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Mode-locking in a two-component, tuned dye
laser

The generation of a two-component, mode-iocked dye taser tuned by the saturabie absorber concentration was investigated.
The two-component mixtures: rhodamine 6G:rhodamine B, and rhodamine 6G:uranin were examined. The apptication of two-
component active media improved mode-iocking as compared with pure components, and extended the spectra) region of applica-
bi)ity of one particuiar saturabie absorber (DODC)). An action as a generator of "'gating™ pulses for the action of the tess effective
dye is attributed to the more effective component of the composition.

The broad spectral bandwidth, generated by a dye
laser, reciprocal to the pulse-width, predestinates the
dye laser to the action in the mode-locking system.
This effect was investigated both for flash-lamp
pumped [1-3] and for cw dye lasers [4-6]. An addi-
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has been recently used for tuning a mono-component
mode-locked dye laser [7].

A dye laser can be additionally tuned by the use
of two-component active media [8]. Out test with
two-component active media did show an ability of
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Fig. 1 Bands generated by seme rhodamine 6G:uranin and rhedamine 6G:rhodamine B compositions

tional advantage of a dye laser is the possibility of
tuning by a dispersive element introduced into the
laser cavity. In a particular case the saturable absorber
used for mode-locking may act as the dispersive ele-
ment, and tuning can be performed by the change of
the saturable absorber concentration. This method

* Institute of Physics, Nichofas Copernicus University,
uf. Grudzigdzka 5, 87-100 Torun, Pofand.

4 — Optica Appiicata

tuning a dye laser by selecting the percental rate of
two dyes in the region between generated wavelengths
of pure components. Generated bands for some diife-
rent mixtures of rhodamine 6G: rhodamine B, and
rhodamine 6G: uranin solutions are presented in
fig. 1 The introduction of the saturable absorber as
the dispersive element allowed to expect that the
laser can be additionally tuned by the saturable absor-
ber concentration.
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Fig. 2. The shift of bands generated by the rhodamine 6G:rhodamine B (]:! ratio) composition increasing
with the increase of DODCt concentration

The investigations were carried out by the use
of a dye iaser pumped with two linear hash-lamps
supplied with an energy up to 150J. A 35cm long
cavity was terminated by two hat broad-band dielec-
tric mirrors with the 100% and 95% réflectivités.
A 1mm thick cell with the saturable absorber was
placed close to the output mirror. As active media
mixtures of 2x 10 ~ M methanolic solutions of rhoda-
mine 6G (R6G): rhodamine B (RB), and rhodamine
6G: uranin (U) with an additive of 10" M cyclo-
octate'raene was used. The ratio of the R6G: RB and
R6G: U mixtures was hxed as 1:1. Ethanolic solu-
tions of DODC1 were used as the saturable absor-
ber. The concentration of DODCf was varied from
10** M to 2x10 ~M. The laser emission spectra
were recorded with a Zeiss PGS 2 grating spectro-
graph. Mode-locked laser pulses were detected by
a Motorola MRD 500 photodiode and a Schlumber-
ger OCT 559B oscilloscope. The oscilloscope traces
were recorded by the use of a 1.5/75 mm lens on
a 27 DIN photographic him.

The free running laser with the R6G:RB compo-
sition generated a band centred at about 612.5 nm.
The insertion of the saturable absorber into the cavity
caused a shift of the generated band towards the long-
-wave region. This shift increased with the increase
of the concentration of the saturable absorber, as
illustrated in hg. 2. The laser pulses were fully mode-
-locked (100% modulated), however for the pure RB
solution under these same conditions they were only
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partly mode-locked. Full mode-locking occurred
only in the pure R6G solution [7]. Typical oscil-
loscope traces with fully and partly mode-locked
pulses are illustrated in hg. 3. At higher than 5x
X 10 ~ M DODC1 concentrations the laser pulse was
partly mode-locked. This fact was caused by the shift
of the generated band into the spectral region where
the absorption of DODCI was insignificant.

