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Background. At present, with the continuous development of nanotechnology, great changes have taken place in people’s lives in
medical treatment, production, daily leisure, and so on. Nanooptical technology is entirely based on nanotechnology that laser and
visible light are limited to submicron structures (nanopores, nanoslits, and nanoneedles). Due to the great development potential
of nanooptical technology in nanoscale sensors, TOF camera applications, THz imaging technology, and other imaging
equipment materials and applications, people have been interested in it, recently. Scope and Approach. In this review, the
importance of good practices for nanooptical technology used in equipment as both nanometer scale sensors and optical auxiliary
equipment is described. Based on recent reports, this work discussed the development of nanooptical technology in daily
photography and medical imaging from both the positive and the negative sides and compared the engineering techniques. Key
Findings and Conclusions. As a kind of new optical technology, nanooptical technology can produce the plasmonic effect under the
intense collision of atoms and electrons in nanostructures. It has significant effects in superresolution nanolithography, high-
density data storage, near-field optics, and other fields. Although the current nanooptic technology is not extremely mature, the
results obtained from current works are pointing out that nanooptical technology is the future of daily imaging and medical
imaging, and it also will play a positive role in the improvement of people’s health and ecological environment quality. As a trend,
nanooptical technology is developing in the direction of energy-saving, portability, high efficiency, and low pollution, and in the
upsurge of environmental protection in the world, nanooptical technology will surely achieve amazing development in the field of
daily photography and medical imaging. Under the huge market demand and innovation power, nanophotonics technology will
cover all emerging technologies that share the same research field with it and take advantage of each technology (terahertz, cell and
molecular microscopy, and nanoscale probes) to develop an unprecedented new century in nanoscience. (e future trends of
research contain finding new imaging equipment with nanostructure, designing nanooptical products, and improving
engineering techniques.

1. Introduction

With the development of industrialization, optics, an ancient
subject, has developed rapidly. In recent years, optics has
evolved into many branches, such as nanooptics, metasur-
face, terahertz, and so on. As a result, in information

transmission, more and more channels are needed, the
storage density is higher than before, and the processing
speed is faster. (erefore, the size of the unit device is re-
quired to be smaller, and in the final size to break through
the diffraction limit, the space distance of the device is also
smaller. With the increasing demand for information in the
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21st century, nanophotonics as a new optical technology has
unimaginable development potential in digital imaging and
digital storage.

Nanophotonics is the combination of nanotechnology
and photonics, which are two major technologies in the 21st
century. Its main advantage is that it can realize many new
functions on the basis of local electromagnetic interaction.
In nanophotonics, the traditional concepts of interference
and diffraction are no longer applicable, but replaced by
some new concepts. In the near-field condition, the size of
the unit device is tens of nanometers, and the corresponding
energy transmission time is tens of picoseconds. Compared
with the current electronic integration technology, these
parameters are undoubtedly a leap [1]. Since 1999, the in-
tegration technology of nanophotonic devices based on
surface plasmon and near-field optics has developed rapidly
[2]. Japan, the United States, France, Germany, and other
developed countries have invested huge human and financial
resources to study this frontier subject, in order to achieve
the “3T target” of the information age in the 21st century.
(e calculation speed reaches 1 Tbit/s and storage density up
to 1 Tbit/in2 [3]. (erefore, nanophoton firmware with high
computing power can control the computing power in the
millisecond level. In the millisecond level, medical equip-
ment and nanooptical special equipment used in life are
expected to be error-free, and nanooptical instruments at
this level may help operators to perform a series of complex
and difficult mechanical operations through remote oper-
ation of instruments [4].

Under this trend of nanophotonics development, it can
not only make the digital storage technology get better but
also can make the digital imaging become more precise.
Nanophotonics-assisted polymer materials realize five-di-
mensional optical storage including spatial domain, time
domain, polarization, and other dimensions, which is two-
dimensional more than blue light three-dimensional DVD.
It has the storage capacity of tb (1 tb� 1024 gb) or even Pb
(1 PB� 1024 tb), which is equivalent to the storage capacity
of 10000 DVDs. (is is also the first time in the world for
scientists to use the principle of two beam superresolution to
break through the optical diffraction limit in polymers and
realize the optical storage technology of 9 nm characteristic
size [5]. As a result of this, there will be a lot of demand of
nanophotonics in the future market and industry. Due to the
popularity of digital cameras and mobile phones, there is a
hugemarket demand for image sensing and imaging devices.
International leading enterprises, such as STMicroelec-
tronics and Panasonic, have invested a lot in the research of
complementary metal oxide semiconductor and other
COMS-related devices. Nanophotonics is expected to make
great breakthroughs in sensing imaging, sensing measure-
ment, display, and medical image. (e surface plasma
photonics used to enhance magnetic storage, nano-
photonics, and nanoimaging technology for diagnosis and
treatment and drug delivery will significantly improve the
efficiency of imaging and information transmission in the
field of professional photography and medical imaging [6].
For example, Purdue University recently developed a new
ultrasensitive medical imaging technology. It uses a near-

infrared laser to irradiate the skin to detect tiny gold
nanorods that are injected into the blood to make them
shine. In experiments with mice, the images produced by the
nanorods are about 60 times brighter than those produced
by conventional fluorescent dyes, including rhodanine,
which is widely used in the study of biological imaging in
cells and molecules. So, it is possible to develop nanorods
into an advanced medical imaging tool for early detection of
cancer. Nanophotonics technology can use photon statistics
and far-field microscopic spatial response to reconstruct the
high-resolution image; we can display nanoquantity, and
even the sensitivity is below the photon counting level [7]. In
this situation, nanophotonics can undertake the important
research and development of human society, such as elec-
tronic information storage and transmission, nanooptical
imaging, medical diagnosis, and so on. As a new technology,
it can bring great changes and new creation to human
science and technology in the next decade or a hundred
years. It has the strength to prove that nanophotonics can
subvert the development direction of the next generation of
human science and technology and will be able to provide a
variety of change ways for the development of science in-
dustry, cultural industry, medicine, and even cultural
inheritance.

