckqeK1kleFBTHBAY-w
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Plasma_frequency&usg=ALkJrhgHLqeSn6rYckqeK1kleFBTHBAY-w
https://en.wikipedia.org/wiki/Subwavelength-diameter_optical_fibre
https://en.wikipedia.org/wiki/Optical_fiber
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Dual_polarization_interferometry&usg=ALkJrhg2X4CgoNr3KGebzGbBi_meZSFHLw
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Dual_polarization_interferometry&usg=ALkJrhg2X4CgoNr3KGebzGbBi_meZSFHLw
https://en.wikipedia.org/wiki/Evanescent_wave
https://en.wikipedia.org/wiki/Waveguide_(optics)
https://en.wikipedia.org/wiki/Conformational_change
https://en.wikipedia.org/wiki/Laser
https://en.wikipedia.org/wiki/Conformation_activity_relationship
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Plasma_frequency&usg=ALkJrhgHLqeSn6rYckqeK1kleFBTHBAY-w
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Plasma_frequency&usg=ALkJrhgHLqeSn6rYckqeK1kleFBTHBAY-w
https://en.wikipedia.org/wiki/Metal
https://en.wikipedia.org/wiki/Plasma_(physics)
https://en.wikipedia.org/wiki/Electron_density
https://en.wikipedia.org/wiki/Free_electron_model#Dielectric_function_of_the_electron_gas
https://en.wikipedia.org/wiki/Quasiparticle
https://en.wikipedia.org/wiki/Plasmon
https://en.wikipedia.org/wiki/Quantization_(physics)

B Otall il CBigig )aa B ol Ganal) dalen o(Aoauidial) G g 0585 La Baley
A 99 sSeal) cilagall Jilga Jla clipad) 36 asabial (o Banll gan . 55 Y claal
Clagall o b IS da v S o Bya Ve duady Cuald LSty ¢ gl Cilaga f
GRSt Aalaliag S cilelad) WS el pgually saall cilaga ) 4 ggSeall
Ty g9 Sl ilagal) 3813 Cualds Ay gludia 48 GAY) o) (e 2 b adh

Bpa Vo ol aai olg Ayl iy Cipalig Vv rcr s

o alasle dayly dgage 1V adag AR clagill dusa e cus Alggd) (T €Y - Y) Jea
A gudan Abdi ga O pall Aagall Jalal) (e g () sl usle <

oully 0358 SL Cliilgr anly dbg e 5 dujas liilgh paiual ol (Jlal Jopw e

("Miaaga J1¥3 ge Ble sy Moy Eh cililpgs Ao DU ardioy (o) avenall

Glaai die) daudly Gall Jia daanag &G BN ualis ¢ ganall o Guiilsia Gaagd (4

(Al Ao ap giady (Hin giad jlaGay dawadly Giall dad Fli ¢ el pgual)

Gyl b Adgilall caluifil) auang ¢ JAI) Jaghadl bl S dlged Adilaal) dagliag

A Yagi-Uda antenna, commonly known as a Yagi antenna, sage— £l cludlgs V1 ¢
is a directional antennaconsisting of multiple parallel elements in a line, usually half-wave
dipoles made of metal rods. Yagi-Uda antennas consist of a single driven
element connected to thetransmitter or receiver with a transmission line, and
additional parasitic elements: a so—called reflecfor and one or more directors.

A waveguide is a structure that guides waves, such as electromagnetic 4aga Ji¥a V1Y
waves orsound waves. They enable a signal to propagate with minimal loss of energy by

restricting expansion to one dimension or two

AR


https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Yagi-Uda_antenna&usg=ALkJrhhs2JeEbBwo6cdCk8PjW312sORI4Q
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Inductance&usg=ALkJrhhqczGcwZlF9_lYl_Kf4YuL6dR8lw
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Inductance&usg=ALkJrhhqczGcwZlF9_lYl_Kf4YuL6dR8lw
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Capacitance&usg=ALkJrhjBtmtV_-3FMXtoG7O1sWmIixxZDg
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Capacitance&usg=ALkJrhjBtmtV_-3FMXtoG7O1sWmIixxZDg
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Visible_light&usg=ALkJrhjWzv-CHRE9XXUlYJkFJrmeWlKwNQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Dipole&usg=ALkJrhgtYpi5uiZRNKc5xKH47rhfEaLFyQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Dipole&usg=ALkJrhgtYpi5uiZRNKc5xKH47rhfEaLFyQ
https://translate.googleusercontent.com/translate_c?depth=1&hl=ar&prev=search&rurl=translate.google.com.eg&sl=en&u=https://en.wikipedia.org/wiki/Transmission_lines&usg=ALkJrhgn7VpApRlh-ZkOyYydWMbzgNb5RQ
https://en.wikipedia.org/wiki/Directional_antenna
https://en.wikipedia.org/wiki/Half-wave_dipole
https://en.wikipedia.org/wiki/Half-wave_dipole
https://en.wikipedia.org/wiki/Driven_element
https://en.wikipedia.org/wiki/Driven_element
https://en.wikipedia.org/wiki/Transmitter
https://en.wikipedia.org/wiki/Radio_receiver
https://en.wikipedia.org/wiki/Transmission_line
https://en.wikipedia.org/wiki/Parasitic_element
https://en.wikipedia.org/wiki/Electromagnetic_wave
https://en.wikipedia.org/wiki/Sound
https://en.wikipedia.org/wiki/Electromagnetic_wave

