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oscillate the coupling of the excitation hence producing
illumination pattern variations which make the technique
also suitable for SLML implementations6. More recently, it
was also shown that similar designs allow even structured
illumination chip-based SIM (cSIM)8.
Histopathology, the diagnosis through the study of tis-

sue diseases is one of those fields were nanoscopy is of
course very attractive given the wide range of diseases that
can only be diagnosed through tissue visualizations below
the diffraction limit. But the low throughput of most
nanoscopy techniques has prevented their implantation
for histopathology. Recently, important progress in this
direction has been reported by E. Villegas-Hernández
et al.9. They demonstrated for the first time, the use of
chip-based nanoscopy for histopathological assessment.
The work by Villegas-Hernández and colleagues builds

upon chip-nanoscopy techniques (Fig. 1) to introduce
important progress in their implementation for histo-
pathology9. The use of a chip allows the authors first to test
histological samples with diffraction-limited techniques
like Total Internal reflection fluorescence (TIRF) micro-
scopy. Although diffraction-limited, this is a very interest-
ing step because the chip provides an enhanced FOV with

scalable magnification just upon change of the imaging
lens. The authors demonstrate the viability with a relevant
clinical case prepared by standard labeling and ultra-
microtome techniques demonstrating the suitability of the
technique for tissue analysis in clinical environments. But
the most important advance of this work is on the
demonstration of several super-resolution techniques for
histopathology with the same chip.
Very interestingly the authors show the successful

implementation of dSTORM in thin sections of tissue. But
perhaps even more relevant is their demonstration of
intensity fluctuation techniques (IFON). Using IFON, the
chip based-implementation largely outperforms the
throughput and field of view reported before with standard
nanoscopy approaches to histology10. A comparison sug-
gests a reduction from 2.5 h to 10min for image acquisi-
tion in similar conditions. And although comparisons will
be highly dependent on technique, type of sample and
sample preparation it is clear that the chip-based nano-
scopy could open the road for the use of optical micro-
scopy as a substitute to cryo-electron microscopy in
histology. In fact, the work by E. Villegas-Hernández and
colleagues show an implementation for correlative light
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Fig. 1 Schematics of chip-based nanoscopy for histopathology. Diagram of chip-based nanoscopy setup extracted from the publication by
Villegas-Herandez et al.9 and sketch of a histology sample for intestine tissue for illustration purposes
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Versatile chip-based nanoscopy becomes ready for
histopathology assessment
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Abstract
Nanoscopy is a mature technology used routinely in life science to obtain images well below the optical diffraction
limit. But the use of nanoscopy in histopathology assessment is very limited mostly due to the low throughput of
traditional nanoscopic techniques. So far, Chip-nanoscopy, nanoscopy in which sample illumination is performed by
an integrated photonic chip instead of bulk optics, has been shown to provide an enhanced field of view and
throughput for cell biology. Now, a new development shows that chip-nanoscopy also offers interesting progress for
the study of histological samples offering a complementary technique to electron microscopy for histopathology
assessment.

It has been less than 30 year since the first realizations of
optical nanoscopy, optical microscopy with resolutions well
below the diffraction limit. Since the first demonstrations by
Hell1, Betzig2 and Moerner3 that granted them the Nobel
prize in Chemistry 2014, the field has progressed extremely
rapidly into a well-established technology implemented and
used routinely in microscopy facilitates worldwide. The
possibility to image cellular processes with resolutions in the
order of tens of nm has revolutionized cell biology and, in
combination with other nanoscopy techniques such as cryo-
electron microscopy, is allowing us to understand cellular
and molecular processes at a detail unimaginable only 15
years ago. Yet, the most common optical nanoscopy tech-
niques require costly and bulky equipment which usually
hampers its deployment beyond well-equipped and funded
laboratories. In addition, optical nanoscopy still suffers from
low throughput in its implementations.
Probably the most widespread approach to optical

nanoscopy is single-molecule localization microscopy
(SMLM) such as stochastic optical reconstruction micro-
scopy (dSTORM)4. But the large number of images of the
same area necessary to generate the final image strongly
reduces the throughput and field of view. Other techniques

such as stimulated emission depletion microscopy (STED)1

and structured illumination microscopy (SIM)5 are based
on the generation of complex illumination patterns that
usually require from advanced optical components with a
very precise alignment and costly implementations. More-
over, the throughput over a large field of view, although an
improvement against SMLM, is also low due to the
requirement to scan an excitation beam through large areas
in very short steps and long image reconstruction processes.
These critical bottlenecks are important for applications in
life science where samples are often only suitable for
inspection during a short period of time or where large
fields of views to image several cells are required.
So-called chip-nanoscopy was recently realized by

