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Abstract. Possibilities for efficient generation at 628 nm from a due jct laser 
pumped by a copper bromide vapour laser arc investigated. The Rh 640, KR 620, 
Rh 610 CV 670 dyes and their mixtures arc used. A wall plug efficiency of 0.5 % 
for the system dye laser pumped by a copper bromide vapour laser is achieved 
when KR 620 dye is used. 

1. Introduction 

In recent years the application of lasers in photodynamic therapy is of enonnous inter
est. The most usable wavelength for that purpose is 628 nm. This wavelength can be 
obtained from a gold vapour laser and from a dye laser pumped by a copper vapour 
laser or by an argon laser. The system copper vapour laser-dye laser is an object of 
intensive investigations, because it has some advantages [ 1]. 

In this paper we report investigations of a system: a dye laser pumped by a copper 
bromide vapour laser (CBVL). This system has all positive features as the copper vapour 
laser-dye laser system and besides it also has one additional important advantage - the 
wann-up time is shorter. The aim of our investigations is to detennine the possibilities 
for an efficient and powerful generation at 628 nm from a dye jet laser pumped by 
CBVL. We have used different dyes and their mixtures. This paper is a continuation 
of our investigations published in [2] and [3]. 

2. Exper iment and Discussion 

A schematic diagram of the experimental setup is shown in Fig. 1. 
The pumping CBVL is similar to that described in [4]. It lases simultaneously two 

lines: a green with wavelength 510.6 run and a yellow with wavelength 578.2 run. The 
maximum total average power from the CBVL in our experiment is 15 W, with an 
efficiency of 1.3 %. Due to this high efficiency of CBVL, it is possible a high-wall 
plug efficiency for the whole system (CBVL-dye laser). The CBVL is configured 
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\Vith a flat-flat cavity, which consists of mirrors M 1 and M 2 . The coupling mirror 
M

1 
is a plane parallel plate with a reflection coefficient of p1 = 8 %, and the high 

reflectance mirror Mz has a reflection coefficient p2 = 99.'5 % for the spectral range 
500 nm - 600 nm. The laser tube is with Brewster windows, so the laser beam has plane 
polarization. The pulse repetition rate is 22 kHz and the pulse length is 65 ns. The beam 

divergence is approximately 2.5 mrad. 

CBVL~ M, 

=M2 monochromator 

Fig. l. Schematic diagram of the experimental setup 

(a) 

Fig. 2. Dye laser cavity (a) without dispersion element (b) with two prisms 

The pumping radiation is focused in the dye laser active medium by the lens L, with 

focal distance 30 cm. 
The optical scheme of the dye laser is shown in Fig. 2. S2 is the high-reflectance 

concave mirror with a reflection coefficient 99.5 % for the 600-700 nm spectral range. 
The coupling mirror S1 is a plane mirror. The maximum output power for a dye laser of 
this type is achieved when S1 has a reflection coefficient 70-80 % [2, 5], for the same 
spectral range as S2 . Due to the high density of the laser beam on the coupling mirror 
S

1 
its coating destroyed, and we used mirrors that have reflection coefficient less than 

60 %. The divergence of dye laser beam was about 2 mrad. Due to the nanosecond 
pumping pulse it was not possible to form a single-mode lasing from the dye laser. 

The dye laser active medium is formed in a free flowing jet by a nozzle of the type 
described in [3]. The jet thickness t is about 320 1un and the optical quality of the jet is 
a plane parallel plate. Flow speed is about 20 m/s. For the mentioned speed, pumping 
lens and beam divergence of the pumping beam, the dye laser active medium is fully 
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changed between two pumping pulses (the repetition rate of the pumping pulses is 
22 kHz). The jet is placed at a Brewster angle to the cavity axis of the dye laser. The 
dispersion optical elements in the·dye laser are two quartz prisms Pr1 and Pr2 . The top 
angle of each prism is 67 °, which is the entry and exit Brewster's angle and is about 
628 nm. 

The spectrum of the dye laser emission is monitored by a monochromator 
"BENTHAM" - M300 with wavelength resolution 0.5 nm. 

The temporal behaviour of the pumping pulses and of the pulses generated by the 
dye laser is observed on a Tektronix 2445 oscilloscope by two high-speed PIN photo 
diodes' pin1 and pin2. 

2.1. RJ1 610 Dye 

As a first step, we investigated an ethylene glycol solution of Rh 610 dye. The obtained 
results were not satisfactory. The concentration was varied from 2 x 10-3 M i l to 3.5 x 
10-:3 M i i. Due to the emission spectra of the Rh 610 dye the maximum conversion 
efficiency is achieved about 605 nm. A wall plug efficiency of 0.28 3 for the whole 

· system dye laser - CBVL for lasing at 628 nm was gained. Such efficiency corresponds 
to 3 W output power of the dye laser. 

