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Abstract: Far-field super-resolution microscopic imaging technology based on fluorescent labels opened a gate to
the microscopic world, which has become an important tool in the research of modern medicine and life science.
However, the development of far-field unlabeled super-resolution microscopy is relatively slow. Here, an integrated
differential microscopic imaging method using optical fiber devices is proposed in this article. The generation of
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hollow spots in the differential imaging system is realized by a special fiber mode selection coupler (MSC). The

problem of strict alignment between hollow and solid spots is naturally solved in this method. A highly integrated

label-free microscopic imaging system was established. In experiments, gold particles with a diameter of 150 nm

and unlabeled polymer lines with a minimum spacing of about 50 nm were imaged to test the imaging system. The

resolution of the imaging system shows great improvement compared to conventional scanning confocal

microscopy.

Keywords: label-free microscopic imaging; fiber mode coupling; differential scanning imaging; vortex beam

modulation
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Fig. 1 Schematic diagram of the fiber mode selection coupler. Output of the single-mode fiber and the few-mode fiber,
when the fundamental mode laser is separately launched into (a) the single-mode fiber, and (b) the few-mode fiber
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Fig. 9 Imaging result of nano-scale wire pairs using the FED system based on fiber MSC. (a) Solid spot scanning; (b) Donut-shaped spot
scanning; (c) Image of nano-scale wire pairs obtained by weighted subtraction of Figs. (a, b)
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Optical fiber integrated unlabeled differential
super-resolution microscopic imaging system

Luo Hao', Hou Mengdie’®, Xu Liang?, Yang Zhenyao',
Kuang Cuifang"*", Zeng Xianglong®, Zhu Dazhao"*
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Schematic diagram of FED imaging system based on fiber MSC

Overview: Fluorescence emission difference (FED) microscopy was first applied to fluorescent samples. However,
given its basic principle, this microscopy also can perform super-resolution imaging of non-fluorescent samples. In this
method, solid and hollow light spots of the same wavelength are used to image the samples respectively. An image with
super-resolution details can be achieved through data processing of the two images. In traditional methods, the
generation and modulation of hollow and solid light spots are based on a spatial light modulator or vortex phase plate
and multiple groups of spatial optical devices, resulting in a complex system that is susceptible to external interference.

In this article, we proposed a modified FED microscopy based on a special Optical Fiber Mode Selection Coupler
(MSC). The coupler has two input ports: Gaussian light beam input through one of the input ports will be converted
into a vortex beam which has circular optical field distribution; Gaussian light beam input through the other input port
will be converted into the fundamental mode of the fiber which remains Gaussian optical field distribution. Since the
two output beams are emitted through the same fiber, the two beams naturally propagate along the same optical axis in
the subsequent optical path, which solved the problem of strict alignment between hollow spot and solid spot in a
traditional FED microscopy system.

In the MSC-FED system, a continuous laser beam at a wavelength of 532 nm was emitted by a semiconductor laser.
The beam was firstly divided into two channels through a single-mode fiber 1x2 coupler. Two Acousto-Optic
Modulators (AOM) were integrated into two fiber optical paths to achieve high-speed switching control with
rising/falling edge times of less than 10 ns. After passing through AOM, light in the two channels incident into two input
ports of the MSC respectively. By the switch control of AOM, light beams in two channels alternately output solid spot
and hollow spot from the special MSC. The solid spot or hollow spot was used to scan the sample through the
subsequent optical elements in the system.

In experiments, gold particles with a diameter of 150 nm and unlabeled polymer lines with a minimum spacing of
about 50 nm were imaged to test the imaging system. The resolution of the imaging system shows great improvement
compared to conventional scanning confocal microscopy.

Luo H, Hou M D, Xu L, et al. Optical fiber integrated unlabeled differential super-resolution microscopic imaging
system[J]. Opto-Electron Eng, 2023, 50(12): 230181; DOI: 10.12086/0ee.2023.230181
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