Diekmann et al.6, through creative implementation. They
showed that the common glass slide substrate could be
substituted by an optical chip that allows the generation of
illumination patterns suitable for optical nanoscopy. Sam-
ple illumination using waveguides is a widespread techni-
que since Granding et al propose its first implementations7

although always under diffraction-limited conditions. The
approach by Diekmann and colleagues used high refractive
index materials which together with broad strip waveguide
designs makes it possible to obtain a high evanescent field
enabling chip-based nanoscopy techniques such as e.g.,
dSTORM. Moreover, the wide waveguide design allows to
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oscillate the coupling of the excitation hence producing
illumination pattern variations which make the technique
also suitable for SLML implementations6. More recently, it
was also shown that similar designs allow even structured
illumination chip-based SIM (cSIM)8.
Histopathology, the diagnosis through the study of tis-

sue diseases is one of those fields were nanoscopy is of
course very attractive given the wide range of diseases that
can only be diagnosed through tissue visualizations below
the diffraction limit. But the low throughput of most
nanoscopy techniques has prevented their implantation
for histopathology. Recently, important progress in this
direction has been reported by E. Villegas-Hernández
et al.9. They demonstrated for the first time, the use of
chip-based nanoscopy for histopathological assessment.
The work by Villegas-Hernández and colleagues builds

upon chip-nanoscopy techniques (Fig. 1) to introduce
important progress in their implementation for histo-
pathology9. The use of a chip allows the authors first to test
histological samples with diffraction-limited techniques
like Total Internal reflection fluorescence (TIRF) micro-
scopy. Although diffraction-limited, this is a very interest-
ing step because the chip provides an enhanced FOV with

scalable magnification just upon change of the imaging
lens. The authors demonstrate the viability with a relevant
clinical case prepared by standard labeling and ultra-
microtome techniques demonstrating the suitability of the
technique for tissue analysis in clinical environments. But
the most important advance of this work is on the
demonstration of several super-resolution techniques for
histopathology with the same chip.
Very interestingly the authors show the successful

implementation of dSTORM in thin sections of tissue. But
perhaps even more relevant is their demonstration of
intensity fluctuation techniques (IFON). Using IFON, the
chip based-implementation largely outperforms the
throughput and field of view reported before with standard
nanoscopy approaches to histology10. A comparison sug-
gests a reduction from 2.5 h to 10min for image acquisi-
tion in similar conditions. And although comparisons will
be highly dependent on technique, type of sample and
sample preparation it is clear that the chip-based nano-
scopy could open the road for the use of optical micro-
scopy as a substitute to cryo-electron microscopy in
histology. In fact, the work by E. Villegas-Hernández and
colleagues show an implementation for correlative light
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Fig. 1 Schematics of chip-based nanoscopy for histopathology. Diagram of chip-based nanoscopy setup extracted from the publication by
Villegas-Herandez et al.9 and sketch of a histology sample for intestine tissue for illustration purposes
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Abstract
Nanoscopy is a mature technology used routinely in life science to obtain images well below the optical diffraction
limit. But the use of nanoscopy in histopathology assessment is very limited mostly due to the low throughput of
traditional nanoscopic techniques. So far, Chip-nanoscopy, nanoscopy in which sample illumination is performed by
an integrated photonic chip instead of bulk optics, has been shown to provide an enhanced field of view and
throughput for cell biology. Now, a new development shows that chip-nanoscopy also offers interesting progress for
the study of histological samples offering a complementary technique to electron microscopy for histopathology
assessment.

It has been less than 30 year since the first realizations of
optical nanoscopy, optical microscopy with resolutions well
below the diffraction limit. Since the first demonstrations by
Hell1, Betzig2 and Moerner3 that granted them the Nobel
prize in Chemistry 2014, the field has progressed extremely
rapidly into a well-established technology implemented and
used routinely in microscopy facilitates worldwide. The
possibility to image cellular processes with resolutions in the
order of tens of nm has revolutionized cell biology and, in
combination with other nanoscopy techniques such as cryo-
electron microscopy, is allowing us to understand cellular
and molecular processes at a detail unimaginable only 15
years ago. Yet, the most common optical nanoscopy tech-
niques require costly and bulky equipment which usually
hampers its deployment beyond well-equipped and funded
laboratories. In addition, optical nanoscopy still suffers from
low throughput in its implementations.
Probably the most widespread approach to optical

nanoscopy is single-molecule localization microscopy
(SMLM) such as stochastic optical reconstruction micro-
scopy (dSTORM)4. But the large number of images of the
same area necessary to generate the final image strongly
reduces the throughput and field of view. Other techniques

such as stimulated emission depletion microscopy (STED)1

and structured illumination microscopy (SIM)5 are based
on the generation of complex illumination patterns that
usually require from advanced optical components with a
very precise alignment and costly implementations. More-
over, the throughput over a large field of view, although an
improvement against SMLM, is also low due to the
requirement to scan an excitation beam through large areas
in very short steps and long image reconstruction processes.
These critical bottlenecks are important for applications in
life science where samples are often only suitable for
inspection during a short period of time or where large
fields of views to image several cells are required.
So-called chip-nanoscopy was recently realized by

