
APPLICATIONS



Network Imaging

All sensations and behaviors are encoded in the dynamic activity patterns of neural networks. In other 

words, complex networks of many individual neurons respond to environmental features, visual or 

auditory stimuli, reward or punishment, etc. Neural networks extend over 3D space and, in most cases, 

cross many cortical layers of the brain. Two-photon microscopy and many new scanning methods 

have made it possible for neuroscientists to reach the deep regions of the brain (down to 850 μm) at 

a high spatiotemporal resolution, and study with optical methods the function of neuronal populations 

containing hundreds or even up to a few thousand identified cells in 3D.

Imaging of somata as ROIs in 2D
FemtoS-Galvo

The FemtoS-Galvo, with its flexible scanning 

patterns such as 2D random-access point 

scanning, 2D multiple-line scanning, and folded-

frame scanning, supports the manual selection 

of individual cells in a 2D plane. By skipping 

measurement of the entire field, it is possible to 

maintain a high signal-to-noise ratio (SNR). 

Using the TravellingSalesman software module, 

it is possible to determine the shortest pathway 

visiting defined points arbitrarily dispersed on the 

field of view. The short round-trip time results in a 

high measurement repetition speed, up to 100 Hz 

for about 30 cells.

Network Imaging

The fastest imaging of 
cell populations in 3D

Femto3D-AcoustoOptic

The Femto3D-AO enables the spatial and temporal 

complexity of neuronal coding to be resolved by 

scanning distributed points as regions of interest 

(ROIs) in a large 3D volume. The Femto3D-AO is 

the fastest scanner available. Several thousand 

cells can be measured near-simultaneously by 

3D random-access point scanning by restricting 

the imaging to sub-regions of the 3D volume. The 

Cell3DFinder software module finds cell centers 

in 3D image stacks automatically and can display 

them as a set of points. The figure (A-D) shows the 

changes in Ca2+ concentration of 2000 cells from 

the visual cortex of a GCaMP-expressing mouse 

as a function of time. 

See more Wertz et al., Science, 2015; 

Katona et al., Nat Meth, 2012.

Fast scanning of the entire FOV or 
an entire volume
FemtoS-Resonant equipped with Piezo 
objective positioner

Fast-frame scanning based on a resonant scanner 

combined with fast Z-focusing performed by a Piezo 

objective positioner, is a well-known approach for 

studying three-dimensional neural networks. In this 

case, the entire field of view is imaged continuously 

by the fast scanner, while the objective positioner 

moves between planes. Different (cortical) layers 

might be recorded simultaneously this way, or the 

frames may be assembled to volumes resulting in 

a four-dimensional dataset.



Network Imaging

Imaging of multiple somata distributed in 3D in behaving animals
Femto3D-AcoustoOptic

Chessboard scanning is a planar extension of random-access point scanning using the Anti-mOtion 

technology, where random-access points are extended to small squares by drifting the laser beam. 

These squares can be located anywhere in a near cubic millimeter volume, and include the somata with 

the surrounding area. Up to 300 somata can be measured simultaneously. The chessboard arrangement 

of the squares helps to visualize and analyze soma activity, and correct for motion artefacts. The figure 

shows in vivo neuronal activity, Ca2+ transients from 100 neuronal somata from the mouse V1 region, 

labeled with GCaMP6. See also Szalay et al., Neuron, 2016.

Imaging of multiple somata during movement
Femto3D-AcoustoOptic

Multi-cube scanning is a spatially extended mode of chessboard scanning, where a Z dimension is 

added to the aforementioned squares to cover the whole extent of the somata, therefore preserving all 

fluorescent information even during large amplitude movements.



Dendritic Imaging

High scanning speed along 
dendrites and spines in 2D
FemtoS-Galvo

The adaptable X and Y mirrors of the galvanometric 

scanner, coupled with the special electronic 

boards from Femtonics, can follow the tortuous 

protrusions of the dendritic arbor precisely using 

the 2D multiple-line scanning method. By limiting 

the scanning to the spines and omitting the space 

between them, both the scanning speed (up to 2 

kHz) and the SNR can be increased.

In vivo dendritic measurements
FemtoS-Galvo

Using folded-frame scanning, an area along a pre-

selected line can be imaged. The selected regions 

can take many shapes, from areas around straight 

lines to complex bent curves. This advanced 

scanning method is useful for following events 

along curved dendrites with spines, and can also 

be advantageous for dendritic measurements in 

behaving animals where motion artefacts are a 

common problem. The images are corrected for 

motion offline by the control software, as long as 

the dendrite remains in the scanned area.

