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A new cell design for off-axis amplification of femtosecond dye lasers which uses total internal 
reflection is reported. Compared to the conventional on-axis configuration, these amplifiers produce 
less amplified spontaneous emission in the far field and maintain the input beam profile. Q 1995 
American Institute of Physics. 

Here we report a major change to our excimer-laser 
pumped, pulsed colliding-pulse mode-locked (CPM) dye- 
laser amp1ification.r In that arranyment we followed the ap- 
proach of Rolland and Corkum and used three prismatic 
capillary dye cellsZY4 with increasing diameter for the ampli- 
fication. Capillary cells are well suited for the amplification 
of beams with diameters above 1 mm. However for optimum 
utilization of pump energy, the first amplification stage 
shotrId have highest gain at much smaller diameters. Here 
one may employ the conventional, transversally pumped cell 
configuration.5 In this case the side window, which is neces- 
sary for optical pumping, clips the stimulating beam and thus 
leads to diffraction and severe disturbance of the beam pro- 
tile after amplification. This problem has been solved in prin- 
ciple by an off-axis amplification geometry in which the 
stimulating beam is reflected internally at the side window.6 
So far, conventional quartz cells have been used in this 
scheme. For quartz cells and for typical solvents and wave- 
lengths in the visible, the refractive index of the dye solution 

FIG. 1. Short dye cell for off-axis amplification using total internal reflec- 
tion with near-Brewster angles for the amplified beam. 
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is smaller than that of the window material so that internal 
reflection is accompanied by a transmission loss of more 
than 50%. 

Transmission loss accompanying internal reflection can 
be overcome by using a side window for optical pumping 
which is made from magnesium difluoride (MgF,; 
n[616 ml=1.388 913) and a solvent with a higher index of 
refraction. With ethylene glycol as the solvent (n=1.4306) 
the critical a.ngIe for total internal reflection is 19,=76.13”. It 
is also possible to use propylene carbonate (n-1.4210) or a 
mixture of ethylene glycol and methanol up to 3:2 (by vol- 
ume) instead of the highly viscous ethylene glycol. The con- 
struction of two different, novel amplification cells using 
MgFz pump windows for total internal reflection is shown in 
Figs. 1 and 2. 

The first cell is constructed from a quartz cuvette with a 
right-angled triangular cross section (height; 45 mm; internal 
width of hypotenuse surface 10.0 J2 mm; Helma No. 
101.061-QS). A circular hole with a diameter of 10.1 mm 
was drilled centrally in the hypotenuse surface. From the 

jQuartz Window1 I\ 

I Pum 

FIG. 2. Long dye cell for off-axis amplification using total internal reflec- 
tion. 
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FIG. 3. Novel arrangement for femtosecond dye-laser amplification. [Q: quartz flat, RPL: roof prism with lens, Al: first amplifier (compare Fig. I), AJ: 
absorber jet, PO: polarizer selecting horizontal polarization, AZ second amplifier (compare Fig. 2), Pi: 150 pm pinhole, A3: third amplifier (Bethune cell, 
diameter 3 mm).  Focal lengths are given in millimeters.] 

outside a MgF, pump window fits into the hole such that its 
inside surface protrudes -0.5 m m  into the dye solution. The 
MgFa window is sealed by a silicone rubber O-ring against 
the quartz window and held by a mechanical support (com- 
pare Fig. 1). The quartz cuvette itself was glued (with sili- 
cone glue, Wacker E41) into a holder that allowed for flow of 
the dye solution. If the stimulating beam enters the cell at 
Brewster’s angle for horizontal polarization (calculated for 
ethylene glycol), then the resulting angle for internal reflec- 
tion, at 79.95”, is larger than the critical angle 8,=76.13” for 
total internal reflection. After passing through the cell, the 
amplified beam deviates by 20.1” from the original beam 
direction (see Fig. 3). In practice the angle of incidence for 
the stimulating beam is increased slightly above Brewster’s 
angle in order to allow for a wider angular range for total 
internal reflection. 

The triangular cell is operated with a 1.1 m M  solution of 
sulforhodamine B in ethylene glycol. It is pumped with ap- 
proximately 1 mJ at 308 nm on a length of 5 mm. ‘Ityo 
passes are made through the gain medium. At the first pass 
the stimulating beam has a diameter of about 0.4 mm, the 
focus lying slightly behind the exit window. Retroreflection 
after the first passage&and at a slightly different angle is ob- 
tained by means of a retroreflecting prism and a planoconvex 
lens (f=300 mm) glued to it (see Fig. 3). A circular aperture 
@=l.S mm) in front of the lens defines a small solid angle 
for the amplification and is necessary to prevent feedback of 
amplified spontaneous emission (ASE) in the second pass. 
The diameter of the stimulating pulse is somewhat larger at 
the second pass and again the focus lies behind the exit win- 
dow. After two passes through this cell the beam is sent 
through a saturable absorber (100 pm thick jet of malachite 
green in ethylene glycol, with optical density >5 at 616 run). 
The pulse energy after the saturable absorber is about 1 fi. 
This corresponds to a total gain of more than lo4 up to this 
stage. 

The construction of the second cell is shown in Fig. 2. It 
consists of a mechanical body, one MgFz side window (di- 
ameter 20.0 mm) for optical pumping, and two windows 
made of quartz. The cell is operated with a 0.95 m M  solution 
of sulforhodamine B in ethylene glycol and pumped with 12 
mJ at 308 mn. Care has to be taken not to focus the pump 
beam too tightly since this might lead to deposition of the 
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dye in the pump focus. This would result in high losses for 
the reflected beam. In order to prevent lasing from the en- 
trance and exit windows, the cuvette is tilted around a hori- 
zontal axis which is perpendicular to the propagation direc- 
tion. The stimulating beam has a diameter of -1 mm; its 
focus lies 20 cm behind the exit window of the cell. The 
angle of incidence is chosen such that total internal reflection 
occurs over the whole length of the MgFz pump window. 
The output energy after a single pass is typically 35 ,xJ with 
less than 0.3% ASE. After spatially filtering with a pinhole of 
150 pm diameter this energy is further amplified to 240 ,uJ 
(ASE<l%) with a Bethune cel13>4 (diameter 3 mm, length 40 
mm; radiant dyes RBZ; 0.23 m M  rhodamin 101 in metha- 
nol). The best results-in terms of energy extraction and 
beam profile-are obtained when the stimulating beam is 
sent slightly convergent through the cell (waist -5-7 m  
away) with a diameter such that the capillary of the Bethune 
cells intercepts the central Airy disk. The cell is pumped with 
all of the remaining excimer-laser energy. The overall setup 
of the amplification is shown in Fig. 3. 

We are using the second type of dye cell (Fig. 2) for 
amplification of a CPM dye laser, a synchronously pumped 
antiresonant ring dye laser (both operating at 616 nm) and in 
a distributed-feedback-dye-laser-type setup at 470 nm.7s 
This cell can also be used for the amplification of conven- 
tional excimer-or YAG-pumped dye lasers with nanosecond 
pulse duration. (In the latter case, the temporal substructure 
of the pump pulse should be controlled or averaged in order 
to obtain high gain without fluctuation of the amplified pulse 
energy from shot to shot). In all appbcations this cell will 
give higher energy and less ASE compared to transversally 
pumped dye cells in an on-axis configuration. However, its 
most valuable property is that it preserves the input beam 
profile for subsequent nonlinear applications. 
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