(ere have been many research studies of nanooptics or
nanophotonics published in the recent years, with increasing
numbers of publication and citation. A few review studies of
nanophotonics, such as all-optical routing, surface plasmon
photonics for enhanced magnetic storage, nanoimaging, and
nanophotonics, are used in diagnosis, treatment, and drug
delivery to explore the development potential of nano-
photonics in the field of photography and medical imaging.
Here, we review the past research studies, discuss the topics
related to the development of science and technology to
change life, and observe from the positive (development of
science and technology, engineering techniques innovation)
to the negative (development difficulty and social or envi-
ronmental hazards). Compare the engineering methods/
techniques for the production of nanophotonics products,
discuss the last findings and conclusions in literature, and
propose the possible research directions for future works
relative to nanooptics. (is review study may benefit re-
searchers, manufacturers, and government and relative
agency officials to design their nanophotonics-based prod-
ucts with most up-to-date and necessary information readily
available here.

2. Functional Properties

Figure 1 shows the main applications of nanooptics in the
field of medical imaging and photographic imaging. Now-
adays, it is in daily life to unlock smart phones through face
recognition. However, the public rarely understand that it is
a time-consuming and energy-consuming process behind
this; first, the optical information of the face is collected by
sensors and sent to the neural network in the computer, and
the visual information is converted into electronic infor-
mation through electronic hardware, and then, the image
information is displayed. With the help of nanophotonics,
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these functional optoelectronic devices can become more
high speed, efficient, and energy-saving.(e firmware can be
applied to medical imaging, intelligent driving, art appre-
ciation, and satellite image processing. Compared with the
existing solutions, they occupy less space and consume less
energy and cost. (e upper limit of computing power of our
reasoning perceptron in visible and near-infrared bands
printed by nanooptical technology is 400 exaflops (1018 flops
per second for floating operation). Compared with dif-
fraction equipment and integrated photonic hardware in
millimeter wave, microwave, and other bands, the number of
operations per second increases by 3–5 orders of magnitude
[8]. Using superresolution 3D nanofabrication technology,
we can directly integrate AI optical devices into the existing
CMOS image sensor, which is equivalent to placing cus-
tomized smart glasses for specific tasks on the image sensor,
which can process the incoming optical information before
detecting it [9].

Furthermore, nanostructured optical filters can also be
widely used in photography and medical imaging. Periodic
refractive index or photonic crystal nanostructures can
adjust and control the transmission and reflection spectra. In
this case, the overlapping of multiple grooves with different
periods can theoretically control the light of each color.
Different from the traditional Bayer filter method, all colors
can be sorted by surface plasmon resonance, and even a
single nanostructured metal film can achieve fine color
selection. (e basic principle of the traditional Bayer pro-
cess, as a chemical stationary process for more than 100
years, is the process of obtaining alumina. First, bauxite is
dissolved out with NaOH solution under high temperature
and high pressure, so that alumina hydrate in bauxite reacts
rightwards according to the above formula to obtain sodium
aluminate solution, and impurities such as iron and silicon

enter red mud [10]. Adding varieties to the sodium alu-
minate solution after thoroughly separating red mud,
decomposing under the conditions of continuous stirring
and gradual cooling, make the above formula react to the left
to precipitate aluminum hydroxide and obtain a mother
liquor containing a large amount of sodium hydroxide [11].
(e mother liquor is evaporated and concentrated and then
returned for dissolving out a new batch of bauxite. (e
aluminum hydroxide is calcined and dehydrated to obtain
the product aluminum oxide. In this study, through the
improvement of nanooptical materials, the chemical process
in the past 100 years has undergone new changes, which can
make a breakthrough in the production process and auto-
mation equipment. As early as ten years ago, it has been
confirmed that the infrared receiver based on nanophotonics
can be fully compatible with CMOS technology in the
imaging process and can be used as a sensor, which is very
important in daily mobile phone camera and medical im-
aging [12].

In recent studies, terahertz imaging under the extension
of nanophotonics technology is more obvious for medical
imaging. Terahertz technology can be used not only for MRI
but also for skin cancer detection. Compared with X-ray,
terahertz wave has lower photon energy (1 THz� 4.1MeV),
which can avoid the side effects of X-ray medical imaging. In
addition, water molecules show strong absorption for ter-
ahertz wave. (e research shows that the terahertz wave
radiation from air plasma is quite different from that from
water. For example, longer laser pulse duration increases the
amount of THz radiation energy generated from water, but
the opposite is true for air plasma: shorter pulse will increase
THz radiation [13]. Moreover, when away from the normal
incident angle of optical excitation, the terahertz radiation
intensity from water depends on the polarization of laser
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Figure 1: (e main applications of nanooptics in the field of medical imaging and photographic imaging.
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beam, while the terahertz radiation from air plasma is po-
larization independent [14]. (erefore, terahertz spectros-
copy can be used in medicine to observe the difference
between the water content of tumor tissue and normal cells,
so as to judge the development of tumor, and also can be
used to identify normal tissue and inflammatory skin tissue.
(e terahertz spectrum of matter contains abundant in-
formation of molecular structure. Most of the lattice vi-
brations of matter and the transitions between the rotational
and vibrational energy levels of molecules correspond to the
terahertz band. (e position, intensity, and shape of the
transmission absorption spectrum of each matter are dif-
ferent in this band. (erefore, the terahertz spectrum can
reflect the subtle changes of molecular species and struc-
tures, making them have the same unique characteristics as
fingerprints, so the terahertz spectrum is also known as
molecular fingerprints. According to the molecular finger-
print characteristics of terahertz spectroscopy, we can an-
alyze and study the material composition, microstructure,
and their interaction relationship. According to the existing
research results, the transmission properties of terahertz
radiation to polar dielectrics, electrodeless dielectrics, and
metal conductors are very different. (ere is an equivalent
dipole moment in polar dielectrics and a large number of
free moving charges in metal conductors. When they in-
teract with terahertz waves, resonance absorption occurs, so
the penetration of terahertz waves to these two materials is
very low. However, electrodeless dielectrics have no reso-
nance absorption effect on the terahertz wave, so they have
strong penetrability. (us, terahertz imaging can distinguish
different materials. Many packaging materials, such as
plastics, cartons, cloth, wood, and so on, belong to elec-
trodeless dielectrics, but they are opaque to visible light.
(erefore, terahertz perspective imaging of opaque objects
can be combined with corresponding technologies, which
can be used as a supplement to X-ray and ultrasonic imaging
technologies to detect internal defects of materials and items
in sealed packaging [15].

