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ABSTRACT 

Novel proximity-type Time- and Space-Correlated Single Photon Counting (TSCSPC) crossed-delay-line (DL)- and 
multi-anode (MA)-systems of outstanding performance and homogeneity were developed, using large-area detector 
heads of 25 and 40 mm diameter. Instrument response functions IRF(space) = (60 ± 5) mm FWHM and IRF(time) = (28 
± 3) ps FWHM were achieved over the full 12 cm2 area of the detector. Deadtime at throughput of 105 cps is 10% for 
“high-resolution” system and 5% in the “video”-system at 106 cps, at slightly reduced time- and space resolution. A 
fluorescence lifetime of (3.5 ± 1) ps can be recovered from multi-exponential dynamics of a single living 
cyanobacterium (Acaryochloris marina). The present large-area detectors are particularly useful in simultaneous 
multichannel applications, such as 2-colour anisotropy or 4-colour lifetime imaging, utilizing dual- or quad-view image 
splitters. The long-term stability, low- excitation-intensity (< 100 mW/cm2) widefield systems enable minimal-invasive 
observation, without significant bleaching or photodynamic reactions, thus allowing long-period observation of up to 
several hours in living cells. 
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1.  INTRODUCTION  

Widefield-TSCSPC is the minimally invasive imaging variant of standard scanning-TCSPC (time-correlated single 
photon counting), frequently used in FLIM (fluorescence lifetime imaging microscopy), distinguished by very low-
excitation levels that allow simultaneous multichannel, long-period observation of living cells1-19. This method uses 
widefield MCP-PMT (micro-channel plate photomultiplier tubes) detector heads with space-resolving anodes, such as 
linear or crossed delay-line (DL) or charge-separating quadrant- (QA) and multi-anodes (MA), where the timing signal is 
derived from the MCP stack, resulting in excellent IRFs (instrument response function) for time and space. This MCP-
timing had been developed by EuroPhoton GmbH and Eldy Ltd and implemented in the linear-DL and first QA system, 
thus representing a clear advantage over previous schemes 20 that employed anode signals. TSCSPC systems and novel 
widefield-FLIM applications were developed by EuroPhoton since 19951-19, initially applying a proximity head with 
linear, internal DL (Eldy Ltd.) for time-resolved spectroscopy with an IRF(time) = 50 ps FWHM and later a non-
proximity QA system with auxiliary ring-anode (Kurchatov Institute) for 2D imaging with IRF(time) = 150 ps FWHM 
and IRF(space) = 80 – 120 mm FWHM (deterioration at edge). After introducing proximity heads (Photek Ltd., 
Proxitronic GmbH), IRF(time) = 28 ps FWHM and IRF(space) = 60 mm FWHM over the full detector area were 
achieved, as described in the present work, using external DL- and MA-anodes, based on the Induction Method21. The 
time-resolution of present imaging TSCSPC detectors is very close to the best obtained by TCSPC, i.e. 22 ps FWHM22. 
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2.  THE TSCSPC-METHOD AND ITS DETECTORS 

We present results obtained by the latest generation of state-of-the-art widefield imaging detectors for micro- and 
macroscopic applications: TSCSPC is a background-free (10-4 cts/pix/s), non-scanning, minimal-invasive imaging 
method, yielding currently 1300x1300 pixel of high-quality fluorescence dynamics (up to 4 components) of unsurpassed 
dynamic range (> 106) with IRF of 28 ps FWHM for time- and 60 mm FWHM space-resolution, resulting in 3 ps time-
resolution at the diffraction-limit. TSCSPC is the imaging variant of the classical TCSPC method23, using imaging anode 
readouts. TCSPC and TSCSPC are still unsurpassed in acquiring highest-quality fluorescence lifetime data, with down to 
2 ps time-resolution after deconvolution. The classical advantages of a non-scanning widefield microscopy environment 
can be fully exploited by applying widefield MCP-PMT detector heads with up to 40 mm diameter of active area (Fig. 
2). Proximity-heads (Fig. 1) have much reduced transit time spread, resulting in much smaller FWHM of IRF(time). 

