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Surface Recrystallization via careful solvent design for 

efficient Tin Halide Perovskite Films 

 
Pok Fung Chan1, Minchao Qin1,, Chun-Jen Su2, Liping Ye3, Xuezhou Wang4, Yunfan Wang5, Xin Guan3, To 

Ngai3, Sai Wing Tsang5, Ni Zhao4, Qian Miao3, and Xinhui Lu1,* 

 
1Department of Physics, The Chinese University of Hong Kong, New Territories 999077, Hong Kong SAR, China 

2National Synchrotron Radiation Research Center, Hsinchu Science Park, Hsinchu 30076, Taiwan 
3Department of Chemistry, The Chinese University of Hong Kong, New Territories 999077, Hong Kong SAR, China 

4Department of Electronic Engineering, The Chinese University of Hong Kong, New Territories 999077, Hong Kong SAR, China 
5Department of Materials Science and Engineering, City University of Hong Kong, Kowloon Tong 999077, Hong Kong, China 

*E-mail: xinhui.lu@cuhk.edu.hk 

Abstract: The surface of tin-based perovskite film was recrystallized by iso-BAI in a mixture of 

methyl butanol and chlorobenzene to passivate the surface and keep the bulk film intact. The 

corresponding solar cell devices reached a power conversion efficiency of 14.2%. 

Tin-based perovskite solar cells (PSC) are becoming promising substitutes for their toxic lead counterparts. However, 

tin-based PSCs are prone to oxidation and thus still exhibit inferior device performance[1]. Owing to the different 

chemical properties of lead (II) and tin (II) ions, the mechanisms for reliable film preparation processes are still under 

exploration. Herein, we propose a surface treatment to modify the surface of tin-based perovskite using a commonly 

used ligand, iso-butylammonium iodide (iso-BAI). We demonstrate that the mechanism of the surface treatment in 

tin-based perovskite originates from the recrystallization of the surface due to the higher solubility of tin-based 

perovskite in common solvent, which is different from the lead counterparts. With a carefully designed solvent 

composition, we successfully modify the perovskite surface (Fig. 1e,f) while keeping the bulk intact. X-ray diffraction 

measurements reveal that the perovskite surface dissolves and re-crystallizes with the guidance of iso-BAI  The 

resultant films exhibit enhanced surface crystallinity (Fig. 1a,b), released microstrain (Fig. 1c), reduced surface defects, 

and improved charge transport. With the surface treatment, the power conversion efficiency of the FASnI3 perovskite 

solar cells increases from 11.8% to 14.2%, which is close to the current record.  This work first distinguishes the 

mechanism of surface treatments in tin-based perovskite from that of the lead counterpart, which is crucial for 

designing tailor-made strategies for fabricating tin-based PSCs. 

 
Figure 1. (a) GIWAXS intensity profile, (b) (100) peak intensity ratio, and (c) Estimated microstrain of the control and the 

iso-BAI treated film. (d) JV curve of the solar cell devices. SEM image of (e) the control and (e) iso-BAI treated film 

References 

1. Lanzetta, L., et al., Nat Commun, 2021. 12(1): p. 2853. 
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Dual-additive-driven morphology optimization for solvent-

annealing-free all-small-molecule organic solar cells 

 
Heng Liu, Yuang Fu, Xinhui Lu* 

Department of Physics, The Chinese University of Hong Kong, New Territories 999077, Hong Kong SAR, China 

*Corresponding author. E-mail: xinhui.lu@cuhk.edu.hk 

 

Abstract: This study developed a dual-additive-driven morphology optimization method for All-

small-molecule organic solar cells (ASM-OSCs). After the synergistic morphology tuning, the 

optimized device delivered a PCE as high as 15.2%. 

 

Figure 1. a) 2D GIWAXS patterns of BTR-Cl/Y6 and BTR-Cl/Y6/DIB/DIM. b) GISAXS profiles and best fittings results 
along the in-plane direction. c) Statistical histograms of PCE. d) J–V curves. e) EQE response and integrated JSC of best-

performing devices. 

