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The use of imaging techniques is of fundamental importance in uncovering the 

structure and dynamics of biological substances. Fluorescence microscopy, in 

particular, is well suited to visualise cellular structures and interactions. This can 

use fluorescent labels or the measurement of endogenous fluorescence. 

Techniques, such as FRET (Förster resonance energy transfer) also enable the 

elucidation of interactions on the nanometre scale, below the diffraction limit. The 

use of the fluorescence lifetime is advantageous as it is an absolute measure 

and the best way to observe FRET and biomolecular interactions. Fluorescence 

lifetime imaging (FLIM) products such as the FLIMera and InverTau harness this 

power in the area of biological and life sciences.
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Introduction

Fluorescence microscopy is an illuminating method to 
shed light on molecular interactions. It has the potential to 
work on the nanoscale up to the imaging of macroscale 
objects. It is a very sensitive technique, capable of detect-
ing single molecules and makes use of either the intrinsic 
fluorescence properties of the sample or that of an intro-
duced label or tag molecule. Simply put, molecules (fluo-
rophores) take in energy in the form of light, raising their 
energy. This can be released a short time later in the form 
of light at a longer wavelength. This fluorescence signal is 

multiparameter; depending on the wavelengths of excita-
tion and emission, excitation intensity, polarisation and 
the fluorescence lifetime[1]. The fluorescence lifetime is a 
measure of how long a molecule spends in the excited 
state (stores the excitation energy) and is typically on the 
picoseconds (ps) to nanoseconds (ns) timescale. The fact 
that a molecule loses some energy in the excited state 
means that its emission is lower in energy compared to 
the excitation light (i.e. shifted to longer wavelengths). 
Therefore, it is easy to wavelength exclude the excitation, 
by use of a filter or monochromator, to just record the flu-
orescence. This enables a high degree of specificity, along 
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with sensitivity, in the fluorescence measurement. The 
fluorescence signal is highly dependent on the local 
microenvironment and molecular interactions, which 
makes it well suited to the study of biomolecules. Thus, 
fluorescence microscopes are extensively used in the bio-
logical field[2],[3]; in the study of cell biology, medical 
diagnostics, drug discovery, cancer research and neurosci-
ence, for example.

Fluorescence microscopy is optical microscopy based on 
the imaging of light, which means that it is diffraction lim-
ited in resolution (~250nm). This is illustrated in Figure 1, 
which also illustrates two major forms of microscopy set 
ups: widefield and confocal (Figure 1b and 1c). Widefield 
illumination covers the whole of the sample and this can be 
imaged using a camera. This technique is rapid, but 
because light can penetrate and be imaged from different 
depths in the sample the resulting images can suffer from 
out of focus blurring. The confocal set up typically scans a 
laser over the sample, building up an image line by line. 
The addition of a spatial filter (pinhole) suppresses out of 
focus light, enabling optical sectioning. The image clarity 

in relation to the widefield approach comes at the expense 
of measurement speed. The detector is typically a single 
pixel and building up the image line by line means that it is 
a longer measurement compared to the widefield approach.

Typically in fluorescence microscopy it is the intensity that 
is measured, but by making use of a high repetition rate 
laser, single-photon detector and suitable timing electronics, 
etc, it is possible to measure the fluorescence lifetime and 
give the microscope fluorescence lifetime imaging (FLIM)[4] 
capability. This allows more of the fluorescence parameters 
to be obtained in a single measurement. Figure 1d shows 
this schematically. Use of the fluorescence lifetime parame-
ter is advantageous since it is considered an absolute mea-
sure, generally independent of concentration, and a more 
sensitive method to monitor some molecular interactions (e.g. 
protein binding). It is therefore less affected by photobleach-
ing, that can occur in samples under the microscope.

As mentioned earlier, fluorescence is an optical technique 
and therefore limited to resolving objects around hun-
dreds of nm in size. However, by using Förster resonance 

Figure 1 Schematic representations of (a) the distance scale for l ight 
microscopy techniques, (b) a widefield set up and (c) a confocal  
laser scanning set up. A representation of the pixel information 
between intensity and FLIM measurement is also shown (d).
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energy transfer (FRET)[1], and interpretation of the fluo-
rescence signal, interactions on the nanometre (~1-10nm) 
scale can be inferred. The use of the fluorescence lifetime 
parameter is particularly elucidating and greatly simpli-
fies the measurement of FRET. Other fluorescence based 
methodologies do exist to image under the diffraction 
limit (termed super-resolution techniques) but will not be 
discussed here.
  