(e human trial conducted by Woodward et al. [16] is
the first experiment for terahertz pulse scanning imaging of
the skin and other cancers performed.(e experiment shows
that the cancerous tissue contains more water than normal
tissue, and water molecules and other polar molecules will
absorb a lot of terahertz wave; normal tissue, cancerous
tissue, and inflammatory tissue can be easily distinguished in
terahertz wave imaging results, so that terahertz wave im-
aging of cancerous tissue can have great practical signifi-
cance. Terahertz wave imaging technology is used to
distinguish normal tissue from tumor tissue [17]. (e results
further prove that healthy tissue and tumor tissue have
different echo characteristics in terahertz reflection signal
and are basically consistent with the actual pathological
analysis results [18]. (ree-dimensional images of tooth
tissue were successfully constructed by using the terahertz
pulse imaging system, and it can measure enamel thickness
directly and accurately [19].

With the continuous maturity of terahertz imaging
technology, researchers have higher and higher require-
ments for the resolution of the imaging samples. (en, the

next step is to study the confocal imaging. (rough the
nanometer optical pinhole, the medical samples are precisely
collected, and the image information collection is controlled
in the accurate plane. It will not be interfered by signals from
other positions on the specimen. After removing the in-
fluence of background fluorescence and increasing the
signal-to-noise ratio, the contrast and resolution of the
confocal image are significantly improved compared with
the traditional field illumination fluorescence image. At
present, terahertz imaging research focuses on the nature of
tumor tissue, such as skin basal cell carcinoma, liver cancer,
cervical cancer, and other cancerous cells [20]. (e United
States, Australia, and China have made remarkable
achievements in those regards [21].

Metasurface as same as terahertz is an important part of
nanophotonics. First of all, the metasurface was first rec-
ognized by people in 2011, and in the latest experiments, it
shows that the supersurface can jointly control the multiple
degrees of freedom of the electromagnetic wave, so as to
control the phase, amplitude, polarization, and other degrees
of freedom of the electromagnetic wave at the same time. For
example, through the joint control of the phase and am-
plitude of the electromagnetic wave, the stereoscopic super
holography can be realized, and through the joint control of
the phase and polarization of the electromagnetic wave, the
vector vorticity can be realized.(e joint control of the phase
and frequency of the electromagnetic wave can realize the
function of nonlinear superlens. Based onmetasurface, some
researchers using Pancharatnam–Berry phase is by the rod-
shaped metal nanoantenna along the axis direction of
0–180°. Different angles of rotation achieve 0–2π phase
coverage of the system. In this design, the incident light is
circularly polarized light wave, and the experimental results
show that the rotation angle and abrupt phase have a linear
ratio of twice. According to this relationship, the unit
structure can be arranged and designed as a bipolar metalens
[22].

As a derivative function of nanooptics, superlens can use
the structure and operation mechanism of our human eyes
and the adaptability of superlens to upgrade the human
body. It is essentially a flat, electronically controlled artificial
eye. Due to the breakthrough of superlens and artificial
muscle technology, this kind of instrument can not only
complete real-time focusing but also is not as bulky as
traditional spherical lens. It can even do things that the
human eye cannot do. Moreover, the adaptive superlens has
established the ability of dynamic correction of astigmatism
and image motion, which cannot be achieved naturally by
human eyes. Because the superlens can focus light and
eliminate spherical aberration through the dense mode of
nanostructures, each structure is smaller than the wave-
length of light [23]. Due to the use of nanostructures, the
information density in each lens is very high. If you switch
from a 100 micron lens to a 1 cm lens, you will add 10000
pieces of information you need to describe the lens [24].
Every time we try to zoom in, the file size expands to GB or
even TB. From a certain level, adaptive superlens can replace
the heavy and miscellaneous lens and use the characteristics
of human eyes to assist human beings in a series of scientific
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and artistic shooting activities (Alan She et al.2019). (is
technology makes it possible to combine semiconductor
manufacturing with lens manufacturing. Superlens can be
embedded into glasses, lens, mobile phone, VR, AR, and
other industrial products relying on semiconductor com-
ponents, which make the process of zoom and auto focus in
daily optical imaging and microoptics light become simpler.
Moreover, in medical imaging, hyperlens also has excellent
performance. (e lens made of high-purity hBN crystal can
distinguish the virus details on the surface of living cells. In
the process of preparation, the light loss is significantly
reduced, and the lifetime of polarized phonons is increased
by three times, which makes their propagation distance
increased by three times. (erefore, the inherent diffraction
limit can be broken by using hBN crystal. In principle, the
target image with the size of 30 nm can be captured. In
addition, the current use is very small hBN sheet, and the
future use of larger crystals is expected to obtain better
performance (Joshua Caldwell et al., 2017).

In the new study, scientists at the University of California
have developed a new, record breaking, ultra-metalens that
uses a series of small, interconnected waveguides, similar to
fishnets, to focus light at wavelengths ranging from visible to
infrared with record efficiency. So, the lens is called fishnet-
achromatic-metalens, and the research shows that this kind
of superlens is flat and compact and can be made small
enough to meet the needs of increasing miniaturization.(is
technological development will lead to revolutionary
progress in solar energy, virtual reality technology, medical
imaging, optical information processing, and other optical
dependent applications. At present, fishnet-achromatic-
metalens is the thinnest, most efficient, and widest flat lens in
the world [25]. At the same time, some researchers use
nanoforce to make the liquid crystal penetrate between these
microcolumns, so that the microcolumns can shape and
diffract light in a new way and “adjust” the focusing force to
achieve this. Here, liquid crystals are particularly useful
because they can be thermally, electrically, magnetically, or
optically manipulated, which is expected to bring about
“flexible” or “reconfigurable” lenses. By controlling the
liquid crystal, they make the new superlens develop in a new
direction of science and technology to produce reconfig-
urable structured light. (ey hope that liquid crystals can be
reproductively infiltrated into state-of-the-art superlens
(made of 150 million nanometer diameter glass columns)
and their ability to significantly change their focusing
characteristics, indicating that the exciting technology I am
looking forward to will emerge from reconfigurable planar
optics in the future [26]. Based on this technology, the lens
used in mobile phones, computers, and other electronic
devices can be smaller, and it has exceeded the ability of
traditional glass cutting and glass bending technology, so
these fine, thin, and flat lenses can replace the existing bulky
glass lens and further miniaturize the sensors and medical
imaging equipment [27].