 

All-small-molecule organic solar cells (ASM-OSCs), which consist of small-molecule donor and acceptors, 

have recently been studied extensively to eliminate the batch-to-batch variation from polymer-based donor or 

acceptor. On the other hand, the control of their active layer morphology is more challenging. In this study, we 

combined one solid additive 1,4-diiodobenzene (DIB) and one liquid additive - diiodomethane (DIM) and the 

combination can change the orientation of BTR-Cl from edge-on to face-on in the blend film which is beneficial for 

charge transport1. (Fig 1a) The optimized active layer with suitable domain size and favourable molecular packing 

benefits from charge recombination, charge extraction and more efficient charge transport2. (Fig 1b) As a result, a 

PCE of 15.2% has been realized in ASM-OSCs without SVA treatment. (Fig 1c and d) The dual additive approach 

illustrated in this work offers a promising route to regulate film morphology toward highly efficient ASM-OSCs. 
 

References 
1. S. Chen, J. Ye, Q. Yang, J. Oh, D. Hu, K. Yang, G. O. Odunmbaku, F. Li, Q. Yu and Z. Kan, J. Mater. Chem. A, 2021, 9, 2857-2863. 
2. J. Teixeira, J. Appl. Crystallogr., 1988, 21, 781-785. 
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MOF-enabled trapping of volatile organic compounds into 

plasmon-coupled hotspots for SERS detection 
 

Yi Liu, Jianfang Wang* 
Department of Physics, The Chinese University of Hong Kong, Shatin, Hong Kong SAR 999077, China. 

*Email: jfwang@phy.cuhk.edu.hk 

 
Abstract: Utilizing hotspots within plasmonic nanogaps is a promising approach to build 

ultrasensitive surface-enhanced Raman scattering (SERS) substrates. The SERS signals of chemical 

molecules located in the nanogaps can be greatly amplified by up to 1018-fold. Besides the 

enhancement of the electric field in SERS substrates, the improvement of molecule concentrations 

to be detected is also an effective approach to obtain outstanding SERS performance. Metal–organic 

frameworks (MOFs) are commonly used to absorb and concentrate molecular species. Herein we 

combine these two strategies by introducing a MOF into plasmon-coupled nanogaps, which has, 

however, remained experimentally challenging so far. The ultrasensitive SERS substrates are 

achieved through the construction of particle-on-mirror structures, where Au nanocrystals are 

encapsulated with MOF shells and then coupled with Au films. The MOF shell, as a spacer that 

separates Au nanocrystals and Au films, can be regulated in thickness over a wide range, which 

allows the electric field enhancement, plasmon resonance wavelength, and molecular enrichment 

effect to be adjusted. By trapping Raman-active molecules within the MOF shell, we show that our 

plasmon-couped structures exhibit superior SERS detection performance towards a range of volatile 

organic compounds. 
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Brightening Dark Excitons in WSe2 Monolayer at Room 

Temperature with Au Nanodisk-on-Mirror Structures 
 

Xinyue XIA1, He Huang1, Jianfang Wang1* 

1Department of Physics, The Chinese University of Hong Kong, Shatin, Hong Kong SAR 999077, China. 2Department of Applied Physics, The 

Hong Kong Polytechnic University, Kowloon, Hong Kong SAR 999077, China. 
*email: jfwang@phy.cuhk.edu.hk 

 
Abstract:  

Dark excitons in transition metal dichalcogenide (TMDC) monolayers (MLs) are promising candidates for the Bose–

Einstein condensation and can be applied for quantum information processing due to their long lifetime. Such excitons 

involve spin-forbidden optical transitions corresponding to almost zero in-plane transition dipole moment. Their 

emissions therefore have been investigated under critical conditions such as cryogenic temperature and high magnetic 

field due to their weak interactions with light. One way to enhance the emission efficiency of dark excitons is to insert 

TMDC MLs into an out-of-plane electromagnetic field with which the dipole moments of dark excitons align. Here, 

we brighten the dark excitons of WSe2 ML at room temperature with hybrid structures constructed by (Au nanodisk)-

on-mirror nanocavities with WSe2 MLs sandwiched in between. Highly tunable in-plane magnetic modes and out-of-

plane toroidal modes are excited by precisely controlling the diameters of Au nanodisks. Both in-plane and out-of-

plane plasmon modes of the (Au nanodisk)-on-mirror nanocavities give rise to a large area of the greatly confined out-

of-plane electric field within the WSe2 ML, which boosts the radiative decay rates of dark excitons through the Purcell 

effect. The emission intensity ratio between dark excitons and A excitons is enhanced by up to 22 times by tuning the 

plasmon energy to match with the dark exciton energy. Our hybrid structures therefore provide a facile strategy for 

brightening dark excitons at ambient conditions. 

