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 < 50 fs  | Ultrafast femtosecond fiber lasers

VALO Femtosecond Series

•   <50 fs pulse duration, > 2 W 

•   Integrated dispersion pre-compensation

•   Very low noise performance 

•   Laser head passively cooled (no water & no fan)

•   User friendly design - remote controllable

The VALO Femtosecond Series of ultrafast fiber lasers are unique in their 
design offering amongst the shortest femtosecond pulses and highest peak 
powers which can be obtained from a compact turn-key solution. Pulse 
durations of <50 fs are achieved using novel fiber laser based technology, 
with average output powers of over 2 W, delivered in a low noise, nearly 
perfect TEM00 beam. All VALO Femtosecond series lasers are delivered fully 
aligned and ready to use.

The VALO Femtosecond Series features integrated group velocity dispersion 
pre-compensation for peak power optimization at the sample and a 
simplified touch screen interface to allow for a user-friendly operation. The 
VALO Aalto and VALO Tidal are passively cooled with no need for external 
water chillers or fans.

The ultrashort pulse durations combined with computer-controlled 
group velocity dispersion pre-compensation, allow users of the VALO 
Femtosecond Series fiber lasers to achieve the highest peak power exactly 
where it’s needed, which makes the lasers ideal for use in multiphoton 
imaging, advanced spectroscopy, super continuum generation and many 
other applications. 

Applications 
Multiphoton microscopy

Optogenetics

Two-photon polymerization 

Terahertz generation

Supercontinuum generation

Spectroscopy

Typical optical spectrum 

Typical temporal profile

Measured with APE pulse 
Check + FROG

Typical beam profile
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Specifications and technical data are subjects to change without notice due to 
technical developments.

VALO Femtosecond Series
Optical Performance Specifications

VALO Aalto VALO Tidal

Pulse duration (FWHM) < 50 fs  ( typical < 40 fs )

Average power > 200 mW > 2.0  W

Repitition rate
30 ± 1 MHz 

(other repetition rates upon request)
Pulse energy > 6.6 nJ > 66 nJ 

Peak power (typical value) 166 kW 1.6 MW

Power stability (RMS, 24 hours,  ±3 °C) < 0.1 % < 0.5 % (typ. < 0.2 %)

Dispersion compensation range - 30,000  to + 5,000 fs²
Center wavelength in air 1050 ± 10 nm

Spectral bandwidth (at -10 dB) > 90 nm 

Spatial mode (TEM00) M² < 1.2 M² < 1.3

Beam diameter (typical value) 1.8 mm 2 mm

Beam divergence < 2 mrad

Astigmatism < 0.1 

Asymmetry < 1.1

Polarization Linear, Vertical

PER > 100 : 1

Laser head dimensions 

VALO Tidal 
965 - 1150 nm, > 25 fs, < 100 nJ, Pavg. < 3W
Avoid eye or skin exposure to direct 
or scattered radiation
Class 4 Laser Product
Classified by DIN EN 60825-1:2015-07

VALO Aalto 
965 - 1150 nm, > 25 fs, < 10 nJ, Pavg.< 350 mW
Avoid exposure to beam	
Class 3B Laser Product
Classified by  DIN EN 60825-1:2015-07

WARNING INVISIBLE LASER RADIATION

Controller dimensions 

 15mm
0,6in

  37mm
1,5in

  281mm
11,1in
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VALO Aalto controller dimensions shown here. See table to the width of the VALO Tidal controller.
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VALO Femtosecond Series

Read more about sub 50 femtosecond pulse lasers for gentler multiphoton microscopy at:
https://hubner-photonics.com/products/lasers/femtosecond-lasers/valo-series/

Long term performance stability
VALO Femtosecond Series lasers are equipped 
with an optical feedback loop to actively stabilize 
the average output power by measuring a portion 
of the final output beam and adjusting the pump 
to compensate for any fluctuations. 

The result is more than 24 hours of uninterupted 
performance stability typically better than 0.1 % 
for VALO Aalto at 200 mW of average power and 
typically better than 0.5 % for VALO Tidal at over 
2 W of average power. 

Sub 50 femtosecond pulses for multiphoton microscopy
Sub 50 femtosecond lasers are ideal for nonlinear and multiphoton microscopy applications due to their higher 
pulse peak powers which result in increased signal-to-noise ratio images at much lower average power, reducing 
photobleaching, and extending cell viability. 

The impact of sub 50 femtosecond pulse durations 
can be seen on the calibration grid images to the 
left (lbidi, 50 mm grid size).

a) 4.7 mW,  <50 fs; VALO Femtosecond Series. 

b) 6 mW with laser spectrum limited to 10 nm 
bandwidth (~160 fs). 

c) Scaled up contrast for the 6 mW laser spectrum 
limited to 10 nm bandwidth (~160 fs). 

 

HÜBNER Photonics | High performance lasers | hubner-photonics.com 

nm FWHM around 1 064 nm, resulting in ~160 fs pulses. 
The image in Figure 3a) and 3b) are identically scaled, but 
Figure 3b) shows no THG signal. Only after rescaling the 
lower THG signal from the longer ~160 fs pulses, was it 
possible to obtain an image above the experimental 
noise floor, as shown in Figure 3c). In this case, a 2.5 times 
higher average laser power was needed to achieve a 
signal to noise ratio comparable to that of THG signals 
obtained from shorter sub 50 fs pulses. In summary, 
ultrashort sub 50 fs pulses provide considerably higher 
pulse peak powers, which results in optimal signal-to-
noise ratio images at much lower average power, which 
in turn reduces photobleaching, and extends cell 
viability.  

 
          a)                                                    b)                                              c) 

Figure 3: Third harmonics of a calibration grid (Ibidi) with 50 
micrometer squares. a) 4.7 mW, full spectrum short pulses (<50 fs; 
VALO Series). b) 6 mW with laser spectrum limited to 10 nm 
bandwidth (~160 fs). c) Scaled up contrast for the 6 mW laser 
spectrum limited to 10 nm bandwidth (~160 fs). 