 

 

 

 

 

 Scheme 1. TSCSPC and simultaneous acquisition of several parameters in list- mode. In replay-mode any display of 
combination of  parameters is possible and  simultaneous synchronised acquisition in several channels (emission colour, 
excitation wavelength, CCD-camera, etc) is achieved.  

Detector calibration data will be presented of the novel proximity large-area TSCSPC systems and compared to that of 
the QA-system. Several application measurements, obtained previously by the non-proximity QA-system (Fig. 1), will 
be presented together with crossed-DL and MA results of the novel proximity systems. 
 

                          

Figure 1. Comparison of non-proximity (Kurchatov Institute, top) with proximity (Photek, bottom) version, both with internal 
QA/ring-anode. The protective rubber shield is removed to expose the ceramic body, housing the auxiliary ring anode 
(patented35). Note that five vacuum throughputs are required for the anode. The diameter of the active imaging area is 25 mm, 
each. The successor of the QA-model is the MA- or DL-variant with much improved image quality and time-resolution. 

�Multi-Parameter Acquisition of Single Photons 
hv = [x, y, DtTAC, tabs, l em, multi-flags] 

xy = spatial coordinates: intensity image 
DtTAC = laser-correlated time difference: ps/ns fluorescence dynamics 

tabs = absolute arrival time: tracking of ms diffusion and blinking of single molecules 
 l em = emission wavelength: time-resolved emission spectra 

              multi-flags = position of shutters, filter-wheel, dichroic turret, CCD-camera, etc�
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Figure 2. Proximity 40DL TSCSPC detector head of Photek Ltd, using an internal Ge-anode together with external DL or MA 
(Fig. 3, 4). The diameter of the active imaging area is 40 mm. No anode signal cables are required, resulting in a very robust 
construction. 

Novel anodes, laser-microscope coupling in widefield detector systems, fitting considerations, minimal-invasive 
acquisition, and calibration measurements (time, space, long-term) will be presented in the following sections.  

 
2.1. Novel Widefield Imaging Anodes 

In recent years, novel internal (Fig. 3a) and external (Fig. 3b) MA have been developed, next to DL-anodes, adopted to 
the particular detector Ge-heads used (Fig. 4). Both internal and external MA achieve similar performance (Fig. 5), 
where the internal MA is handicapped by the high number of  required electrical contacts. 
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     Figure 3a. Internal MA Heptanode, bottom and side view. 

 

         Figure 3b. Diverse external MA configurationens: (i) early experimental QA with ring (top, rightt), (ii) 9-anode with central 
anode (left), (iii) 3x3 MA (bottom). Invented at EuroPhoton (patent pending). Fig. 5 (right) is displaying early results with 
excellent space resolution. 
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Figure 4. Variant of crossed-DL anodes, following the original design by Roentdek Ltd.24, using same-size x- and y-elements, 
positioned on same side of the anode. Excellent space resolution with perfectly circular hole-images was obtained (Fig. 5, left). 

 

2.2. Two principles of TSCSPC operation 

Measurements of (i) time-differences (DL-anode, Fig. 4) and (ii) charge-separation on individual anodes (QA/MA, Fig. 
3) are performed. Consequently, two different sets of electronics are required and modules from Roentdek GmbH, 
Fastcomtec GmbH, Canberra Ltd, Kurchatov Institute and EuroPhoton GmbH are in use, where identical Ge-heads can 
be utilised for both types of anodes. 

2.3. Laser-microscope coupling 

Several ps/fs lasers of (1-20 MHz) were coupled simultaneously to the TE2000 microscope by EPI and TIRF (total 
internal reflection fluorescence) optics (Fig. 9,10). Wide-field laser-microscope coupling requires a laser beam expander, 
two adjustment-mirrors and a tube lens for centered and collinear laser-microscope alignment and a suitably prepared 
fluorescence microscope (modified body with 90o-turned dichroic mirror or the Nikon TE2000/successor). Observation 
of the changing Airy-pattern upon focusing/defocusing the image of the excitation laser (reflected/scattered from a 
mirror) is required and walk from the image centre should be absent. Such coupling results in IRFs, as shown in Fig. 6, 
free of any significant pre- and afterpulses that can be used in deconvolution fitting over the full time range, including 
the rising part induced by laser excitation. TIRF coupling utilises the Nikon TIRF fibre-port, located in a second 
dichroic-plane of the TE2000 (Fig. 10), which can be observed in an alternating fashion with the EPI-port with both 
ports illuminated by different lasers, if required. 

