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Chapter - 7

Introductory of Nano Patterning and their Methods

K.N. Singh, Vipin Kumar and Sandip Kumar Gautam

Abstract

Nano patterning refers to the process of creating highly precise and
controlled patterns or structures at the nano scale, which is on the order of
billionths of a meter (nanometers or nm). Nano patterning techniques enable
the creation of structures and features that are much smaller than the
wavelength of visible light. These techniques are essential in various fields,
including electronics, materials science, photonics, biotechnology, and more.
Nano patterning allows for the development of advanced devices and
materials with improved performance, such as faster and more energy-
efficient electronic components, highly sensitive sensors, and new materials
with unique optical, mechanical, or biological properties.

Keywords: Nano scale, biotechnology, nano patterning, wavelength and
sensors

Introduction
Nano patterning

Nano patterning refers to the process of creating highly precise and
controlled patterns or structures at the nano scale, which is on the order of
billionths of a meter (nanometers or nm). It is a fundamental technique in
nanotechnology, and it involves the manipulation of materials and surfaces
at the atomic or molecular level to design and fabricate nano scale structures
with specific properties and functionalities.

Nano patterning techniques enable the creation of structures and features
that are much smaller than the wavelength of visible light. These techniques
are essential in various fields, including electronics, materials science,
photonics, biotechnology, and more. Nano patterning allows for the
development of advanced devices and materials with improved performance,
such as faster and more energy-efficient electronic components, highly
sensitive sensors, and new materials with unique optical, mechanical, or
biological properties.

Page | 103



Common nano patterning techniques include

Photolithography: A widely used technique in semiconductor
manufacturing, it involves using light to create patterns on a
photosensitive material. Photolithography has been crucial in
producing smaller and more densely packed integrated circuits.

Nano imprint lithography: This technique involves pressing a
mold or template onto a substrate to transfer a pattern. It is often
used to create nano scale patterns on surfaces.

E-beam lithography: In e-beam lithography, a focused electron
beam is used to write or draw nano scale patterns on a substrate. It
Is highly precise but can be relatively slow for large-scale
applications.

Dip-pen nanolithography: This method uses the atomic force
microscope (AFM) tip to write or deposit molecules on a substrate
with nano scale precision. It is often used in chemical and
biological applications.

Block copolymer lithography: Block copolymers self-assemble
into regular nano scale patterns, and this property can be harnessed
to create nano scale structures.

Applications of nano patterning

1)

2)

3)

4)

5)

Semiconductor fabrication: Nano patterning is crucial in the
manufacturing of semiconductor devices. It is used to create the
intricate patterns of transistors, interconnects, and other components
on silicon wafers.

Data storage: Nanopatterning is used in the development of high-
density data storage devices, such as hard drives and non-volatile
memory, enabling the creation of smaller and more closely packed
data storage elements.

Photolithography and Optics: In the fabrication of optical
components, photonic devices, and sensors, nano patterning is
essential to create precise structures and patterns at the nano scale.

Biosensors: Nano patterning is employed in the development of
biosensors used in medical diagnostics and drug discovery. It
allows for the precise placement of biomolecules on sensor
surfaces.

Tissue engineering: In tissue engineering, nano patterning is used
to create substrates with precise nano scale topographies to guide
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6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

cell growth and tissue formation, facilitating the development of
functional tissues and organs.

Plasmonics: Nano patterning plays a significant role in plasmonic
devices, which manipulate light at the nano scale. Plasmonic
structures are used in applications like sensing and imaging.

Nano electromechanical Systems (NEMS): Nano patterning is
used to create NEMS devices for high-precision sensing and
actuation applications.

Nano fluidics: In nano fluidics, nano patterning is used to create
channels and structures for the manipulation and control of fluids at
the nanoscale, which has applications in lab-on-a- chip systems and
chemical analysis.

Energy Storage and Conversion: Nano patterning is applied to
materials for energy storage, such as lithium-ion batteries and super
capacitors, as well as in energy conversion technologies like solar
cells.

Nano medicine: Nano patterning is utilized in drug delivery
systems, allowing for the controlled release of drugs at the nano
scale, which can improve drug efficacy and reduce side effects.

Metamaterials: Nano patterning is crucial in the development of
meta materials with unique electromagnetic properties, enabling
applications such as cloaking devices and novel optical
components.

Nano electronics: In addition to traditional semiconductor devices,
nano patterning is used to create nano electronic components for
emerging technologies like quantum computing.