FLIM is therefore a powerful extension to fluorescence 
microscopy, enhancing the ability to provide image con-
trast and elucidate molecular and environmental interac-
tions. HORIBA has recently introduced two products to 
address this market need. They are based on the time-cor-
related single-photon counting (TCSPC) technique, which 
is often considered the “gold standard” to measure the flu-
orescence lifetime[1]. Unlike time-gated and frequency 
domain techniques, TCSPC is digital and unaffected by 
fluctuations in excitation intensity. It is the best method to 
determine multiexponential decay kinetics. Large gate 
widths (several ns), rather than gate step size, is the limit-
ing factor for time gating methods leading to less accurate 
determination of complex decay kinetics, whilst phase 
techniques are also typically not as sensitive.

The FLIMera widefield TCSPC camera is based on a 
SPAD (single-photon avalanche photodiode) array with 
in-pixel timing, whilst the InverTau – Fluorescence 
Lifetime Imaging platform is laser scanning making use 
of galvanometers. These two independent technologies 
are shown attached to an inverted microscope in Figure 2. 

The InverTau is fully computer controlled and intended to  
simplify FLIM data acquisition, enabling high resolution 
images. It is designed to fit on the side port of an inverted 
microscope. The FLIMera, based on complementary metal-
oxide semiconductor (CMOS) technology, can simultane-
ously measure over 24,000 fluorescence decays. Each of its 
pixels contains a SPAD detector and associated timing elec-
tronics, which can be read out over 12,000 times per second. 
This means that it is well suited  to monitor moving samples 
and kinetic events, for example. In addition to microscope 
based imaging, it has application for macroscale imaging. 
Here the two complementary FLIM products will be 
described and examples of their use given.

Widefield and macro imaging using a SPAD 
array with in-pixel timing

In the case of widefield imaging, where the whole of the 
sample is illuminated, the measurement of the image 
data can be done relatively quickly (see Figure 1). 
Replacing an intensity camera with a FLIMera, and the 
light source with a pulsed laser, enables a simple trans-
formation to a FLIM measurement system. Since it is a 
widefield approach no scanning is required. In fact, as 
well as usage on a widefield microscope the FLIMera can 
give lifetime functionality to light sheet microscopes[5] 
used in volume imaging and also enables the possibility 
of macroFLIM measurements. These are measurements 
not requiring the use of a microscope but used similarly 
to a normal camera. Out with fluorescence applications 
the FLIMera shows potential for time-domain near infra-
red imaging[6], an emerging area for imaging inside bio-
logical material.

The principal feature of the FLIMera is its 192 x 126 pixel 
array based on CMOS technology, where each pixel con-
tains a detection element (SPAD) and its associated 
TCSPC timing electronics. Thus, it has the ability to 
record up to 24,192 fluorescence decays simultaneously. 
The FLIMera can measure fluorescence over wavelengths 
from ~400nm to 900nm and is optimised for measuring 
the lifetimes of common biological probes and endoge-
nous fluorescence (range 200ps to 20ns). The in-pixel 
timing means that an average fluorescence lifetime can be 
visualised in real time (up to ~30fps), whilst post pro-
cessed data can be temporally resolved down to the read-
out rate of the sensor (~80μs). This response speed means 
that moving samples or dynamic events can be imaged 
using the fluorescence lifetime. Thus, SPAD arrays based 
of CMOS technology exhibit a great deal of promise in 
bioimaging[7].

Recent concerns relating to the presence of microplastics 
in the general environment and their potential to cause 

Figure 2  Top, an inverted microscope equipped with an InverTau (left) 
and a FLIMera (right). Bottom, left, a schematic of the optical 
path through the InverTau and, right, a FLIMera and its SPAD 
based sensor with in-pixel timing.



Technical Reports

83English Edition No.61  June  2026

harm inside the body have led to methods to detect their 
presence. One approach to help visualise these particles, 
which range in size from 1μm to 5mm, is to stain them 
with Nile red[8]. 