Aalgl) CBMIRY) (e dase Al o) Jiby il Cilipead) JLS 3hlie (s gaii (A g Sual
Clall i (Jal Jasnn o DagsSeal) Jsall pas Gaulliy @lipaid) U G Ia
Brfie Cgade il Jaad Laay Aal) cdlasall o S ST pad) 20l b
e laal) (Jiallig )0 gaidll adacal) cigdly () Sal) Eal) Jla ddlaial) alaiadd
g Sl clagall oo Ljka Aaliae Al cSlagall sl g Jo i 1 4 puad)

Jlaall 4B i)

Aaliaal) (AL oyl e Gssh sgd (oI (AL g8 Lt andiud 1)
o sgal) Gy Laie 3alal) Cilgally daa AEBA madlal) g Adladl oyl (816

Kinetic inductance is the manifestation of the inertial mass of mobile inertial @Sl dall Ve
charge carriers in alternating electric fields as equivalent series inductance. Kinetic inductance is
observed in high carrier mobility conductors (e.g. superconductors) and at very high frequencies.

Surface plasmon resonance (SPR) is the resonant oscillation of (gadll Akl il Ve
conduction electrons at the interface between a negative and positive permittivity material
stimulated by incident light. The resonance condition is established when the frequency of
incident photonsmatches the natural frequency of surface electrons oscillating against the
restoring force of positive nucleii SPR in subwavelength scale nanostructures can
bepolaritonic or plasmonic in nature.

The Fourier transform decomposes a function of time (a signal) into the 4., Jiga3 111
frequencies that make it up, in a way like how a musical chord can be expressed as the
amplitude (or loudness) of its constituent notes. The Fourier transform of a function of
time itself is a complex-valued function of frequency, whose absolute value represents
the amount of that frequency present in the original function, and whose complex
argument is the phase offset of the basic sinusoid in that frequency. The Fourier transform
is called thefrequency domain representation of the original signal. The term Fourier
transform refers to both the frequency domain

spatial frequency is a characteristic of any structure that is periodic dul<all claaall V1YV
across position in space. The spatial frequency is a measure of how often sinusoidal
components (as determined by the Fourier transform) of the structure repeat per unit of

distance.
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an evanescent field, or evanescent wave, is an oscillating electric and/or 4Lj; 4ase V1A
magnetic field which does not propagate as an electromagnetic wave but whose energy

is spatially concentrated in the vicinity of the source (oscillating charges and currents)
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Molecular electronics is the study and application of molecular 4.ijal) cilugssty) Y14
building blocks for the fabrication of electronic components. It is an interdisciplinary area
that spans physics, chemistry, and materials science. The unifying feature is use of
molecular building blocks to fabricate electronic components. Due to the prospect of size
reduction in electronics offered by molecular-level control of properties, molecular
electronics generated much excitement. It provides a potential means to extend Moore's
Law beyond the foreseen limits of small-scale conventional silicon integrated circuits

Moore's law is the observation that number of transistors in a dense 3 (i@ V.

integrated circuit doubles approximately every two years.
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variational principle is a scientific principle used within Ll g el fasa YV
the calculus of variations , which develops general methods for finding functions which
extremize the value of quantities that depend upon those functions.
Rolf William Landauer who made important contributions in diverse gaiy ilg) (@ VY
areas of the thermodynamics of information processing, condensed matter physics, and
the conductivity of disordered media. ! In 1961 he discovered Landauer's principle , that
in any logically irreversible operation that manipulates information , such as erasing a bit
of memory, entropy increases and an associated amount of energy is dissipated
as heat . [l This principle is relevant to reversible computing , quantum
information andquantum computing . He also is responsible for the Landauer
formula relating the electrical resistance of a conductor to its scattering properties.
Top-down and bottom-up are both strategies of information processing uJ:.T o Jaud VVY
and knowledge ordering, used in a variety of fields including software, humanistic and
scientific theories (see systemics), and management and organization. In practice, they

be a style of thinking, teaching, or leadership
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The quantum realm, also called the quantum scale, is a term of art in physics asll Jlaa YV
referring to scales where quantum mechanicaleffects become important when studied as
an isolated system. Typically, this means distances of 100 nanometers (10‘9meters) or less or at
very low temperature. More precisely, it is where the action or angular momentum is quantized.
While originating on the nanometer scale, such effects can operate on a macro level generating
some paradoxes .

