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The temporal behaviour of nitrogen laser-pumped dye lasers was investigated experimentally-
in order to generate short, subnanosecond, narrow-linewidth pulses. The change of the time posi-
tion of dye laser pulses was measured by the change of laser wavelength and cavity length. A new
type oscillation in dye lasers was studied. This oscillation had cavity round-trip time modulation..
By using high-cavity length, tunable subnanosecond pulses were obtained. The intensity competi--
tion in two-wavelength lasers can produce subnanosecond pulses with very short fall time.

Introduction

The dynamical investigation of photophysical and photochemical processes:
demands tunable, narrowband, and very short light pulses. Q switched solid-state:
lasers, nitrogen laser-pumped dye lasers produce several nanosecond long pulses..
Mode-locked dye lasers generate 5—0.2 ps pulses, but they are too expensive. The-
gap between nanosecond and picosecond pulses could be covered by nitrogen laser--
pumped subnanosecond dye lasers.

‘A great number of methods for producing subnanosecond light pulses have been:
reported. One of them described in [1—3] is based on relaxation oscillations. In that
case, cavities with extremely low decay times are used and, by proper control of
pumping level, 0.5—1 ns pulses with 50—500 W peak power were generated. An im--
portant disadvantage of this method is that: because of the short cavity no high
wavelength selection can be used. 1—1.5 nm spectral linewidths were reported, these:
are too broad for most applications. Another method for subnanosecond pulse
generation using relatively long cavity L=300mm, and high spectral selection has.
been presented in [4, 5].

Though, to tell the truth, these autors did not distinguish their method.
from the relaxation oscillations. For a cértain spectral range and pumping power,.
single pulses have been generated, with a pulse duration of 450 ps (fwhm) and
0.002 nm linewidth.

In this paper, we are presenting the results of a systematic investigation of”
temporal tehaviour of nitrogen laser pumped dye lasers. Using these results the con-
ditions for production of single subnanosecond pulsesin a long cavity dye laser, and a.
qualitative explanation of short pulse generation is proposed. A simple and new
resonator configuration is presented for very long-cavity dye lasers. As a result of
the comprehensive study of the temporal behaviour of two wavelength dye lasers,,
another simple method is developed for producting short dye-laser pulses. :
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Experimental arrangement

The most used experimental arrangement can be seen in Fig. 1. Pumping pulses
were provided by a nitrogen laser having 200 kW peak power, 7 ns pulse duration
{fwhm) operating at 25 pps. A 5-1072 M/l ethanol solution of Rhodamine 6G and
5-10-3 M/l 7-diethylamino-4-methylcoumarin were used as active material. The
dyes were in a 1 cm long flowing dye cell. Five different dye laser configurations were
investigated; Fig. 1 shows the most complicated double-wavelength dye laser, and
Fig. 2 shows the other four dye laser configurations. In each case, the grating was a
1800 lines/mm ruled grating, and the output coupler was an uncoated flat mirror
substrate. The two-wavelength laser had a grating as beam expander [6], and its
0-th order was fed back by another autocollimation grating. DL. 1 is a simple, trans-
-versally pumped configuration, DL.2 uses a grating beam expander; DL. 3 and DL. 4
have an intracavity lens.
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The intracavity lens was so installed, that the focal plane of the lens coincided
with the dye cell side-window; consequently, the grating and the intracavity lens
formed a monochromator with the excited region as an entrance.and exit “slit”.
The use of intracavity lens results in higher spectral selectivity and higher efficiency
of feedback. With such an intracavity lens DL. 3 and DL. 4 were unstable resonators,
but the “walk off”” losses were much lower than the other losses of the cavity.

The light emerging from the dye lasers was passed through a lens and a direct

* vision prism, so that amplified spontaneous emission (ASE), or the outputs of the
double-wavelength laser could be selected. At the same time, this spectral selector
served as an 18 m long optical delay line. The light was detected by an ITL HSD 1850
biplanar photodiode. A. small fraction of nitrogen laser ligth with a TF 50 photo-
diode triggered the S 7—38 sampling oscilloscope. The rise time of the whole system
was 300 ps. The wavelength and linewidth of the dye lasers were measured by a
DFS—38 spectrograph and a IT—51 Fabry—Perot interferometer.

