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The characteristics of miniaturized diode-pumped compact pas-
sively Q-switched Nd:YAG and Nd: YVO4 lasers have been stud-
ied. Lasing at a wavelength of 1.064 µm with a pulse repetition
rate of up to 25 kHz, a pulse duration of 2–5 ns, an average power
of 130 mW, and a pump power of 3.5 W was realized with the use
of a polymer Q-switch on the basis of polyurethane doped with
the bis-(4-dimethylaminodithiobenzyl)-nickel dye. Diode-pumped
solid-state mini lasers with passive Q-switching by sandwich-type
modulators are efficient compact sources of short powerful light
pulses with a high optical quality of the beam.

1. Introduction

Nonlinear optics, despite its half-century long history,
continues to draw the steady attention of researchers as
a direction of physics, which develops actively and fruit-
fully. Let us recall that, unlike classical optics, the op-
tical properties of a medium – in particular, its absorp-
tion, refractive index, dispersion – depend on the light
intensity at high intensities of a light flux typical of laser
beams. The superposition principle becomes violated,
so that the frequency of light oscillations can change in
the course of the light propagation in a medium and so
forth. Nonlinear effects of different nature are observed
at the propagation of intensive light fluxes in solids, liq-
uids, atomic and molecular gases, plasma.

Nonlinear optical effects form a basis for such ele-
ments to control the lasing parameters as optical har-
monic generators, parametric oscillators, electro-optical
and acousto-optical modulators, Q-switches. In partic-
ular, the passive Q-switching is often applied in com-

pact solid-state lasers. Passive Q-switched lasers gener-
ate short powerful light pulses of the nanosecond dura-
tion. At the same time, they do not need complex elec-
tronic control systems and high voltages and, as a result,
find numerous practical applications. For neodymium
lasers operating at a wavelength of 1.064 µm, passive Q-
switches (PQSs) on the basis of yttrium-aluminum gar-
net doped with chrome ions (Cr4+:YAG) [1–3], PQSs
on the basis of radiation-colored lithium fluoride [4],
and semiconductor saturable absorber Q-switches [5, 6]
are applied. Recently, an application of saturable ab-
sorption by graphene for Q-switching in a neodymium
laser on the Nd:GdVO4 crystal was reported [7]. Cheap
and accessible for manufacturing under laboratory con-
ditions are PQSs on organic dyes in polymeric matri-
ces. In work [8], reticulated polyurethane was offered
to be used as a matrix for PQS. Its hardening, un-
like that in epoxy polymers, occurs under soft con-
ditions, namely, at room temperature and in a neu-
tral environment, which allows dyes of various classes
to be introduced into it without a dye decomposition.
PQSs on the basis of this polymer, which were fab-
ricated in a triplex design of the sandwich type, pro-
vided an effective Q-switching in lamp-pumped lasers
[8]. For diode-pumped lasers, the most widespread
PQSs for today are PQSs with such matrices as cellu-
lose acetate [9, 10] and polyvinylcarbazole [11]. At the
same time, polyurethane-based PQSs of the sandwich
type can be considered as promising systems for mod-
ulating the diode-pumped mini and micro lasers owing
to their high radiation stability and high optical qual-
ity.
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This work aimed at researching the passive Q-
switching in mini lasers with a Q-switch of the sandwich
type on the basis of colored polyurethane.

2. Experimental Researches of Passive
Q-switched Mini Laser Characteristics

2.1. Experimental setup

In this work, we used solid-state PQSs on the basis of
an organic dye dissolved in a polymeric matrix. Struc-
turally, the PQS was fabricated in the form of a triplex
(polymer sandwiched between two glass plates), the
external working surfaces of which were antireflection-
coated to a level of 0.2% in the spectral range of about
1.06 µm. The matrix refractive index could be controlled
within a range from 1.48 to 1.52 by varying the con-
centration of polymer components. Therefore, reflection
losses at the polymer–glass interface could be reduced
almost to zero.