 

 

 
 
Fig. 1. (a) Schematic of a (WSe2 ML)-sandwiched Au nanodisk-on-mirror structure. (b) Dark-field scattering (left) and corresponding SEM (right) 

images. (c) Photoluminescence (PL) and scattering spectra under the modulation of the in-plane (left) and out-of-plane (right) cavity modes. (d,e) 
Charge distribution contours and magnetic field distribution contours of the in-plane (left) and out-of-plane modes (right) at 780 nm, respectively. 

(f,g) Simulated z-component electric field enhancement contours. 
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Two-dimensional Schottky Barrier Field-effect Transistor 

with Programmable Photovoltaic Performance 
 

Yaoqiang Zhou* and Jian-Bin Xu 
Department of Electronic Engineering, The Chinese University of Hong Kong 

*yqzhou@link.cuhk.edu.hk 

 

Abstract: Reconfigurable non-volatile Schottky-barrier field-effect transistor (SBFET) with 

semimetal WTe2 as the self-gating bottom contact is fabricated. The programmable photovoltaic 

performance of the non-volatile SBFET is demonstrated, showcasing a wide range of self-powered 

responsivity from -50 mA/W to 290 mA/W. 

 

Brain-inspired technology can boost edge computing as a sophisticated in-memory computing approach to overcome 

the von Neumann bottleneck. Similar to the flexibility and adaptability of connection in the human brain, brain-

inspired electronic and photoelectronic devices can be reconfigured to execute different computational tasks. [1] 

Furthermore, like the memory function of synapses, the brain-inspired device can also retain information for future 

retrieval and processing. Emerging SBFETs exhibiting inherently ambipolar transfer characteristics in the single 

dopants-free semiconducting channel have been expected to establish the runtime reconfigurable in-memory 

architecture mimicking the brain. [2] State-of-the-art SBFETs built by 2D semiconductors and bulk metals have 

suffered from a strong Fermi-level pinning effect, which hinders the improvement of the design flexibility of SBFETs. 

To solve this problem, we proposed a vertically stacked non-volatile SBFET with semimetal WTe2 as the self-gating 

bottom contact. [3] The effective barrier height offset ΔΦB was programmed from ΔΦB-p = 132.6 meV to ΔΦB-n =109.4 

meV due to the interfacial charge transferring. The non-volatile SBFET can serve as a reconfigurable artificial 

synapse, in which the multilevel resistance states can be cooperatively controlled by encoding the incremental or 

decremental global gate pulses at identical voltage amplitudes with the drain bias direction. In addition, assisted with 

graphite as the top transparent electrode, the non-volatile SBFET provides a platform to enrich optoelectronic 

functionalities based on reconfigurable self-powered photovoltaic performance. By gate voltage spike-writing, the 

open-circuit voltage of non-volatile SBFET can be modulated from -0.1 V to 0.25 V, and the multilevel self-powered 

responsivity can also be programmed from -50 mA/W to 290 mA/W. These properties render non-volatile SBFET 

promising for new brain-inspired optoelectronics with in-memory optical sensing and real-time machine vision. 

 

Fig. 1. Structure and programable photo response of the vertical artificial synapse. a) Optical image of the non-

volatile SBFET. b) Schematic of the SBFET synapse in which Vgs simulates the presynaptic input and the 

channel current Ids is monitored as the post-synaptic current. c) Short-circuit current density programmed by 

the Vgs input spikes. The inset shows the retention properties of the bi-stable self-powered photocurrent. 

