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Yb:CALGO bulk oscillator generating ultrashort pulses
at high efficiency by cross-polarized optical pumping
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Numerous applications rely on transform-limited few-cycle laser pulses and are typically based on green-pumped
Ti:sapphire laser oscillators [1,2]. Simple and cost-efficient Yb-doped bulk laser oscillators are a promising
alternative, but have so far been severely limited in power and efficiency for operation in the sub-30-fs
regime [3,4]. Standard colinearly-pumped Yb-doped bulk laser oscillators use dichroic pump mirrors with a high
transmission for the pump at around 980 nm and a high reflectivity at the lasing wavelengths [Fig. 1a)]. This leads
to a strongly varying group delay dispersion (GDD) and limits the expansion of the optical spectrum towards short
wavelengths [5]. Furthermore, to reach higher power levels, higher output coupling is required, resulting in a
stronger population inversion. For common broadband Yb-doped gain materials, this shifts the gain maximum
towards shorter wavelengths until reaching the spectral edge of the dichroic mirrors. Both reasons set a severe
limitation to fully exploit the available gain bandwidth for the gereation of even shorter pulses and hinder further
power scaling of Yb-doped bulk oscillators in the sub-30-fs regime.
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Fig. 1 a) Typical reflectivity (solid line) and GDD (dashed line) of a standard dichroic mirror (red) in comparison to the
developed novel pump mirror (blue), pump wavelength at 976 nm (violet line). b) Schematic of the laser oscillator. c-d)
Measured and retrieved SHG-FROG trace. e) Retrieved pulse intensity profile. f) Optical spectrum of the generated pulses
and retrieved spectral phase.

Here, we show that we can overcome these spectral and power limitations by using a novel pump mirror design
relying on cross-polarized optical pumping. The optical coatings utilized in our experimental setup [Fig. 1b)] have
been designed and manufactured by ion-beam-sputtering in our facility. The developed pump mirror is highly
transmissive for the pump light in p-polarization, while it is highly reflective for the laser light in s-polarization,
even covering the pump wavelength and beyond [Fig. 1a)]. In contrast to a standard thin-film polarizer, it provides
a low and flat GDD over a broad spectral range for the laser polarization. Applying this pumping scheme to a soft-
aperture Kerr-lens mode-locked Yb:CALGO bulk laser oscillator, we achieve 0.5 W of average output power in
28-fs pulses with an optical-to-optical efficiency of 15%. The optical spectrum has a FWHM bandwidth of 55 nm
that already starts to extend even beyond the pump wavelength. A SHG-FROG measurement confirms the
generation of almost ideal transform-limited soliton pulses [Fig. 1¢-f)]. By increasing the OC rate from 5% to 18%,
we achieved 1.5 W of average power with slightly longer 31-fs pulses at an optical-to-optical efficiency of 33%.

We overcome the power and efficiency limitations of colinearly-pumped Yb-doped bulk oscillators utilizing a
novel cross-polarized optical pumping scheme. Applied to an Yb:CALGO bulk oscillator, we demonstrate up to
one order of magnitude higher average power and efficiency compared to other Yb-doped bulk oscillators in the
same pulse duration regime [3—5]. As we did not encounter any thermal issues in the gain medium, we expect this
approach to enable efficient Yb-doped bulk oscillators operating at the multi-Watt-level in the sub-30-fs regime
delivering clean soliton pulses.
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