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This paper is dedicated to the modeling, design, and consequent construction of the practical setup of the
small-size solid-state laser with Nd:YAG gain medium and the diode pumping. Solid-state lasers have been in
existence for around 50 years and have experienced both positive and negative aspects during their evolution.
Nevertheless, they have always held an essential position in numerous industries, scientific endeavors, and
everyday activities. Nowadays, such devices are widely used and developed in location, manufacturing, medi-
cine, and of course in military. Hence, the development and optimization of their structure remain a pertinent
and important issue. The research reveals the basic component parameters for a compact Nd:YAG laser with
diode pump, which can be implemented in the construction of range-finder. The main results of the work.
Nd:YAG laser with overall dimensions of 350 x 25 x 25 mm was developed and modeled; the dimensions of the
laser active head are 110 x25 x 25 mm. Diode pumping is a matrix of six diodes with a power of 90 W each,
which operate in a pulse mode with a duration of 250 ns. The resonator consists of two mirrors, with an out-
put reflectance from 0.66 to 0.74. The active element is 72 mm long. With these laser parameters, the first gi-
ant pulse after the start of pumping was achieved at 59 ps, an output energy of 25 md, and a laser system ef-
ficiency of 22 %. Additionally, the following radiation pulses were generated with a time interval of 4 ps. The
results obtained in this work make it possible to create a diode-pumped solid-state laser with an output radia-
tion energy of up to 25 md and have compact cavity dimensions of about 80 x 25 x 25 mm.
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1. INTRODUTION

Lasers on solid active medium have already got a
long history as well as a huge number of applications in
people's life. Solid-state lasers (SSL) are considered the
ancestors and vital members of the laser family. The
initial type of laser discovered was the SSL, which had
ruby as an active zone [1]. The ability to produce stimu-
lated emission of optical radiation led to the creation of
various other types of solid-state emitters. Newman was
the first to publish a record of utilizing a semiconductor
source for pumping, where fluorescence at wavelength
1060 nm in Nd:CaWO4 was excited by the pumping
radiation of GaAs diodes at 1 =880 nm [2]. Such diodes
allowed directed in-band pump of the emittance levels
[3]. By direct pumping to the upper level of the laser's
active region, the system experienced reduced heat dis-
sipation, resulting in higher optical efficiency [4]. After-
ward, there was extensive research into the diode pump,
which attracted the attention of many researchers in
various fields of science, even in medicine [5]. Diode
pumping enables the achievement of high efficiency of
generation, simplicity of implementation, radiation qual-
ity, and smaller sizes. One of the major benefits of diode-
pumped lasers is that the spectral consistency of laser
diode radiation aligns with the bands of absorption of
the active ions in the gain crystal.

SSL early investigations indicate that Nd:YAG crys-
tals garnered significant interest, but the deeper inves-
tigation began after some stagnation of this laser phys-
ics branch [6]. Consequently, the SSL continued their
development just in the 1980s, A variety of lasers that
use diode pumps were studied, and their active regions
were doped with various rare earth ions, including the
following: Er3*, Yb3*, Tm3* and Ho3* [7-11]. Next, lasers
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based on Ti and Ti%**— doped crystals and Cr** and Cr2*
— doped active elements were examined [12-14]. Cur-
rently, among the active elements used in SSL, Nd:YAG
crystal is a commonly favored choice. The primary bene-
fits of Nd:YAG crystal are its low threshold, high gain,
excellent efficiency, remarkable optical quality, strong
mechanical properties, and efficient thermal conductivi-
ty. These crystals are usually manufactured allying
Czochralski technique. While it is possible to grow
Nd:YAG crystal using other methods, the Czochralski
technique offers significant advantages, including the
ability to produce a large diameter crystal with high
optical quality.

The advancement of the industry necessitates re-
ducing the size of laser devices while preserving high
radiation energy [15-21]. This would open up further
possibilities for applications in areas such as space
exploration, laser-based instrument manufacturing for
range-finding and location detection, information sys-
tems, and more. In recent decades, the progress made
in semiconductor lasers has enabled efficient diode
laser pumping of gain materials and the compact and
reliable production of SSL [22-24].