Resultﬁ
‘Wavelength dependence of . the time position- of dye-laser pulses

It is well known that the dye-laser pulse apart from some delay, closely follows
the shape of the. exciting nitrogen laser pulse shape. The delay between the two
depends on the pumping power and on the decay time of the cavity. Supposing
constant pumping power and constant resonator configuration, there is another
important parameter Viz: the laser wavelength. The gain curve of the dye depends
on the wavelength ; with lower gain, the laser is delayed in reaching the threshold and
with the maximum gain curve, the laser rises sharply. These dye-laser properties can
be predicted by the simple rate equation model [3]. Fig. 3 shows the delay of the
dye-laser pulses to be as we calculated, with 100 kW pumping power and =10 ps
cavity decay time.

To verify this calculation, the delay have been measured by the use of the DL. 2
resonator configuration. Fig. 4 shows the relative time position. of the dye laser
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Fig. 3. Calculated time position of dye laser Fig. 4. Measured time position
pulses. Parameters: active material Rhodamine - - of dye laser pulses. Parameters: as before

GG pumping power 100 kW, resonator decay
time 10 ps
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pulses. The active material was a Rhodamine 6G solution in ethanol, similar results
were obtained for a 7-diethylamino<4-methylcoumarin solution. The qualitative
agreement of experimental and theoretical results is satisfactory, because of the
simplicity of the model. - A

The effect of resonator length on the time position of the dye laser pulses
The development of a dye laser pulse begins when the ASE emerging from the
dye cell enters the sepctral selector, and a small part of it is fed back to the active
region. Using higher spectral selection (i.e. beam expander), the distance between
the dye cell and the spectral selector could be as much as 10—15 cm, and the above-
mentioned round trip takes about 0.8—1 ns. Therefore the time position of the dye
laser pulses must depend on cavity length.
s Experimental measurements with DL. 2
tns] g confirmed this assumption as shown, in Fig.
5. In the course of measurements, the distance
- between the dye cell and the output coupler
/ was fixed and the cavity length was altered
by the movement of the grating. These
results show the limits of the simple rate
equation model, because when increasing the
: , resonator length the decay time also inc-
250 200 %0 00 tlomi reases in terms of the model. When subs-
Fig. 5. The‘relative change tituting increasing decay times for rate
of time position of dye laser. pulses. equatlons the delay decreases contrary to

Resonator configuration: DL. 2 experience.

4

Oscillations in long cavities

In many cases the shape of the dye laser pulses showed irregular pulsations.
These pulsations are not relaxation oscillations, because they could be observed far
above the threshold and in a relatively long cavity (30 cm). A typical oscillation is
displayed in Fig. 6. The systematic study of such pulses showed that the time separa-
tion (¢) between subpulses was equal to the cavity round-trip time, and was inde-
pendent of the pumping power laser wavelength and resonator configuration (see
Fig. 7).

The measured points with L 250 mm and 400 mm represent different cavity
configurations. The measurements described above prove that these oscillations differ
essentially from the relaxation oscillations described in [1—3].

To find the origin of this pulsation, the temporal development of the pulses
was analised. The temporal development of laser pulses begins with ‘the ASE as
previously mentioned. The temporal behaviour of ASE was observed through the
output coupler, when the grating from DL. 1 was removed. Fig. 8 shows the ASE
pulse as having a short rising half in accordance with thé increase of excited-state
population. The moment, when the ASE is fed back from the output mirror to the
dye cell, the excited state population sharply decreases, and consequently, the level
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Fig. 6. Oscillations in nitrogen laser pumped dye laser.
Horizontal scale: 2 ns/div

of ASE propagating into the direction of
the output coupler also decreases. Since the
dye pumped strongly, the system would reach
the steady state quickly and, therefore, the
ASE level would continue to be constant
during the remaining part of the pulse. This
overshot in the ASE is responsable for the
oscillation.