According to the existing research reports, nano-
photonics can attract more and more attention in the
practical application range, especially in photography and
imaging, lens upgrading, nanomaterials, and medical

imaging system. Nanophotonics has a lot of intersection
with other disciplines, and the development of nano-
photonics will certainly drive the progress of related disci-
plines. For example, the new type of photographic
instrument, due to the strict alignment of light on the sensor,
its structure of all components, and assembly accuracy will
also reach the nanometer level, so the nanophotonics
method may be used [28]. It can be seen that nanooptics can
not only reduce the light to a small amount in the combi-
nation of optoelectronics and microelectronics but also be
absorbed and detected by a small detector, so as to achieve
the characteristics of low noise, high speed, low voltage, and
low power consumption. It is also possible to use lithography
or exposure to make integrated circuits and make very small
transistors and integrate light into very clear images, so as to
improve the image processing ability of the current camera
sensor. Nanooptical technology can also use the charac-
teristics of spectroscopy coupled with nanophotonics to
produce peak intensity, reduce the given amount of light
energy to a smaller volume, and study the high-sensitivity
spectrum by increasing the intensity of hot spots to assist the
current medical imaging technology. Or to fit in with the
microscope, use near-field optical scanning to achieve the
same goal of obtaining images with resolution much lower
than the wavelength [29]. (e target is also included in the
grating imaging surface with a very sharp tip or a very small
aperture [30], so as to obtain more clear and easy to identify
medical etiology or biological research in the image.

3. Adverse Effects

(e researchers not only doubted the effectiveness of
nanophotonic technology in the experimental process of
nanocontrol but also could not fully determine the potential
harm of nanophotonic technology. Some researchers have
shown that nanophotons may pose a risk leading to cancer in
patients in medical experiments studying nanoscale pho-
tons. As we know, nanoparticle is known to be very small,
thousands of times smaller than a cell. Nanomaterials have
special physical and chemical properties due to a small size
effect, quantum effect, and large specific surface area [31].
After entering the living body, the chemical properties and
biological activities generated by their interaction with the
living body are very different from the conventional sub-
stances with the same chemical composition. Nanomaterials
have special physical and chemical properties due to the
small size effect, quantum effect, and large specific surface
area [32]. After entering the living body, the chemical
characteristics and biological activities generated by their
interaction with the living body are very different from those
of the conventional substances with the same chemical
composition, which may cause serious damage to human
health and become the inducer of many major diseases [33].
(e Great Smog of London is a well-known example. After
the Great Smog, there were many sudden deaths in London.
(e scientists analyzed the results of the study and con-
cluded that the main cause was a large increase in fine
nanoparticles in the air [34]. Studies have shown that some
artificial nanoparticles in very small doses are also easy to
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cause inflammation in target organs, easy to cause brain
damage, easy to cause oxidative stress in the body, and easy
to enter cells and even the nucleus. Moreover, the cost of
nanooptical technology is very high.

Second, for inorganic mineral drug particles, the physical
and chemical properties of the drug will change greatly, the
probability of side reactions will increase, and the prepa-
ration process is complex, which requires reasonable ratio
and accurate calculation, and it will also involve social and
ethical issues. Not only have the dangers of nanotechnology
and materials have been discovered in medical science but
also the potential negative effects of nanooptics have been
discovered in imaging and electronics [5]. CNT as an im-
portant carbon nanotube, due to its good mechanical,
electrical, and chemical properties, can be used as superfiber,
stealth materials, high-power supercapacitors, and sensors,
known as the “star material” [35]. However, in practice and
application, the current toxicological studies of CNT have
shown that CNT inhalation and exposure can cause pul-
monary inflammation and fibrosis reactions in experimental
animals, and the tendency of local granuloma and stromal
tumor appears. However, what is more worrying is the
practical significance of CNT respiratory exposure in peo-
ple’s daily life. In addition to the atmospheric release of CNT
in the production workplace, CNT has been detected in air
samples from Paris, the United States, and other places
(especially the site of 9/11) [36]. A 2015 report showed CNT
was detected in lung lavage fluid samples from 64 children
with asthma in the Paris area.(e potential impact of carbon
nanotubes in the atmosphere on human health has become a
practical issue of widespread concern. However, until now,
CNT respiratory exposure has been mostly confined to
pulmonary or cardiovascular diseases, and studies on sys-
temic effects and long-term health effects have been lacking
[37]. At the University of Birmingham, the researchers
found four different graphene nanomaterials (GFNs) and
found that the cytotoxicity of the different modified group is
the main reason; through the cell vitality, membrane damage
and ROS found their toxicity levels are different, and finally,
nontarget metabolomics metabolite changes in nerve cells
after detecting material processing technology. It was found
that GFNs produced toxic effects mainly by disrupting the
glucose metabolism, lipid synthesis, and antioxidant path-
ways [38].

Similarly, in the derivative application of nanophotonic
technology, due to the characteristics of productivity and
materials, the processing of nanophotonic technology is
extremely difficult and the process is very complex. More-
over, the substantial increase of cost makes it impossible to
promote the nanophotonic technology in a large area in a
short time. In the current field of nanoscale lithography, the
progress from 28 nm to 22/20 nm, limited by the 193i li-
thography, necessitates the use of double pattern exposure
(DP). When it is further developed to 16/14 nm, FINFET
technology is mostly used. Now, the FINFET technology is
also upgraded generation by generation, plus the extension
of 193i optical technology, using SADP and SAQP, so in the
future to 10 nanometers or even 7 nanometers, basically the
same equipment can be used; it seems that there is no doubt,

but the manufacturing cost of the chip will increase rapidly
[39]. (at will be a hurdle; however, because if the EUV is
not ready, it will be forced to adopt a five-step graphic
exposure (FP) technology that has already caught the at-
tention of the global industry.

According to the current situation, there will be a certain
negative impact in the field of electronic photography and
medical imaging. From a series of studies, the nanophotonic
hypersurface lens is also faced with huge difficulties and
research bottlenecks. (e U-shaped metal nanometer an-
tenna, with its structural elements arranged into a parabolic
phase array shape, can suppress the background light of the
same polarization state of the incident light wave, retain only
cross-circularly polarized light during the exit, and achieve
beam bending and focusing when approaching the dif-
fraction limit [40]. However, to some extent, the structure
also inhibits cross-circularly polarized light, and its trans-
mission efficiency value is relatively small, only about 10%.
In a word, a common problem with bar, V-shaped, or
U-shaped metal antennas is that they are very inefficient (Li
Jensen, 2012).