Many modern electronic devices are designed using quantum  diagest) il Vve
mechanics.Examples include the laser, the transistor (and thus the microchip), the electron
microscope, and magnetic resonance imaging (MRI). The study of semiconductors led to the
electronics invention of the diode and the transistor, which are indispensable parts of modern
telecommunication devices. Another application is the light emitting computer and systems,
diode which is a high-efficiency source of light Many electronic devices operate under effect

of Quantum tunneling
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A fullerene is a molecule of carbon in the form of a hollow sphere, ellipsoid, ()3l Yv3
tube, and many other shapes. Spherical fullerenes are also called
Buckminsterfullerenes (buckyballs),

covalently bound atoms with specific characteristics: A delocalized 3)iall Tr alai Y VYV

conjugated 1rsystem, commonly an arrangement of alternating single and double bonds
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In physics, cryogenics is the study of the production and behaviour 3a.all §))all claa YVA
of materials at very low temperaturesit is not well-defined at what point on the
temperature scale refrigeration ends and cryogenics begins, but assume it starts below
=150 °C (123 K; =238 °F).

Green's functions used to solve inhomogeneous differential equations, (na iy YV4

to which they are loosely related. (Specifically, only two-point 'Green's functions’

An electronic component is any basic discrete deviceor physical Z\,a”:.ss\g\ GligSall VA
entity in an electronic system used to affectelectrons or their associated fields. Electronic
components are mostly industrial products, available in a singular form and are not to be
confused with electrical elements, which are conceptual abstractions representing
idealized electronic components.

bulk properties of a material 4ulul) 3jgall (ailad YA
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Molecular wires (or sometimes called molecular nanowires) are molecular Al Ul VAY
chains that conduct electric current. They are the proposed building blocks for molecular
electronic devices. Their typical diameters are less than three nanometers, while their lengths may
be macroscopic, extending to centimeters or more.

In organic chemistry, functional groups are specific groups (moieties) daadagll cile ganal) VAY
of atoms or bonds within molecules that are responsible for the characteristic chemical
reactions of those molecules. The same functional group will undergo the same or similar chemical
reaction(s) regardless of the size of the molecule it is a part of. However, its relative reactivity can
be modified by other functional groups nearby. The atoms of functional groups are linked to each

other and to the rest of the molecule by covalent bonds.
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Carbon nanotubes (CNTs) are allotropes of carbon with a 4.8 4, gilil) i) VAE
cylindrical nanostructure. These cylindrical carbon molecules have unusual properties,
which are valuable for nanotechnology, electronics, optics and other fields ofmaterials

science and technology.
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Coulomb blockade (CB), is the increased resistance at small bias voltages aslsS jLas VA0
of an electronic device comprising at least one low—capacitance tunnel junction. Because
of the CB, the resistances of devices are not constant at low bias voltages, but increase
to infinity for biases under a certain threshold (i.e. no current flows). When few electrons are
involved and an external static magnetic field is applied, Coulomb blockade provides the
ground for spin blockade (also called Pauli blockade) and valley blockade!!?! which
includes quantum mechanical effects due to spin and orbital interactions respectively
between the electrons.

A fullerene is a molecule of carbon in the form of a hollow sphere, ellipsoid, ()3l AR
tube, and many other shapes. Spherical fullerenes are also called Buckminster
fullerenes (buckyballs), and they resemble the balls used in football (soccer). Cylindrical
ones are called carbon nanotubes or buckytubes. Fullerenes are similar
in structure tographite, which is composed of stacked graphenesheets of linked

hexagonal rings; but they may also contain pentagonal (or sometimes heptagonal) rings.
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«Spintronics (a portmanteau meaning spin transport electronics) )y gal) ciluig SYY VAV
also known as spinelectronics or fluxtronics, is the study of the intrinsic spin of
the electron and its associated magnetic moment, in addition to its fundamental electronic

charge, in solid—state devices.

Benzene is an important organic chemical compound with the chemical (3l YAA

formula C¢H¢. The benzene molecule is composed of 6 carbon atoms joined in a ring with

1 hydrogen atom attached to each. Because it contains only carbon and hydrogen atoms,
benzene is classed as a hydrocarbon.

Styrene, also known as ethenylbenzene, vinylbenzene, and phenylethene, (Ll VA4
is an organic compound with the chemical formula CqH;CH=CH,. This derivative
of benzene is a colorless oily liquid that evaporates easily and has a sweet smell, although
high concentrations have a less pleasant odor. Styrene is the precursor to polystyrene and
several copolymers.

Conductive polymers or, more precisely, intrinsically conducting dlagall cjyadsd) V4.
polymers (ICPs) are organic polymers thatconduct electricity. Such compounds may have
metallic conductivity or can be semiconductors.