Dendrites and dendritic spines are made of thin, sensitive processes and are therefore difficult to 

study. Using two-photon laser scanning technology, however we are able collect signals from femtoliter 

volumes of deeper regions of the brain, while at the same time avoiding phototoxicity. In addition, the 

spatially confined scanning of axons, dendrites, and spines as regions of interest (ROIs) makes it 

possible to detect even sub-threshold signals because of the high signal-to-noise ratio (SNR). There are 

several configurations which make it possible to visualize dendritic arborization and perform functional 

measurements under in vitro and in vivo conditions in 2D and 3D samples.

Dendritic Imaging

The fastest imaging of 3D dendritic arborization
Femto3D-AcoustoOptic

With the Femto3D-AcoustoOptic microscope events less than a millisecond apart can be separated, 

and therefore propagation speed of regenerative activity determined at multiple sites of the dendritic 

tree. 3D multiple-line scanning is an advanced version of random-access point scanning: the scanning 

points are extended by drifting the focal point along lines, providing more detailed spatial resolution 

without changing the overall scanning time. See also Katona et al., Nat Meth, 2012, Chiovini et al., 

Neuron, 2014.

Motion correction during 3D imaging of spines
Femto3D-AcoustoOptic

The Femto3D-AcoustoOptic 3D multiple-line scanning method can be used not only for fast dendritic 

imaging, but also for imaging spines in awake, behaving animals. In the figure, each scanning line is 

associated with one spine in a layer II/III pyramidal cell labeled with GCaMP6. The direction of the drift 

is set to meet the average trajectories calculated from brain motion, helping to eliminate the motion 

artefacts. A total of 100 pre-selected spines were examined simultaneously, and four representative 

Ca2+ transients are shown before and after motion correction, demonstrating the improved SNR. See 

also Szalay et al., Neuron, 2016.

3D dendritic imaging in behaving animals
Femto3D-AcoustoOptic

An extension of the 3D multiple-line scanning performed by Anti-mOtion technology is 3D ribbon 

scanning, which makes it possible to image ribbon shaped surfaces containing dendrites and the 

neighboring areas. Figures show 3D ribbons encompassing seven dendritic segments with their 

spines of a GCaMP6-labeled layer II/III pyramidal neuron measured within the brain of a living mouse. 

The seven ribbons were projected into a 2D image ordering dendrites above each other for better 

visualization, and activity was recorded from 40 selected spines and visualized in the form of classical 

Ca2+ transients. See also Szalay et al., Neuron, 2016. 

After motion correction



Dendritic Imaging
3D dendritic imaging in behaving animals
Femto3D-AcoustoOptic

3D snake scanning is a volume extension of ribbon scanning and contains the entire 3D environment 

of the dendrite. It therefore supports imaging of dendrites in larger animals, or behavioral protocols, 

where the amplitude of motion can be large. Figure shows fast snake scanning performed at 10 Hz in 

the selected dendritic region of a V1 pyramidal neuron. See also Szalay et al., Neuron, 2016.

The fastest imaging of 3D dendritic arborization
Femto3D-AcoustoOptic

Imaging multiple frames with different sizes at any position in the scanning volume can be used to 

follow all events propagating along the cell. The figure shows imaging of the entire length of a pyramidal 

neuron in vivo, where the small scanned rectangles cover the apical dendrite across multiple layers. 

Motion compensation enables us to record fluorescent signals and responses to visual stimuli while the 

animal is running on a treadmill. See also Szalay et al., Neuron, 2016.

Electrophysiology
Two-photon Ca2+ imaging and electrophysiological data acquisition provide excellent tools for the 

study of neural cell and network activity. Using the two methods simultaneously, it is possible to follow 

potential fluctuations and relate them to changes in their Ca2+ levels. While the two-photon Ca2+ imaging 

technique shows events in multiple small areas (distinguishable parts of dendrites and spines) at high 

spatial resolution (<1 μm) but low temporal resolution (>100 ms), electrophysiology can cover changes 

over larger areas (cells or extensive areas) at low spatial resolution (~150 μm), and the changes can be 

followed considerably faster (<1 ms). 

Dual-perfusion chamber kit
This slice chamber is designed to maintain isolated, 

living tissues in a healthy state during experiments. 

In contrast with single perfusion, dual-superfusion 

of submerged slices increases the vitality of cells, 

since oxygen and other materials, for example, 

can freely and effectively diffuse from both sides 

into the thick slices at a high flow rate.

Processing of electrophysiological data
The electrophysiology software module acquires 

electrophysiology signals using the A/D converters 

of the microscope. The telegraphing function 

communicates the conversion parameters from 

the amplifier to the A/D converters managed by 

the control software. Electrophysiology signal 

acquisition time is aligned with the imaging data. 

The electrophysiology GUI also includes a seal 

test window.