Whether this overshot causes oscillations
or not, depends on the efficiency of the feed-
back of the grating. Here the efficiency of
feedback is defined as the photon flux entering
the active region from the direction of the
grating divided by the photon flux emerging
from the active region towards the grating
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Fig. 7. The time separation between
subpulses as a function
of resonator length

-

Fig. 8. Temporal behaviour of amplified spontaneous emission in case
of one mirror resonator. Horizontal scale 2 ns/div
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(i.e. spectral selection, transmission of ND filters and the beam expander, reflec-
tivity of the grating and losses due to the divergence of the ASE beam are taken
into account). If the intensity of the beam fed back from the grating to the dye cell
is so high as to cause deep saturation, no oscillation occurs. (It is well known that
the output power of a deeply saturated amplifier depends on the pumping rate
alone, and is independent of the input power.)

If the intensity fed back from the grating is so high as to cause partial saturation,
the leading part of the pulse will be more strongly amplified than its tail. As a result
of subsequent transits through the active region, the initial overshot of ASE gained
more, and the tail of the pulse was suppressed. These assumptions were verified expe-
rimentally, and as well as theoretically, (See theoretical part.)

Experimentally we changed the feedback in the lasers DL. 1 and DL. 3, insert-
ing a set of ND filters between the grating and the dye cell. With the decrease of
feedback, the modulation depth in the dye-laser pulse will grow, and the relative
intensity of the pulses follows it by changing (see Fig. 9). Note that the time position
of the peaks of subpulses is unchanged. According to our measurements and calcu-
lations, the condition of the oscillations is an about 10~°>—10—° feedback efficiency.
This is why, as a rule in a Héansch-type laser no oscillations of such kind-were ob-

Fig. 9. Pulse shape of dye laser pulses with decreased feedback efficiency
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served, since this laser has usually the feedback efficiency of 10~3. A convenient
method of the continuous variation of feedback efficiency is the application of a
grazing incidence grating. By changing the angle of incidence to the grating, the
efficiency of the feedback can be adjusted to such a low value as necessary for the
production of the oscillations.

The number of generated subpulses depends on the cavity round-trip time and
on the time during which the active medium has a proper gain. With the increase
of the cavity length, the number of subpulses may be decreased, and it is possible to
generate a single pulse. If the cavity length is increased up to 700 mm for DL. 1 and
DL. 2, the laser is about to come up to the threshold. In order to improve the feed-
back, an intracavity lens was used.

The effect of intracavity lens

The laser arrangement is shown in Fig. 2 DL. 3 and DL. 4. The intracavity lens,
as described in the experimental arrangement, formed a monochromator with the
active region as an entrance and exit slit. The effectivity of feedback is defined pre-
viously. Since both systems, with and without intracavity lens, have the same linear
dispersion in the dye cell, it is obvious that the ratio of the effectivities is nearly
equal to the ratio of the vertical dimension of the back-reflected of ASE spots i.e.:

Mo ___2L_9

n a

Where 1 and 5y, are the effectivities of feedback for the simple cayity and cavity
with lens, 0 is the divergence of the beam emerging from the dye cell and a is the
diameter of the active region, L is the distance between the grating and dye cell.
Fig. 10 shows the output energies versus cavity length with and without intracavity
lens. For longer cavities, the output with intracavity lens is much higher than without
lens. It can be seen that the resonator length could be as much as 1 m.
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Fig. 10. The effect of intracavity lens on Fig. 11. Subnanosecond output pulse
the output energy of dye lasers of a 90 cm long cavity dye laser

(DL. 4.). Horizontal scale 2 ns/div
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By using a 90 cm long cavity with a grazing incidence grating (6 ns round-trip
time!) and an intracavity lens, stable single pulses can be obtained. The halfwidth
of pulses was 0.55 ns (deconvoluted value), the time bandwidth product was 1.3,
and the peak power 8 kW. The shot-to-shot stability was higher than 5 p.c. as seen
in Fig. 11.