A dispersion is a system in which particles are dispersed in a continuous <cidall Y4
phase of a different composition (or state). See alsoemulsion. A dispersion is classified
in a number of different ways, including how large the particles are in relation to the
particles of the continuous phase, whether or not precipitation occurs, and the presence

of Brownian motion
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Organic synthesis is a special branch of chemical synthesis and i gzl Sl cullaf V4 Y
is concerned with the construction of organic compoundsvia organic
reactions. Organic molecules often contain a higher level of complexity than
purely inorganic compounds, so that the synthesis of organic compounds has developed
into one of the most important branches of organic chemistry
with the Polyacetylene (polyethyne) usually refers to an organic polymer oalisltgs YW
with the repeating unit (C,H,) ,. The name refers to its conceptual construction
from polymerization of acetylene to give a chain with repeating olefin groups
Polypyrrole (PPy) is a type of organic polymer formed by polymerization Hamls V4 ¢
of pyrrole. Polypyrroles are conducting polymers, related members being polythiophene,
polyaniline, and polyacetylene.
Polyaniline (PANI) is a conducting polymer of the semi-flexible rod i ‘:Agig V4o
polymer family.
Polythiophenes (PTs)are polymerized thiophenes,a sulfur heterocycledlagall jpasigall Y41
. They can become conducting when oxidized.
semiconducting polymers. Today, poly(3-alkylthiophenes) are (Y- (uwidgilsl) ‘_,Jy) V4y

archetypicalmaterials for solar cells and transistors. The following table presents some
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conjugated system is a system of connected p—orbitals with 4asjial) cfjaall 4 A
delocalized electrons in molecules with alternating single and multiple bonds, which in
general may lower the overall energy of the molecule and increase stability.

PEDOT: PSS or poly(ciis) awbs cigally (s onildl € ¥ o) saalgal) 144
(3,4—ethylenedioxythiophene) polystyrene sulfonate is apolymer mixture of two
ionomers. One component in this mixture is made up ofsodium polystyrene
sulfonate which is a sulfonated polystyrene. Part of the sulfonylgroups
are deprotonated and carry a negative charge. The other component poly(3,4-
ethylenedioxythiophene) or PEDOT is a conjugated polymer and carries positive charges
and is based on polythiophene. Together the charged macromolecules form a

macromolecular salt
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PSS Polystyrene sulfonates are polymers derived from (. fiulgd) dhigalad) (aala Yoo
polystyrene but containingsulfonate functional groups. They used to remove ions such
aspotassium, calcium and sodium from solutions in technical or medical applications.

Tetraphenylporphyrin, abbreviated TPP or H,TPP, is a synthetic (8, 5.0.8)55 ¥4
heterocyclic compound that resembles naturally occurring porphyrins.
An electron donor is a chemical entity that donates electrons to another mila (g5l Y. ¥
compound. It is areducing agentthat, by virtue of its donating electrons, is

itself oxidized in the process.
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An electron acceptor is a chemical entity that accepts electrons Juiua 0yl Y. ¥
transferred to it from another compound. It is an oxidizing agent that, by virtue of its accepting
electrons, is itself reduced in the process.!!! Electron acceptors are sometimes mistakenly called

electron receptors.
Electromigration is the transport of material caused by the gradual movementi. <! 52l ¥« ¢

of the ions in a conductor due to themomentum transfer between conducting electrons and

diffusing metal atoms.
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A crocodile clip (also alligator clip or spring clipl) is a sprung metal clip zlwalll alada Y. 0

with long, serrated jaws which is used for creating a temporary electrical connection
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A polymer is a large molecule, or macromolecule, composed of manyc)yalsdl ¥ .1
repeated subunits. Because of their broad range of properties,!*! both synthetic and

natural polymers play an essential and ubiquitous role in everyday life.
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Nanoionics is the study and application of phenomena, properties, effectsi,.sﬁi sl Y.y
and mechanisms of processes connected with fast ion transport (FIT) in all-solid—
state nanoscale systems.

An ion is an atom or a molecule in which the total number of electrons is not 03:5 YA
equal to the total number ofprotons, giving the atom or molecule a net positive or

