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Abstract

Diode-pumped thulium lasers emitting in the spectral range near 2 um are attractive for applications in
different areas: surgery, rangefinding, and environmental atmosphere monitoring. In this article the latest
results of Tm:KYW laser performance with a polycrystalline Cr:ZnSe as the most available saturable
absorber for 2 um spectral region are presented.

A maximum continuous-wave output power of = 0.65 W with a slope efficiency of 55 % was obtai-
ned at the wavelength of 1940 nm. Laser pulses with energy of 26 uJ and repetiotion rate of 6 kHz co-
responding to 156 mW of average output power at 1910 nm were obtained at 2.2 W of incident puwp
power for the Cr:ZnSe saturable absorber with initial transmission of 95 %. By using of saturable
absorber with lower initial transmission of 90 % laser pulses with energy of 40 pJ and duration as short
as 10 ns were realized. The maximal pulse repetition rate was 2.8 kHz at incident pump power of 2.2 W.

Based on the obtained results, it can be concluded that Tm:KYW crystals are promising active media
for the compact passively Q-switched lasers emitting in the spectral range near 2 um for the usage in sur-
gery and rangefinding. Also, described laser is planned to be used as a laser source in laser-induced damage
threshold measurements setup for investigation of damage threshold of saturable absorbers as well as
nonlinear crystals at the wavelength near 2 pm.

Keywords: thulium, potassium-yttrium tungstate crystal, passively Q-switching mode, spectral range
near 2 um.
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Komnaxkrublii j1a3ep Ha ocHoBe kKpucTtaia Tm:KY(WOQO,),,
padoTaIUK B peKMMe MACCUBHON MOAYJISIIMH JOOPOTHOCTH

B.9. Kucean

Llenmp onmuyeckux mamepuanos u mexHoI02ul,
benopycckuii nayuonanvHulil mexHu4uecKkul ynugepcumen,
np-m Hezasucumocmu, 65, 2. Munck 220013, Berapyco

Tocmynuna 28.01.2022
Ipunama x nevamu 02.03.2022

TynueBblie 1a3ephl ¢ AMOTHOW HAKauYKOW, padOTAOIINE B CIICKTPAIBHON 00IaCTH OKOJIO 2 MKM, HAXOJIST
IIMPOKOE MPHUMEHEHHE B Pa3IMYHBIX OONACTIX, TAKMX KaK XUPYPrHsi, JAITbHOMETPHS W IAMCTAHIIMOHHOE
30HIUpOBaHME atMmocdepbl. B crarbe mpoaeMOHCTpHUpOBaH MakeT TBepaoTeiasbHoro Tm:KYW masepa,
paboTaromuii B peXnMe MacCUBHONW MOTYJISIIUN TOOPOTHOCTH C HACKHIIAIOIIMMCS MTOTJIOTUTENIEM Ha OCHOBE
nonukpuctaumdeckoro Cr:ZnSe, CHHTE3UPOBAHHOTO METOIOM XUMHUYECKOTO Ta30(ha3HOTO OCAKICHHS.

MaxkcruManbHas BBIXOIHAS MOIITHOCTH JIa3epa B HEMIPEPHIBHOM peXUMe TeHepanuu nocturana =~ 0,65 Bt
Ha murHe BOJHBI 1940 aM nipu nuddepeHnmranbaoi 23 GHEeKTHBHOCTH 10 TTOTIOMEHHON MOITHOCTH HAKAUKU
55 %. B pexxume macCMBHONW MOAYJISIMH JOOPOTHOCTH TPW HCITIONB30BAaHWU HACHIIAIOMIETOCS TOTJIOTH-
tenst Cr:ZnSe ¢ HavyambHBIM TpomyckaHueM 95 % sSHeprus Ja3epHBIX UMITYJIbCOB cocTaBmia 26 Mk/[K,
MaKCHMaJbHasg YacTOTa CJIEIOBAHMUA HMMITYJIBCOB JocTuTana 6 kl'I| mpu majgaronieid MOIIHOCTH HaKadKH
2.2 Br. Ilpn ucnonp30BaHAN HACHIIIAIOIIETOCS MOTJIOTUTENS ¢ HadaJdbHBIM TpomyckanneM 90 % sHeprus
JIa3epHBIX UMITYJIBCOB moctrurana 40 Mk, IIHTETFHOCTh UMITYJILCOB HE MpeBbIimraa 10 He.