References 
[1] H.-T.Zhang, T. J.Park, A. N. M. N.Islam, D. S. J.Tran, S.Manna, Q.Wang, S.Mondal, H.Yu, S.Banik, S.Cheng, H.Zhou, S.Gamage, 
S.Mahapatra, Y.Zhu, Y.Abate, N.Jiang, S. K. R. S.Sankaranarayanan, A.Sengupta, C.Teuscher, andS.Ramanathan, "Reconfigurable perovskite 

nickelate electronics for artificial intelligence," Science. 375, 533–539 (2022). 

[2] Y.Zhou, L.Tong, Z.Chen, L.Tao, Y.Pang, and J.-B.Xu, "Contact-engineered reconfigurable two-dimensional Schottky junction field-effect 

transistor with low leakage currents," Nat. Commun. 14, 4270 (2023). 

[3] Y.Zhou, L.Tong, Z.Chen, L.Tao, H.Li, Y.Pang, and J.-B.Xu, "Vertical Nonvolatile Schottky-Barrier-Field-Effect Transistor with Self-Gating 

Semimetal Contact," Adv. Funct. Mater. n/a, 2213254 (2023). 
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Orientation-dependent interaction between the magnetic 

plasmons in gold nanocups and the excitons in WS2 

monolayer and multilayer 
 

Ruoqi AI1, Xinyue XIA1, Jianfang Wang1* 

1Department of Physics, The Chinese University of Hong Kong, Shatin, Hong Kong SAR 999077, China. 

*email: jfwang@phy.cuhk.edu.hk 

 
Abstract:  

Strong coupling is essential for the investigations like threshold less lasing, single-photon switching and quantum 

emitter. However, Light–mater interaction is hard to realize in the free space due to the unmatching between the 

light wavelength and the emitter. Herein, a strong coupling between the magnetic plasmons and excitons is 

investigated on (Au nanocup)-on-(WS2 monolayer/multilayer) hybrid structures. The asymmetric morphology of Au 

nanocups allows both electric and magnetic plasmon resonances on the individual particles. By varying the opening 

of Au nanocups from sideward and upward to downward orientations, resonance coupling from weak to strong is 

achieved, accompanied by a large split mode shown up in the dark-field scattering spectrum. Such a large split mode 

stems from the pronounced electric and magnetic field enhancement generated between the downward-orientated Au 

nanocups and the substrate. The detuning between the magnetic plasmons and the excitons in the WS2 monolayer 

was modulated by varying the size of downward-orientated Au nanocups. A Rabi splitting up to 106 meV was 

realized at the zero detuning. Size-dependent measured scattering and simulated absorption spectra further 

corroborate the strong coupling in the hybrid structures. The Rabi splitting further increases in the wake of the 

increasing thickness of the WS2 layer to four and keeps saturated when the WS2 layer is up to five. Such a simple 

hybrid structure allows the further investigation of strong coupling-based applications in optics and optoelectronics. 

It also provides a facile strategy to manipulate the emissions of diverse excitons in two-dimensional transition metal 

dichalcogenides. 
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Miniaturized Spectrometers Based on Bias-Tunable 

Photomultiplication-Type Organic Photodetectors 
 

Xie He, Ni Zhao* 
Department of Electronic Engineering, The Chinese University of Hong Kong, Shatin, New Territories, Hong Kong SAR, China 

*nzhao@ee.cuhk.edu.hk 

 

Abstract: ·A miniaturized spectrometer is proposed and experimentally demonstrated based on 

photomultiplication-type organic photodetectors. Incident light spectra can be computationally 

reconstructed from the different spectral responses and measured photocurrents under different bias 

voltage. Broadband operation across the visible spectrum regime with <5 nm resolution was 

achieved within a remarkably small footprint of only 0.0004 cm². 