2.4. Nonlinear least-square fitting: the TSCSPC system-quality parameter DcDcDcDc2
ref 

Fitting in the present work is performed including the full rise by laser excitation of the fluorescence dynamics (Fig. 19). 
This feat is possible of an adequate laser-microscope coupling is achieved (Sec. 2.3). The IRF is acquired using a front-
face mirror with scratches for proper focusing. The long-pass cut-filter is replaced by a suitable number of neutal density 
(ND)-filters. When working with the QA system, a xanthione or erythrosine IRF was acquired from aqueous solution 
and observed through the desired bandpass filter for reference-deconvolution fitting25. In contrast, DL- and MA-systems 
are free of colour-dependent IRFs and the mirror-method works perfectly well in this case. Globals Unlimited and SST 
global software was applied for comparative nonlinear least-square global analysis. Quality control of the system 
alignment was performed by comparative 1- and 2-exponential fitting of a well-known 1-exponential chromophore 
(R6G/ethanol) in homogeneous solution, using an optimized magic angle alignment. System quality parameter, Dc2

ref = 
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0.05, could be achieved at 104 peak counts and 4.000 time channels, where c2
1-exp - c

2
2-exp   =  Dc2

ref.  Any additional decay 
component that is improving the fitting by clearly more than 0.05 (e.g., 0.1), can be taken as being significant, therefore.  

2.5. Minimal-invasive acquisition 

Image acquisition at ultra-low excitation intensities in fluorescence microscopy was pioneered in the lab of Maite and 
Jacques Coppey-Moissan around 199026, with excitation intensities 104 times less than standard. Consequently, 
observation of AO-intercalation in DNA, free of distortions by photodynamic reactions by AO, was possible. In the 
present widefield FLIM data 5-100 mW/cm2 are used, about 104 times less than occurring in scanning-FLIM 
experiments, rendering it particularly useful for delicate samples. In photosynthesis studies, annihilation-free acquisition 
of sensitive photosynthetic systems17-21 (Fig. 14) is possible and long-term observation of up to 10 hours is demonstrated 
in the non-bleaching environment, using high-stability electro-optical systems (Fig. 7). 

2.6. Calibration and system parameters of widefield TSCSPC detectors 

This section presents calibration measurements of the novel detectors that were performed for (i) space resolution, (ii) 
time resolution, (iii) long-period stability, (iv) IRF colour-dependence (50 ps throughout visible range for QA and < 5 ps 
for proximity detectors), (v) throughput (1.2x106 cps), and (vi) homogeneity (< 10% for full area). 

The overall TSCSPC-FLIM systems were designed and manufactured by EuroPhoton and are commercially available. 
The present versions are based on the Induction Method21 readout and uses an in-house built crossed-DL anode, based on 
the original design by RoentDek24, as well as external-MA developed by EuroPhoton (patent pending). MA-electronics 
were jointly developed with Kurchatov Institute within the EC project “SingleMotorFLIN”. The Germanium detector 
heads were from Photek Ltd and Proxitronic GmbH and had 40 and 25 mm diameter bialkali or S20 photocathode with < 
20 cps and < 100 cps dark counts for the full 12 or 6 cm2 area, respectively. The MCP-timing DL-readout electronics 
consisted either of an optimized combination of Roentdek, FastComtec, Canberra, and EuroPhoton NIM modules (“high-
resolution” model) or of Roentdek`s ATR19 (“video” model). The MCPs of the 40 mm detector had 10 mm pore size and 
achieved world-leading instrument response functions IRF(space) = 60 ± 5 mm FWHM and IRF(time) = 28 ± 5 ps 
FWHM for widefield TSCSPC detection, over the full 12 cm2 area of the detector. The deadtime at throughput of 105 cps 
is 10% for “high-resolution” system and 5% in the “video”-system at 106 cps, at slightly reduced time- and space 
resolution. The present high-resolution system is designed for minimal-invasive applications at low excitation intensities 
(< 100 mW/cm2), operating at a collection rate of 105 cps and 10% deadtime, but 3.5x105 cps are possible, where 
deadtime is not critical. A near-video system is in development that can achieve > 106 cps at < 10% deadtime, sacrificing 
super-resolution for time and space. Deadtime is the percentage of time, where the system is unable to acquire photons. 