In terahertz research, some researchers also believe that
the nanoscale optical research need to make further ad-
justments; they in the terahertz system on the accuracy of the
living skin imaging studies, experiments show that the
imaging process, over time, increase or decrease water
content on the surface of the skin surface to block increases
(5min before the biggest change).(is leads to an increase in
the refraction index of THz wave, which affects the accuracy
of THz wave imaging [41]. To do this, the researchers created
a model to eliminate unwanted effects. It is also proposed
that there are many uncertain factors in the process of
terahertz wave imaging of living skin, and we need to further
establish a model to improve the accuracy of imaging [42].
At present, nanooptics research related to photography,
imaging, and medical imaging technology cannot be large-
scale production and application. (e most of nano-
photonics technology is still in research and a small amount
in the production stage. Moreover, due to technical prob-
lems and other problems between theoretical research and
actual production, it is easy to cause deviation, and the
implementation also needs to invest high cost. (e devel-
opment of low-cost and large-scale manufacturing will also
require new technologies to avoid the current reliance on
expensive materials and other technologies.

However, science and technology are still constantly
updated and developed, and the cost of nanophotonic
technology has been reduced. For example, nanooptics has
made a very small TOF camera based on TOF technology. In
the field of medical imaging, this camera uses the TOF
sensor to obtain the dense three-dimensional model of the
patient’s chest and abdomen at a speed of more than 15
frames per second [43]. (en, different planes are fitted to
different regions of the patient’s torso through data-driven
algorithm, so as to carry out the three-dimensional model of
the chest and abdomen. (e results show that the TOF
camera modeling method can be used to track the patient’s
breathing movement with an accuracy of 0.1mm without
labeling, 3D, real-time [44]. In medical imaging, the
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application of the TOF camera for three-dimensional pos-
ture imaging is to provide image data with the TOF three-
dimensional image navigation on the endoscope. It shows a
visual page for doctors, which can effectively avoid un-
necessary harm to the human body caused by physical in-
teractive devices [45].

Nanophotonics has had an important impact on people’s
daily life, and there is a strong market demand for nano-
photonics devices products, so the results of its research can
be quickly converted into commercial products [46]. In the
near future, the current negative effects of nanophotonics
technology will be eliminated by the development of science
and technology. Its development is driven not only by
people’s strong interest in the micro/nanoscale or the
subwavelength scale of light properties change but also from
the huge market demand and strong investment from the
industry. “Optical technology has a limitless future not only
used in face recognition but also in artificial intelligence, VR/
AR and other fields.” About the use of 3D vision VCSEL and
HCG technology [47], for example, the latest HCG tech-
nology, which is only a very thin film on the surface, about 1/
1000 or 1/500 of the hair can be obtained by photolithog-
raphy [48], which can effectively reduce the loss of light
power, thus greatly reducing the cost [49]. Some research
results have proved that in the field of related medical
imaging, the research of nanooptics will not cause harm to
human health under controllable circumstances [50].
Nanoparticle exists as a single particle around the cell
membrane, endocytosis into the cell and distribution in the
cytoplasm as a small aggregation state, and quickly along the
microtubules to the nucleus and lysosome, and in the vi-
cinity of the nucleus and lysosome, it exists as a large ag-
gregation state. (e assimilation mechanism of gold
nanoparticles was observed by controlling the temperature
[51]. When the temperature decreased, the phagocytosis
decreased, indicating that the assimilation depended on
energy. Fluorescence and plasma imaging demonstrated that
the transport speed of gold nanoparticles depends on the size
of the particle cluster rather than on the type of organelle
(e.g., endosomes and lysosomes). (is study proposes an
effective nanometer diagnostic treatment method and
provides a guarantee for the effective health management of
nanobiologic medicine [52].

4. Novel Engineering Techniques

Figure 2 shows the current major technologies in nano-
photonics. Nanophotonic technology is currently used in
many areas closely related to people’s lives, such as daily
mobile phone cameras, medical imaging, and sensors. From
every tiny part, we can see a wide and deep world of
nanophotons [53]. Nowadays, the information society re-
quires more and more integration of integrated circuits,
which also urges people to explore ways to break through the
size limit of devices [54]. (us, nanophotonics came into
being. Using nanooptics, it will be possible to start with
individual molecules and build a substance that functions
exactly as a chip, storing data and acting as an electronic
channel switch [55]. In addition, new methods such as

biomolecular detection, photothermal therapy, photody-
namic therapy, and targeted drug delivery based on nano-
materials are gradually becoming important diagnostic and
treatmentmethods in the field of biomedicine. However, due
to the limitations of traditional nanomaterials or the defects
of the treatment methods, the current nanomedical tech-
nology has many problems, such as the low drug utilization
rate, large toxic and side effects, and low therapeutic effect
[56]. By combining nanotechnology with photonics, the
interaction between light and matter can be precisely con-
trolled on the nanometer scale, making biomedical diagnosis
and treatment more accurate and stable. Bioluminescence
imaging and multispectral fluorescence imaging were used
to visualize the whole process of drug delivery to tumor
therapy [57]. In addition, drug release and distribution,
vector location and degradation, and tumor were further
described based on real-time imaging localization and
tracking the interrelationship between growth or inhibition.
(e visualization of drug delivery systems provides a new
approach to the study of nanomedicine mechanisms [58].

