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Abstract: Coherent Raman scattering microscopy is widely regarded as a powerful tool for solving biomedical problems
due to its chemical specificity, label-free imaging capability, high spectral resolution and high sensitivity. However,
the clinical application of coherent Raman scattering imaging technology has long been hindered by environmental sensi-
tivity and large volume solid-state lasers. Ultrafast fiber lasers, with their compactness and stability, can effectively
overcome these shortcomings. In this paper, different realization methods and research progress of fiber-based laser
sources in coherent Raman scattering imaging are reviewed, including supercontinuum fiber source, soliton self-fre-
quency shift fiber source, fiber optical parametric oscillator and synchronized fiber source, and the future development
is prospected.
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Fig. 1

difference in photon energy between the pump and Stokes beams matches the energy of a vibrational state of the target molecule,

Schematic of all-fiber laser system for SRS based on broadband supercontinuum: (a) Energy diagram for SRS. When the

molecules are efficiently excited from the ground state to the corresponding excited state and a pump photon is absorbed and a
Stokes photon is generated. (b) Schematic of the fiber laser. The laser system starts with an Er-doped fiber oscillator, which is
mode-locked with a carbon nanotube (CNT) saturable absorber. The output is split into two arms to generate the pump (upper arm)
and Stokes (lower arm) beams. The Stokes beam is modulated at 10 MHz with an electro-optic modulator (EOM ), temporally and
spatially combined with the pump beam, and aligned into a beam-scanning microscope. Transmitted beams are collected with a con-
denser. The pump beam is detected by the autobalanced detector after the Stokes beam is blocked with an optical filter. The refer-

ence beam is sampled in front of the microscope with a polarizing beamsplitter (BS)
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Fig. 2 Clinical SRS microscope based on polarization-maintaining optical fiber components: (a) SRS microscope in operating
room. (b) Key components of the dual-wavelength fiber-laser coupled microscope required to create a portable, clinically compatible
SRS imaging system. The top arm of the laser diagram indicates the scheme for generating the Stokes beam (red), while the bottom
arm generates the pump beam (orange). Both beams are combined (purple) and passed through the specimen. HNLF, highly nonlin-
ear fiber; PD, photodiode; PPLN, periodically poled lithium niobate. (c)(d) Raw 2845 cm™ image of human tissue before (c) and af-

ter (d) balanced-detection-based noise cancellation
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Fig. 3 Multimodal label-free imaging system with controllable Stokes wavelength (A ) and relative pump delay (8t). BS, beam

splitter; SM, silver mirror; PCF, photonic crystal fiber; LP, long-pass filter; BP, bandpass filter; SF6, SF-6 glasses rod; DC,

dichroic beam combiner; OB, objective lenses; PC, pockels cell; Pol, polarizer; PD, photodiode. Inset on the right: measured

relative intensity noise of the fiber laser (red) and of the soliton self-frequency shifted pulses (black).
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Fig. 5
(blue) and the MOPA (red) are driven by high-speed function

generation electronics with adjustable delay (black). In the

(a) Schematic of the synchronized lasers. The PL

PL, the wavelength is determined by the frequency generator
through dispersion tuning using four dispersive CFBGs and an
EOM. The EOM is driven by a 25 ps pulse generator. A wave-
length division multiplexer (WDM) is used to combine the
980 nm pump and the signal into the erbium-doped fiber. The
MOPA consists of a continuous wave laser diode modulated
through an EOM by a 25 ps pulse generator with the same repe-
tition rate as the PL. (b) The CFBG forms different cavity
lengths for each wavelength. Tuning is achieved by changing
the driving frequency of the EOM, and consequently the repe-

tition rate of the laser

o S B SR K b Y B R [ A g o

XPM S — Rt i R AP AL . Ak 6 firs , 7 32
PO AR TE A DBOG A 9 13 ), 19 3R ik o 23 e A= il
{8, B BR o A8 55— K i 4 5 JBE 3
i, TS EAFRS o PNk B AR X R (7] 22 1 4%
S XPM B BRRS 77 [6] o PR AR K v 7 A 7 0 o i 7
LIRS IR RS . I AT AR S R L,
TR LA B B8 23 7E — 20 5 e K e 4 £ 4 R EE
M H, L1 2 T UK bR, T RS 2 in i ik e, 7



X ST Bh 5 B K W ¥

XX &

6 WL RGN ER

Fig. 6 Schematic of the passive synchronization system
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Fig. 7 The experimental setup of passive synchronization fiber lasers used for CARS imaging. EDFO, Er-doped fiber oscillator;
YDFO, Yb-doped fiber oscillator; AMP, amplifiers; ASB, active spectral broadening module; BPF, bandpass filter; SP, short
pass filter; LSM, laser scanning microscopy; PS, phase shifter; OC, optical coupler; G, grating; SMF, single mode fiber;

WDM, wavelength division multiplexer; TM, tunable mirror; PMT, photomultiplier tube
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Table 2 Comparison of pros and cons of fiber—based laser sources for coherent Raman scattering imaging
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