(a) Space- and time-resolution: Fig. 5 shows the results, obtained by an optical bench, used for determination of space 
resolution, employing a custom-made projection mask. 66-70 ± 5 mm were measured (Fig. 5, left), resulting in 60 mm 
space resolution after Gaussian correction with the independently determined real size (40 mm) of the projected holes, 
using a Nikon D40 camera (7.8 mm resolution):  (682 – 402)1/2 = 60 mm. Alternatively, the front exit of the Nikon TE2000 
was used, with the 40DL attached to a 2.5x magnifying adaptor, in order to cover the full 12 cm2 area of the 
photocathode. The microscope calibration target was a custom-made 2D array with 0.5 – 2.0 mm hole diameter at 5-20 
mm separation and up to 2x2 mm field size, to achieve a 40mm diameter projected area with sub-resolution structures, 
e.g., 1 mm holes at 10 mm spacing, together with a 10x objective and a 2.5x camera adaptor, yield 25 mm holes at 250 mm 
spacing on the photocathode over a projected area of 40 mm diameter. Illumination was Köhler-optimized transmission 
light, attenuated by additional ND filters. Focal series were applied to determine the real camera focus that does not 
necessarily coincide exactly with the ocular focus. 
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Figure 5. Analysis of space-resolution of the 40DL system (left): 60 ± 5 mm for full area and slightly higher for the external 3x3 
MA (Fig. 3b) system (right), using jointly-developed electronics from Kurchatov Institute (E.V. Turbin). Custom-made hole-array 
masks were used. 60 mm FWHM corresponding to about 1300x1300 pixel of a CCD camera. 

 

 

 Figure 6.  Time-resolution with IRF = 28 ps FWHM.  The selected ROI (region of interest) should be very small, in order to avoid 
broadening of IRF, due to lateral diffusion of electrons across the MCP. This IRF is able to resolve 3 ps lifetimes (Fig. 19). 
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(b) Long-Term Stability: long-period observation (LPO): at low excitation intensities (< 100 mW/cm2), minimal-
invasive observation over several hours is possible. Prerequisite for LPO is a high-stability electro-optical system (Fig. 
7), including microscope focus that can display very small time- and intensity jitter. Within 7 hours of continuous 
acquisition, the time jitter was less than 11 ps and the amplitude jitter less than 2.5% (see Fig. 7). 
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Figure 7. Pre- and afterpulse-free IRF on expanded time axis: 40 ps ± 5 FWHM. Long-period-observation (LPO) of up to 10 
hours, showed excellent stability of 10 ps timing- and 2.5% intensity-jitter over the full detector area. Note that the “shoulder” is 
typical for MCP-PMT systems. A-Y represent curves acquired at 17 minutes time interval.   

 

(c) homogeneity: homogeneity was better than 10% for all the relevant parameters, within the 12 cm2 area of the 40 mm 
diameter detector area (not shown). Global analyis of multi-exponential fluorescence dynamics showed a consistency of 
< 1%. The IRF in Fig. 7 displays a variation of ± 5 ps only over the full detector area. 
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3. MULTICHANNEL WIDEFIELD FLIM 

Simultaneous 2-ch acquisition is commonly used with small-area detectors, such as CCD cameras, applying commercial 
modules like OptoSplit (Cairn Ltd.) or DualView (Optical Insights, LLC), as schematically shown in Fig. 8. Required 
adaptation to large-area detectors of 25-40 mm diameter was jointly performed by Cairn Ltd. and EuroPhoton GmbH. 

 

 

 

 

 

 

 

 

 

 

Figure 8. Multi-Channel Acquisition of single photons: basic scheme for multi-channel imaging, using a splitting mirror (such as 
in  dual- and quad-imagers) together with a synchronised filter wheel. 

