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Abstract: lVe report about new developments in
fluorescence mlcroscopy, stimulated emission.
and contlnuous wave two-photon excitatlon.
Whereas contlnuous wave two-photon excitation
allows for the generation of three-dimensional

fluorescence lmages without confocal

arrangiement, stimulated emission opens the
prospect on resolutlon lncrease as well as on
precise measurement and control of the life time

pulse for excitation and one for depletion [1, 4].
For efficient depletion by stimulated emission,
the wavelength of the depletion pulse is in the
emission spectrum of the dye. When considering
the life time and the transitions of a fluorescence
organic molecule, it is evident that for high
enough intensities of a stimulating beam, a
significant depopulation by stimulated emission
can occur[1,3,4].

of ttre dye.
INTRODUCTION

During the past five years, scanning
fluorescence microscopy has experienced a rapid
growth both in fundamental research as well as
in scientific and practical applications. A major
stimulus has been the introduction of non-linear
fluorescence excitation methods such as twophoton excitation. In general, the employment of
the photophysics of the fluorescence marker

Fluorescence has a broad spectrum of several
tens of nanometers in wavelength but the
stimulated photons have the same wavelength,

polarisation and direction of propagation

their stimulating counterparts.

as

Therefore
stimulated photons are not distinguishable from
the photons of the stimulating beam, but the
effect of stimulated emission can be observed as a
loss of fluorescence intensity in the remaining
part of the fluorescence spectrum.

provides a novel and powerful means for
modifying the way fluorescence images are
recorded. The realisation of significant depletion
of the excited state of a dye by stimulated
emission offers new perspectives in fluorescence
light microscopy. Stimulated emission is likely

to become a new tool in fluorescence light
microscopy offering several prospects on novel
imaging techniques. The most intriguing
application of stimulated emission in
microscopy is the idea of overcoming the

diffraction resolution limit as proposed by Hell
and Wichmann If l. Sfimulated emission could be
used to decrease the effective extent of the focus of
a scanning fluorescence microscope.

Since its first practical realisation in 1990 [21
two-photon excitation fluorescence microscopy
has been of increasing importance to biological
imaging. One of the main advantages of twophoton excitation is the ability to excite UVabsorbing dyes with red or near-infrared light. In
addition, the square-law behaviour of the
excitation probability on intensity allows for
three dimensional scanning microscopy without
a confocal pinhole.
METHOD
We realised depletion of the excited state

of a dye in a microscope in a

two-beam
arrangement with two consecutlve pulses, one

Absorption

6tllnuliertc Eurisslon

An elegant approach to realise depletion

by
stimulated emission in a microscope is to use the
fundamental wavelength of a laser and its second
harmonic [3,41. The second harmonic is gained
by focusing the laser light into a frequency
doubling crystal. As far as the wavelengths are
concerned, using a single laser is not as flexible
as two dedicated lasers but the advantage of this
approach is the simple synchronisation of the

pulses. At present, the most popular

subpicosecond light sources in fluorescence light
microscopy are mode-locked'Fi:Sapphire lasers.
A serious disadvantage of Ti:Sapphire lasers for
research on stimulated emission is the fact that
they are restricted to the infrared where only a
few dyes are available.

In two-photon excitation the energies of the two
photons are about half the energy of the excited
state. Because of their high instantaneous

tntenslty, lasers providireg sub-picosecond pulses
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are employed for two-photon excitation. Our
recent work shows that it is also possible to
apply contlnuous wave lasers in two-photon
excitation microscopy in combination with

sensitive detection and integration times on the
order of several minutes per image. Since twophoton excitation results from both photons
being absorbed simultaneously in the same
chromophore, the amount of fluorescence
emission depends quadratically on the power
Pexc of the illumination light.

Ir=CrP|,,Lt

(l)

Germany) t4l. A small amount of lyridine 2 was
solved in ethanol, forming a highly concentrated
solution. A drop of this solution was dissolved in
glycerol and mounted between two cover slips so
that a lO-15 pm thick layer was formed. Snidine
2 can be excited at 375 nm and shows
susceptibility to stimulated emission at 750 nm
[al. The fluorescence of lyridine 2 was collected
by the same objective lens and focused onto a
pinhole. The collected light passed a stack of
filters, namely a dichroic mirror with a
transmission between 600-700 nm, as well as a
longwave pass dichroic filter with an edge at 5OO

nm, and a short wave pass dichoic filter
transmitting below 7OO nm. The photo

is the amount of fluorescence light
detected, Pexc the average excitation power and

multiplier was blue sensitive and operated in the
photon counting mode. The excitation beam

RESULTS

provide a pseudo-confocal operation of the setup.
The total path length of the 375 nm pulse was
matched to that of the 75O nm pulse. One mirror
was placed on a translation stage to allow for a
precision change of the path length.

where Ig

At the time of exposure. The parameter C 1 filled the entrance aperture of the objective lens.
represents the constants associated with the The detection pinhole had a diameter of about
the magnified back projected Airy disk to
optical system and the fluorophore.

An experiment based on the use of a mode-locked
Ti:Sapphire laser is has been carried out. The

Ti:Sapphire laser provides f 30 fs pulses at a
repetition rate of 76 MHz and at a central
wavelength of 75O nm. The laser light is split
into two beams, one of which is frequency
doubled to 375 nm by a LBO crystal. The duration
of the frequency doubled pulses is largely
unaffected by the LBO crystal. This is not so with
the infrared pulse which passes a grating four
times. As a result of dispersion, the pulse is
stretched to a duration of about 2O ps. With such
an arrangement one can employ the near UV
femtosecond pulse for excitation, and the
picosecond infrared pulse for stimulated
emission. In addition, the adjustment of the
grating allows an arbitrary adjustment of the
pulse length from l to about lOO ps. The
excitation and stimulating light is focused by the
same objectlve. The objective lens has a specified
of I .3 (oil) (Nikon). The
stimulating beam passes two simple lenses, one
of which, is mounted on a precision scan stage

numerical aperture

(Light Line, Physik Instrumente, Waldbronn,
Germany). The piezoelectric stage is capable of
scanning the lens with a precision of about 1O-2O
nm. The optical €urangement was chosen so that
the adjustment of the focused stimulating beam
\vith respect to the focused excitation beam could
be done with the one of the simple lenses which
was scanned. Having a magnification factor of
about 5O, we can calculate that the positioning
the stimulating focus with respect to exciting

focus with an precision of fractions of a
nanometer. With such an arrangement we are
able to study depletion by stimulated emission in
a microscope.

A suitable dye for excitation and stimulated
emission is 1 -Ethgl- 4- (4- (p-Dimethglaminophengl) - 1, 3 b utadie ng l) p g ridinium P e r chlor at
(Sridtne 2, Radiant Dyes, Wermelskirchen,
-
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We could prove a stimulated emission rate of up
to 85olo in our experiments, i. e. the fluorescence
rate as reduced to L1o/o of its initial value.
Furthermore, we could show the first two-photon

excitation fluorescent images using

a

semiconductor laser as a light source. Images of
paper fibres as well as of fluorescence latex beads
are shown [51.
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