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Abstract: As a pump source for intense few-cycle laser system with optical-parametric chirped-pulse amplification (OPCPA), we 
have been developing cryogenically-cooled Yb:YLF chirped-pulse amplification laser. So far we have successfully obtained high 
energy output pulse with 107 mJ of energy from a single-stage regenerative amplifier, which can be compressed to 2.2 ps in duration 
without pedestal. An adaptive phase control of laser pulse is underway for indirect dispersion compensation of generated idler pulse 
on OPCPA. 
 

1. Introduction 
  During the last decade, intense femtosecond lasers have 
been sophisticated as one of the most essential tools for 
not only innovative scientific research in laboratory but 
also advanced material processing in industry among the 
world. Durations of these laser pulses have been shorten 
to a few optical cycle level, and available wavelengths 
have been expanding from UV to mid-IR region [1,2]. 
For generating these laser pulses, optical-parametric 
chirped pulse amplification (OPCPA) scheme is getting 
employed instead of conventional femtosecond chirped-
pulse amplification (CPA) with Ti:Sapphire laser crystal 
due to its freedom from spectral limitation of gain media.  
  As an efficient pump source for intense few-cycle 
OPCPA laser, high energy picosecond lasers are 
spotlighted and developments of such laser are going on 
in many laboratories. Ytterbium(Yb)-doped laser 
materials are useful as gain media of these picosecond 
pump lasers for laser-diode (LD) pumping and its high 
quantum efficiency (>90%), and adopted in many laser 
facilities. With Yb-doped media at room temperature, 
however, there are re-absorptions of emitted laser light 
in the laser media, which prevents efficient laser 
operation. We have cooled the laser media down to the 
liquid-nitrogen temperature to suppress the re-
absorption[3,4]. To construct a high-energy picosecond 
CPA pump laser we have focused a cryogenic-cooled 
Yb:YLF crystal as laser gain media for its broad 
emission bandwidth (>18 nm) and long lifetime (~1.5 
msec). 

2. Experiment 
  The regenerative amplifier of our laser is shown in Fig. 
1, which have large mode-size of 2.4 mm diameter at 
laser crystal for maximum output fluence (2.2 J/cm2) in 
the crystal. The total length of the cavity is 4.1 m, and is 
stabilized by two end concave mirrors with f=+1.5 m and 
f=+4 m for withstanding nonlinear self-focusing on laser 
crystal. A 10%-doped Yb:YLF crystal with 3mm 
thickness and 8mm diameter was set in a cryostat and 
pumped by 4 fiber-coupled LD with 600W total input 

power and 4-msec pulse duration. Outputs from mode-
lock oscillator (Spectra-Physics tsunami, center 
wavelength: 1.02 µm, pulse duration: 57 fs) was 
temporally stretched to 2 ns duration (chirp rate: 100 ps/ 
nm) by grating-based stretcher before injecting the regen, 
and amplified. The repetition rate of the laser was 10 Hz 

in this experiment. 
  The output performance of the Yb:YLF regen is shown 
in Fig.2. 107 mJ maximum output laser pulse was 
obtained with 562 W LD pumping on seeding operation. 
The gain of this regen was corresponded to 109, which is, 

Fig. 1  Cavity of cryogenically-cooed Yb:YLF 
regenerative amplifier. Ms: concave mirrors (M1: 
r=+8 m, M2: r=+3 m), DM: dichroic mirror (r=-
10 m), FR: Faraday rotator, HW: half waveplate, 
LDs: fiber-coupled laser diodes, TFP: thin-film 
polarizer 

Fig. 2  Output energies from Yb:YLF regen as 
a function of input LD power 



to our knowledge, the highest gain on single-stage laser 
amplifier in the world.  
  After amplification, the output pulse is going to be 
compressed by grating-based compressor. But nonlinear 
effect during amplification, such as self-phase 
modulation, degrades the temporal pulse shape of 
compressed laser pulses on the high gain amplifier. To 
circumvent the self-phase modulation we have extend 
stretch ratio of seed signal pulse from 100 ps/nm to 150 
ps/nm for reduction of B-integral. Then, as seen in Fig. 3, 
we have succeeded to obtain a decent compressed pulse 
with 2.2 ps duration even in high energy amplification 
corresponding 100 mJ output case. 

  To compensate dispersion of idler pulse generating in 
OPCPA, we have just started to consider phase control 
of our Yb:YLF laser. For generating intense few-cycle 
laser pulse with different spectral region, such as mid-IR, 
idler pulses generated in OPA process should be 
compressed. For compensation of residual high order 
dispersion of idler pulse, however, specified optical 
devices, such as mid-IR gratings, and light modulator, 
are required to a given idler wavelength. This limitation 
prevents us from tuning wavelength of idler pulse for 
practical use. To construct wavelength-tunable few-cycle 
OPCPA in mid-IR region, we are now considering 
indirect pulse shaping with adaptive phase control of 
pump laser. Due to the energy conservation law, 
variation of pump phase affects the idler phase, which 
will enables us to control idler dispersion by pump phase 
modulation in principle. As the pump laser pulse has 
fixed wavelength and relatively narrow bandwidth with 
respect to signal or idler pulse, phase of pump pulse is 
easily controlled by spatial light modulator (SLM) or 
other conventional optical devices. It is known that the 
sign of spectral chirp of an idler pulse is inverted from 
signal, which enables us to construct robust and efficient 
intense femtosecond laser with bulk pulse stretcher and 
compressor [5]. 

  First of all we have constructed picosecond SHG-
FROG to measure the spectral phase of pump laser. With 
this FROG measurements we will control pump phase by 
SLM and observe the variation of idler dispersion on 
OPA process in this study 

3. Summary 
  We have constructed a high-energy regenerative 
amplifier of 107-mJ output energy with cryogenically-
cooled Yb:YLF crystal. Amplified pulses can be 
compressed to 2.2 ps duration, for pumping intense few-
cycle OPCPA. Adaptive phase control of pump pulse has 
been constructing for indirect dispersion compensation 
on mid-IR OPCPA. This kind of laser is useful not only 
for pump laser of OPCPA, but also for many kind of 
nonlinear optical process not only IR lasers with 
differential-frequency generation, but also UV lasers 
with sum-frequency generation in future.  
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Fig.3 Autocorrelation traces of compressed 
pulses. triangle: grating-based pulse stretcher 
only (100 ps/nm, B=3.1), circle: grating-based 
stretcher with fiber stretcher (150 ps/nm, B-
integral is corresponding to 100 mJ 
amplification case) 
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Fig.4  SHG-FROG measurement result (3 mJ output 
pulse)  (a) FROG trace (b) Retrieved spectral 
intensity (red line) and phase (blue line) 
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