Catalysis: Nano patterning of catalyst surfaces enhances catalytic
activity by providing a high surface area and tailored reactivity,
which has applications in fuel cells and environmental remediation.

Surface Enhanced Raman Spectroscopy (SERS): Nano
patterning of surfaces can greatly enhance Raman scattering,
enabling highly sensitive chemical and biological sensing
applications.

Nanofabrication for research tools: Nano patterning is used to
create specialized tools for research, such as atomic force
microscopy (AFM) tips, scanning tunneling microscopy (STM) tips,
and nano imprint lithography templates. Nano patterning by optical
method Nano-patterning by optical methods involves creating
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patterns or structures at the nano scale (typically with features less
than 100 nanometers) using various optical techniques. These
techniques utilize light, often in the form of laser beams or other
optical tools, to manipulate and control matter at the nano scale.
Nano-patterning is a crucial process in various fields, including
nanotechnology, electronics, photonics, and materials science.

Application of nano patterning by optical method
1. Semiconductor industry

Nano-patterning is a fundamental process in the fabrication of integrated
circuits. Photolithography and other optical techniques are used to create
patterns on semiconductor wafers, enabling the production of smaller and
more powerful microchips.

2. Photonics and Optoelectronics

Optical nano-patterning is used to create photonic devices, such as
waveguides, optical gratings, and photonic crystal structures. These
components find applications in telecommunications, laser systems, and
optical sensing.

3. Nano electronics

Nano-patterning enables the creation of nano scale electronic devices
and components, including transistors, sensors, and memory storage devices.
These advancements are essential for the development of high-performance
electronics.

4. Data storage

Optical lithography techniques are employed to create high-density data
storage media, such as Blu-ray discs and advanced hard disk drives, with
smaller and more densely packed data bits.

5. Biotechnology and Biomedical applications

Nano-patterning is used in the fabrication of biosensors, lab-on-a-chip
devices, and drug delivery systems. It allows for precise control over the size
and placement of biological and chemical components at the nano scale.

6. Micro and Nano fluidics

Nano-patterning is used to create channels, reservoirs, and valves for
microfluidic and nano fluidic devices. These devices are crucial in areas like
diagnostics, drug delivery, and lab- on-a-chip applications.
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7. Meta materials

Optical nano-patterning is used to create meta materials with unique
optical properties. These materials have applications in cloaking devices,
super lenses, and other exotic optical phenomena.

8. Plasmonics

Plasmonic nanostructures created through patterning are used for
surface-enhanced spectroscopy, sensing, and imaging. Plasmonics enable the
manipulation of light at the nano scale.

9. Nano photonics

Nano-patterning is essential in the development of nano scale photonic
devices, such as photo detectors, light-emitting diodes, and nano scale lasers.

10. Solar cells

Nano-patterning can be used to improve the efficiency of solar cells by
creating textured surfaces that enhance light absorption and reduce
reflection.

11. Antireflection coatings

Nano-patterned surfaces can be designed to minimize reflection and
increase the transmission of light, making them valuable for applications like
optical lenses and displays.

12. Micro and Nano machines

Optical methods are used to create the intricate components of micro-
and nano scale machines, including micro-robotics and micro
electromechanical systems (MEMS).

13. Nanofabrication and Nano manufacturing

In research and development, nano-patterning is used to create templates
and molds for subsequent nano-structuring techniques, such as nano scale
replication and casting.

14. Research in nano science

Nano-patterning techniques are critical for the fabrication of test
structures and research tools used to investigate nano scale phenomena and
study material properties at the atomic and molecular levels.
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Technique for nano patterning by optical method

A. Photolithography

Basic concept: Photolithography is one of the most widely used
techniques for nano-patterning in the semiconductor industry. It
involves exposing a photoresist-coated substrate to UV light
through a photo mask, creating a pattern on the photoresist.

Application: Semiconductor manufacturing, microelectronics,
micro fabrication.

B. Interference lithography

Basic concept: Interference lithography uses interference patterns
created by multiple coherent light beams to create periodic
nanostructures on a substrate.

Application: Photonics, meta materials, diffraction gratings.

C. Near-Field Scanning Optical Microscopy (NSOM)

Basic concept: NSOM uses a tiny aperture at the tip of a scanning
probe to focus light down to a nano scale spot, allowing for direct
patterning or imaging at the nano scale.

Application: Nano scale imaging, lithography, plasmonics.