Ha ocHoBe mosyueHHBIX pe3yJbTaTOB MOXKHO CHEJaTh BBIBOJ, YTO JAaHHBIE KPHUCTAJUIBI SBISIOTCS
MEPCIIEKTUBHBIMA aKTHUBHBIMH CpeIaMH JJIs  JIa3epoB, W3IYYAOMIMX B CIEKTPAIGHOM JHara3oHe
OKOJIO 2 MKM, JUIsl IPUMEHEHHS B COCTaBE XHPYPTUYECKUX CHUCTEM W CHCTEM JIa3epHOW MaIbHOMETPHH.
[Ipenmonaraercss MCIONB30BaHNE Pa3padOTAHHOTO MaKeTa Jiazepa B COCTaBE KOMILIEKCA IO M3MEPEHHIO
MOPOT ONTHYECKOTO Pa3pyIIEHUs HACHIIIAIOIINXCS TOTJIOTHTENeH W HEMWHEHHBIX KPUCTALUIOB B 0OJACTH
2 MKM.

KioueBble cioBa: nasep, TyJauid, KpHCTaUl KaJUH-UTTPUEBOro Bosb(paMaTa, PEXHUM IACCHBHON
MOIYJISIIAU TOOPOTHOCTH, CHIEKTpasIbHAs 001aCTh OKOJIO 2 MKM.
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Introduction

Diode-pumped thulium lasers operating in the
spectral range near 2 um are attractive for applica-
tions in different areas: surgery, since their radia-
tion is strongly absorbed by water, rangefinding, and
environmental atmosphere monitoring due to the
presence of absorption lines of a number of chemi-
cal compounds (benzol, ethanol, etc.) in the spectral
region around 2 pm [1].

Interest in thulium-doped crystals is explained
by the availability of powerful AlGaAs diode pump
sources emitting at near 800 nm and cross-rela-
xation process 3H6 +°H, — °F, + °F, leading to
efficient excitation of °F, laser level thus increase
the quantum efficiency of the systems. Monoclinic
potassium double tungstate crystals activated with
thulium ions Tm:KY(WO,), (Tm:KYW) attract at-
tention due to relatively high absorption and emis-
sion cross-section, broad emission bands, and the
possibility to grow highly activated crystals [2].
The great potential of Tm:KYW laser crystal has
been already demonstrated in continuous-wave [3],
mode-locking [4] and Q-switch [5] regimes
of operation.

Up today, many saturable absorbers (SA) based
on nanomaterials and crystalline media have been
proposed for realization of passive (Q-switching.
Passively Q-switched Tm:KYW lasers have been
already demonstrated with Cr:ZnS with following
characteristics of pulses: 57 ns, 3 uJ, 25 kHz, with
Cr:ZnSe: 60 ns, 19 uJ, 5.6 kHz, and with PbS: 8 ns,
30 wl, 4.2 kHz [5-7].

Here we report on the latest results of Tm:KYW
laser performance with a polycrystalline chemical
vapor deposited Cr:ZnSe as the most available satu-
rable absorber for 2 um spectral region.

Experimental laser setup and results

The experimental laser setup is presented in
the Figure 1. The near hemispherical laser ca-
vity consisted of a curved output coupler (OC)
and a plane high reflector was used. The ca-
vity length was about 24 mm. A laser crystal
was N,-cut Tm(3%):KYW with the thickness of
2.8 mm and antireflection coatings on it’s wor-
king sides. The temperature of active element (AE)
was kept at 14 °C by means of copper slab and
thermoelectrical cooling of the elements with a
water-cooled heatsink. A 3-W continuous-wave

fiber-coupled diode laser (A =802 nm, @ = 100 um,
N.A. =0.15) was used for a longitudinal pumping of
the active element. A pump beam was focused into
a 200 pm spot inside the laser crystal. The cavity
length was adjusted to get TEM,, transversal mode
diameter at the active element close to the pump
beam waist considering induced thermal lensing
effects. A set of output couplers with different
transmissions (7,.) was used during continuous-
wave laser experiments.