The objective of this work is to conduct theoretical
calculations through computational simulation in order
to design an experimental laser setup. The paper is
based on our conference papers [25-26]. The results
obtained are implemented to select the optimal laser
design that can be used in the further development of a
range finder.

2. LASER SETUP SCHEME

A laser is a type of optical quantum generator that
emits a highly directional beam of monochromatic co-
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herent light [22]. The primary physical mechanism
governing the functioning of a laser is the stimulated
emission of photons from a gain medium via an exter-
nal pumping source, leading to the accumulation of
energy within the laser cavity [23-24].

One can see the laser scheme in the Fig. 1, which
consist of a Fabry-Perot resonator defined as 1, 2, a gain
medium - 3, pump diodes 4, an aluminum base 5, a cy-
lindrical lens 6, and a reflector 7. Laser active region is a
crystal of yttrium aluminum garnet doped with neodym-
ium ions (Nd: YAG) which has a four-level energy
scheme [27]. The crystal has following parameters: a
length of 72 mm, a diameter of 3 mm, and a neodymium
concentration of 1.0 %. The laser stable resonator is built
on the well-known Fabry-Perot scheme which includes
two flat mirrors.

Fig. 1 — The Nd:YAG laser with diode pump setup scheme

To simplify the design, laser diodes were placed in
line for the transverse pump of the active region from
single direction. The chosen diodes are made by Fo-
cuslight and have following characteristics: emittance
wavelength is 808 nm, maximum consumption of cur-
rent is 220 A, efficiency of diode is 45 % that corre-
sponds to radiation power per diode around 90 W.

Laser semiconductor radiation exhibits a high dif-
fraction difference, making its primary advantages
applicable in lasers with a short active element length.
Optimizing the resonator to match sources of light can
improve the efficiency of SSL with laser diodes.

Fig. 2 shows the path of the pumping beams through
the laser elements. Incorporating a lens 2 (which has
cylindrical form) between laser diode 1 and gain crystal
3 in the system can reduce losses and increase the effi-
ciency. The cylindrical lens is positioned in such a way
that its focus lies in the radiation source plane, which
allows for the collection of the full pumping flux in the
gain material. The scattered radiation is then reflected
backward to the active element by reflector 4. Laser
diodes offer a significant advantage over phosphor plates
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or LEDs of the same area due to their much smaller
length. Thus, it is feasible to employ laser diode multi-
plexing for producing a high-intensity white light source
with improved emittance.

SSLs have become reliable laser tools due to the long
laser diodes service life, which can reach up to 20,000
hours. The low heat dissipation in the gain material of
the semiconductor-pumped laser eliminates the need for
water cooling, resulting in a reduction in the overall size
and mass of the laser. Reduced heat dissipation in the
semiconductor-pumped laser active material results in
lower thermal stresses in the active medium, enabling
the formation of a laser beam with high spatial-angular
brightness [28-30].

Fig.2 — The geometrical optics image of the pumping beams'
path

3. CALCULATION OF SETUP PARAMETERS

To simplify the computational modeling, we used
the Laskin 5.0 program. This software enables a
straightforward, precise, and dependable simulation of
solid-state laser properties, making it an efficient in-
strument for laser design.

In Fig. 3. presents the diagram of Nd:YAG energy
levels, where following denotes can be explained as the
working ions population on i- level is Ni , the sensitizer
ions population on i- level is N'i, the intracavity pho-
tons lifetime is tc, the absorption cross-section in exited
pump state is op, the lasing transition emission cross
section is Oe, and the absorption cross section in exited
lasing state is or. The energy equation that balances
the transfer, relaxation and absorption processes de-
picted in the diagram can be expressed as follows:

w = a(Nl_NZ) - _— - : . —_— . N ) . . . X
T e e - k*N2-Nl-g, ;*N2+A0-k-N4-N'1, 1)
ON2
S =N3-gs2+1-0.-(N3—mg"N2)— g1 " N2, @)
ON3
?=N4'94—3_N3'(93—2 +g3-1) =1 (0. (N3 —mq - N2) + 01, - (N3 = N5)), 3)