D. Two-photon lithography

Basic concept: Two-photon lithography utilizes two-photon
absorption to create 3D nanostructures with high precision. A
tightly focused laser beam provides the energy for polymerization at
the nano scale.

Application: Micro-optics, microfluidics, tissue engineering.

E. Holographic lithography

Basic concept: Holographic lithography uses interference patterns
created by laser beams to expose a photoresist or directly pattern a
substrate.

Application: Photonic crystals, holographic devices, data storage.

F. Laser ablation

Basic concept: Laser ablation involves using high-energy laser
pulses to selectively remove material from a substrate, creating
patterns by scanning the laser beam.
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Application: Thin film patterning, micro fabrication, nano scale
machining.

G. Plasmonic nanolithography

Basic concept: Plasmonic nanolithography uses plasmonic
materials to enhance the interaction of light with matter at the nano
scale, allowing for high-resolution patterning.

Application: Surface-enhanced Raman spectroscopy (SERS),
plasmonic devices, nano-optics.

H. Evanescent wave lithography

Basic concept: Evanescent wave lithography uses the evanescent
field of total internal reflection to create patterns with features
below the diffraction limit.

I.  Application

High-resolution nano scale patterning, biochips. Maskless Lithography:

Basic concept: Maskless lithography eliminates the need for a
photo mask and directly writes patterns using a spatial light
modulator (SLM) or a digital micro mirror device (DMD).

Application: Rapid prototyping, custom patterning.

J. Electron-Beam Lithography (EBL) (although not optical, it's often
included in this context)

Basic concept: EBL uses a focused electron beam to create patterns
with extremely high resolution at the nano scale.

e Application: Research, semiconductor prototyping,
nanofabrication.
Advantages
1) High resolution: Optical methods can achieve high resolution and

2)

3)

precision at the nano scale, allowing for the creation of intricate
patterns and structures.

Large area patterning: Some optical techniques, like
photolithography, can pattern large areas simultaneously, making
them suitable for mass production in industries such as
semiconductor manufacturing.

High throughput: Many optical methods can pattern large
numbers of structures quickly, which is beneficial for industries
requiring high production rates.
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4)

5)

6)

7)

8)

Cost-efficiency: Optical lithography techniques can be cost-
effective, particularly when producing large quantities of identical
patterns.

Versatility: Optical methods can be used to pattern a wide range of
materials, including semiconductors, metals, polymers, and
biomaterials.

Compatibility with standard processes: Optical nano-patterning
is often compatible with existing micro fabrication processes,
making it a valuable tool in various industries.

Scalability: These methods are scalable, making it possible to
pattern structures ranging from the nano scale to the micro scale.

Direct write and digital control: Some techniques, such as
electron-beam lithography and maskless lithography, allow for
direct write and digital control, enabling rapid prototyping and
custom patterning.

Disadvantages

1)

2)

3)

4)

5)

6)

7)

Diffraction limit: Optical methods are limited by the diffraction
limit of light, which restricts the minimum feature size that can be
achieved using conventional optical techniques.

Complexity for 3D structures: Creating complex three-
dimensional structures can be challenging with optical methods.
Techniques like two-photon lithography are better suited for 3D
patterning.

Mask generation: Photolithography and other mask-based
techniques require the fabrication of photo masks, which can be
time-consuming and costly, especially for custom patterns.

Limited to transparent substrates: Some optical techniques, like
photolithography, work best on transparent or semi-transparent
substrates, which can limit their applicability.

Cost of equipment: High-quality optical equipment, such as
photolithography machines, can be expensive to acquire and
maintain.

Waste generation: Some optical methods involve chemical
processes that generate chemical waste, requiring proper disposal
and environmental considerations.

Environmental sensitivity: Environmental factors, such as ambient
light and temperature fluctuations, can affect the accuracy and
reproducibility of optical methods.
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8) Chemical and Photoresist selection: Choosing the right
photoresist and chemicals is crucial for success, and this can be a
complex process that requires expertise.

Nano patterning by x-ray

Nano patterning by X-ray is a cutting-edge technology that allows
scientists and engineers to create highly precise, nano scale patterns on
various substrates and materials using X-ray radiation. This technique has
gained prominence in recent years due to its ability to fabricate intricate
structures at the atomic and molecular levels. In this introduction, we will
explore the fundamental principles, significance, and applications of nano
patterning by X-ray.