2.2. CV 670 

The ethylene glycol solution of CV 670 dye with a concentration varied around 
3 x 10-3 M i l was used. As the green line of the pumping beam is far from the ab
sorption maximum of the CV 670 dye spectrum and the line 628 nm is far from the 
emission maximum, the conversion efficiency of the dye laser is low, hence the wall 
plug efficiency of the whole system is also very low. 

2.3. Rh 640 

Bearing in mind the results in [5] and [6] we could expect high-wall plug efficiency 
for the system dye laser-CBVL when the Rh 640 and KR 620 dyes were used. 

The best results for the ethylene glycol solution of Rh 640 were achieved with a 
concentration about 3.2 x 10-3 Mil. At the dye solution concentration used and with 
this geometry about 10 3 of the pumping pulse energy remain unabsorbed by the jet. 
In our first experiments aimed at optimizing a high efficiency -dye laser we did not 
use dispersion elements (the two prisms). We used several mirrors S2 with different 
radius of curvature r 2 . The highest conversion efficiency of 45 3 was achieved with 
the r2 = 28 cm and r2 = 8.5 cm mirrors. The dye laser cavity length is about 6-7 cm, 
and the jet is situated about 1 cm from the coupling mirror S1 . 

Using the two prisms, the conversion efficiency was reduced to 40 3, which corre
sponded to wall plug efficiency of 0.4 7 % for the system dye laser-CBVL. The spectral 
curve of the dye laser generation with the r 2 = 28 cm mirror is shown in Fig. 3. The 
maximum of the curve is about 628 nm and the spectral band is 4 nm. The beam di
vergence of the dye laser emission for this cavity is about 2.2 mrad. Due to this a 
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good coupling with about 70 % efficiency to commercial optical fibers with diameter 
200-400 {lm, is possible. For the r 2 = 8.5 cm mirror, the spectral band is wider -
about IO nm. 

615 628 
A. (nm) 

Fig. 3. Dye laser emission spectrum with Rh 640 dye at 628 nm 

Fig. 4. Pumping and lasing pulses with Rh 640 dye at 628 nm 
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In Fig. 4 the temporal behaviour of the dye laser pulse and the pumping pulse are 
shown. The lasing pulse is delayed about 6 ns, approximately equal to the spontaneous 
emission lifetime of the dye laser transmissions and it has a shape close to the shape 
of the pumping pulse. 

2.4. KR 620 

The same experiment was made for an active medium 
ethylene glycol solution of KR 620. The optimal solution 
concentration was 3.2 x 10 3 M/I. Only about 3.5 % from 
the pumping pulse energy remained unabsorbed behind 
the jet. The dye conversion efficiency without the dis
persion elements is 47 %. We have achieved this result 
using the r 2 = 8. 5 cm and r 2 = 28 cm mirrors (S2 ). 

When the two prisms Pr1 and Pr2 were used, the con
version efficiency was reduced to 42 %, which corre
sponded to wall plug efficiency of 0.5 % for the sys
tem dye laser-CBVL. The spectral band of the dye laser 
emission with the r 2 = 28 cm mmor is 5 nm (Fig. 5). 

In Fig. 6 the behaviour of the dye laser pulse and 
the pumping pulse are shown. As can be seen the pic
ture is the same as that for the Rh 640 dye. The lasing 
pulse is delayed by a time interval approximately 9 ns. 

615 628 
A. (nm) 

Fig. 5. Dye laser emission 
spectrum with KR 620 <lye 

at 628 nm 

Fig. 6. Pumping and lasing pulses with KR 620 dye 

(a) pumping CBVL pulses at 510.6 nm and 578.2 nm; (b) dye laser pulse at 628 nm 
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2.5. Mixtures 

Bearing in mind the lower absorption of the pumping pulse energy in the case of Rh 640 
dye, we have investigated the ethylene glycol solution of the mixtures which consist 
of this dye and the dyes that better absorb green and yellow line of CBVL. The results 
of these investigations are not different from the results for the mono solution of the 
Rh 640 dye. That is why we do not discuss these results. 

The results of all the experiments are presented in Table l. 

Tal>le J. 

dye 

Rh 610 
KR 620 
Rh 640 

Conversion cffi-
ciency of the dye 
laser without the 

dispersion clements 

45% 
48% 
44% 

3. Conclusion 

Conversion cfli- Wavelength 
cicncy of the dye band of the dye 
laser with the dis- laser generation 
persion clements at 628 nm 

20% 
42% 5 nm 
403 4nm 

Wall plug crli-
cicncy of the 
whole system 

at 628 nm 

0.16% 
0.50% 
0.473 

The best results we achieved in our investigations are these with Rh 640 and KR 620 
dyes. Using solution of mixtures of dyes in that case did not improve the efficiency of 
the dye laser. The good quality of the jet is of great importance for the beam quality 
of dye laser radiation. 

If passively self-injection resonator for the dye laser was used, it might be possible 
to improve the efficiency of the dye laser [7]. 

Our opinion is that the system dye laser pumped by a copper bromide vapour laser 
has big perspective in the photodynamic therapy. 
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