In the medical field, the development of almost all key
technologies for the research of cutting-edge biomedical
problems depends more or less on the introduction of new
photonic technologies. With the help of nanophotonics
technology, many medical problems that were previously
unsolvable can now be solved [59]. Cell tracer technology,
modified somemarkers in the specific cell-cell tracer, can get
on two dimensions of space and time in real-time with
relevant information; these cells in the body, distribution of
survival, differentiation, migration, and outcome of dynamic
monitoring, and at the cellular level reveal many important
mechanism related to the origin of life [60]. As an important
technical tool, cell tracer technology has been widely used in
modern biomedical basic research and clinical applications
[61]. With the development of biomedical technology,
people gradually realize that the cells of the group with
average effect of the tracer study is likely to cover up a lot
closely related to the origin of life or disease of important
individual information, so the biomedical research is more
and more emphasis on the individual cells specificity in-
formation acquisition; it is also for cell tracer technology
development to put forward new requirements. In order to
achieve more accurate of biomedical research, the re-
searchers used nanoparticles and quantum dots connected
to small molecules such as protein or virus, real-time
monitoring of protein or virus inside cells that interact with
other substances, and study its impact on the host cell in the
process of life change, in which biomedical field provides a
more accurate means of detection [62]. In the research field
of the cancer mechanism, how to prevent metastatic cells
from invading other parts of the body has always been the
core problem to be solved. In the course of the study, the
researchers found that among seemingly identical cancer
cells, there may be specific individual cancer cells that act as
cancer seeds, resistant to chemotherapy and leading to
cancer recurrence years later [63]. Nanophotonics, com-
bined with medical imaging, could enable the seeds of these
cancers to be better tracked and assisted in cancer treatment
through gene editing. At present, gene editing technology is
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the most successful multicell-specific target labeling tech-
nology [64]. On the premise of not affecting cell function, the
use of gene editing techniques for each cell differentiation is
to modify the corresponding article “the code” DNA frag-
ments, it is like each item in the supermarket with a bar code
on the back, so it can go through the cell genetic screening
after the experiment, from nearly 4000 cells found in the
community of 10 targets labeled cells [65]. Nanooptical
technology has high spatial resolution and high temporal
resolution, and it plays an important role in tumor detection,
gene expression, protein molecular detection, drug
screening, and drug efficacy evaluation by nondestructive
real-time dynamicmonitoring of the activity and response of
labeled cells in living small animals [66].

In terms of modern imaging technology, nanophotonics
has also seen a huge innovation in engineering techniques.
As the most important nanoscale imaging technology at
present, STED technology plays an important role in the
field of technical testing and quality control of nano-
manufacture. Localisation microscopy can be used in a
controlled environment, for example, by combining pho-
tonic statistics and far-field microscopic spatial response to
reconstruct high-resolution images, which can show
nanoscale organisms in details below 50 nm, which with
sensitivity below the level of photon counting [67]. A
fluorescent probe based on arsenate was successfully syn-
thesized by our team at Shenzhen University. (e probe has
good bleaching resistance and can specifically bind to
o-dimercaptin-VDPs in mitochondrial membrane. (e
probe can be used for STED imaging of mitochondria of
living HeLa cells, and the distribution of VDPs in mito-
chondria can be observed well. Last year, a team developed a
new enhanced acrylic acid variant dye (MITOESQ-635),

which has low saturation intensity and high optical stability,
making it an ideal choice for long-term STED imaging of
living cells. By labeling the mitochondrial intima in living
HeLa cells, they achieved 50min of STED superresolution
imaging at 35.2 nm. Meanwhile, a team from Anhui Uni-
versity has developed a novel probe, TPSPYM, which can
specifically label both mitochondria and endoplasmic re-
ticulum in living cells and distinguish them by fluorescence
intensity [68]. (e probe has good photostability and is
suitable for STED living cell imaging. Using this probe, they
labeled STED images of living cells and not only observed
the superresolution structure of the ER-mitochondrial
contact site but also observed the three-dimensional dy-
namic process of the interaction between ER and mito-
chondria after starved cells [7].

Now, there is a new imaging technology, structured il-
lumination visible microtechnology (SIM). (is technique
usually requires only 9 original images to be captured, which
can significantly improve the temporal resolution of imaging
compared to Storm’s acquisition of tens of thousands of
original images, and is also much faster than STED based on
scanning imaging. Some scholars have introduced total
internal reflection fluorescence (TIRF) excitation into SIM
[69]. TIRF can only stimulate a small layer on the surface of
the sample, which can effectively eliminate the character-
istics of defocusing background signal. Simultaneously, a
high NA TIRF-SIM method was proposed in combination
with a high numerical aperture (NA� 1.7) objective lens to
achieve dynamic superresolution imaging of the plasma
membrane of living cells. (e resolution was about 84 nm at
a subsecond acquisition speed. (e dynamic relationship
between actin and myosin in mouse embryonic fibroblasts
was also observed. Furthermore, they proposed the PA

nanophotonics

optical diagnosis, therapy and
drug delivery 

nanoscale imaging chemical and biological
sensing at the molecular scale 

• 1.The combination of light and nanoparticles
could use thermal effects to diagnose or kill
cancerous cells.

• 2.Photoguided drug delivery.
• 3.Nano optical targeting technology.
• etc.

• 1.Stimulated Emission Loss
(Nanoscale Bio-imaging)

• 2.lo-calisationmicroscopy
• 3.Tip enhanced scanning

microscopy using low
frequency radiation in the
terahertz region. 

• 4.Single molecule imaging
of nanophoton antennas at
high concentrations.

• etc

• 1.Optical nanometer antenna.
• 2.High sensitivity surface plasmon

plasmon resonance.
• 3.Surface enhanced mid-infrared absorption

spectroscopy.
• 4.Surface Enhanced Raman Spectroscopy.
• etc

Figure 2: Current major technologies in nanophotonics.
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NL-SIM method on this basis, which can obtain higher
resolution [70]. In the following studies, in order to solve the
problem that it is impossible to image many organelles
inside living cells, the researchers developed GI-SIM tech-
nology based on the glance incident structured light illu-
mination, which realized the superresolution imaging of
various organelle structures in living cells and the obser-
vation of the dynamic process of the interaction between
organelles [71]. Many new discoveries are possible only if the
imaging is fast enough and the resolution is high enough.
(e superresolution structure of cytoskeletal microtubules
in living COS-7 cells (resolution 97 nm) was obtained at 9.2
FPS, which was helpful to observe the dynamic changes of
cytoskeletal microtubules. (e superresolution structure of
the endoplasmic reticulum of living COS-7 cells was ob-
tained at 266 FPS [72]. It was not only observed that most of
the endoplasmic reticulum was composed of tubular ma-
trices but also that the formation and disappearance of the
contracted parts of the endoplasmic reticulum were ob-
served by the real-time imaging of the endoplasmic retic-
ulum tubules [73].