negative electrical charge. lons created, by chemical or physical means, via ionization.
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Fast ion conductors are solids in which ions are highly mobile. Ogl Jaga Y8
These materials are important in solid-state ionics, and are also known as solid
electrolytes and superionic conductors.
Advanced superionic conductors (AdSIC) are fast ion conductors aiiia dligiymgu Jaga Y3«
that have a crystal structure close to optimal for fast ion transport (FIT). The rigid ion
sublattice of AdSIC has structure channels where mobile ions of opposite sign migrate.
Heterojunction is the interface that occurs between two <dlagll cilish (1 dsial) gajall Y1)
layers or regions of dissimilar crystalline semiconductors. These semiconducting
materials have unequal band gaps as opposed to a homojunction. It is often advantageous
to engineer the electronic energy bands in many solid-state device applications including
semiconductor lasers, solar cells and transistors (‘heterotransistors') to name a few.
combination of multiple heterojunctions in a device is called anheterostructure although
the two terms are commonly used interchangeably.
double layer (DL, electrical double layer, EDL) is structure 4.l<!) 42kl dagaje pualiall Y1 Y
that appears on the surface of an object when it is exposed to a fluid. The object might
be a solid particle, a gas bubble, a liquid droplet, or a porous body. The DL refers to two
parallel layers of charge surrounding the object. The first layer, the surface charge (either
positive or negative), comprises ions adsorbed onto the object due to chemical
interactions. The second layer is composed of ions attracted to the surface charge via
the Coulomb force, electrically screening the first layer. This second layer is loosely
associated with the object. It is made of free ions that move in the fluid under the influence
of electric attraction and thermal motion rather than being firmly anchored. It is thus called

the 'diffuse layer'.
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Solid-state ionics is the study of solid electrolytes and their uses. 4.8 Llal) Aall Yy Y
Some materials that fall into this category include inorganic crystalline and polycrystalline
solids, ceramics, glasses, polymers, and composites. Solid-state ionic devices, such
as solid oxide fuel cells can be much more reliable and long-lasting, especially under
harsh conditions, than comparable devices with fluid electrolytes.

The Technology Roadmap for Productive Nanosystems 4. 4luall lad) gili alai Y4 ¢
defines 'productive nanosystems' as functional nanometer-scale systems that
make atomically-specified structures and devices structures and
devices under programmatic control, i.e. they perform manufacturing to atomic
precision.Such devices are presently only hypothetical

Silver iodide is an inorganic compound with the formula Agl. diadll a3, i vye
The compound is a bright yellow solid, but samples almost always contain impurities of
metallic silver that give a gray coloration. The silver contamination arises because Agl is

highly photosensitive
YAY
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Rubidium silver iodide is a ternary inorganic compound with the 42l L asagl) YA
formula RbAg,l;. It is an unusual solid where the conductivity involves movement
of silver ions within the crystal lattice. It was discovered while searching for chemicals
which had the ionic conductivity properties of alpha—phase silver iodide at temperatures
below the 146 °C for Agl

(Alg3lly &1l Balall Ay A Aigadia cugee YV
Charged defects (vacancies and interstitials) in a disordered space—charge layer.
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impedance Dielectric spectroscopy (sometimes called (4l dagliall) Jjlall bl Julail) YV A
impedance spectroscopy), and also known aselectrochemical impedance spectroscopy (EIS),
measures thedielectric properties of a medium as a function offrequency. It is based on the
interaction of an external field with the electric dipole moment of the sample, often expressed
bypermittivity.

2ty L gl Slead) IS paa o ageida L Akaia aaa Alslaally dbiisyfeilil) Jalaes Y14
the creation of nanostructures with nanoionic parameter A / L ~ 1, where L is the size of device

structure, and A is the characteristic size of specific region
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of close intersection of nanoelectronics and nanoionics can be called (gl 4il) YY.

nanoelionics. Now, the vision of future nanoelectronics constrained solely by fundamental

A hard disk drive (HDD), hard disk, hard drive orfixed disk is wla (as Jol YY)

a data storage device used for storing and retrieving digital information using one or more

rigid rapidly rotating disks (platters) coated with magnetic material. The platters are paired

withmagnetic heads arranged on a moving actuator arm, which read and write data to the

platter surfaces.

IBM 305 RAMAC, the first commercial computer to use a hard disk ¥ .o &l siguas YYY
drive 305, an area code and nickname for Miami 305 (film), 758 bytes (100 words) -

Nanoionic supercapacitors belong to new class of nanoionic éligl gl g & YYY
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devices, i.e. devices operating due to fast ion transport at nano-scale. An example of
such a device is a nanoionic switch with quantum conductance. All solid state micrometre
sized  supercapacitors; based on advanced superionic conductors i.e.
nanoionic supercapacitors, have of late gained recognition as critical electron components
of future sub-voltage and deep sub-voltage nanoelectronics and related technologies.

Magnetic storage or magnetic recording is the storage of dicuhlisa Jaawd culidi YY¢
data on amagnetised medium. Magnetic storage uses different patterns of magnetisation in a
magnetisable material to store data and is a form of non-volatile memory. The information is
accessed using one or moreread/write heads.