Optical spectrometers are essential instruments for various applications, including material characterizations, 

medical diagnosis, food sciences, and biomedical sensing. Conventional benchtop spectrometers can achieve high 

performance through the use of dispersive components, long optical path lengths, and intricate movable mechanisms, 

which however result in their high cost and bulky size. To address the increasing demand for compact and low-cost 

spectrometers that can be integrated with wearable and portable system platforms, there have been great research 

efforts in recent years to develop device technologies for spectrometer miniaturization. Nevertheless, current 

solutions still face challenges such as labor-intensive and complicated device fabrication processes and 

reproducibility of the device performances. In this work, we propose and experimentally demonstrate a 

computationally reconstructive spectrometer, which is achieved through in-situ photogain modulation controlled by 

the electric field induced redistribution of trapped photocarriers in a photomultiplication-type organic photodetector 

(PM-OPD). Novel top contact electrodes with high transparency and low work function were developed, enabling 

optical spacer integration for spectral and spatial light manipulation. As a result, broadband operation across the 

visible spectrum regime (400~760 nm) with <5 nm resolution was demonstrated within a remarkably small footprint 

of only 0.0004 cm². The fabrication process is predominantly solution-based, ensuring cost-effectiveness and 

scalability. This work is the first to demonstrate a PM-OPD utilizing dynamic modulation of photocarriers, 

expanding the applications of organic optoelectronic devices and providing a promising device solution for 

hyperspectral imaging (HSI) applications. 

 

Fig. 1. (a) Photograph and (b) schematic illustration of the device. (c) Simulated electric field 

and (d) absorption profile. (e) Normalized EQE spectrum under -15V~+15V bias voltage. (f) 

Schematic illustration of the bias-modulation effect. (g-j) Demonstration of spectrum 

reconstruction. (k-m) Demonstration of hyperspectral imaging. (k) Photograph and (l) 

reconstructed image of a color filter patch. (m) Transmittance spectrum of selected pixels. 
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Green-Manufactured and Recyclable Coatings for 

Subambient Daytime Radiative Cooling 
 

Rong Liu and Yi Long* 
Department of Electrical Engineering, The Chinese University of Hong Kong, Shatin, New Territories, Hong Kong, China 

*ylong@ee.cuhk.edu.hk 

 

Abstract: Passive daytime radiative cooling requires materials with high solar reflectance and 

thermal emittance. An eco-friendly radiative cooling coating with a record solar reflectance of 

98.6% and thermal emittance of 98.1% was fabricated by convenient paint-like operation. 

Passive daytime radiative cooling, which reflects sunlight and simultaneously emits heat into space to cool surfaces 

without energy input, is a promising strategy for energy conservation [1]. Integrating radiative cooling with building 

systems can tremendously alleviate electrical cooling, but manufacturing high-efficient and eco-friendly coatings 

remains an urgent and challenging task [2]. Here, we present a simple and scale-up strategy for fabricating ultra-white 

coating consisting of porous ethyl cellulose matrix-random BaSO4 nanoparticles by utilizing green solvents [Fig. 

1(a),(b)]. With the synergistic effect of the ideal intrinsic properties of the materials and the strong Mie scattering of 

the porous structure [Fig. 1(c)], the ultra-white coating possesses a record solar reflectance of 98.6% and thermal 

emittance of 98.1% [Fig. 1(d),(e)], resulting in a sub-ambient temperature drops of over 2.5 °C under a solar intensity 

of ~920 W m-2. Better yet, our coatings can be conveniently brushed, rolled, or sprayed onto various types of 

substrates, with excellent durability, self-cleaning, and cost-effectiveness, paving an attractive and viable pathway for 

large-scale applications in practical buildings. 

 

Fig. 1. Fabrication and optical properties of the ultra-white coating. (a) Schematic of the coating fabrication by different painting methods 

(top). The slurry includes four-component of BaSO4 NPs (optical scatterer), ethyl cellulose (EC) (polymer binder), water (nonsolvent) and 

ethanol (solvent) (bottom). (b) Photo of the uniform bright white coating (10 cm × 10 cm). (c) Schematic mechanism of our coating for 
highly efficient daytime radiative cooling. (d) Spectral reflectance of the coating with the normalized AM1.5 global solar spectrum (shaded 

red) and atmospheric transmittance (shaded blue) plotted for reference. (e) Optical properties (solar reflectance and thermal emittance) 

comparison of reported PDRC materials. 

References 

[1] A. P. Raman et al., Nature 515, 540−544 (2014); S. Wang et al., Science 374, 1501-1504 (2021). 

