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Abstract: We report a high energy pulse generation scheme for three-photon fluorescence 

microscopy (3PM) by leveraging an L-band Er-doped fiber laser and chirped pulse amplifier. 3PM 

imaging is demonstrated on a mouse kidney slice. 
OCIS codes: (140.3500) Lasers, erbium; (140.4050) Mode-locked lasers; (180.4315) Nonlinear microscopy. 

 

1. Introduction 

Multiphoton fluorescence microscope is nowadays an important imaging modality in biological research regime. 

Comparing with two-photon fluorescence microscopy (2PM), three-photon fluorescence microscopy (3PM) has 

better overall excitation localization [1], i.e. faster intensity falling off for those fluorescence excitation out of focus 

[2], which enables 3PM to achieve higher signal-to-background ratio than 2PM. In 3PM, longer optical excitation 

wavelength is normally used for deeper penetration depth. Specifically, the spectral range from 1.6 µm to 1.8 µm is 

proved to be an optimum wavelength window for large penetration depth when the scattering and absorption 

features in bio-tissue are considered [3]. Recently, a type of optical source with optical wavelength tunable to ~1.7 

µm, and pulse energy up to 67 nJ was realized through soliton self-frequency shifting (SSFS) in a photonic-crystal 

rod pumped by a high-power fiber laser at 1.5 µm. Based on this advanced optical source, three-dimensional (3D) 

3PM imaging of a mouse brain tissue was demonstrated [2]. 

In this paper, we report a different kind of high energy pulse generation scheme for 3PM application by mode-

locking pulses with 1.6 µm optical wavelength directly from an Er-doped fiber (EDF) laser and boosting the pulse 

energy through a chirped pulse amplifier (CPA) externally [4]. The output pulse energy from the fiber laser was 3.9 

nJ with repetition rate of 9.3 MHz, and the boosted pulse energy was 14 nJ by the CPA. Eventually, 3PM imaging 

was demonstrated on a mouse kidney slice. 

2. Experiment setup and results 

 

Fig.1. Experiment setup. OIM: optical integrated module; EDF: erbium-doped fiber; PC, polarization controller; SMF: standard 

single-mode fiber; C: collimator; M: Mirror; GM: Galvanometric scanning mirrors; L: Lens; DM: dichroic mirror; Obj: objective 

lens; Con: condenser lens; PMT: photomultiplier tube. 

The experiment setup is shown in Fig. 1. The L-band fiber laser was mode-locked by nonlinear polarization rotation 

(NPR) mechanism. The fiber ring cavity consisted of three sections of single-mode fiber (SMF), i.e., 0.5-m HI-1060 

fiber in brown color, 20-m low-doped EDF (M-12(980/80), Fibercore) in green color, and 1-m standard SMF (SMF-

28e) in blue color. The total cavity length was 21.5 m, corresponding to a repetition rate of 9.3 MHz. The EDF was 

core-pumped by a 976-nm single-mode laser diode (LD). Both pump coupling and signal extraction were obtained 

by an optical integrated module (OIM) incorporating wavelength-division multiplexing (WDM) coupler, beam 

splitter, and polarization-sensitive isolator. The beam splitter inside the OIM was used to extract 50% lasing signal 

from the fiber cavity. L-band emission was realized by controlling the population inversion of the EDF at low level 
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through manipulating the EDF length (20 m) and cavity loss (50% output coupling ratio) [5]. An in-line polarization 

controller (PC) was inserted into the cavity to manipulate the polarization state of the light wave inside the cavity. 

The average output power of the fiber laser was 36.5 mW, corresponding to 3.9-nJ single pulse energy. 

 

Fig. 2. (a) optical spectrum without/with CPA; (b) pulse width without/with CPA (inset); (c) 3PM image of a mouse kidney slice. 

To further boost the pulse energy for 3PM application, an L-band CPA was used externally. Here, pulses from 

the fiber laser were chirped by 20-m dispersion-compensating fiber before EDFA to avoid spectral broadening, and 

a grating pair was used to compress the amplified pulses. The optical spectrum at the cases without/with CPA is 

compared in Fig. 2(a) in blue and in red respectively (the amplified optical spectra after the CPA was attenuated to 

the same power level with the input spectra before OSA for comparison), while the pulse width at the cases 

without/with CPA is shown in Fig. 2(b). By blocking the C-band ASE with an aperture before M1 in the CPA part 

(Fig. (1)), the average power of the amplified pulses was 130 mW, corresponding to 14-nJ single pulse energy. It is 

worthy to note that the pulse energy can be further enhanced by increasing the pre-chirp rate to tolerate much higher 

peak power in CPA. However, large pre-chirp implies more stringent pulse compression requirements. 

To verify the 3PM imaging capability of this high-energy pulse generation scheme, a mouse kidney section slide 

(Thermo Fisher Scientific FluoCells® prepared slide #3) stained with Alexa Fluor 488 wheat germ agglutinin (W-

11261), Alexa Fluor 568 phalloidin (A-12380), and DAPI (D-1306) was used as the sample [6]. Since the excitation 

wavelength was ~1.6 µm, both Alexa Fluor 488 and Alexa Fluor 568 could be excited simultaneously. The 

excitation light was focused by an oil immersion objective lens (Nikon, Plan Fluor 100×/1.30) onto the sample, and 

a dichroic mirror (T815lpxxrxt-UF1, Chroma) was placed before the photomultiplier tube to select the fluorescence 

light. 2D galvanometric scanning mirrors were used to scan the excitation light with 250 µs pixel dwell time, 

covering 90µm×90µm region (512×512 pixels). The imaging result is shown in Fig. 2(c). 

3. Conclusions 

In this work, we report a high energy pulse generation scheme for 3PM application by leveraging an L-band Er-

doped fiber laser and CPA. By this scheme, pulses at 1.6 µm with 14-nJ single pulse energy were obtained, and 3PM 

imaging was demonstrated successfully by this scheme on a mouse kidney slice. 
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