The polymer matrix was activated by doping it with
a photostable dye bis-(4-dimethylaminodithiobenzyl)-
nickel (BDN). The latter was prepared as a product of
the reaction between 4-dimethylaminobenzoin and phos-
phorus pentasulfide in boiling dioxane with the admix-
ture of a nickel chloride aqueous solution. The structural
chemical formula of BDN dye looks like

This dye proved itself well in polymer PQSs in lamp-
pumped pulsed lasers [11]. A polyurethane composition
synthesized in the polycondensation reaction of diole
with diisocyanate according to

nHO–R–OH + nOCN-R′-NCO→

→ -[-O-R-O-CO–NH-R′-NH-CO-]n-,

where n is the number of molecules, and R and R′ are
aliphatic or aromatic carbohydrate groups, served as the
polymeric matrix. The chosen polymer composition is a
mesh elastomer, in which all the molecules are connected
by chemical bonds of various nature. An important fea-
ture of polymers is the fact that organic dyes belonging
to basic classes, which are used in the laser technique,

Fig. 1. Absorption spectrum of BDN dye in a polyurethane matrix

Fig. 2. Experimental setup for a laser with passive Q-switching
and longitudinal pumping: (1 ) collimating objective lenses, (2 )
modulation unit, (3 ) totally reflecting mirror, (4) exit mirror, (5)
output laser beam

can be dissolved in them without formation of dimers or
more complex objects. Metalloorganic complexes (the
BDN dye is one of them) can be easily introduced into
the initial components of a chosen polyurethane poly-
mer composition within a wide concentration interval
(10−4–10−7 mol per 1 g of polymer) without aggrega-
tion. We even managed to introduce polymethine dyes
into this polymer [12, 13], although it is known that, for
instance, in widely used polymethylmethacrylate, those
dyes become almost completely decomposed even at the
polymerization stage.

The scheme of the experimental laser setup is shown in
Fig. 2. A diode laser with a wavelength of 808 nm, which
was supplied with an LDS-80 electronic block to pro-
vide both continuous-wave and pulsed operation modes,
served as a pump source. Pump radiation was directed
using a optical fiber with a core diameter of 200 µm to
the modulation block, which governed the pulse-periodic
pump mode, the polarization transmission regulator al-
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Fig. 3. Average power of generation by Nd:YVO4 and Nd:YAG
passive Q-switched mini lasers

lowing a pump reduction without shifting the beam in
space. Collimators formed a pump beam 280 µm in di-
ameter in the active medium.

The most widespread diode-pumped lasers that emit
in the infra-red range at a wavelength of 1.06 µm, are
those based on neodymium-doped yttrium aluminum
garnet (Nd:YAG) and yttrium vanadate (Nd:YVO4). In
both those crystals, the Nd absorption spectrum reveals
a wide absorption band at a wavelength of about 808 nm,
which coincides with the radiation-emission wavelength
of the semiconductor pump laser. The absorption band
in the Nd:YVO4 crystal is six times as wide as that
in the Nd:YAG crystal. This circumstance weakens re-
quirements set to the thermal stability of the radiation
spectrum emitted by a pump laser on Nd:YVO4. In
addition, the absorption coefficient for the Nd:YVO4

crystal is approximately four times higher than that
for the Nd:YAG one at identical neodymium concentra-
tions [14].

In this work, both the Nd:YVO4 and Nd:YAG lasers
were studied. Their active elements were cylindrical
(8 mm in length and 3 mm in diameter) and with par-
allel (the angular misalignment of not more than 10′′)
working surfaces. The latter were antireflection-coated
for wavelengths of 808 and 1064 nm.

The average power of laser radiation was measured
by a Laser Star Powermeter. The pulse duration was
measured with the use of a four-channel TDS-7104 Dig-
ital Phosphor Oscilloscope with a transmission band of
1 GHz and an ET 3500F photo diode with a transmis-
sion band of 12 GHz. The laser radiation profile was
determined with a CCD camera.

Fig. 4. Repetition frequency of output pulses for Q-switched mini
lasers

2.2. Experimental results and discussion

We studied the characteristics of a mini laser operating
in the passive Q-switching mode, provided the longitu-
dinal diode pumping with Nd:YAG and Nd:YVO4 active
elements. To reduce the thermal loading on the active
elements, the pulsed pump mode was used. The pump
pulse duration was 5 ms at a repetition frequency of
20 Hz. The mini laser resonator 10 mm in length was
created by a totally reflecting mirror 150 mm in radius
and a plane exit mirror with a reflection of 70% at the
lasing wavelength.