Terahertz, as one of the core technologies in nano-
photonics, has irreplaceable advantages in many fields be-
cause of its unique physical properties. It plays a great role in
medical imaging and other everyday imaging units. Ter-
ahertz waves are different from millimeter waves or X-rays,
which have unique imaging capabilities and application
scenarios [74]. Terahertz waves do not penetrate metals, but
have good penetration for many nonmetallic and nonpolar
materials. So, terahertz waves can be used to “see through”
objects such as clothes, shoes, bags, and suitcases to detect
potentially dangerous objects such as metal knives or guns.
And because of their low photon energy, terahertz waves do
not pose a health hazard to users [75]. In recent years, some
researchers have proposed to modulate probe beams to
determine the spatial distribution of terahertz radiation and
generate terahertz radiation transmission samples by means
of a optical rectifier [76]. (e probe light with a wavelength
of 800 nm is spatially encoded by a spatial light modulator
and then reflected by beam-splitting crystal to ZnTe crystal
and propagates colonially with the terahertz beam. (rough
a 1/4 wave plate and a Wollaston prism, it enters the bal-
anced photodiode for electrooptic sampling. (e experi-
mental data can be obtained by using this research method
[77]. Some other researchers proposed the method of
electrooptic sampling (EOS) to shoot real-time images with
the CCD camera, making it possible for real-time terahertz
imaging.(e laser source is a titanium gem laser with a pulse
time of less than 50 fs, and the terahertz radiation is pro-
duced by using GaAs wafer [78]. (e terahertz radiation was
focused on a Zn Te crystal with a thickness of 0.9mm, an
area of 6mm× 8mm, and a crystal orientation of <110>
using an off-axis parabolic mirror.(e diameter of the probe
beam is larger than that of the terahertz beam [79]. After
passing through the mutual perpendicular polarizer and
polarization analyzer, the two-dimensional electric field
distribution in the sensor crystal is converted into the two-
dimensional light intensity distribution and the optical
image is recorded by the CCD camera [80]. (is method can

provide effective data support for terahertz experiment of
nanometer optical imaging with clear and accurate sampling
images (Jiang Y, Deng B, Qin Y, et al., 2017).

Based on the development of these technologies, more
nanoscale insights have been put forward in optics, and
hence, the TOF camera [81]. (is new imaging technology
based on nanometer optics is to transmit continuous in-
frared light pulses of specific wavelengths to the target,
receive the light signal from the object under test through a
specific sensor, and calculate the time of flight or phase
difference of the light to and from the object under test to get
the 3D depth information of the object under test [82]. (e
brightness image and depth information of the TOF camera
can be connected through the model to achieve fast and
accurate face matching and detection [81]. In the aspect of
interactive entertainment, researchers proposed a method of
tracking and recognizing human body posture based on
depth image [83]. (e motion estimation algorithm adopted
the three-step search method to track human body motion
trajectory. Finally, the recognition of human body motion
posture was realized based on bone coordinates. In the
medical field, researchers use the TOF camera for three-
dimensional gesture imaging and successfully applied in
medical imaging [84]. (e data are captured by the TOF
camera on the endoscope to present a visual interface to the
medical personnel [85]. (is method reduced the damage
caused by the physical device to the patient’s organs, and the
recognition rate reached 94.3% [45]. In people’s daily life
scenes, the TOF camera has been able to assist people in a
series of motion capture, 3D modeling, and other tasks that
previously needed large equipment to complete the
microcamera of the mobile phone, home projection
equipment, and monitoring equipment in public places by
using nanooptical technology [86]. All of this complexity has
been made easier by the advent of the TOF camera [87]. In
summary, nanophotonics has demonstrated excellent the-
oretical basis and experimental results both in medical in-
dustry and in people’s daily imaging applications [88]. And it
to the modern related scientific research and technological
innovation has provided a broad stage. But due to volume
limit, this review focuses on the methods with higher
prevalence and more evidence and, therefore, does not
covers all existing techniques.

5. Future Trends

Figure 3 shows the future directions of nanooptics in
medical imaging and photographic imaging. In literature,
nanophotonics has showed the beneficial effects of medical
imaging and photography-related imaging technologies,
such as optical diagnosis, therapy, and drug delivery [89],
single molecule imaging of nanophotonic antenna in high
concentration [90], three-dimensional laser direct writing,
stimulated radiation lithography, nanoprinting, terahertz
imaging technology, and terahertz spectroscopy technology
[91], and a series of new optical technologies based on
nanophotonics, such as superlens. In this review, as different
from previous reviews, we have presented the up-to-date
research works on nanooptics, advance imaging, and
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nanophotonics [92]. We provide convincing evidence to
nanophotonics, metasurface, terahertz, surface-enhanced
Raman spectroscopy, STED, ToF camera, and other tech-
nologies available for medical imaging and daily imaging
[93]. Also, we illustrate the benefits of the field of human
health research and many technologies that can help human
daily life [94]. In conclusion, nanooptical technology can
bring advantages to the stability, accuracy, treatment
mechanism research, and the development of new diagnostic
and therapeutic methods of nanobiomedicine [95]. In the
future research work, multifunctional nanophotonics
technology (such as photogenetic technology, gene editing
technology, and cell tracking), as a new generation of bio-
medical fine research means, is of great significance to
biomedical basic and clinical application research [96].
According to those works, it can be seen that nanooptical
technology can help people’s life in many ways, promote the
development of human science and technology, and stim-
ulate the progress of scientific research in many fields.
However, there are still many difficulties and defects in the
medical field and photography [97]. First of all, the blockade
of related technologies leads to that researchers in various
countries and institutions cannot quickly obtain the research
platform they need, which leads to that researchers need to
spend a lot of time and energy to do unnecessary research on
basic science. Among them, nanotoxicology research report
will also make researchers pay more attention to the po-
tential harm of nanooptical technology to human body [98].
Second, nanooptics is an emerging discipline; just out of
infancy, there are still many unknown factors and challenges
waiting for researchers, which will lead to the cost of early

research and development is unpredictable. In the research
process, it is very likely that a variety of research technologies
will be developed at the same time, each with its own ad-
vantages and obvious disadvantages [99]. Because we cannot
distinguish which method is the best in a short time, the
research and practice of nanophotonics are still uncertain.
(ird, the current nanooptical technology is in its infancy,
and a large number of technology industry preparations are
not perfect. (erefore, in the process of commercialization
and marketization, the application of nanooptical technol-
ogy in medical imaging and photography needs to go
through a transitional period and experimental period to test
the adaptability of new technology to the market demand
and then correct and improve it [100, 101].

