
Why two-photon microscopy?
Two-photon laser scanning microscopy is a powerful 
tool for fluorescence imaging and for studying 
physiological functioning in biological samples and 
offers many advantages over conventional imaging. 

The concept of two-photon excitation was theoretically 
described by Maria Goeppert-Mayer, in 1931. This 
process is the simultaneous absorption of two 
photons in a single event resulting in the excitation of 
a molecule from one state to a higher energy state. 
After a short period of time the fluorophore relaxes 
back to its ground state by emitting a photon of light. 
The two photons have approximately half the energy 
and double the wavelength of the photon required 
for a single photon excitation quantum event to 
occur. Therefore, two-photon microscopy provides 
clear advantages in thick, highly scattering samples 
or living animal tissues/models.

The nonlinear dependence of photon absorption on the excitation light intensity eliminates background 
fluorescence and allows for efficient collection of both scattered and ballistic emitted photons. As an 
overall conclusion two-photon microcopy provides a very attractive solution to avoid photobleaching 
and phototoxicity in the specimen during three-dimensional, deep tissue imaging, while obtaining high 
spatiotemporal resolution.

Comparision of two-photon and confocal microscopy:

Two-photon microscopy

Functional imaging in living animals and tissue 

samples up to 850 µm depth without photodamage

IR laser
• less scattering

• deeper penetration

• single-point excitation

• less photodamage

Non-descanned detectors
• high signal-to-noise ratio (SNR): non-descanned 

detectors combined with close coupled detectors 

for more effective photon collection

2D and 3D scanning possibilities
• galvanometric and resonant scanner based 

imaging

• acousto-optic deflector based ultrafast, 3D 

scanning method

Confocal microscopy

Imaging in 100 µm thick slices or cell cultures

Visible laser
• tissues scatter the visible light

• excitation in a focal cone

• photodamage and photobleaching throughout 

the tissue

• high background signal

Pinhole and descanned detectors
• rejection of out of focus background fluorescence 

• loss of emitted photons

2D scanning possibilities
• conventional galvanometric and resonant scan-

ner based imaging methods

The Femtonics two-photon product lines
Two-photon microscopy allows video-rate, real-time monitoring of cellular processes in living organs 
by revealing pathomechanisms at subcellular spatiotemporal resolution with minimal photodamage. 
Numerous patented technologies are applied to all our microscopes, providing ergonomic, modular, 
upgradable systems which can be optimized to meet the demands of different fields of the life sciences.

There are three distinct product lines that have application-specific benefits:

Femto3D-AcoustoOptic

The Femto3D-AO two-photon 
microscope is our flagship 
microscope. This model 
incorporates all the latest 
features: it is a pioneer in 3D 
laser-scanning technology and 
can answer the most demanding 
neuroscience questions. The 
unique, patented acousto-optic 
scanner built into the microscope 
does not contain any mirrors or 
moving parts: the focal spot is 
positioned at very high speed 
and accuracy, independent of 
the distances involved. This 
provides fast scanning rates 
of up to 30 000 locations per 
second. This feature makes 
the microscope suitable for 
3D random-access scanning 
modes, or for applications that 
require the capture of fast time-
dependent events.

FemtoSmart

FemtoSmart features a large 
throat depth that offers plenty 
of room for small or large animal 
models, as well as behavioral 
equipment under the objective. 
The modularity of this microscope 
allows us to assemble the primary 
components, then recombine 
and upgrade the setup with 
various modules in order to meet 
the researcher’s needs. The 
FemtoS-Galvo applies patented 
and flexible ROI scanning 
methods while the FemtoS-
Resonant is capable of capturing 
images at 31 frames per second. 
The FemtoS-Dual microscope 
combines features of the two 
distinct microscopes providing 
the highest level of flexibility for 
versatile experimental protocols.

Femto2D

Femto2D is our standard 
two-photon microscope 
product line. The innovative 
optomechanical design and 
the stable architecture support 
superior imaging techniques. 
The different models encompass 
modular galvanometric, resonant 
and dual scanner two-photon 
microscopes. Many extensions 
have been developed inspired 
by customer’s research including 
photostimulation and fluorescent 
lifetime imaging modules. 
Femto2D series is highly 
suited for in vitro applications 
supporting electrophysiology 
studies. Complex, specifically 
designed microscopes have 
been built for various biological 
applications, and have been 
used around the world for more 
than 10 years.