Intense pulses – advantages for THG 
THG microscopy is a high resolution deep optical 
sectioning and label-free imaging technique, with 
reduced tissue damage and without the need for 
artificially induced fluorescent probes, but it requires 
higher peak powers and shorter pulses, while 
maintaining a low average laser power to extend cell 
viability. The emissions from endogenous biomolecules 
and the naturally occurring second-order harmonic 
signals have a chemical specificity for certain 
chromophores and are only produced in non-
centrosymmetric molecules like collagen. THG signals 
are particularly much less chemically specific, and every 
spatial variation of the refractive index enables the 
generation of THG signals. As such, THG microscopy can 
be seen as a 3D equivalent of Phase Contrast Microscopy 
[6]. Especially, localized variations in refractive index to 
within half the laser focus dimension are particularly 
efficient at generating THG signals. Due to the Gouy 
phase shift in the focus, the laser field before and after 
the focus is 180 degrees out of phase. The same is true for 
all third order (and odd orders) signals, where signals 
have destructive interference and cancel out. Therefore, 
THG signals are not generated in a homogeneous 
medium, and a symmetry break is needed within the 
focus.  Cellular and sub-cellular details can be observed 
due to this universal principle, some giving weak and 

some giving strong signals. This asks for intense pulses to 
make both strong and weak features visible, and a 
detection system with a high dynamic range. Since THG 
signals scale with the cube of the peak power of pulses, 
to produce the needed high signal to noise ratio, the use 
of considerably more intense and thus shorter pulses is 
required. Figure 4a) and 4b) shows mouse brain images 
obtained using the VALO Series laser with a sub 50 fs 
pulse duration and emphasizes the need for ultrashort 
pulses to enhance THG imaging. 

 

a)                         b) 

Figure 4: Mouse brain THG signals a) Large image mosaic, b) 
Close-up image (200µm x 200 µm) 

Molecules undergo several excitation/emission cycles 
before photobleaching, some may be more sensitive 
while others may perform several cycles before 
additional incident photons are unable to excite more 
molecules. In time-lapse microscopy, photodamage is 
one of the main limiting factors when observing living 
cells or tissue over extended periods of time. While 
phototoxicity is a function of molecular structure and the 
experimental environment, it is inevitably accelerated by 
constant exposure to a high average laser power. Thus, 
for live-cell imaging, sensitive to phototoxicity, the 
combined low average laser power and high peak power 
delivered by sub 50 fs pulses enhance cell viability and 
considerably extend imaging times. As shown in Table 1, 
comparing 50 fs to 200 fs, a laser with only one fourth the 
average power output is needed for the same peak 
power, which translates into longer imaging durations, 
while providing the same two-photon efficiency (TPEF). 
To achieve the lowest possible average power, lower 
repetition rate lasers are preferred, which also helps 
reduce photobleaching effects. 

Pulse Duration 
Peak power 

(30 MHz) 
Average Power 

*For the same TPEF  

200 fs 16 kW 100 mW 

50 fs 16 kW 25 mW 

Table 1: Pulse duration, peak and average power comparison 

By comparison, for the same peak power a                 
50 fs pulsed laser requires a quarter of the average 
power for the same two-photon efficiency (TPEF), 
thus reducing photobleaching effects, allowing 
for longer imaging duration and improved cell 
viability.

Group velocity dipersion pre-compensation
Integrated, and easy to use, group velocity 
dispersion pre-compensaion allows the user to 
control the pulse duration at the sample.

Using automated dispersion compensation just 
before the laser aperture the pulse duration is 
fully characterized and the calibrated values 
are accessable through the touch screen 
user interface. The range for the dispersion 
compensation is - 30,000  to  +5,000 fs².

https://hubner-photonics.com/products/lasers/femtosecond-lasers/valo-series/


Our Locations

HUBNER Photonics Inc.
(Sales in USA, Canada and Mexico)
San Jose, California, USA
Phone: +1 (408) 708 4351
Fax:       +1 (408) 490 2774
E-mail: info.usa@hubner-photonics.com

Cobolt AB, a part of HÜBNER Photonics   
(Sales in Norway, Sweden, Finland and Denmark)
Solna, Sweden
Phone: +46 8 545 912 30
Fax:       +46 8 545 912 31
E-mail: info.se@hubner-photonics.com

HÜBNER Photonics GmbH
(Sales in Germany, Switzerland  and Austria)
Kassel, Germany
Phone: +49 561 994 060 – 0
Fax:       +49 561 994 060 – 13
E-mail:  info.de@hubner-photonics.com

HA Photonics Pty Ltd 
(Sales in UK & Ireland - goods shipped from 
Europe)
United Kingdom
Phone: +44 735 944 0871
E-mail: info.uk@hubner-photonics.com

VALO Innovations, a part of HÜBNER Photonics
(VALO Femtosecond Series)
Hannover, Germany
Phone: +49 511 260 390 70 
E-mail: info.valo@hubner-photonics.com

In need of technical support/service? 
Send us information about your issue:
hubner-photonics.com/service-support 
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