MWt ok N2-N1—A0-k-NA-N'1—N&- gy_g+N5- gg_y + 20D Mo CRyetr) €01 (4)
at a V-Eppn
N5
a0 = 1"0e* (N3 —mg-N2) = N5 (gs—4 + g5-1), 5)
where. a = a(N1-N2) pumping, V is active region volume, Epn is energy of

+ 0, - (N1 — N4), ais coefficient of

Sion

pump absorption, W, is pumping power, L, is length of

pump photon, k is parameter of energy transfer, Ao is
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relative coefficient which describing the back energy
transfer from working ion to sensitizer ion, gi.j is decay
rate from i — level to j — level, mo — degeneracy parame-

a L
3t~ Leopt

where Lq is active medium length, Lc oy is resonator
optical length, vc is velocity of light, and So is the initial
density of luminescence.

Pump T Lasing

Fig. 3 — The energy levels diagram of Nd:YAG crystal

It should also be noted that for the linear resonator
configuration used, the lifetime of intracavity photons
can be expressed using the following equation:

2-L¢ opt 1
T =——70—" 7
¢ Ve —In(Roc Tsn(£)>(1-gc))+2:ga'Ls’ ( )

where Roc is output coupler reflectivity, Tsn is Q-switch
transmission, gc — intrinsic resonator losses, g. is ac-
tive element dissipative losses.

Given a crystal of the 72 mm-length and a diode of

the 11 mm-width, a maximum of six diodes can be used
while still reserving space to fix the active element. This
results in a total power output of 450 W (due to each of
them has 90 W) and the pump pulse duration is 250 ns.
It should be noted that a cylindrical rod lens is used for
the diodes, which directs the entire flux into the gain
medium, thereby increasing the efficiency of pumping.
The optimization tool integrated into the system is used
to calculate the reflectivity of the output mirror.
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Fig. 4 — The dependence of output energy on mirror reflection
coefficient

The plot in Fig. 4 depicts the output energy value for
mirror’s reflectivity in 0.5 to 0.9 % range. As can be
observed, the curve features a plateau, indicating that a
reflectance value between 0.66 and 0.74 is the most
optimal choice for achieving high output radiation. Giv-
en the length of the active medium, we have designed
the resonator to be 80 mm long. Taking into account all
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ter.
The density of lasing photon I can be written as:

'UC'I'(0’,_,'(N3_m0'JLl'(N3_N5))_ﬂ)’ ©)

Tc

the specified parameters and components of the laser
system, we can infer that the dimensions of the laser
head will be 110 mm x 25 mm x 25 mm.
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Fig. 5 —The dependence of output power versus laser
pumping time

Fig. 5 shows the simulations results of the modeling
laser system output power. The red curve presents
pumping power Wp, meanwhile the blue curve relates to
the generation energy. It can be seen that the pump
radiation power increases proportionally until it reaches
the value that corresponds to the saturation energy of
the crystal.

Fig. 6 — The diode — pumped Nd:YAG solid state laser expe-
rimental setup

Fig. 7— Nd:YAG active crystal and laser diodes

As we can estimate, the first giant pulse after pump-
ing started was reached up at 59 ps, with output power
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of 25 md and efficiency of laser system of 22 %. Addi-
tionally, the generation of next pulses of radiation time
interval was 4 ps. Considering all obtained results, we
could determine optimal parameters value for practical
setup.

As one can see from the Fig. 6, the overall dimen-
sions of the laser setup are 350 x 25 x 25 mm. The Fig. 7
displays the photo of the active element of the yttrium
aluminum garnet crystal doped with neodymium ions,
which pumped by optical diode array with pump pulse
duration 250 ns. It should be noted, we apply a cylindri-
cal rod lens, in order to have a direct photon flux into the
active element, consequently, it increases the pump
efficiency. The low heat dissipation in the gain material
of a SSL with semiconductor diode pump eliminates the
need for water cooling, which in turn reduces the overall
mass and size of the device. In addition, it leads to de-
crease of thermal stresses in the laser gain medium, and
that allows to form a high spatial-angular brightness
laser beam.
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Koncrpykiia ra ontumasnpHi mapamerpu majsioradaputuoi Nd:YAG-1azepHol yCTAHOBKU
3 JiOAHMM HaKadYyBaHHAM