Tm(3at.%):KYW

[=2.8 mm (Ng-cut) Cr:ZnSe

20)pum_p =200 um

Figure 1 — Experimental laser setup

Initially, laser experiments were carried out in
the continuous-wave regime of opeartion. The maxi-
mum output power of 645 mW at 1940 nm was mea-
sured with an output coupler transmission of 3 %.
A slope efficiency () of 55 % with respect to the
absorbed pump power was obtained. Laser emission
was linearly polarized along N,, axis. Input-output
diagrams for the CW Tm:KYW laser are shown in
the Figure 2.
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Figure 2 — Input-output diagrams of the continuous-wave
Tm:KYW laser

The Q-switch laser experiments were per-
formed taking into account comparatively low
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light induced damage threshold of the Cr’":ZnSe
saturable absorbers (= 2.5 J/cm?). The saturable
absorber was inserted into the cavity between
active medium and OC at Brewster angle. Two
SAs with initial transmissions of 95 % and 90 %
were used.

Laser pulses with energy of about 26 uJ and
repetiotion rate of 6 kHz coresponding to 156 mW
of average output power at 1910 nm were obtained
at 2.2 W of incident puwp power for the SA with the
initial transmission of 95 % nm and OC with trans-
mission of 6 %. With the increase of incident pump
power from the threshold to its maximal value the
pulse energy and repetition rate varied from 20 to
26 uJ and 0.2 to 6 kHz, respectively. The depen-
dence of pulse duration and repetition rate on in-
cident pump power is shown in the Figure 3. The
increase of pulse enegy with incident pump power
can be explained by changing in the TEM,, mode
size due to thermal effects in the gain medium. The
spatial profile of the output beam was TEM,, mode
with M? < 1.2 at maximal incident pum power (inset
in the Figure 3).
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Figure 3 — Dependence of laser pulse characteristics on
incident pump power for saturable absorber with initial
transmission of 95 %

The shortest laser pulse duration was measured
to be 14 ns. The oscilloscope traces of single pulse
with the duration of 14 ns and output pulse train
with maximal repetition rate of 6 kHz are presented
in the Figure 4. It should be mentioned that maxi-
mum pulse repetition rate was limited by the laser-
induced damage threshold of the SA.

The dependence of laser pulse characteristics
on incident pump power for saturable absorber
with initial transmission of 90 % is presented in
the Figure 5.
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Figure 4 — Oscilloscope traces: a — single pulse with the
duration of 14 ns; b — output pulse train maximal repeti-
tion rate of 6 kHz
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Figure 5 — Dependence of laser pulse characteristics on
incident pump power for saturable absorber with initial
transmission of 90 %

The laser wavelength shifts to 1940 nm that
can be caused by a higher SA losses at shorter
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wavelength. Laser pulses with energy up to 40 pJ
and duration as short as 10 ns were obtained in
this case. The maximal repetition rate was 2.8 kHz
at incident pump power of 2.2 W.

Conclusion

In conclusion, compact Tm:KY(WO,), laser
was demonstrated. A maximum CW output power
of about 0.65 W with a slope efficiency of 55 % was
obtained at the wavelength of 1940 nm. In a pas-
sively QO-switched regime of operation laser pulses
with energy of 40 puJ and duration of 10 ns were
obtained at a repetition rate of 2.8 kHz at the inci-
dent pump power of 2.2 W.

Based on the obtained results, it can be con-
cluded that Tm:KYW crystals are promising active
media for lasers emitting in the spectral range near
2 um for the usage in surgery and rangefinding.
Also, described laser is planned to be used as a seed
pulses source for future amplification and applying
in laser induced damage threshold measurements
setup for investigation of optical damage threshold
of saturable absorbers as well as nonlinear crystals
at the wavelength near 2 pm.
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