 

Multichannel acquisition such as 4-channel simultaneous or 8-channel pseudo-simultaneous observation is feasible by 
the configuration in Fig. 8, using a quad-imager. The splitting mirror can be a dichroic, 50:50 intensity mirror, or a 
polarization splitter. Two excitation lasers can be coupled by an external dichroic and equipped with synchronized 
shutters, where individual diode stop pulses are used for both lasers. In addition, microscope emission-filter wheels and 
dichroic-mirror turrets can be synchronized with acquisition electronics and excitation lasers.  Fig. 9 shows the versatility 
of a classical widefield microscope periphery, with three detector systems being coupled by beam splitters. 
The quad-imager for multi-channel FLIM has been developed by EuroPhoton and Cairn Ltd. and is holding either two 
dichroic mirrors for 4-colour splitting (Fig. 12 and 13) or one dichroic plus one polarizing splitter for simultaneous dual-
anisotropy imaging (Fig. 17). The quad-imager can be replaced by an imaging polychromator (Fig. 10), resulting in 
multiple time-resolved emission spectra along the image diagonal (Fig. 14). An application to photosynthetic bacteria is 
shown in Fig. 19-21. 
Pseudo-simultaneous observation, where a synchronised filter wheel is switched between different states at down to 50 
ms time-intervals, is completely satisfactory for the observation of slow processes.  For the observation of fast processes 
in two or more emission bands, however, truly simultaneous multi-channel observation is required, using dual- and quad 
imagers. 
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�� plitting   
mirror 
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Figure 9. Demonstration of wide potential and versatility of multi-detector widefield configurations37, using the classical periphery 
of a widefield microscope set-up. Three DL- or MA-detector systems, two of which are equipped with a Quad-Imager and an 
imaging polychromator, respectively, are coupled by simple beam splitters. A Nipkow disk, for example, can be employed in the 
widefield TSCSPC system. 

 

Quad-imagers for large-area detectors can produce four images of about 18x18 mm each that can be accommodated on 
the 40 mm diameter detector photocathode, resulting in higher image quality, when compared to a 25 mm detector. Fig. 
9 shows a schematic combination of three detector systems, depicting the potential of synchronized dual-detector use, 
such as a full-area TSCSPC imager (top) together with an imaging polychromator (left) or quad-imager (right) Fig. 10 
shows the very useful combination of a quad-imager/DL system with a synchronized colour-CCD. Fig. 11 summarizes 
the potential combination of polarization and colour channels, available in dual- and quad-imager systems. Fig. 12 shows 
details of a quad-imager, set up for simultaneous observation of four emission bands, using two exchangeable dichroic 
mirrors, where the second mirror is of the dual-band variety. 
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Figure 10. Nikon TE2000 with dual-laser, dual optical path tube, dual-detector and Quad-Imager setup.  

 

Figure 11. Multi-channel widefield-TSCSPC:  simultaneous 2- and  4-ch methods, as well as pseudo-simultaneous 4-ch and 8-ch 
variants, using a dual- or quad-imager and a synchronized filter wheel. 
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Figure 12. 4-ch widefield spectral-FLIM, available in widefield-TSCSPC. Simultaneous 4-channel method for 4-colour or 2-
colour/2-polarization (dual-anisotropy) application. Using external filter-wheels or shutters, pseudo-simultaneous 8-
channel acquisition is possible. Inset left: Hole-array sample illuminated by white transmission microscope light and 
photographed at quad-entrance (see Fig. 10). 

 

 

Figure 13. Coumarin test beads (1 mm) with colour-dependent fluorescence dynamics: blue (top-left) contains 415 nm scatter from 
laser excitation. Inset right-bottom: colour-CCD image, simultaneously obtained with DL-image (left) by a dual CCD/quad-DL 
system (see Fig. 10).  
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Figure 14. Imaging polychromator with a 40DL detector. Observed are several single cells of A. Marina such as seen in Video 1 
and Fig. 18, simultaneously observed by a colour-CCD camera. Fluorescence dynamic curves (top-left) from three ROIs (bottom-
left) selected within the x-axis/wavelength plane are displayed together spectral (top-right) and spatial (bottom-right) integrated 
profiles. The detailed analysis is displayed in Figure 19-21.  