Electromagnetism, the magnetic flux (denoted ® or®;) through a g.ughw\ oakll YYe
surface is the surface integral of the normal component of the magnetic field B passing through
that surface. The Sl unit of magnetic flux is theweber (Wb) (volt-seconds), and the CGS unit is
the maxwell. Magnetic flux is usually measured with a fluxmeter, which contains measuring coils
and electronics, that evaluates the change of voltage in the measuring coils to calculate the

magnetic flux.
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A hard disk drive platter (or disk) is the circular disk on which magnetic (ol Gk YY1
data is stored in a hard disk drive. The rigid nature of the platters in a hard drive is what gives
them their name (as opposed to the flexible materials which are used to make floppy disks). Hard
drives typically have several platters which are mounted on the same spindle. A platter can store

information on both sides, requiring two heads per platter.
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Non-volatile memory, nonvolatile memory, NVM or non-volatile 3ulaic & 5513 YYV
storage is a type of computer memory that can retrieve stored information even after having
been power cycled (turned off and back on). Examples of non-volatile memory include read—-only
memory, flash memory, ferroelectric RAM (F-RAM), most types of magnetic computer
storage devices (e.g. hard disk drives, floppy disks, and magnetic tape), optical discs, and early
computer storage methods such aspaper tape and punched cards.
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Those electrodes can be made out of ZrO,, a metal which is agaild (e s

coated in La,NiO4/La,Cu0,, or Bi;(V,(metal)O,.
Many scientists describe a 'transition metal' as any element in 4l JESY) YY4
the d-block of the periodic table, which includes groups 3 to 12 on the periodic table. In actual
practice, the f-block lanthanide and actinide series are also considered transition metals and are

called '"inner transition metals'.
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Chalcogenide glassis a glass containing one or more  gauinasllis zlaj Y¥.
chalcogens (sulfur, selenium andtellurium, but excluding oxygen). Such glasses
are covalently bonded materials and may be classified as covalent network
solids. Polonium is also a chalcogen but is not used because of its strong radioactivity.

Volatility is the tendency of a substance to vaporize. Volatility is 5j3iwa al) dlal) Y
directly related to a substance's vapor pressure. At a given temperature, a substance with
higher vapor pressure vaporizes more readily than a substance with a lower vapor
pressure.The term is primarily written to be applied to liquids; however, it may be used to
describe the process of sublimation which is associated with solid substances, such
as dry ice (solid carbon dioxide) and osmium tetroxide (OsO,), which can change directly

from the solid state to a vapor, without becoming liquid.
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Antibiotic bleomycin. Vancomycin is used if daiall cpliall dagliall duagiinl) cilig<al) Y'Y
infection with methicillin— resistantStaphylococcus aureus (MRSA) is suspected. Some

members of this class of drugs
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iPhone is a line of smartphones designed and marketed by Apple Inc.iLsa jlga YV
They run Apple's iOS mobile operating system. The first generation iPhone was released
on June 29, 2007; the most recent iPhone model is the iPhone 7, which was unveiled at

a special event on September 7, 2016
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complementary metal-oxide-semiconductor (CMOS) devices
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carbon nanotube field—-effect transistors (CNFETs), FinFETs

FinFET, also known as Fin Field Effect Transistor, li¢< ahd gy Jlaall 5i5a ) el YYV

is a type of non—planar or '3D'" transistor used in the design of modern processors. As in earlier,
planar designs, it is built on an SOI (silicon on insulator) substrate. However, FinFET designs also
use a conducting channel that rises above the level of the insulator, creating a thin silicon
structure, shaped like a fin, which is called a gate electrode. This fin-shaped electrode allows
multiple gates to operate on a single transistor.

A nanowire is a nanostructure, with the diameter of the of order iU &Ml Jlaall 5555 il giadilall YA
a nanometer (10‘9 meters). It can also be defined as the ratio of the length to width being greater
than 1000. Alternatively, nanowires can be defined as structures that have a thickness or diameter

constrained to tens of nanometers or less and an unconstrained length.
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Graphene nanoribbons (GNRs, also called Nano-graphene ribbons |l ¢ iU Ay Yr

or Nano—graphite ribbons), are strips of graphene with <50 nm width.

A resonant-tunneling diode (RTD) is a diode with a resonant-tunneling ALy Al clald v

structure in which electrons can tunnel through some resonant states at certain energy levels.
The current—voltage characteristic often exhibits negative differential resistance regions.

Quantum dots (QD) are very small semiconductor particles, only agll Lld jalie Y¢)

several nanometers in size, so small that their optical and electronic properties differ from

those of larger
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shorted-gate (SG) FinFET, or sometimes tied—gate FinFET.
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Carbon nanotubes (CNTs) are allotropes of carbon with a cylindrical g8 U ) Y e
nanostructure. These cylindrical carbon molecules have unusual properties, which are valuable

for nanotechnology, electronics, optics and other fields of materials science and technology.
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single-walled carbon nanotubes (SWCNTs) cfaall duslal dis Sl 4y i) canlil) Y £V
multiwalled carbon nanotubes (MWCNTS) ¢l 5asaia duigeSl) 4y gilil) el YEA