Significance

Nano scale patterning is a fundamental process in numerous fields,
including  microelectronics,  photonics, materials  science, and
nanotechnology. It enables the production of intricate structures and devices
with dimensions on the order of nanometers, which is essential for achieving
high performance, miniaturization, and improved functionality.

X-rays, with their extremely short wavelengths, have the unique ability
to resolve features at the nano scale. This makes them a powerful tool for
nano patterning. Compared to traditional photolithography and electron
beam lithography, X-ray-based methods offer several advantages, including
higher resolution and the ability to pattern a wide range of materials, from
semiconductors to polymers.

Principles

Nano patterning by X-ray relies on the interaction between X-ray
photons and matter. The key principles include:

1) Short wavelength: X-rays have much shorter wavelengths than
visible light. This property allows them to resolve features on the
nanoscale, surpassing the limitations of optical lithography.

2) Absorption and Scattering: X-rays can be selectively absorbed or
scattered by various materials, depending on their energy. This
property is exploited to create patterns by controlling the exposure
of a substrate to X-rays.

3) Mask or maskless techniques: X-ray patterning can be performed
using masks, where the pattern is defined on the mask, or maskless
techniques, which offer more flexibility and rapid prototyping.
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4) Interference and Diffraction: Techniques like X-ray interference
lithography utilize the interference and diffraction of X-ray beams
to create periodic patterns on the substrate.

Applications

Nano patterning by X-ray finds applications in a wide range of fields,
including:

1) Semiconductor fabrication: In the semiconductor industry, X-ray
lithography is used to create intricate patterns on silicon wafers,
enabling the production of smaller and more powerful microchips.

2) Photonics: X-ray patterning is instrumental in the development of
photonic devices, such as high-performance optical components,
waveguides, and photonic crystals.

3) Materials science: Researchers use X-ray nano patterning to
investigate the properties of novel materials and create customized
surfaces with unique properties.

4) Biotechnology: X-ray nano patterning has applications in the
development of lab-on-a-chip devices for medical diagnostics and
biomolecule analysis.

5) Nanotechnology: It plays a crucial role in the creation of nano
scale structures and devices with diverse functionalities, from nano
electronics to sensors and nano materials.

Techniques of nano patterning by x-ray
1. X-ray lithography

Principle: X-ray lithography is similar to traditional photolithography
but uses X-rays instead of ultraviolet light. X-rays are directed through a
mask containing the desired pattern and expose a photosensitive resist on a
substrate.

Advantages: It offers high resolution due to the short wavelength of X-
rays. This method is widely used in the semiconductor industry for
fabricating integrated circuits.

Limitations: Requires a mask, which can be costly and time-consuming
to produce.

2. Zone plate lithography

Principle: Zone plates are diffractive optical elements that focus X-rays
to a fine point, enabling high-resolution patterning. They work based on
diffraction and interference.
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Advantages: Zone plates allow for extremely high resolution, making
them suitable for advanced research applications in nanotechnology and
materials science.

Limitations: Complex manufacturing and challenges in achieving
extreme precision.

3. X-ray interference lithography

Principle: X-ray interference lithography involves superimposing two
or more X-ray beams to create interference patterns on a photosensitive
substrate, leading to a periodic nanoscale pattern.

Advantages: Capable of creating highly regular and precisely spaced
patterns. Used in applications where periodic structures are needed, such as
photonic crystals.

Limitations: Requires careful control of X-ray beams and may be
complex to set up.

4. Maskless x-ray nanolithography

Principle: In maskless X-ray nanolithography, a focused X-ray beam is
directly used to write patterns on a substrate. This technique offers flexibility
and rapid prototyping.

Advantages: Enables precise and rapid patterning without the need for
masks. Suitable for research and prototyping applications.

Limitations: Limited throughput for large-scale production.
5. X-ray projection microscopy

Principle: X-ray projection microscopy is used for imaging and
patterning. X-rays pass through the sample, and the transmitted intensity is
recorded to create a high-resolution image or pattern.

Advantages: Allows for imaging and patterning on the nanoscale,
suitable for applications in materials science and structural biology.

Limitations: Limited to certain imaging and patterning applications.
6. Soft x-ray patterning

Principle: Soft X-rays, which have lower energy, are used for
patterning soft and organic materials. They can be employed in applications
such as organic electronics.

Advantages: Suited for materials that may be damaged by higher-
energy X-rays. Enables patterning of organic and biological materials.
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Limitations: Limited to specific applications due to lower energy

levels.
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