      
4. SELECTED APPLICATIONS OF MULTICHANNEL WIDEFIELD- FLIM 

4.1.  FRET-Verification and quantitative FRET 

     A wide spectrum of artefacts can be encountered in Förster resonance energy transfer (FRET) measurements that are 
limited to single-channel donor-observation in living cells: (i) n2-dependence of donor radiative lifetime, (ii) non-
exponential donor dynamics, (iii) 100 ps contribution by FAD autofluorescence, (iv) over-expression and dimer 
formation with reduced lifetimes, (v) photodynamic reactions, even during focusing, (vi) asymmetric expression or 
preferential loss of donor or acceptor,  (vii) others. So, at least two dynamic channels (Fig. 15) together with the intensity 
ratio of donor and acceptor are required for minimum FRET-verification. For advanced quantitative FRET studies dual-
excitation of the acceptor is a powerful tool to study the donor-acceptor FRET complex (Fig. 16), as is simultaneous or 
pseudo-simultaneous dual-anisotropy acquisition (Fig.  17) or DAS spectroscopy, available in a polychromator system. 
     A true rise of the acceptor dynamics (Fig. 15), free of IRF- artifact effects, is a clear proof of FRET but the absence of 
such a rise cannot be taken as an indication for FRET absence, since fluorescence rise is frequently obscured or even 
over-compensated by fast decay components that are induced in the acceptor dynamics, when the acceptor being part of 
the FRET-complex (Fig. 16).  
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Figure 15. FRET-Verification: donor decay-time = acceptor rise-time. Dual-FRET in living neurons: 24-link Saphir-DsRed 
construct (sample from R. Hartig and W. Zuschratter of IfN). QA detector and 440 nm diode laser with IRF = 180 ps FWHM. 
Two FRET components of 0.43 ns and 2.2 ns could be resolved in decay and rise by global analysis. 

 

 

Figure 16. Dual-laser excitation of YFP acceptor in the CFP-YFP FRET-complex, showing the difference of laser- and FRE-
excited acceptor dynamics, obtained by alternating 2-laser excitation for pseudo-simultaneous observation, yielding important 
information, when quantitative FRET is desired. 
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4.2. Dual-Anisotropy Imaging 
 
Simultaneous acquisition of parallel and perpendicularly polarized fluorescence dynamics in two emission bands is 
extremely useful, e.g. in simultaneous observation of FRET donor and acceptor  anisotropy fluorescence dynamics (Fig. 
17). 
 

 
 
Figure 17. Dual-Anisotropy Imaging: simultaneous dual-polarisation- (dual-imager) combined with pseudo-simultaneous dual-
colour-observation (synchronized filter wheel). Alternatively, simultaneous 4-ch dual-anisotropy imaging can be achieved by the 
novel quad-imager (Fig. 11-12). Cameleon was a gift from J.W. Borst24, and had been stored in the dark at 5o C for several months, 
resulting in potential annealing effects. 

 
     Dual-colour anisotropy imaging can be used as FRET-alternative in studies of protein-complex formation, when small 
proteins (with moderate rotational times) are labeled by small chromophores. 
     Observation of homo-FRET11 with its short depolarization times can be applied for monitoring protein aggregation in 
living cells and can be observed in multi-exponential anisotropy decays, in addition to classical rotational times of up to 
about 100 ns. 
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4.3.  Photosynthesis Studies 

Minimal-invasive studies by widefield non-scanning systems are of particular value in examination of light-sensitive 
samples, such as photosynthetic systems that are prone to singlet-singlet annihilation and other photodynamic reactions.  