[2] J. Mandal et al., Science 362, 315−319 (2018); J. Mandal et al., Joule 4,1350−1356 (2020). 
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Ultrahigh-resolution Miniaturized Visible-light Optical 

Coherence Tomography Endoscopy  
 

Chao Xu, Tinghua Zhang, Peng Liu, Wu Yuan* 
Department of Biomedical Engineering, The Chinese University of Hong Kong, Hong Kong SAR, China 

Author e-mail address: wyuan@cuhk.edu.hk 

 

Endoscopic optical coherence tomography (OCT) offers near-histologic quality visualization of tissue microanatomy 

in vivo, overcoming the limitations of traditional biopsy methods by enabling volumetric sampling without 

necessitating tissue removal. Clinical applications, such as intravascular imaging, need imaging probes of high 

resolution and small form size. As an emerging technique, visible light OCT (vis-OCT) endoscopy holds significant 

promise for achieving ultrahigh resolution (~1 µm) and enhanced image contrast and providing spectroscopic 

sensitivity to hemoglobin oxygenation for evaluating functional physiopathology in vivo. 

However, current vis-OCT endoscopes based on achromatic lenses and distal motors present challenges in terms of 

bulkiness and safety concerns in clinical settings, highlighting the needs for ultracompact and current-free alternatives. 

Conventional fabrication methods for ultrathin vis-OCT endoscopes also face performance limitations. For instance, 

traditional gradient-index (GRIN) fiber-based probes introduce chromatic aberration in visible light, which 

compromises axial resolution, while the fiber-melting method lacks the flexibility to customize the ball-lens on the 

probe tip. Two-photon polymerization method prints a microlens with sufficient design of freedom, but its optical 

surface roughness is still suboptimal for OCT imaging at visible light.  

In this study, we introduce the first submillimeter monolithic vis-OCT endoscope, achieved by directly fabricating a 

microlens on the fiber tip. Our proposed method capitalizes on the self-assembly properties of curable optical liquid 

on a wettability-modified substrate to create a liquid lens. This approach enables convenient customization of the 

liquid lens in shape and size by tailoring the liquid volume and substrate wettability. The resulting liquid-shaped lens 

boasts an ultra-smooth surface with subnanometer roughness, which helps reduce unwanted scattering in the visible 

spectrum and enhances image quality.The ultrathin vis-OCT endoscope, with an outer diameter of 0.6 mm, delivers 

an aberration-corrected imaging performance and facilitates ultrahigh-resolution (1.2 µm × 4.5 µm in axial and 

transverse directions) structural and functional imaging in luminal organs in vivo, while minimizing invasiveness. This 

innovative approach represents a significant advancement in endoscopic imaging techniques and holds considerable 

potential for impacting clinical applications. By leveraging the unique properties of curable optical liquid and 

wettability-modified substrates, our method offers a promising solution for the development of compact, high-

performance endoscopic imaging devices. 

 
1. Duan, L. et al. Colposcopic imaging using visible-light optical coherence tomography. J Biomed Opt 

22, 56003, doi:10.1117/1.JBO.22.5.056003 (2017). 

2. Winkelmann, J. A. et al. In vivo broadband visible light optical coherence tomography probe enables 

inverse spectroscopic analysis. Opt Lett 43, 619-622, doi:10.1364/OL.43.000619 (2018). 

 

Fig. 1 Design of liquid-shaped micro-endoscope. 

a. Concept of liquid-shaped imaging probe. 

Optical liquids on the glass substrates with 

various wetting properties (indicated by different 

colors, that is, green for (I) and (III), and yellow 

for (II)) form the micro-lenses with different 

contact angles, thus different shapes. b. Focused 

spot positions and sizes under different 

configurations. c. Schematic of liquid-shaped 

micro-endoscope. D. Close view of the micro-

endoscope. CA: contact angle, ML: micro-lens, 

GS: glass substrate, NCF: non-core fiber, SMF: 

single-mode fiber, HT: hypodermic tube, GCT: 

glass capillary tube, OAC: optical adhesive cap, 

RA: reflection angle, FP: focal plane. WD: 

working distance. 
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Abstract: We present a novel scan-less phase imaging microscope system based on a compact 

single-cavity dual-comb laser with the spatiotemporal encoding method. Our system achieves a 

frame rate of 330 Hz, with 676×32 pixels and the phase resolution of 0.082 rad for scan-less phase 

imaging in the field of view (FOV) of 230 m×200 m. © 2023 The Author(s) 