Definition of chiral vectors in the hexagonal lattice is Definition of chiral Jju& 4aia Y£4

vectors in the hexagonal lattice is Chiral vector is defined as “¢ ~ 21+ #32 yqing the
vectors a; and a, for the hexagonal lattice. Note that for the hexagonal lattice a unit cell
is made of 2 atoms. Note also depending on textbook, a, and a, are defined as 2 vectors

with 120 deg. openings.
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Ballistic conduction or Ballistic transport is the transport of electrons ina 4awlll) Juagll Yo.
medium having negligible electrical resistivity caused by scattering. Without scattering, electrons
obey Newton's second law of motion at non-relativistic speeds

Transmission electron microscopy (TEM) is a microscopy techniquein clig sl Juuw) gSugSia Yo
which a beam of electrons is transmitted through an ultra-thin specimen, interacting with the
specimen as it passes through it. An image is formed from the interaction of the electrons transmitted
through the specimen; the image is magnified and focused onto an imaging device, such as
a fluorescent screen, on a layer of photographic film, or to be detected by a sensor such as a charge-
coupled device

Nano-electromechanical systems (NEMS) gilil] 4.SuilSun g <) aliil) Yo ¥
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International Technology Roadmap for Semiconductors (ITRS) 4:jsal jLig 32 saly 4 pasal) palsdd) Yot
has adopted Cgy,e * Vg [ lusat (CV/1) @s @ metric. CV/l is a process—neutral, Oth order approximation
to measure transistor performance across different process generations and process technologies
from different manufacturers. In the formula Cg,. * Vaq / lasats Cgate is the junction and input
capacitance of the transistor gate, V4 is the value of the supply voltage, and I, is the saturation
current of the transistor. For fundamental improvements in process speed, each successive
process generation can decrease gate capacitance, decrease supply voltage, increase transistor

saturation drive current, or any combination of the three factors.
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Palladium is a chemical element with symbol Pd and atomic number 46. agSul) Yo 4

It is a rare and lustrous silvery—white metal discovered
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A popular method is nanoimprint, a type of lithography that creates gl daa: Y1V
patternsby mechanical deformation of imprint resist through a mold, which has
predefined topological patterns
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Quantum dot cellular automata (sometimes referred to simply (QCA)&,glal)" asl) <N YVY

as quantum cellular automata, or QCA) are a proposed improvement on conventional computer
design (CMOS), which have been devised in analogy to conventional models of cellular
automata .Any device designed to represent data and perform computation, regardless of the
physics principles it exploits and materials used to build it, must have two fundamental properties:
distinguishability and conditional change of state, the latter implying the former. This means that
such a device must have barriers that make it possible to distinguish between states, and that it

must have the ability to control these barriers to perform conditional change of state. For example,
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in a digital electronic system, transistors play the role of such controllable energy barriers, making
it extremely practical to perform computing with them. A cellular automata (CA) is a finite state
machine consisting of a uniform (finite or infinite) grid of cells. Each cell can be in only one of a
finite number of states at a discrete time. As time moves forward, the state of each cell in the grid
is determined by a transformation rule that factors in its previous state and the states of the
immediately adjacent cells (the cell's 'neighborhood").

aSl) Bl af (e sl 0N AuLE L glal) Al aNT LA Jelas YV
Cellular automata are commonly implemented as software programs. However, in 1993, Lent et
al. proposed a physical implementation of an automaton using quantum-dot cells. The automaton
quickly gained popularity and it was first fabricated in 1997. Lent combined the discrete nature of
both cellular automata and quantum mechanics, to create Nano-scale devices capable of
performing computation at very high switching speeds (order of Terahertz) and consuming
extremely small amounts of electrical power. Today, standard solid state QCA cell design

considers the distance between quantum dots to be about 20 nm, and a distance between cells
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of about 60 nm. Just like any CA, Quantum (-dot) Cellular Automata are based on the simple
interaction rules between cells placed on a grid. A QCA cell is constructed from four quantum
dots arranged in a square pattern. These quantum dots are sites electrons can occupy
by tunneling to them.

QCA Wire is Grid arrangements of quantum—dot cells behaved; glall’ asl) ey e YV ¢
in ways that allow for computation. The simplest practical cell arrangement is given by placing
quantum-dot cells in series, to the side of each other. Figure 4 shows such an arrangement of
four quantum-dot cells. The bounding boxes in the figure do not represent physical

implementation, but are shown as means to identify individual cells.