The free running laser with the R6G: U composition
generated a band centred at about 585.0 nm. The
insertion of the saturable absorber into the cavity
caused a separation of the bands generated by these
two components. The band arising from R6G was
shifted towards the long-wave region, while the band
arising from U was shifted towards the short-wave
region. The separation increased with the increase
of the saturable absorber concentration, as shown in
hg. 4. Mode-locking in the both generated bands
selected by proper filters was full, whereas for the
pure U solution under the same conditions no com-
plete mode-locking effect could be obtained. Further-
more, at higher DODCf concentrations, as used in
these experiments, the pure U solution did not gene-
rate at all [7]. The whole mode-locked laser pulse
arising from the both bands revealed only one
repetition rate corresponding to the round-trip time
of the cavity. This yields the evidence that these two
pulse trains in the both bands were synchronized.

One of the most important requirements for mode-
-locking is the overlapping of the emission band of
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a)

Fig. 3. Typicai o'cilioscope traces of (a) fuliy, and
(A) parity mode-iocked laser puise

the laser and the absorption spectrum of the saturable
absorber. This condition is well satisfied for the free
running laser with the R6G solution which generates
a band at about 596.0 nm, because the absorption
spectrum of the ethanolic DODCI solution is
centred at about 591.0 nm. The band genera-

ted by the free running RB laser (621.5/nm)
is placed on the long-wave slope, while the
band generated by the free running U laser

(576.0 nm) is placed on the short-wave slope of
the absorption spectrum of DODCI. The absorp-
tion spectrum of DODCI and the maxima of bands
generated by free running U, R6G and RB lasers
are illustrated in fig. 5. The bands generated by the
R6G:RB, as well as by the pure R6G and RB laser
[7] are shifted with the increase of DODCI concen-
tration towards the spectral region where the absorp-
tion losses are smaller. Similarly, the separation of
bands generated by the R6G:U laser increases with
the increase of the DODCI concentration. The band
arising from R6G was shifted towards the long-wave
region, while the band arising from U — similarly
to the band generated by the pure U laser [7] —
towards the short-wave region.

In a mode-locked dye laser operating with a mix-
ture of two dyes (of which one is more efficient and
better matched spectrally than the other) the more
efficient dye can act as a generator of "gating"
pulses for the action of the other one. This effect
observed in the R6G:RB composition becomes more
evident in the R6G:U mixture. The addition of the
"gating” R6G component enabled the mode-locked
generation of the U component.

The application of a "gating" dye in two-compo-
nent dye lasers suggests a possible extension of the
applicability of one particular saturable absorber for
mode-locking in several dyes, on the condition that
the generated band of the "gated" dye still partly
overlaps the absorption spectrum of the saturable
absorber. The possibility of the generation of two
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Fig. 4. The separation of bands generated by the rhodamine 6G:uranin (1:1 ratio) composition increasing with
the increase of DODCI concentration
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Fig. 5. Absorption spectrum of the ethanoiic DODCI
solution. Arrows indicate the maxima of free running
uranin, rhodamine 6G and rhodamine B lasers

synchronized ultrashort pulse trains at different and
tunable wavelengths suggests many applications,
especially in sum and difference frequency generation,
and in two-photon processes investigations.

CUWHXPOHM3aLUMss MOAOB B JBYXKOMMOHEHTHOM
HacTpavBaeMOM KpacuUTe/bHOM Jfasepe

WcecnepoBann reHepaunio [BYXKCMMOHEHTHbLIX KpacuTeNb-

HbIX /1a3epOB C CUHXPOHW3aLMel MOJOB, HAcTpauBaeMbIX
NyTEéM HacbILLaeMoii KoHLEeHTpauun abcopbepa. AHaNU3Mpo-
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Afot/e-fockmg ...

Ba/INCb [|BYXKOMMOHEHTHbH CM:CW: POfaMWHbI B 1 pogamuHbl
06 c ypaHUHOM. TMpuM:HEHWE [BYXKOMMOHEHTHbIX aKTUBHbIX
LLEHTPOB yNyyLlano CMHXPOHM3ALMI0 MOJOB MO CPAaBHEHWIO CO
cny4yaem NPUMEHEHUS YUCTbIX KOMMOHEHTOB, & TakXe pacluu-
PSAN0 CcnekTpasbHbIA Npejen NPUMEHAEMOCTU ONpeAenéHHOro
Hacbllaemoro abcopbepa (MOOCT). [eiicTBUe ,,KaK reHepa-
Topa nNoOpTa/ibHbIX WMMYAbLCOB" ANA  MeHee 3(h(eKTUBHBbIX
KpacuTeneli nNpunucbiBaeTca 60nee aKTUBHbIM KOMMOHeEHTaM
COefIMHEH S
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