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1. Introduction
Fluorescence lifetime imaging microscopy (FLIM) is gaining interest as a tool 
to assess the biochemical environment of �uorescent molecules/probes. 
Image intensi�er based frequency-domain FLIM (FD-FLIM) has been used to 
detect fast lifetime changes, thus revealing the dynamics of cellular processes. 
A limitation has been the spatial resolution of these intensi�ed cameras. 

This poster shows the application of a new modulated CCD image sensor 
which overcomes these limitations. Because of the improved spatial resolu-
tion it is now possible to discriminate single bacteria cells and determine their 
�uorescence lifetimes. The ability of the camera to store two phase images 
during the same exposure allows for a new live FLIM mode called single-im-
age FLIM (siFLIM).

2. Frequency-domain FLIM
Camera-based lifetime detection on wide�eld, multi-beam confocal and total 
internal re�ection �uorescence (TIRF) microscopes requires a modulated light 
source and a modulated detector. The excitation light is modulated in intensi-
ty and the induced �uorescence emission will mirror this modulation pattern.

3. Single-image FLIM (siFLIM)
During a single exposure, the modulated CCD sensor in the Lambert Instru-
ments Toggel camera records two images. The electrons in each pixel of the 
sensor are toggled between two storage areas at the same frequency as the 
modulation frequency of the light source. This results in two images that are 
shifted 180° in phase with respect to each other.

The di�erence in light intensity between these two images depends on the 
phase shift and demodulation of the �uorescence light and can be used to 
track changes in the �uorescence lifetime of a sample [1]. A simple calibration 
is enough to enable video-rate lifetime image acquisition that is immune to 
artifacts caused by cellular movements and signal transients because the 
images are recorded simultaneously.

The sensitivity of the camera is modu-
lated with the same frequency as the 
light source. By adjusting the phase 
di�erence between the camera modu-
lation and the light source modulation 
in a series of �xed steps a low-pass 
signal is generated for each pixel. The 
output image will be brighter or 
dimmer depending on whether the 
detector sensitivity is in or out of 
phase with the �uorescence emission.

Due to the �uorescence decay, the �u-
orescence emission will show a delay 
in time in the form of a phase shift. In 
addition, the modulation depth will 
decrease with respect to the excitation 
light, while the average intensity re-
mains the same.

The phase and modulation depth can 
be directly extracted from the meas-
urements and are the fundamental 
data in a homodyne FD-FLIM measure-
ment. From the acquired modulation 
depth and phase shifts, two independ-
ent determinations of the �uorescence 
lifetime can be calculated.

4. High-resolution FLIM
Modulated image sensors introduce an improvement in spatial resolution 
when compared to intensi�ed FD-FLIM cameras that allows them to discrimi-
nate single bacteria cells and determine their �uorescence lifetimes. The �gure 
below shows the �uorescence lifetime as a pseudocolor overlay on an image of 
Bacillus subtilis in vivo. [2]
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siFLIM time-lapse of 
cAMP sensor �uorescence 
lifetime after stimulation 
with IBMX and Forskolin. 
Data courtesy of the 
Netherlands Cancer Insti-
tute.

Bacillus subtilis in vivo with �uorescence lifetime overlay as pseudocolor.
Scale bar is approximately 5 μm. Figure courtesy of the University of Groningen.


