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Abstract

Theuse of ultrashort laser pulses for two-photon microscopy (TPM) offers many benefitsincluding; deeperimaging, higher
excitation efficiency, reduced photo damage, simultaneous excitation of multiple fluorophores, with the promotion of
auto-fluorescence.

Introduction

Since it was first reported in the early 1990s, two-photon microscopy has become a standard imaging technique in the life
sciences laboratory due to the benefits it brings over conventional confocal microscopy. The highly localized excitation
of the sample allows for depth measurement and a reduction in sample exposure to damaging energy.

Over this period the basic design of the microscope system, especially the excitation source, has remained largely
unchanged - an ultrafast laser with a repetition rate of 80-100 MHz and a pulse duration in the range of 100-150 fs. This
‘standardization’ of two-photon microscopy as an imaging technique has in part been driven by the improvements made
to the reliability of the laser and the reduced need for routine cleaning, general maintenance and aligning. In the early
days of using Ti:Sapphire mode-locked lasers, the daily process of cavity attention meant a delay before microscopy
could begin, and the need for a researcher to have photonics as well as microscopy expertise.

The Benefits of Ultrashort Pulses

It has been shown in numerous papers, that the use of ultra-short (<10 fs) pulses has important benefits for two-photon
microscopy. With short pulses, the instantaneous peak power for a given average output is much higher. This results in
reduced scattering allowing deeper imaging, higher fluorescent efficiency (figure 1) and improved image contrast, all
without increasing the photo-damage inflicted on
the sample [1][2]. The broad spectral output, using
the entire emission range of the Ti:Sapphire, allows 121
for multiple dye excitation without the need for
laser tuning [3] and evidence of the promotion of
auto-fluorescence [4], an ability of great interest to
the community looking at live cell imaging.

14

-
o
T

With all these recognized benefits, why have short
pulses remained a specialist area? Perhaps one of
the answers lies in the nature of the broadband
pulses, which provide the majority of the benefits.

The speed of light through a medium is dependent

onitswavelength, and with a very wide wavelength Figure 1: Comparison of 100 fs and 12 fs pulse duration in fluorescent signal gen-
erated on mouse kidney samples. All other parameters including power remained

constant. Courtesy of Marcus Dantus, University of Michigan, USA [2].
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becomes significant. Compounded by the complexity of the beam path in a microscopy, optics made from different
media, all with different thicknesses, maintaining a short pulse at the sample becomes more of a challenge. Since the
spectral make-up of a 150 fs pulse is very narrow, the difference in velocities is negligible.
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Figure 2: Image of venteon vChirp software

The principle method of ensuring the short pulse at the sample plane is to “pre-chirp” or provide an equivalent reverse
delay to the pulse within the beam path. This can be done with a series of bounces off chirped mirrors, such as the
DCM range, using glass wedges for fine tuning. Sounds simple, but how do you know how many bounces? The recently
improved venteon vChirp software allows a user to input the various optics involved in the path of the beam between
laser and sample, and will model the effect of negative dispersive elements to predict the best combination to ensure the
short pulse at the point of need (figure 2).

In recentwork, the ability to use the venteon ultra short pulse laser and the d-scan pulse characterization and compression
unit has been reported [5]. The venteon ultra brings the capability of <5 fs transform-limited pulses with actual measured
pulses of <5.5 fs, thus offering the benefits of enhanced excitation efficiency and direct excitation of multiple fluorophores
dueto the broad spectral output, as mentioned earlier in this article [3]. Here, the authors describe the use of the venteon
ultra and the d-scan to compensate for the dispersion caused by a standard 63x, 0.75 numerical aperture objective.
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Figure 3: Schematic set up from the venteon ultra short pulse laser and
the d-scan auto-compression system
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Being smaller, and having a direct feedback from the ‘point of use’ characterization unit to the compensation module,
the d-scan was able to achieve a pulse after the objective of <5.5 fs. Figures 3 and 4 show the set-up and result.

The benefits of ultra-short pulses are now available to the microscopy lab and the microscopist without the need for
photonics expertise, resulting in huge advances to the life sciences industry as a whole.
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Figure 4: Top left: Measured and retrieved (bottom left) d-scan traces. Top right:
Measured spectrum (blue trace), and retrieved spectral phase (red trace). Bottom
Right: Retrieved temporal profile. Pulse duration is 6.4 fs FWHM

Novanta Benefits

Novanta is uniquely positioned to solve even the most complex challenges for OEMs, system integrators, and end-use
customers seeking to advance their manufacturing processes with high precision laser systems. With some of the most
well-known brands in the industry and in-country application and service support, Novanta delivers reliable, precise,
and durable components and sub-systems.

Our Applications Testing Labs offer application and proof-of-concept testing to OEMs, system integrators, material
manufacturers, processors, and end-users of automated machinery. Novanta Application Engineers are laser processing
experts, and understand the parameters that will ensure successful, efficient laser processing. Using laser and beam
steering equipment from well-known Novanta brands, our Application Engineers will determine the key product
parameters and processing know-how to achieve the desired results.
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