
FEMTOSMART

Features

• Elevated, column-based body

• XYZ positioning

• Tilting objective

• High level of modularity

• Galvanometric, resonant, or both scanning 

possibilities

• Travelling detector system

• 3P ready transmission range upon request

Benefits

• Extremely large space under the objective

• For in vivo studies

• Field upgradability 

• Patented imaging technologies

• Flexible scanning methods

• Maximal photon collection



Overview

The FemtoSmart series is the next step in Femtonics product evolution, fully customizable two-photon 

microscopes, which are primarily used in in vivo studies. Their special feature is the elevated body which 

can move in X, Y, and Z directions, providing ample room under the objective for optimal positioning 

of your sample. This feature makes them suitable for model organisms ranging from zebra fish larvae, 

through mice navigating in virtual reality to even non-human primates.

Extreme positioning 
freedom

The column-based X-Y-Z 

moving body of the FemtoSmart 

houses the scanner unit, control 

circuits, and internal light path. 

The leg is 600 mm long and 

custom size is also available, 

and its footprint is only 250 mm 

× 250 mm; the distance between 

the objective and the surface is 

360 mm. The design enables 

the objective to move in a 50 

mm range in the Z-direction and 

the microscope body can also 

move in 50 mm range in the XY 

directions around the base. The 

Tilting objective, as an upgrade 

module, can further increase 

mobility.

Superior imaging 
technology

The optomechanical design 

of FemtoSmart is based on 

the established technology 

of Femtonics. The fine-tuned 

optical construction allows 

imaging to a depth of 850 μm, 

and wavelength range from 

visible to the infrared regime 

allowing even 3p excitation. 

The high-quality scanners 

delivering the highest resolution 

currently available. Detection 

is performed by our patented 

travelling detector system, 

where the highest quality GaAsP 

PMTs and associated optical 

elements are mounted on the 

objective arm which helps to 

keep the photon collection ratio 

high.

Modularity

The microscope’s modular 

nature allows us to assemble the 

components, and recombine 

and upgrade the system to 

perfectly fit the customer’s 

needs. Multiple lasers can be 

built into the microscope, either 

for imaging or photoactivation. 

Galvo and/or resonant 

scanner direct the beam. The 

detection is performed by 

multiple high-sensitivity GaAsP 

photomultipliers. The system 

can be equipped with a lot of 

optional modules enabling it to 

be adapted for a wide range of 

biological applications.

FemtoS-Galvo/Technology

Overview

The FemtoS-Galvo is a galvanometric scanner-based two-photon microscope which enables in vivo 

and in vitro functional imaging to be focused on the region of interest (ROI). The scanner consists of 

two galvanometer-based motor-driven mirrors, meaning that the focal spot can be positioned where 

required. The high accuracy and this positioning freedom support flexible approaches for ROI creation. 

In contrast to sampling all pixels in images, ROI scanning (e.g. along a predefined line) restricts 

scanning to the regions which are relevant for the scientist, resulting in faster recording, and elimination 

of background noise. This helps to reveal cellular signaling and action potentials.

Technology/FemtoS-Galvo

Key features

• For in vivo functional imaging in deep tissues

• Each cell body, axon, dendrite and spine can be measured separately

• Flexible imaging modes, patented solutions for fast imaging only on the regions of interest

• High signal to noise ratio

• Intelligent control software

Advanced 2D scanning methods

The advantages of the galvo scanner combined with the intelligent, user-friendly control software 

enables the user to use many scanning patterns covering the ROIs distributed across the field of 

view. These patterns have been developed based on the most frequent requests by neuroscientists. 

For example, multiple frame scanning focuses on cell bodies, multiple line scanning enables us to 

follow action potentials along dendrites, and random-access point scanning allows measurement or 

photostimulation of subcellular components of the highest temporal resolution. Many features of the 

software, such as real-time display, analysis functions, F/F calculations and integrated parallel data 

acquisition of electrical recordings promote greater understanding of the physiological processes 

under the focus of your research.

raster multiple frame multiple line folded frame random-access point stimulus patterns



FemtoS-Galvo/Technology
Multiple line scanning

Multiple line scanning has been developed for 

researchers who want to resolve dendritic and 

even spine activity of neurons approaching near 

real-time measurement mode. During this scanning 

mode, the X and Y mirrors direct the laser beam 

flexible along straight lines or complex curves. 

The scanner spends most of its time collecting 

signals from these lines, while the intermediate 

sections between the lines are skipped. In this 

way, the scanning speed and the signal-to-noise 

ratio (SNR) of the signals sampled from the multi-

site ROIs increases 3- to 4-fold compared to frame 

scanning.

Folded frame scanning

This patented method enables imaging of a 

confined area along a line, where the shape of 

the selected regions can be straight or curved. 