This dye is highly sensitive to different environments. Thus 
different microplastic materials can affect its fluorescence 
emission, allowing their differentiation. As well as giving 
the usual histogram representation of the fluorescence life-
time data, HORIBA EzTime Image software that controls 
the FLIMera (and InverTau) and analyses FLIM data, can 
use a phasor representation[9]. This is a model free method 
to visualise and distinguish different lifetimes based on the 
use of Fourier analysis, with the decay data from each pixel 
plotted as a point on the phasor chart. Single exponential 
decays appear on the semicircle, increasing in lifetime from 
right to left, while more complex decays appear within the 
semicircle. This provides a quick visual method to distinguish 

between different fluorescence lifetimes. Its application is 
shown in Figure 3, where the phasor approach is used to 
select between different Nile red stained microplastics based 
on the fluorescence lifetime. Selecting different parts of the 
phasor chart (red box) selects the particles with similar fluo-
rescence lifetimes.

The FLIMera, in addition to microscope based measure-
ments, shows promise for macroscale FLIM and has been 
used for cancer margin identification in a model system[10]. An 
example of FLIM on different spatial scales is given in Figure 4. 
This shows a macroFLIM measurement of a whole varie-
gated rubber tree leaf, using a custom lens and filter set up 
for the FLIMera and diffuse laser excitation. The green 
chlorophyll containing areas are clearly discerned in the 
lifetime image, but harder to make out in the intensity 
image. Further processing of the lifetime data could then 
give insight into the photosynthetic mechanism. These 

Figure 3  FLIM data from a mix of different Nile red stained polymers. The top data shows the whole image. 
Selecting different regions of the phasor plot (red box - left hand side) selects related Nile red lifetimes, 
differentiating the polymers in the image on the right hand side. These data were measured using a 
FLIMera and the scale bar is 60 μm.
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macroscale measurements are complemented in that figure 
by an InverTau measurement showing the detail from the 
underside of a leaf (Figure 4b). In this case a two-photon 
excitation source was used which also enabled the second 
harmonic generated (SHG) signal to be monitored. Some 
biological substances exhibit this non linear effect and it can 
be used to determine structural information[11]. Figure 4c 
clearly shows the leaf stomata, which can be combined with 
the fluorescing structures in Figure 4b to provide a fuller 
picture. This methodology can also be applied to other 
biological tissue.

Although the FLIMera can provide simple non scanning 
FLIM, by replacing intensity based cameras on a micro-
scope to enable real time determination of the average 
fluorescence lifetime, the widefield configuration does 
have some limitations. Common when using a widefield 
camera is out of focus blur. Also, the number of pixels in 
the FLIMera can mean that a trade off might be required 
between field of view (FoV) and resolution, although 
researchers have published work to enhance the resolu-
tion[12]. Where higher resolution FLIM is required the 
InverTau can be considered. It is capable of collecting 
images up to a 4K x 4K spatial resolution. The use of a 
pinhole enables optical sectioning by mitigating out of 
focus blur. However, galvanometer scanning of the laser 
beam over the sample is a slower approach compared to 

that of widefield. Thus, the FLIMera and InverTau may be 
considered complementary in imaging capability.

Laser scanning FLIM applied to cellular 
structure and processes

The InverTau has been optimised to make FLIM measure-
ments as simple as possible by using EzTime Image soft-
ware (also used with the FLIMera) and computer controlled 
optics. It is designed to attach a side port (C-mount) of an 
inverted microscope, as shown in Figure 1. To allow for 
future flexibility of use, the InverTau has two excitation 
ports and two emission ports. Typically a pulsed laser (eg 
DeltaDiode) is fibre coupled to one excitation port. The 
other port is optimised for use with two-photon excitation 
sources, as used for the data in Figure 4b and 4c. 
Typically, only one HPPD detector is employed, although 
it can be configured to collect from two detectors 
simultaneously.

A major use of FLIM is in the biological and life sciences, 
where many applications involve the study of cellular struc-
ture and the interaction between cellular components. 
Examples are in cellular biochemistry and cancer research. 
Fluorescent tags can be introduced to label specific compo-
nents or endogenous fluorescence used. For example, 
NADH emission which is indicative of cell metabolism.