In photosynthetic organisms the fluorescence is mainly emitted by the pigments of the light-harvesting systems whose 
function it is to collect the light and to funnel the absorbed energy via singlet–singlet excitation energy transfer (EET) to 
the reaction centers of Photosystem I and II (PS I, PS II) where it is used to drive photosynthetic light reactions28,. In 
green plants these pigments are mainly chlorophylls (Chl a and Chl b) which are located in membrane intrinsic light-
harvesting and core complexes29. Cyanobacteria also have membrane extrinsic phycobiliprotein (PBP) complexes to 
utilize the light in the spectral ‘green gap’ of the chlorophylls between 550 and 650 nm30. The fluorescence lifetime 
depends not only on the radiative and non-radiative decay channels of the excited singlet state of these antenna pigments 
but also on the EET between the pigments, on the trapping of electronic excitation by the reaction centers and the 
functional state of the PS II reaction center28. In time-domain FLIM methods where the excitation is performed with ps 
or fs laser pulses which are focused on the sample by the microscope objective, the photon density is usually very high. 
In this case one has to take into account the fact that the measurements can be drastically affected not only by processes 
like photobleaching, carotenoid triplet accumulation, and photoinhibition but also by singlet–singlet (S–S) annihilation, 
which is known to drastically shorten the fluorescence lifetime in multichromophoric systems31. It can occur at high peak 
intensities at the sample even if the average light intensity is rather low. Due to their antenna systems with large numbers 
of chlorophyll molecules coupled by EET, photosynthetic samples are particularly prone to S–S annihilation effects32. 

 

                        
 

Video 1. Figure 18 shows colour-CCD image of individual Acaryocloris Marina. Yellow frame depicts imaging polychromator 
slit. Analysis is shown in Fig. 14 and 21. ���������	
�	�
�����	�
�����������������   

 
 
Fig. 19-21 show the fluorescence dynamics and its analysis of a number of Acaryochloris marina after excitation at 415 
nm. The cyanobacterium A. marina has a unique composition of the photosynthetic apparatus, which allows it to survive 
in environments, depleted of visible radiation and with enhanced NIR. It is the only known photosynthetic organism 
which contains the far-red absorbing Chlorophyll d (Chl d) as the major photosynthetic pigment. In addition it also has a 
phycobiliprotein (PBP) light harvesting complex with a special structure, which enables a much faster PBP-Chl 
excitation energy transfer (EET) than in typical Chl a containing cyanobacteria17. The 630 nm fluorescence (Fig. 20 top), 
which originates from the PBP complex of A. marina, is characterized by two main decay components with lifetimes of  
16 ps and 77 ps. The 77 ps component can be assigned to the EET from the PBPs to Chl d. The 16 ps component is 
observed here for the first time in living cells of A. marina. In agreement with femtosecond pump-probe absorption  

�
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Figure 19. Annihilation-free, ultra-short lifetime of  3.5 ± 1 ps, displayed by living individual  A. Marina, when excited at 415 nm. 
This outstanding time-resolution is due to an IRF of around 30 ps FWHM (Fig. 6). 

measurements on isolated PBP-complexes of  A. marina33, this component can be assigned to an excitation energy 
transfer within the PBP light harvesting complex. The 480 nm fluorescence (Fig. 19 und 20, bottom) is dominated by a 
decay component with a lifetime of 3.5 ps. With increasing measuring time, the lifetime of this very fast component and 
the quantum yield of the 480 nm fluorescence increases. The origin of this “green” fluorescence remains to be clarified. 
This photodynamic reaction (see video of Fig. 18) is manifest in the emission spectra in Fig. 21 (top, right). 
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Figure 20. Two-channel FLIM measurement of the fluorescence dynamics of a number of Acaryochloris marina cyanobacteria 
after excitation at 410 nm. Left panels: Fluorescence intensity images of the 630 nm and the 480 nm emission (top) and instrument 
response function (IRF, bottom).  Right panels: Fluorescence decay kinetics at 630 nm (top) and 480 nm (bottom) of the cells in 
the marked area together with the instrument response function. Insets: Results of a 3-exp. fit of the decay curves. 

 