This advanced scanning method is useful for 

imaging single cell bodies in different regions of 

the specimen, or following events along winding 

dendrites with their protrusions, even while the 

tissue is moving.

Photostimulus patterns

Uncaging, optogenetics, and other photostimulation 

techniques are also supported by our unique 

scanning patterns and their combinations. 

Random-access point scanning can be used for 

stimulation in femtoliter volumes near dendritic 

spines where the duration of the stimulation, can 

be set from microseconds to seconds precisely 

to the experiment. The evoked signals can be 

followed along the dendrite by line scanning near 

simultaneously with the photostimulation. The 

microsecond-scale switching time between the 

stimulation and imaging is achieved by using of a 

Pockels cell and gated detectors.

High signal-to-noise ratio

Subtle changes in the evoked signals can be 

revealed because of the following features:

• scanning only the relevant part of the field-of-

view, and skipping the background, result in a 

very high signal-to-noise ratio,

• photon collection efficiency is enhanced thanks 

to our patented travelling detector system, 

which uses the shortest possible optical path,

• the most sensitive GaAsP photomultipliers 

available (quantum efficiency >40%) collect 

scattered photons.

20 μm

Specification

in vivo deep brain imaging down to 850 μm

800 μm × 800 μm FOV (with a 20x obj.)

2D scanning modes

     point and random access point with 200 μs/point

     free hand line and  multiple line: 40 lines/5 ms

     frame with 4.1 fps at 512 x 512 pixel, 750 μm x 750 μm

     folded frame, multiple folded frame

pixel dwell time adjustable: 0.5 μs - 10 ms, pixel-based averaging

minimized optical path length by patented travelling detector system

non-descanned, ultrasensitive GaAsP PMT (>40% quantum efficiency)

high signal-to-noise ratio

simultaneous detection of multiple wavelength

custom-designed optical elements for maximal transmission efficiency

MATLAB-based control software with analysis and upgrade possibilities

∆F/F, ∆G/R calculation

parallel recording and analysis of electrophysiological data  

CMOS camera

compatibility with extended IR wavelength range

Applications/FemtoS-Galvo
Deep brain imaging

Thanks to two-photon laser technology and our 

optical developments, you can study cell bodies 

and dendrites at a high spatial resolution down to 

a depth of 850 μm with no photodamage. The 3D 

slicer module of the control software implements XZ 

or YZ sectioning and projection of the Z-stacks and 

enables 2D visualization of 3D stacks projected to 

any of the three axes.

Intravital imaging

The infrared excitation laser can penetrate 

thick specimens, enabling living cell behavior 

in intact tissues and organs to be visualized at 

high resolution for extended periods with no 

phototoxicity: essential for morphological studies. 

The metaprotocol module of the control software 

automates these measurements on a timescale 

of seconds by letting you run freely composed 

sequences of image acquisition. Figure shows 

renal morphology (red: blood vessels, green: 

tubule walls, blue: nuclei, yellow: tubular cavities). 

Calcium imaging

The fast scanning speed on user-defined, 

separated regions ensures precise and repeatable 

measurements of rapid changes in the Ca2+-level 

of neurons and their dendrites. The ratio-imaging 

software tool offers algorithms for eliminating 

background noise, and determinates the relative 

fluorescence changes, displaying them as 

transient curves as a function of time. The batch 

analysis tool contains efficient tools for analyzing 

entire multi-ROI measurement sets conveniently; it 

also implements the grouped analysis of imaging 

data at multiple regions.

Parallel electrophysiology

Hardware and software tools help parallel two-

photon imaging and aligned electrophysiological 

recordings. Precise triggering the external 

recording ensures time aligned measurement 

of the electrophysiology and imaging, providing 

different aspects for studying the neuronal cell and 

network activity. Software module helps automatic 

importing recorded traces for parallel analysis. 

Figure shows calcium imaging and patch-clamp 

recording in an OGB-1 and Alexa-594 filled 

hippocampal neuron.



Overview

In the FemtoS-Resonant microscope, Femtonics combines high-speed and high-sensitivity imaging 

of living tissues by using a fast resonant scanner. Resonant-scanner-based raster scanning acquires 

images of the entire field-of-view ~5 times faster than galvanometric-based scanning: it is therefore the 

most appropriate choice for imaging the entire field-of-view at high frame rate.

in vivo deep brain imaging down to 850 μm

600 μm × 600 μm FOV (with a 20x obj.)

scanning modes

     raster scanning with 31 fps at 512x512 pixels

                                and 500 fps at 512x32 pixels

     16 000 lines/sec (straight, parallel with x-axis)