 

Measuring optical phase to enable the phase imaging for samples is a very meaningful technique to give the 

information on refractive index, optical thickness, geometrical shape and to visualize transparent non-fluorescent 

objects or reflective objects with nanometer unevenness. The dual-comb interferometer is an effective approach to 

achieve direct phase measurement and naturally provides over hundreds, or even more, frequency channels for 

precise measurements. To reduce or even eliminate the mechanical scanning for ultrafast scan-less imaging, the 

scan-less confocal phase imaging based on dual-comb microscopy with 2D spectral encoding has been reported [1], 

which applies a fully stabilized dual-comb source but is complex and expensive. Here, we present a novel scan-less 

dual-comb microscopy technique based on a compact single-cavity dual-comb laser with spatiotemporal encoding.  

 

Fig. 1. (a) Spatiotemporal encoding on a dual-comb laser for scan-less phase imaging. (b) Phase imaging for 

the sample with a two-step structure. 

 

By simultaneously utilizing time-to-space and wavelength-to-space conversation in two orthogonal directions, a 

new 2D spectral encoding has been realized. Figure 1(a) illustrates the principle of our spatiotemporal encoding 

method. The optical frequency comb is first time-to-space encoded and space-encoded by a free-space angular-

chirp-enhanced delay (FACED) device [2], to generate an optical line with a series of discrete points in the vertical 

direction (Y-axis). Then, a diffraction grating is used in the horizontal direction (X-axis) to unfold the spectrum of 

each spot and generate a 2D line-array. The 2D line-array provides self-scanning along Y-axis without extra 

mechanical scanning and enables scan-less imaging. By slicing and decoding the IGMs in different time channels, 

the amplitude and phase spectra of each line can be obtained to reconstruct 2D and 3D images of samples. Figure 

1(b) show the phase spectra a single line spanning across the two-step sample and the corresponding background 

after normalization. The standard deviations of phase values are 0.082 rad for 3 ms, 0.041 rad for 15 ms, 0.024 rad 

for 90 ms, which correspond to the depth resolution of 6.86 nm, 3.43 nm, 2.01 nm, respectively. 
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Abstract:  

Asthma is one of the most common respiratory diseases and 5-10% of asthmatics suffer from severe 

asthma. Recently, bronchial thermoplasty (BT) and targeted lung denervation (TLD) have been 

developed for managing severe asthmatics in addition to biologic. BT utilizes radiofrequency energy 

to reduce airway smooth muscle (ASM) in airways, while TLD works on the deactivation of 

pulmonary nerves to relieve airway constriction. However, variant efficacy of these methods was 

identified and may associate with different phenotypes of severe asthma. On the other hand, 

previous studies have shown that ASM can be an effective biomarker in characterizing asthmatic 

phenotypes and severities [1-3]. However, in vivo imaging and quantification of ASM in airways 

remains challenging.  

Endoscopic optical coherence tomography (OCT) enables the high-resolution three-dimensional 

imaging in luminal organs. It has been demonstrated before that endoscopic OCT is able to visualize 

airway anatomy in vivo. However, the resolution and contrast of conventional endoscopic OCT at 

1300 nm is still suboptimal to directly resolve ASM in airways in vivo. Therefore, we developed an 

endoscopic OCT system operating at 800 nm to provide an ultrahigh resolution of about 1.7 μm (in 

tissue) with an enhanced imaging contrast. We performed imaging study of airways in animals and 

found that the airway microstructures, including ASM, can be clearly identified in OCT images (see 

Figure 1). In addition, a new method for automated 3D segmentation and quantification of OCT 

images was developed. The thickness and area of each tissue component in airways can be 

accurately measured [2]. This new imaging technique has the potential to stratify severe asthma for 

effective phenotyping and treatment. 

  

 

Fig. 1. OCT endoscope in pig lung and representative OCT airway images. 
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