     To obtain information about the wavelength-resolved fluorescence dynamics of a number of individual cells as a 
function of the measuring time, the fluorescence of a number of individual cells was measured for 70 min. using an 
imaging polychromator in connection to 40 mm CDL detector. The fluorescence of the cells was simultaneously 
monitored with a colour-CCD camera attached to a different port of the microscope.  The CCD camera data obtained during 
the 70 min. measuring session are shown in Fig. 18 and video 1. According to this video the cells exhibit at the beginning 
a red fluorescence which is initially intensified somewhat. Later during the measurement the intensity of this red 
fluorescence decreases and at the end of the 70 min measuring session, most of the cells exhibit a green fluorescence. The 
fluorescence dynamic of some of the cells in the yellow frame of Fig. 18 is summarized in Fig. 21. The fluorescence 
exhibits the fastest decay at 490 nm and the slowest decay at 630 nm (see fig. 20 for an analysis).  
     Fig. 21 shows the observation of several single cells in the yellow frame of Fig. 18 with the fluorescence intensity plot 
(wavelength vs. polychromator slit axis) in the left panel. The beams radiating to the right represent the fluorescence of 
individual cells. The right-top panel represents the fluorescence spectra at three different times of the measurement, 
whereas the right-bottom panel shows the fluorescence dynamics at t = 0 for the four different wavelength intervals, 
marked in the left panel. Note that the spectral changes (red-green transition) appear far less pronounced in the red part of 
the spectrum, due to the much reduced sensitivity of the bi-alkali photocathode used.  
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Figure 21. Fluorescence dynmics in several single cells Acaryochloris marina after excitation at 415 nm, followed for 70 minutes 
and cut in three time slices. The data were obtained by using the imaging polychromator with a 40 DL detector.  

 
4.4. Further Applications  

(i) Long-Period Observation of Single Molecules: at photocathode quantum-efficiencies of �  10%, observation of single 
molecules (SM) becomes possible and observation times increase from currently seconds to several hours, at minimal-
invasive excitation levels: in TIRF-mode, single monomers, dimers, and aggregates of adsorbed dye molecules on 
surfaces could be distinguished by their typical blinking behaviour and fluorescence dynamics. Adsorption/desorption 
and diffusion could be observed and tracked at 7 nm accuracy34. 
(ii)  Near-Video TSCSPC: with 106 cps throughput and almost zero deadtime, using the new crossed-DL electronics from 
Roentdek, near-video FLIM is possible at very good time- and space-resolution. However, little is known, at present, 
about detector-head longevity and exact performance parameters. Early experiments at EuroPhoton indicate a decrease of 
resolution by about two times only, still sufficient for the low-statistic data of the video system 34. 
(iii)  2-Photon-Widefield TIRF with minimal-invasive TSCSPC detection becomes possible at > 100 mW near-IR 
laser excitation and a field-of-excitation of ca. 25 mm diameter. Wide-field, minimal-invasive, switchable 1- and 2-
photon excitation has been implemented at EuroPhoton34. 
(iv) FLIN: Fluorescence Lifetime Imaging Nanoscopy (FLIN), invented at EuroPhoton GmbH36, is the combination 
of TSCSPC-FLIM and PSF-localization with nano-resolution (10 nm) 34. 
(v) FLIN-AFM: novel video-rate hybrid-nanoscopy, FLIN-AFM, for quantitative synchronous observation and 
manipulation of both structure/topography and functionality of surface-nanostructures of living cells and artificial 
NanoSystems is possible, using minimal-invasive, low-power, widefield laser excitation and video-rate AFN systems 
with xy-cantilever scanning. The synergetic combination of non-scanning fluorescence lifetime imaging nanoscopy 
(FLIN) and atomic force microscopy (AFM) enables simultaneous acquisition of structural and functional information 
down to the 10 nm domain: quantitative functionality is derived from the nano-environment of fluorescent probes, using 
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FLIN, and correlated with the morphology of the sample, obtained by AFM.  The simultaneous application of FLIN and 
AFM results, therefore, in an all-encompassing quantitative image of the NanoWorld. In addition to quantitative 
observation, direct nano-manipulation and force measurement on surfaces of living cells and artificial nano-systems are 
possible, synchronously monitored by FLIN.  Widefield FRET-AFM, in a FLIM-AFN variant, would be an attractive 
method to independently verify Förster distances and obtain more information about the true FRET-complex 3D 
structure. 
 

 
4. CONCLUSIONS 

 
We presented a panoramic view of divers novel multichannel applications, made possible by novel large-area widefield 
FLIM detector systems, based on the TSCSPC technique, the non-scaning imaging variant of classical TCSPC.  3ps 
lifetime resolution in multiexponential decays is possible at diffraction-limited spatial resolution. In addition, macroscopic 
applications such as ultrafast plate reading in genomics and proteomics, utilising lifetime information, seem within reach34. 
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