     3D volume scanning with 3 Hz by Piezo objective positioner

dynamic pixel dwell time to avoid image distorsion

minimized optical path length by patented travelling detector system

non-descanned, ultrasensitive GaAsP PMT (>40% quantum efficiency)

high signal-to-noise ratio

simultaneous detection of multiple wavelength

custom-designed optical elements for maximal transmission efficiency

C++-based control software with analysis and upgrade possibilities

dedicated software efficiently handling large datasets

nearly unlimited measurement times

∆F/F calculation

parallel recording and analysis of electrophysiological data

CMOS camera

compatibility with extended IR wavelength range

Key features

• For in vivo high-speed functional imaging in 

deep tissues

• Rapid image acquisition

• Long-term measurements

• Time-lapse imaging

• 3D volume scanning upgrade

• Intelligent control software

High scanning rate 
with no image distortion

The velocity of the resonant scanner is non-linear: 

the speed is different in the center and at the 

edges of the frame. In the microscope, Pockels 

cell limits the scanning range to that portion where 

the scanning velocity is near linear, avoiding 

photobleaching/photodamage at the two sides 

of the image. Scan electronics performs dynamic 

pixel dwelling for data linearization and to cancel 

out image distortion.

Uninterrupted high-speed imaging

The resonant scanner consists of a fast 

oscillating mirror for x-axis deflection and a 

galvanometric mirror for y-axis sweep. Thanks to 

the 8 kHz oscillating speed of the fast x mirror, the 

microscope is capable of gathering images at 31 

frames per second for hours.

FemtoS-Resonant/Technology

Specification

3D volume scanning

The fast XY-scanning, combined with 

fast Z-movement, ensures near real-time 

measurement of a 3D volume which enables us to 

study activity changes in 3D cellular networks or 

the morphology of organs. The fast Z movement 

can be performed by a Piezo objective positioner 

or a Liquid lens objective.

Long-term measurements

The high frame scanning rate and the unlimited 

video streaming combined with the possibility 

of automated measurement, support long-term 

studies such as following learning processes, 

memory retrieval, associative learning, 

development of model organisms, etc. The middle 

figure shows an early stage of the development 

of a zebrafish embryo, whose ontogenesis was 

followed and recorded over a day from the low 

cell state.

Time-lapse imaging

While two-photon excitation ensures deep 

penetration and fine spatial resolution, the high 

frame scanning rate of the resonant scanner 

provides high temporal resolution. This feature 

means that the microscope is suitable for 

measuring rapid events in living cells, neuronal 

networks, or other circuits.

Photostimulation

Full-field illumination from an LED light source 

enables cell populations to be stimulated in 

different locations of a specimen while the 

resonant scanner simultaneously images the 

evoked signals. The selective stimulation 

of the cells can be ensured by targeted 

expression of photosensitive molecules 

such as channelrhodopsin or halorhodopsin 

(optogenetics).

Applications/FemtoS-Resonant



FemtoS-Dual

Overview

The FemtoS-Dual microscope contains both 

galvanometric and resonant scanners, providing all 

advantages of the two types of imaging technique. 

For example, follow activity on a large field of view 

using resonant scanner, then zoom to selected 

ROIs or finish with a high-resolution z-stack using 

the galvo scanner.

GALVO DUAL Resonant

Photostimulation and imaging

Using the two scanners function in tandem is a perfect solution for photostimulation. The galvanometric 

scanner directs the laser to cells or subcellular components selectively. The selectivity is established 

by scanning along arbitrary line patterns placed on cell bodies or dendritic segments. With the 

resonant scanner, you can follow the changes in the cells of a neural network collecting imaging data 

simultaneously by high-speed frame scanning of the surrounding area. Timing of photostimulation and 

gating of the detectors are controlled by protocols designed on user-friendly GUI.

4 s

200%
ΔF/F

Stimulation along ROIs using spiral 
scanning pattern with galvo scanner on 

ChR2 expressing neurons

Full field imaging 
by resonant scanner

Offline ROI selection
Calcium responses 

from the selected ROIs

FemtoS-Bridge

The FemtoS-Bridge is a special edition of the FemtoSmart microscope which is designed to provide  

extreme freedom in positioning of the body. It involves all the advantages of the FemtoSmart series but 

it has been extended, making it particularly beneficial to studies which need a very large space for the 

sample or accessories by enabling functional brain imaging in head-fixed mice navigating in a large 

mobile cage.

 Unique features

The foot is replaced with a lifting apparatus which 

moves the head vertically.

•     Moving range: 50 cm

•     Coarse Z adjustment: 1 mm

•     Fine adjustments:

• by the objective holding arm in a 50 mm 

range of the Z direction,

• Piezo objective positioner for moving the 

objective with fast Z positioning in a range 

of a few hundred micrometers,

• an XY actuator moves the body relative to 

the column in the X and Y directions (±25 

mm range, step size: 1 μm),

• our Tilting objective further increases 

accessibility to the lateral parts of the brain.