According to the possible side effects of nanooptic
technology, many countries have established relevant re-
search institutions and research organizations founded by
researchers. At the same time, many universities cooperate
with each other internationally to share resources, so as to
achieve the effect of mutual assistance and joint research and
development. (ese organizations and institutions are
committed to the development of nanooptics applications in
various fields in the future and can achieve maximum
returns and nanosafety management, such as the National
Nanotechnology Plan issued by the US government aims to
promote world-class nanotechnology R&D projects, pro-
mote the commercialization of new technological achieve-
ments, maintain and develop educational resources and
labor force, promote the establishment of nanotechnology
dynamic infrastructure, and support and be responsible for
the development of nanotechnology. Similarly, the

future direction of
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Figure 3: Future directions of nanooptics in medical imaging and photographic imaging.
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University of Southampton and the University of Man-
chester in the UK have developed the latest nanolevel optical
microscope with the joint efforts of the national nano-
institution some time ago, and these British scientists think
that they can use the microscope to find smaller images of
objects in the future. Moreover, China’s nanoresearch in-
stitutions and many scholars at home and abroad maintain
close ties. For example, the Institute of Nanophotonics of
Jinan University maintains close ties with optical research
institutions in the UK, and the Nanooptical Measurement
Laboratory of Huazhong University of Science and Tech-
nology, the National Optoelectronic Research Center, Na-
tional Digital Manufacturing Equipment and Technology
Laboratory, and National Natural Science and Technology
Foundation always maintain close scientific research co-
operation. At the same time, scientific researchers also
maintain close scientific exchanges in the world. For ex-
ample, the International Conference on Nanophotonics and
Micro/Nanooptics 2020 (NANOP) held in Paris recently
attracted a large number of scholars at home and abroad to
exchange and discuss with each other. More than 2500
famous experts and scholars from all over the world in the
field of nanophotonics discussed the main development
directions of nanooptical technology in the future, such as
nanooptical imaging and the application of nanophotonics.
It can be seen that the development of nanometer optical
technology is promising in the future. In the future devel-
opment, there will be three directions. (e first is to
strengthen the cooperation between different universities,
research institutes, regions, and departments and to take
advantage of the convenience of the region and the priority
of science and technology to help the research and devel-
opment of nanooptics with the fastest progress. Besides, the
government will establish regional nanomachining centers
for free use or fabrication by surrounding researchers, so as
to enhance the market adaptability of nanomachining
technology, enhance its commercial nature, increase pro-
duction capacity, and promote the development of a range of
research technologies and, on the other hand, sharing of
testing equipment. Compared with other researches,
nanooptical prototype trial manufacturing and measuring
equipment are expensive, and equipment sharing among
different units can make full use of resources. In the process
of application, we should unify research methods and use
excellent research plans and tools to shorten research time
and reduce research costs. (e research on nanophotonics at
China and other counties is making continuous break-
throughs, and its research on suprasurface, terahertz, and
nanoscale optical materials has gradually revealed a broad
application prospect, which is bound to become one of the
key technologies of future medical and daily imaging sys-
tems [102]. However, there are also some shortcomings,
such as low efficiency, high processing cost, complex
manufacturing process, and unsatisfactory focusing effect,
which still need to be improved continuously. (erefore,
more and better nanooptical technology with better per-
formance and more suitable for the development of the time
need to be studied [5].

In future works, the following four directions may be
largely conducted, including the following. (1) In the field of
medical imaging, it supports innovative basic research in
nanophotonics to facilitate advances in quantitative nano-
imaging, systems nanobiology, medicine and neuroscience,
and biomarker technologies. (2) (e size of the equipment
should be improved, and the accuracy of the wavelength of
the emitted nanowave should be solved through techno-
logical innovation [103]. (3) (e problem of the cancer cells,
tumor cells, and other newborn cells cannot be marked by
the imaging system in the process of medical diagnosis and
treatment [104]. (4) How to break through the order of
magnitude in the running speed, bandwidth, efficiency,
energy consumption, and integration of nanometer optical
components, so that the research level and calculation rate of
nanometer optical technology can be improved. In fact, the
nanoscale size not only facilitates its integration with
existing technologies but also enables it to exhibit many
unique and excellent new physical properties. In the future
world of modern science, nanooptics will become even more
important [105].

In conclusion, governments, researchers, and the media
around the world are interested in nanooptical technology
and its application in medical imaging and photography
because of their many beneficial effects. Based on the evi-
dence reported so far, this review presents the importance of
nanooptics as a good practice for use in projects such as 3D
imaging and ranging for potential medical imaging and
everyday people’s lives [106]. (e main conclusions of this
review include the following [107]. As a strong technological,
economic, research, and development potential of the
multifunction emerging nanotechnology, nanophotonics
because of its small volume, the future cost control scope,
and imaging effect obvious features, a series of the treatment
and diagnosis diseases (including cancer cells, tumor cells,
and a series of difficult to mark cells) show as optical
technology in the field of medical benefits [108]. (e im-
portant function of nanooptics can facilitate its applications
in imaging for security protection, lithography, and lens
manufacturing. However, the toxicology of nanotechnology
and its potential harms and development costs remain
largely unknown [109].(ough completely with nanooptical
technology in production and life of controversy still exists,
the results obtained from the present study suggests that they
support the nanooptical technology as the next ten years or
twenty years development of the main optical research, and
there were some studies that have shown that in certain
cases, nanooptical technology, with no obvious potential
adverse impact on metabolic health. In particular, there are
adverse effects on technical operators [110]. Nowadays,
nanooptical technology has been applied to many fields of
research. In the field of medical imaging, medical researchers
and workers from all over the world have obtained a lot of
valuable data through continuous practice in clinical cases
[111]. Researchers use these data combined with nanoscale
materials to make the error smaller and smaller.(e stability
of the technology will become higher and higher in the
future. At the same time, it will become more mature and
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applied to the medical market to help many patients. All
about that, opportunities and challenges coexist, and it is
quite reasonable that a series of nanophotonics technologies
have great development potential in the field of medical
imaging and photography. Future research efforts may in-
volve research into nanooptical technologies and new dis-
coveries of their side effects, new designs for medical
imaging and photography including nanooptical technolo-
gies, and new engineering techniques for high quality
processing.
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