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  Single-walled carbon nanotubes (SWCNTs) are unique nanostructures that feature 

interesting optical properties beside superior electrical, chemical, and mechanical properties. 

SWCNT-based saturable absorbers (SWCNT-SAs) exhibit ultrafast third-order optical 

nonlinearity and saturable absorption.
(1)
 These make them a promising replacement for 

semiconductor-based ultrafast saturable absorber mirrors (SESAMs).(2) While SESAMs 

demand challenging and expensive fabrication processes like metal organic chemical vapor 

deposition (MOCVD) or molecular beam epitaxy (MBE),
(3)
 fabrication of saturable absorbers 

based on SWCNTs is comparatively simple.

  Moreover, the absorption band of the SWCNT is controllable by varying the tube 

diameter and its chirality. Therefore, SWCNT-SAs are readily applicable within a broad 

spectral range throughout the near-infrared from 1.0 μm up to 2.0 μm. Passive 

mode-locking employing a SWCNT-SA was first demonstrated for fiber lasers. Using an 

Er-doped fiber as the gain medium at a wavelength of 1.55 μm, a train of pulses with 318 

fs duration was reported.(4) However, the most efforts of passive mode-locking with 

SWCNT-SAs were mainly restricted to fiber lasers, since the single-pass gain of fiber 

lasers is much higher and hence they can easily tolerate large non-saturable losses. 

  Especially for application in bulk solid-state lasers, however, it is necessary to reduce 

the losses to the lowest level possible. The first bulk laser that was passively mode-locked 

by a SWCNT-SA operated near 1.5 μm and was based on Er/Yb:glass.(5) This successful 

demonstration motivated mode-locking investigations in adjacent wavelength regions. We 

demonstrated passive mode-locking of Yb-doped tungstate lasers in the 1 µm range
(6,7)
 and 

of a Cr:forsterite laser at 1.25 μm(8) with pulse durations <120 fs, respectively. Most 

recently, we also achieved SWCNT-SA mode-locked operation of a Tm-doped KLuW laser 

in the emerging wavelength range around 2 μm.(9) Additionally, the SWCNT-SA 

mode-locking of a Cr:YAG laser near 1.5 μm is now successfully in progress. 

  In this talk, nonlinear optical characteristics of different SWCNT-SAs and their 

applications for bulk solid-state laser mode-locking in a broad spectral range between 1 
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and 2 μm will be reported. Figure 1 shows typical mode-locked laser spectra of different 

bulk lasers and the corresponding autocorrelation traces.
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Fig. 1. Mode-locked laser spectra and the corresponding autocorrelation traces.
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