Diekmann et al.6, through creative implementation. They
showed that the common glass slide substrate could be
substituted by an optical chip that allows the generation of
illumination patterns suitable for optical nanoscopy. Sam-
ple illumination using waveguides is a widespread techni-
que since Granding et al propose its first implementations7

although always under diffraction-limited conditions. The
approach by Diekmann and colleagues used high refractive
index materials which together with broad strip waveguide
designs makes it possible to obtain a high evanescent field
enabling chip-based nanoscopy techniques such as e.g.,
dSTORM. Moreover, the wide waveguide design allows to
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Lensless ultrafast optical imaging
Jian Zhao 1✉ and Mingsheng Li1

Abstract
Lensless single-shot ultrafast optical imaging is realized by integrating an acousto-optic programmable dispersive filter
with spectrally filtered sequentially time all-optical mapping photography, which enables independent control of
frame rate, frame intensity, and exposure time with a simple system design.

High-speed transient dynamic phenomena widely exist
and affect nearly all areas of human society, such as
industry, defense, biomedicine, and scientific research1,2.
Visualization of the high-speed transient dynamic process
plays a pivotal role in discovering, understanding, and
applying the underlying laws3–7. Yet, capturing and
recording blur-free images of the transient dynamics
requires high temporal resolution with balanced spatial
resolution, which imposes demanding conditions on
imaging acquisition techniques. The first recorded high-
speed photography by William Henry Fox Talbot dates
back to 1851 when a single camera was used to photo-
graph a page of Times newspaper fastened on a spinning
drum illuminated by a fast spark light source8. Fox Talbot
demonstrated a clear print of the page, the motion of
which was effectively frozen. This demonstration stands
for the born of high-speed photography. Instead of
actively modulating the light source, Eadweard Muybridge
performed another famous high-speed photography
experiment by passively recording the dynamics of a
galloping horse using an array of cameras in 1878 (ref. 9).
Interestingly, the different solutions from these early
attempts correspond to two important domains of mod-
ern ultrafast optical imaging research, i.e., active detection
and passive detection.
Nowadays, the motion of a spinning drum or a galloping

horse can be easily recorded by a modern electronic
sensor, such as the charge-coupled device (CCD) camera
or complementary metal-oxide-semiconductor (CMOS)

camera. However, the frontier scientific research often
investigates ultrafast dynamical processes hard to be
captured by CCD or CMOS, such as flow cytometry of
biological cells10, laser pulse propagation11, and phonon
dynamics in crystal12. To visualize these ultrafast
dynamics, it requires acquisition speed from ~100 million
fps (Mfps) up to ~1 trillion fps (Tfps). Unfortunately, it is
quite challenging to go beyond ~10Mfps for CCD and
CMOS cameras due to the limitation of the on-chip sto-
rage and electronic readout speed13. Currently, the popular
time-resolved pump-probe imaging method14,15 typically
provides frame intervals on the order of ~100 fs, enabling
the capture of the ultrafast phenomena through repeated
measurements. Despite the high temporal resolution, the
pump-probe method is difficult to detect non-repetitive or
difficult-to-reproduce events, such as irreversible crystalline
chemical reactions, quantum-mechanical processes, and
optical rogue waves.
To circumvent the technical hurdles from the pump-

probe method, various single-shot ultrafast optical imaging
solutions have been developed in recent years3–7,16. These
technologies enable the visualization of non-repetitive
ultrafast dynamic processes in real time with an imaging
speed of 100Mfps or higher. Similar to the pioneer high-
speed photography experiments in the 1900s, these single-
shot ultrafast optical imaging methods can be generally
categorized as active detection methods and passive
detection methods4. Active-detection methods probe the
ultrafast dynamics through modulation of the ultrafast
optical pulses, while passive-detection methods directly
image the dynamics or perform computational recon-
struction without active illumination. Among different
active-detection solutions, the sequentially time all-optical
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and electron microscopy. This “cherry on the top of the
cake” demonstrates the great potential of this technique.
The chip allows simultaneously optical nanoscopy with
common microscopes and ultrastructural analysis with
electron microscopy which opens the doors to the identi-
fication of specific components within the damaged tissues.
Chip-based nanoscopy has been shown to be a cost-

effective and high through output alternative to standard
optical super-resolution techniques. With the extension
of its possibilities to histology, it could become a relevant
tool in clinical analysis in the near future allowing for a
faster and easier diagnosis. For this, it is still necessary to
define standards like chip designs, coupling strategies,
sample preparation protocols as well as the production of
user-friendly implementations. The consistency of the
results shown in the work highlighted here is very
important progress in this direction.
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