Figure 4  (a) Images of a whole leaf from Ficus elastica tineke taken with a phone camera (left) and a 
FLIMera (centre and right). (b) a two-photon excited fluorescence image showing the 
average lifetime from an abaxial leaf surface and the corresponding SHG image (c) made 
using an InverTau. The scale bar is 30μm.
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An important aspect in the cell life cycle is that of divi-
sion. The study of which is important in numerous fields 
of investigation. For example, drug / cancer research may 
focus on killing cells, thus monitoring their viability is 
paramount. Other drugs may need testing to ascertain that 
they do not harm a cell or cause mutations. Both cases 
involve monitoring the division process. Figure 5 gives  
some example measurements using the InverTau showing 
proteins or structures involved in mitosis. In each case 
(apart from Figure 5b) merged images are shown. These 
are the combined (using a software such as Fiji) images 
from separate measurements using different excitation and 
emission wavelengths. This is so tags or labels associated 
with different cell structures can be discerned. Figure 5a 
shows the position of a specific protein (red) within the cell 
nucleus (blue). Figure 5b shows the separation of the chro-
mosomes, whilst the other images show both chromosomes 
(blue) and microtubules (green) at different points in cell 
division. Monitoring the fluorescence lifetime of the DAPI 
(DNA label) can show the DNA compaction[13], which varies 
during mitosis.
 
As well as using labels, endogenous fluorescence can be 
monitored. The coenzyme NADH involved in cell metab-
olism is a good example. It exists in a free and a bound 
form, each form has different lifetime. The ratio between 
the free and bound forms is indicative of the metabolic 

pathway. Typically in healthy animal cells oxidative phos-
phorylation occurring in the mitochondria is the pathway. 
In cancer cells (Warburg effect) the predominant pathway 
is glycolysis, which occurs in the cell cytoplasm. Figure 6 
shows a study combining labels and endogenous fluores-
cence in the study of yeast cells. Yeast is often used in 
research as a model system and when grown under high 
glucose conditions these cells should use glycolysis as their 
metabolic pathway. First cell viability was checked via the 
presence of “red” fluorescence from the FUN-1 probe. A 
membrane label (CW – calcofluor white) was also used to 
help visualise the cell. FLIM data from living cells exciting 
and monitoring NADH fluorescence, which are at different 
wavelengths to the viability probe, were collected. 
Analysing the lifetimes and their relative proportions and 
comparing to NADH in solution confirms glycolysis as the 
principal pathway in this case. This involved fitting the 
data using the EzTime Image software to a three exponen-
tial decay model. In yeast a longer-lived decay, indicative of 
bound NADH, is present at a lower amount than the free 
form. This information is then used to confirm the glycoly-
sis pathway.

The information that can be gained from FLIM is very 
dependent on the fluorophores (endogenous or labels). The 
fluorescence lifetimes are advantageous since they are an 
absolute measure, independent of concentration. They are 

Figure 5  InverTau data showing the (a) localisation of a labelled protein (red) within the nucleus (blue) in multi-labelled 
HeLa cells. The microtubules are also seen (green). The scale bar is 10μm. (b) to (e) show BPAE cells 
undergoing mitosis with (c to e) genetic material shown blue and microtubules in green.
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particularly advantageous when looking at FRET interac-
tions, for example to investigate interactions between 
genetically encoded proteins, or using tension probes (eg 
Flipper T) for monitoring cell membrane rigidity for 
cancer research. 

Conclusion

FLIM is a powerful tool for use in the biological and life 
science fields. The fluorescence lifetime parameter pro-
vides an additional means to add contrast to images and is 
fundamental in uncovering molecular processes at the 
cellular level. Both the InverTau and FLIMera use 

TCSPC, the “gold standard” in fluorescence lifetime 
determination, to add this measurement modality to fluo-
rescence microscopes. Simple to use software (EzTime 
Image) moves FLIM from specialist centres to common 
research laboratories.

* �Editorial note: This content is based on HORIBA’s investi-
gations in the year of publication, unless otherwise stated.

Figure 6  InverTau data showing (a) a schematic for the use of a yeast viability stain (FUN-1) 
and a membrane label (CW), along with InverTau data  showing labelled yeast cells. 
The scale bar is 4μm. (b) shows the viability stain used to select live cells for imaging 
and the resultant FLIM data monitoring NADH emission (scale bar 8μm). The lifetime 
parameters for NADH in PBS buffer and yeast autofluorescence are also given.
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About FLIMera and InverTau

Both the FLIMera and InverTau can be sold individually 
or incorporated with an inverted microscope (Nikon Ti2-
U), with the possibility of both being coupled on the same 
microscope. The InverTau comes with FiPho timing elec-
tronics and our DeltaDiode range of lasers provide the 
ideal excitation sources for both products.

Information can be obtained from the HORIBA website 
ht t ps://w w w.hor iba .com /int /scient i f ic/products /
fluorescence-spectrometers/fluorescence-microscopy/
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