Dendritic patch-clamp
With intracellular patch-clamp recording 

it is possible to observe and manipulate 

membrane potential fluctuations in neurons. All 

Femtonics microscopes can be equipped with 

electrophysiological devices, and the following 

settings facilitate the experiments:

• automatic software module moves the tip of the 

pipette to the selected dendritic location,

• pipette movement and distance to target 

location can be monitored in real-time,

• guide points can be positioned by the user 

according to the scanned transmitted or two-

photon images,

• real-time transmitted infrared and two photon 

images can be shown separately or in overlay,

• only one simple calibration step is required 

before using a new recording pipette.

Representative local field potentials recorded in a regular and in dual perfusion 
chamber. Sharp wave oscillations could be observed only in the dual perfusion 

chamber. see more Chiovini et al, Neurochem Res, 2010

Simultaneous Ca2+ imaging and patch-clamp recording in an OGB-1 and Al-
exa-594 filled hippocampal neuron.



Behavior studies

Behavioral processes are paired with patterns of brain activation. The neural basis of a behavioral trait 

such as visuomotor learning, memory retrieval, associative learning, or spatial navigation can be mapped 

by controlled, multiform experimental manipulation. This can be a change in stimulus information, task 

instruction, or reward and punishment which alter the underlying pattern of brain activation. Monitoring 

or evoking behavioral data, and parallel imaging of neuronal circuits in a living animal’s brain can reveal 

the connections between changes at the cellular and behavioral levels.

Anti-mOtion technology
Femto3D-AcoustoOptic
Our Anti-mOtion scanning technology enables 

cell activity to be captured while an animal is 

moving in virtual reality and performing tasks. The 

acousto-optic drift scanning technology is useful 

for correcting tissue motions caused by behavior. 

To preserve signals, scanning points are extended 

to drifted lines which are precisely fitted to each 

other resulting surface or 3D volume elements. 

These elements cover not only the pre-selected 

ROIs but also the neighboring areas giving an 

opportunity to preserve all fluorescent information 

during motions and decrease the artefacts by more 

than one order of magnitude in behaving animals. 

See more Szalay et al, Neuron, 2016.

Software-controlled triggering 
of stimuli
Different forms of stimulation can be triggered 

or driven directly using the analog and digital 

output signals of the microscope, planned and 

controlled from the measurement control software. 

Visual, auditory, tactile, whisker or odor stimuli can 

be generated this way. The Stim Visual software 

module of the control software enables videos or 

images for visual stimulus to be loaded and played 

sequentially, and the stimuli synchronized with the 

evoked neural responses.

Large space under the objective
FemtoSmart

The FemtoSmart product line was primarily 

developed to perform in vivo imaging. This 

system’s special feature is the elevated body which 

can move in X, Y, and Z dimensions: it offers plenty 

of space under the objective for free and easy 

positioning of the sample. This feature supports 

functional behavioral studies of model organisms 

with different weights and sizes, from flies to even 

non-human primates, while they are moving in a 

virtual-reality environment.

Behavior experiment control
Bpod is an open-source behavior-recording 

system and real-time environment controller for 

rodent experiments. Using high-level programming 

environments (MATLAB/Python), it provides a 

low-latency closed-loop link between behavioral 

events, stimulus delivery, and stimulation. Using its 

built-in liquid reward delivery system, it can be used 

to power go/no-go discrimination, two alternative 

forced choice, and CS/US behavioral paradigms. 

Bpod data acquisition is fully synchronized with 

the microscope, and the behavioral events can 

be precisely aligned to the recording of Ca2+ 

transients.

Virtual reality systems

Virtual Reality (VR) systems enable head-fixed but free-to-move rodents to enter a VR environment and 

perform complex behaviors, and provide an easily controllable experimental protocol for investigating 

cognition, navigation, learning, memory, and operant conditioning.

Neurotar Mobile HomeCage provides a real and 

familiar moving VR environment. A head-fixed, 

awake rodent walks freely on the flat-floored, air-

lifted cage that moves according to the animal’s 

locomotion, while exploring and navigating during 

in vivo recordings and imaging experiments.

Head holder stands and head plates fix the rodent’s 

head in different positions, enabling precise 

measurements in the brain. Head holders with 

different dimensions are available for mice and 

rats. For anesthetized rodents, we offer a heating 

pad coupled to the holder, or for behaving animals 

a stand that ensures access to jetballs, treadmills, 

or other devices.

Phenosys JetBall-TFT consists of a TFT surround 

monitoring system focusing on 200° around the 

animal, and a spherical treadmill which make 

unobscured field or maze designs possible. This 

device can be coupled with optional operant 

devices, and allows a restrained animal to navigate 

in virtual space. 