FemtoSmart Product line/Optional modules
Vessel pattern visualization
Green illumination

Full field photostimulation
LED light source

Uncaging/Optogenetics
Multiple beam path

Green illumination from an 

LED light source allows high-

contrast visualization of blood 

vessels, helping to navigate on 

the surface of any organs under 

in vivo conditions and position a 

patch pipette for bulk loading or 

patch clamping.

Features
• excitation wavelength at 510-

540 nm

• ~100 μm penetration depth

• 3 sec switching time between 

camera and two-photon 

modes

• detection by CMOS camera

• adjustable brightness, 

contrast and gamma 

parameters

• equipped on the objective arm

• built-in PMT protection during 

operation

Benefits
• high-contrast visualization

• precise overlap in XYZ 

between camera and two-

photon recorded field of view

• locate your chronic imaging 

spot within the craniotomy

Full-field illumination using a 

selected LED source allows 

molecules and cells to be 

stimulated over the whole FOV 

homogeneously. Combine this 

module with gated detectors to 

achieve millisecond switching 

between stimulation and imaging.

Features
• VIS light stimulation by LED

• typical wavelengths: 430, 

450, 480, 590 nm, others on 

special request

• precisely timed and highly 

repeatable impulses

• ~200 μm penetration depth

• PMT protection during the 

stimulation by built-in gating 

system

• software controlled

• equipped on the objective arm

Benefits
• simultaneous stimulation 

over the entire FOV

• optimized for optogenetics 

studies: precise spatio-

temporal activation of ChR2 

and/or NpHR

• millisecond switching 

between stimulation and 

detection

The optomechanical design of 

the light path enables us to direct 

more beams into the microscope, 

utilizing the same light path. We 

offer secondary, fine-tuned laser 

sources for a wide range of 

biophotonics applications.  

Features
• additional IR or CW laser(s) 

coupled to the existing light 

path

• light path optimized for all 

wavelengths

• full optical engineering

Benefits
• photostimulation with IR or 

visible light

• flexible stimulation patterns 

supporting stimulation of 

selected regions

• two-photon uncaging studies

• visible light optogenetics:

• ChR2 activation with 473 nm 

laser

• NpHR activation with 561 nm 

laser

Optional modules/FemtoSmart Product line
Free rotation of the objective 
Tilting objective

Fast Z-stack and 3D imaging 
Piezo objective positioner

Fast 3D imaging
Liquid lens objective

The motorized tilting module 

rotates the objective, giving a 

higher level of freedom to reach 

the sample from different angles. 

The module also includes a Piezo 

objective positioner, ensuring 

additional movement of the 

objective in the Z direction.

Features
• 180º rotation around the 

horizontal axis

• 100º rotation around the 

vertical axis

• speed of rotation: 4º/sec

• unidirectional repeatability:

• < 0.02 mrad (~2 μm)

• Z movement with piezo: 

• up to 400 μm

Benefits
• flexible objective positioning 

with high precision

• highly stable in all positions

• minimized optical path to the 

detectors fixed on the tilting 

unit

• useful for in vivo experiments, 

intravital imaging, and deep 

brain imaging in rodents or 

even non-human primates

A Piezo objective positioner 

enables the microscope to 

change the focal point by 

mechanically moving the 

objective. With this module the 

microscope is able to collect 

signals from different depths with 

up to 200 Hz, resolving activity in 

3D samples.

Features
• positions objectives in the 

Z direction with nanometer 

resolution

• travelling range up to 400 μm

• up to 200 Hz frequency in 

resonant mode

• millisecond step-and-settle

• any types of objectives can 

be attached

• no influence on the optical 

path

Benefits
• 3D trajectory scanning using 

galvo scanner is able to 

collect signals from dendrites 

arbored in the 3D tissue fast 

enough to resolve biological 

activity

• 3D volume scanning using 

resonant or galvo scanners is 

able to collect signals from a 

3D volume, revealing activity 

of the neural network or other 

cell groups

• fine positioning along the 

tilted axis when using tilting 

objective module

The Liquid lens objective contains 

a carefully chosen objective and 

a fast-focusing element which 

utilizes electrically controlled 

shape-changing membrane. 

This flexible membrane enables 

the objective to switch quickly 

between focal planes.

Features
• focuses with nanometer 

precision

• 200 μm focal range

• 10 ms focal-plane switching 

time

• fast settling time

• transmission 90% at 800 nm

• aperture 10 mm

• comes with a 40× 

magnification Nikon objective

• no mechanical perturbation

Benefits
• fast switch between the focal 

planes

• 3D volume scanning: is able 

to collect signals from a 3D 

volume, revealing activity of 

the neural network or other 

cell groups   

• imaging at multiple tissue 

depths near simultaneously