I0.I1. Mauexisn, C.C. 'epacumos, O.C. 'maTenxo
Xapriscvkuil HaQUIoOHAbHUL YHI8epcumem paodioesiekmporiku, np. Hayrku,14, 61166 Xapris, Yikpaina

Jlana crarTs mpucBsYeHa MOJEITIOBAHHIO, IIPOEKTYBAHHIO Ta II0AJBIIIN PO3PO0ITl TPAKTUYHOI YCTAHOB-
KM MaJIorabapuTHOTO TBEPAOTIIbHOrO Jasepa 3 cepemopuineM nocuiieHHs Nd:YAG Ta miogHOI0 HaKAYKOIO.
TBepaoTiIBHI JIa3epH ICHYIOTEH 0Iu3bK0 50 POKIB 1 3a3HAIN SAK IIO3UTHUBHUX, TAK 1 HETATUBHUX ACIIEKTIB I
4ac cBoel eBostorii. Tum He MeHII, BOHM 3aBKIU 3a¥MaJii BAKJIMBE MICIe B 0araTbox rajyasiX IIPOMUCJIOBO-
CTl, HAYKOBHUX JOCJIKEHHSX 1 MOBCAKISHHIN MisabHOCTI. Ha ChOrogHImHINA JeHb, TaKl IPUCTPOI IIIHPOKO
BUKOPHCTOBYIOTHCSA TA PO3BHUBAIOTHCA B JIOKAIlll, BUPOOHUIITBI, MEIUIIMHI Ta BIMCBKOBIM TexHiml. Tomy pos-
poOKa Ta OIITUMI3AIlS IX CTPYKTYPH 3AJIMINAETHCS aKTYAJIHHOK Ta BAYKJINBOK IIPo0seMon0. BusBieHo ocHo-
BHI mapamerpu koMmoHeHTiB koMmakTHoro Nd:YAG srasepa 3 Ji0oAHOK0 HAKAYKOO, STKI MOXKYTH OyTH peaJri-
30BaHl B KOHCTPYKIII masekomipa. OcHoBHI peaysibraté pobotu. Pospobiiero ta mpomomenboBano Nd:YAG
nasep 3 rabapurauMEu po3mipamu 350 x 25 x 25 MM; po3Mipu JadepHOl akTUBHOI To0BKH 110 x 25 x 25 M.
JliogHa Hakayka ABJIsSE COOOI0 MATPUIIO 3 IIIECTU T10aiB mmoTyskHIicTI0 90 BT KosKeH, Kl MpalooTh B IMILYJIb-
cHoMy peskuMi TpuBastictio 250 He. Pe3oHATOp CKIamaeThes 3 OBOX A3epKall, 3 KoediIlieHTOM BigOHUTTS HA
Buxomi Bizg 0,66 1o 0,74. AKTUBHUI eJleMeHT Mae AOBKHUHY 72 MM. 3 TAKMMHE IapaMeTpaMu Ja3epa e Pt
TIraHTCHKUY IMIIYJIbC IIICJIS IIOYATKY HAaKadyBaHHs OyB IOCATHYTHH 3a 59 MKc, BuxigHa eHepris 25 mJIx 1
edexTuBHICTD J1a3epHOl cucremu 22 %. JlomaTKoBO reHepyBaInCcs HACTYIHI IMIIYJIbCH BUIIPOMIHIOBAHHS 3
iHTepBasoMm uacy 4 mrc. OrpumaHi B po6oTi pe3ysIbTaTy JO3BOJISIOTH CTBOPUTH TBEPIOTLIHLHUHA Jiagep 3 Jio-
JTHOI0 HAKAYKOIO 3 €HePriel0 BUIPOMIHIOBAHHS Ha BUXOAl 10 25 M/ 1 KOMIIAKTHUMEU PO3MIpaMu pe30HAaTo-
pa 6m3bko 80 x 25 x 25 Mm.

Kmiouori cnosa: Jlazepumit mion, [lory:xuicts BunpominioBauusa, Hakauysawmus, TeepmorinbHUM J1asep,
AxrtuBHa 30Ha, ['tyxe n3epraso, Jlorxuna xBuii, JlabopaTopHa ycraHOBKA.
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