Figure 3 demonstrates the dependences of the av-
eraged output power of mini lasers on Nd:YAG and
Nd:YVO4 with a PQS that had an initial transmittance
of 62%. Using the same passive Q-switch, the depen-
dence of the pulse repetition frequency on the pump
power was studied (Fig. 4). The pulse repetition fre-
quency was measured within the time interval of a pump
pulse (i.e. within 5 ms). The pulse duration was deter-
mined at various pump levels (see Fig. 5 for the Nd:YAG
laser and Fig. 6 for the Nd:YVO4 one). In the former
case (the garnet-based laser), the pulse duration varied
from 3 to 5 ns and was practically independent of the
pump power. The pulse duration for the vanadate-based
mini laser was 2.2 ns. The stability of the pulse duration
in both lasers was not studied purposely. However, we
may assert that it was much better for the Nd:YVO4

laser. In this research, we did not aimed at optimizing
the output parameters for the diode-pumped mini laser.

Unlike film PQSs on dyes [9–11], Q-switches of the
sandwich type can operate at higher average powers ow-
ing to the better heat removal from the working zone. By
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Fig. 5. The shape of giant pulse of a Nd:YAG mini laser and its
reproducibility

its optical quality, the sandwich-type PQS is not worse
than other components of the resonator (mirrors, the
active element), which provides the generation of high-
quality laser radiation and the laser operation in the
single-transverse mode.

As is seen from the results of power characteristic re-
searches, the Nd:YVO4 mini laser is more efficient that
the Nd:YAG one. The generation threshold was approx-
imately 2.5 times lower, when using the vanadate, than
that for the garnet-based laser. Within the studied range
of the pump power up to 3.5 W, the output laser power
grew linearly with increase in this parameter for the ac-
tive elements of both types. The repetition frequency
of output pulses also depended linearly on the pump
power (Fig. 4), which evidenced a reliable work of the
sandwich-type PQS at reached lasing powers.

The spatial profile of mini laser radiation (Fig. 7),
which was obtained using a CCD camera and approx-
imated with the use of the Gauss method, testifies to a
symmetric distribution of energy in the laser beam, the
transverse cross-section of which grows with the pump
power.

3. Conclusions

Passive Q-switching in diode-pumped mini lasers with
the sandwich type polymer Q-switch on the basis of
colored by BDN dye polyurethane made it possible to
generate short intensive nanosecond pulses. At a res-
onator length of 18 mm and an initial transmittance of
PQS equal to 62% , we obtained an output power of
120 mW for the laser with the Nd:YAG active element

Fig. 6. The shape of giant pulse of a Nd:YVO4 mini laser and its
reproducibility

Fig. 7. Spatial structure of a radiation beam in the plane of a
passive laser Q-switch

and 130 mW for the laser with the Nd:YAG one. The
repetition rates for those active elements were 20 and
25 kHz, respectively. The pulse duration varied from 2
to 5 ns. Short pulses give rise to a high peak power,
which allows compact diode-pumped lasers with passive
modulation using sandwich-type Q-switches on the basis
of dye-activated polyurethane to be applied in nonlinear
optics and various applied problems.
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ХАРАКТЕРИСТИКИ ТВЕРДОТIЛЬНИХ МIНIЛАЗЕРIВ
З ПАСИВНОЮ МОДУЛЯЦIЄЮ ДОБРОТНОСТI
НЕЛIНIЙНО-ПОГЛИНАЮЧИМИ
ПОЛIМЕРНИМИ ЗАТВОРАМИ

В.I. Безродний, О.О. Iщенко, А.М. Негрiйко,
А.О. Ясковець, А.А. Демидович, М.Б. Данаiлов,
В.А. Орлович, П. Шпак

Р е з ю м е

Дослiджено характеристики мiнiатюрних компактних лазерiв
на Nd:YAG та Nd:YVO4 з дiодною накачкою у режимi пасив-
ної модуляцiї добротностi. З використанням полiмерного ла-
зерного затвора на основi полiуретану, забарвленого барвником
бiс-4-дiметиламiнодiтiобензил нiкелю, реалiзована генерацiя на
довжинi хвилi 1,064 мкм з частотою слiдування iмпульсiв до
25 кГц, тривалiстю 2–5 нс та потужнiстю до 130 мВт при нака-
чцi до 3,5 Вт. Твердотiльнi мiнiлазери з дiодною накачкою i па-
сивною модуляцiєю добротностi затворами сендвiчевого типу є
ефективними компактними джерелами коротких потужних iм-
пульсiв з високою оптичною якiстю пучка.
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