Inverters for Every Situation the Inverter Store is ready to offer solutions to_uslll YVe

any off-grid or on—grid need. Whether you have a Solar System, Gas Generator,

Majority gate and inverter (NOT) gate are considered as thed sty asl) eyl ey g YV

two most fundamental building blocks of QCA. Figure 5 shows a majority gate with three inputs
and one output. In this structure, the electrical field effect of each input on the output is identical
and additive, with the result that whichever input state ('binary (" or 'binary 1') is in the majority
becomes the state of the output cell — hence the gate's name. For example, if inputs A and B
exist in a “binary (” state and input C exists in a “binary 1” state, the output will exist in a “binary
0” state since the combined electrical field effect of inputs A and B together is greater than that

of input C alone
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The field—effect transistor (FET) is a transistor that Jlaall Slal aalgl gl L giagils YVY
uses an electric field to control the shape and hence the electricalconductivity of
a channel of one type of charge carrier in a semiconductor material. FETs are also known

as unipolar transistors and as they involve single—carrier-type operation. The FET has
several forms, but all have high input impedance. While the conductivity of a non-FET transistor
is regulated by the input current (the emitter to base current) and so has a low input impedance,
a FET's conductivity is regulated by a voltage applied to a terminal (the gate) which is insulated
from the device.

a logic gate is an idealized or physical device implementing 4.hiall aalgl) sgall clisdl YVA
a Boolean function; that is, it performs a logical operation on one or more logical inputs, and
produces a single logical output. Depending on the context, the term may refer to an ideal logic
gate, one that has for instance zero rise time and unlimited fan—out, or it may refer to a non-ideal

physical device!!! (see Ideal and real op-amps for comparison).
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A scanning tunneling microscope (STM) is an instrument for imaging AL maadl e YA
surfaces at the atomic level. Its development in 1981 earned its inventors, Gerd
Binnig and Heinrich Rohrer (at IBMZiirich), the Nobel Prize in Physics in 1986.'"? For an STM,
good resolution is considered to be (0.1 nm lateral resolution and (.01 nm depth resolution.’®! With
this resolution, individual atoms within materials are routinely imaged and manipulated. The STM
can be used not only in ultra—high vacuum but also in air, water, and various other liquid or gas
ambients, and at temperatures ranging from near zero kelvin to a few hundred degrees Celsius

Atomic—force microscopy (AFM) or scanning—force Microscopy (SFM) )M 5581 sgaa YAY
is a very—high-resolution type of scanning probe microscopy (SPM), with demonstrated resolution
on the order of fractions of a nanometer, more than 1000 times better than the optical diffraction
limit.
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Molecular wires (molecular nanowires) are molecular chains that 4.ujal DIl YA
conduct electric current. They are the proposed building blocks for molecular electronic devices.
Their typical diameters are less than three nanometers, while their lengths may be macroscopic,
extending to centimeters or more.

A rotaxane is a mechanically interlocked molecular architecture consisting _uilusligy YAY
of a 'dumbbell shaped molecule’ which is threaded through a 'macrocycle’ (see graphical
representation). The name is derived from the Latin for wheel (rota) and axle (axis). The two
components of a rotaxane are kinetically trapped since the ends of the dumbbell (often called
stoppers) are larger than the internal diameter of the ring and prevent dissociation (unthreading)
of the components since this would require significant distortion of the covalent bonds.

A catenane is a mechanically—-interlocked molecular architecture consisting _uuilisls YAY
of two or more interlocked macrocycles. The interlocked rings cannot be separated without
breaking the covalent bonds of the macrocycles. Catenane is derived from
the Latin catena meaning '"chain'. They are conceptually related to other mechanically interlocked
molecular architectures, such as rotaxanes, molecular knots ormolecular Borromean rings.
Recently the terminology 'mechanical bond" has been coined that describes the connection

between the macrocycles of a catenane.
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Self-assembled monolayers (SAM) of organic A:i)Al deaaal) LalaY) cilidal) 4ui5a YAS
molecules are molecular assemblies formed spontaneously on surfaces by adsorption and are
organized into more or less large ordered domains.!'?! |In some cases molecules that form the
monolayer do not interact strongly with the substrate.

A unimolecular rectifier is a single organic molecule which functions 4jal)Lall Clasga YA
as a rectifier (one-way conductor) of electric current. The idea was first proposed in 1974 by
Arieh (later Ari) Aviram, then at IBM, and Mark Ratner, then at New York University. Their
publication was the first serious and concrete theoretical proposal in the new field of molecular
electronics (UE).

Supramolecular electronics is the experimental field of ¥ s<dgalypgud) cilig A<l YAR
supramolecular chemistry that bridges the gap between molecular electronics and bulk plastics in
the construction of electronic circuitry at the nanoscale . In supramolecular electronics,
assemblies of pi-conjugated systems on the 5 to 100 nanometerlength scale are prepared
by molecular self-assembly with the aim to fit these structures between electrodes. With single-
molecules as researched in molecular electronics at the 5 nanometers scale this would be
impractical. Nanofibers can be prepared from polymers such
as polyaniline and polyacetylene . Chiral oligo(p—phenylenevinylene) s self-assemble in a
controlled fashion into (helical) wires. An example of actively researched compounds in this field

are certaincoronenes.
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