Temporal behaviour of two-wavelength dye lasers

The two-wavelength operation was achieved by several authors using a double
cavity of different type. The relative intensity of the different wavelengths depends
on the decay time of resonators and the relative position of wavelegths on the gain
curve of the dye. This phenomenon was described by FRIESEM et al [7]. The compe-
tition between the independent cavities determines not only the relative intensities
but also the temporal characteristics of the two-dye lasers. This temporal behaviour
has not been investigated so far.
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Fig. 12. Time behaviour of a two wavelength Fig. 13. The halfwidth of the first
dye laser (The outputs were measured dye laser pulse as a function
separately! 1 ns/div) of wavelength of second dye laser

A typical pair of dye-laser pulses can be seen in Fig. 12 using the experimental
arrangement of Fig. 1. The active material was Rhodamine 6G, and the wavelengths
4;=5T4nm and 7,=584 nm. The most
important information of Fig. 11 is that
the two lasers do not operate simultaneo-
usly. According to the results of the previous
section, the shorter cavity operates first.
The length of cavities is: grazing incidence
grating+mirror: 15 cm, autocollimation
grating: 25cm. A further important
characteristic of this system is that the
pulsewidth of the first laser pulse depends
on the wavelength of the second laser. Fig.
13 shows the pulsewidth of the fixedwave-

Fig. 14. Subnanosecond pulse of a two length first laser for different wavelengths
wavelength dye laser. Horizontal scale 1 ns/div ~ of the second laser. It can be seen thart,
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as the laser wavelength comes near to the maximum gain curve, the second laser-
ises more rapidly, so the halfwidth of the first pulse decreases. Besides the two-
wavelength operation, this method allows us to change the pulsew1dth continuously
and produces subnanosecond operation.

Fig. 14 shows a subnanosecond pulse in case 11—574 nm, A,=>584 nm. It is
interesting to note that this pulse has not only a sharp rising part but also a sharp
fall indicated by the overshot of the oscilloscope.

Conclusions . :

We have investigated the time behaviour of nitrogen laser-pumped dye lasers.
The time position of dye-laser pulses has a strong wavelength dependence. The delay
between exciting and dye-laser pulse increases with the increase of cavity length.
The origin and most important properties of an oscillation of a new type were inves-
tigated. The oscillation has a cavity round-trip modulation time. Using a resonator.
configuration of a new type and a very long cavity, single 055 ns long pulses were
generated. It was demonstrated that two-wavelength dye lasers can produce submna-
nosecond pulses as well. -
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TEHEPAUISA CYBHAHOCEKVYHIHBIX UMIIVJILCOB B JIABEPAX,
TTEPECTPAVIBAEMbBIX HA KPACUTEJLAIX,
BO3BYXJEHHBIX A30THBIM JIABEPOM

bB. Pay, )X. bop, I. Cabo u Ill. Cammapu

BpemMennast XapaKTEeDHCTHKA J1a3¢POB HA KPACHTENAX, BO3OYKIECHHBIX A30THBIM JIa3epOM,
6uU1a MCCNENOBAHA I TOTO, YTOGH T¢HEPUPOBATH KOPOTKUE, CyGHAHOCEKYHIHBIS yaxo-nonocﬂble
MMIYIbCH. V3MeHenre BPEMEHHOMN 3aEPXKKH UMILYJIbCOB Jla3epa Ha KpacuTene O6nUIo m3MepeHo
HM3MEHeHUEM JUTHHBI BOJHBI H JJIHHBI pe30HATOpa Jiasepa. BUT HCOBITAH HOBBIA THI OCLMIIIALER
B Ja3epax Ha Kpacutese. OTa OCUMILIALMSA BEPOATHO MOAYIMPOBAHA BO3BPATHO-TIOCTYHATEILHEIM
BpeMeHeM pe3oHaTopa. Tlomy4eHs! mepecTpawBaeMble, CyOHAHOCCKYHOHBIE MMIYALCH, MCHONL3YS
ANMHABIA pe30HaTOp. B nazepax, UMEIONIMX J1Be JIMHEL BOJIH, KOHKYPEHIAS MHTEHCHBHOCTEHR MOXET
TIPUBECTH K 00Pa30BaHHIO CyOHAHOCEKYHAHBIX HMILYJILCOB, HMEHSIOMMX KOPOTKHE (GPPOHTHL.