Femto-Gramophone is an affordable, single-

dimension VR system. The animal runs on a spinning 

disk while the background on the coupled screen 

changes according to the speed of the mouse. The 

Femto-Gramophone device can be coupled with 

multiple operant devices such as a water reward, 

air puff or visual stimulation. The animal’s speed 

and the two-photon Ca2+ signal can be recorded 

simultaneously using a built-in module in our main 

measurement software.

Designed under collaboration available on request.



Photostimulation/Uncaging
Uncaging means the activation of biochemically 

masked (‘caged’) molecules via photolysis, which 

mimics the physiological release of bioactive 

compounds. This technique is widely used in 

neuroscience, where the bioactive molecule is 

usually glutamate or another neurotransmitter. 

Using two-photon photostimulation, made possible 

by the secondary laser beam in the FemtoS-Galvo, 

very precise release of these compounds can be 

elicited in extremely small volumes. Two-photon 

imaging is a powerful opportunity to follow the 

changes evoked in dendrites or spines, even the 

distribution of receptors on the neurons can be 

investigated.

In vivo uncaging at well-defined points
FemtoS-Galvo equipped 

with a Multiple beam path extension

The accuracy of the excitation point, and the 

highly flexible scanning patterns, mean that the 

FemtoS-Galvo is the best choice for uncaging 

experiments. The secondary laser beam, essential 

for the stimulation, is coupled to the existing light 

path. Thus the stimulation and the imaging can be 

performed near simultaneously using the galvo 

scanner. Multiple-point scanning (yellow points on 

the figure) is used for stimulation around spines, 

while multiple-line scanning (arrows) makes high-

speed imaging along the dendrites possible. See 

also Katona et al., PNAS, 2011, Chiovini et al., 

Neuron, 2014.

Compounds for uncaging experiments FemtoChemistry
Femtonics Chemistry designs and develops new caged neurotransmitters for frontier neuroscience 

research. The main product is a glutamate derivative, but custom-synthesized compounds can also be 

generated to meet customers’ specific needs.

DNI-GLU
This dinitro-indoline-masked form of glutamate 

releases the bioactive glutamate more rapidly than 

any other commercially available compound. It was 

developed for high-quantum yield requiring less 

irradiation for release. In other words, its effective 

concentration is lower than other caging scaffolds. 

DNI-Glu is a compound developed in-house, only 

available from Femtonics. See also Chiovini et al., 

Neuron, 2014.

Features
• Photostimulation with two-photon laser

• High quantum-yield

• Effective at low concentration

Benefits
• Seven-fold higher quantum yield than any 

other caged form

• High excitatory postsynaptic potential and 

high Ca2+ transient as a response to the 

photorelease

• Less illumination is sufficient to elicit the same 

response as with alternative compounds

• Elicits large transients or regenerative activity

Optogenetics/Photostimulation
The essence of optogenetics is introducing 

light-activated recombinant ion channels such 

as channelrhodopsin (ChR2) or halorhodopsin 

(NpHR) into excitable cells. Light activation of 

these molecules leads to an influx of ions which 

induces turning neurons on or off selectively. 

Halorhodopsin and channelrhodopsin together 

enable multicolor optical activation, silencing, and 

desynchronization of neural activity, creating a 

powerful neuroengineering toolbox. 

Stimulation and imaging
The photostimulation can be induced using visible 

or infrared light, while imaging is performed by 

a femtosecond IR laser. Switching between the 

stimulation and imaging is done at a sub-millisecond 

scale. Importantly the detectors are protected during 

the stimulation by a built-in gating system.

Full-field illumination
FemtoS-Resonant equipped 

with LED light source

The entire FOV can be stimulated with the LED 

source above the objective. LEDs are available at 

different wavelengths, exciting ChR2 at 473 nm or 

NpHR at 561 nm. The light impulses are precisely 

timed and highly repeatable. The FemtoS-Resonant 

microscope follows the changes over the whole 

field of view at a resolution of 31 frames per second.

Stimulation along ROIs
FemtoS-Galvo equipped 

with Multiple beam path extension

To stimulate cells or subcellular components 

selectively, the best solution is using the FemtoS-

Galvo to steer the laser beam rapidly through 

optimized scanning patterns, such as a spiral, 

zigzag, etc. We offer a continuous laser tuned 

to 473 or 561 nm for ChR2 or NpHR activation, 

respectively. Precise two-photon activation of 

these molecules is also a viable option.

Simultaneous photoactivation and imaging
FemtoS-Dual

The FemtoS-Dual microscope contains a galvo and a resonant scanner which function in tandem to 

combine the advantages of both the galvo and resonant microscopes. This is the best solution for 

simultaneous photostimulation and high-speed imaging.

4 s

ΔF/F
200%

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


