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CONTINUOUS WAVE AND PASSIVELY Q-SWITCHED Er,Yb:GdMgBsO1o
MICROCHIP LASERS
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Abstract. We demonstrate continuous wave and passively Q-switched Er,Yb:GdMgBsO10 microchip lasers
emitting in the spectral range of 1.5-1.6 um. A maximal output power of 220 mW was obtained at 1568 nm at
absorbed pump power of 2.3 W with the slope efficiency of 18 %. By using of MBE-grown Cr:ZnS thin layer as
a saturable absorber laser pulses with duration of 24 ns and energy of 3 uJ at the repetition rate of 50 kHz were
obtained at the wavelength of 1568 nm.
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MUKPOUYHUIIJIASEPBI HA OCHOBE KPUCTAJLJIA Er,Yb:GdMgBsO1,, PABOTAIOIIIUE B
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T'op6auens K. H.}, Boukosa E. A.2, Maabues B. B.2, Konopyauna E. B.2, Kucens B. J.!

YHUI] onmuueckux mamepuanos u mexnonoauii, beropycckuti Hayuonanbubviti mexnuueckuli ynueepcumen
Mumnck, Pecnybnuka Benapyco
Kagpeopa kpucmannozpaguu u kpucmannoxumuu, Mockosckuii 20cy0apcmeenbiii yHueepcumen
Mocksa, Poccutickas @edepayus
AHHoTanusi. B pabGoTe npoieMOHCTPUPOBAHBI BBIXOIHBIC XapaKTEPUCTHKH MHKPOUHUI JIa3€pOB Ha OCHOBE
kpuctamuioB Er,Yb:GdM@BsO1g, paboraromux B HEMPEPHIBHOM PEKHME W PEKUME MACCHBHONW MOIYISIIUH
JIOOPOTHOCTH B CHEKTpasibHOM obmactu 1,5-1,6 MkM. MakcuManbHas BRIXOAHAs MOIIHOCTH 220 MBT monyueHa
Ha JUTMHE BOJIHBI 1568 HM IIpH MOTIIOMEHHON MOIITHOCTH Hakauky 2,3 Bt u quddepenumansaoii adgdexTuBHOCTH
18 % wHenpepslBHOM pexume reHepauuu. [lpu wucmonb3oBaHun ToHKOro cnost CriZnS B KkadecTBe
HACBIIIAIONIErOCs TTOTIOTUTENS PEATN30BaH PEXHUM NTACCUBHON MOAYISIMN JOOPOTHOCTH, IOJIyUYEHBI JIa3epHbIE
HMITYJIBCHI € JUIMTENBHOCTBIO 24 HC, s3Hepruil 3 Mk u yactoroit cnenoBanus 50 k'l Ha yirHE BOJIHBI 1568 HM.
Kaiouesnie ciioBa: 3pOuif, Kpructanmisl 00paToB, MUKPOUUII J1a3ep, PEKUM MaCCHBHOM MOAYJISILIMN TOOPOTHOCTH.
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Lasers emitting in the 1.5-1.6 um spectral range
are widely used in rangefinders and LIDAR systems.
For compact rangefinders cheap and reliable pulsed
laser sources with low power consumption for
integration into handheld devices are used. For
application in rangefinding systems with pulse
accumulation technique lasers should emit pulses
with high average output power and repetition rate of
kHz ranges. Passive Q-switching is one of the most
simple and reliable method to achieve
abovementioned requirements.

The oxoborate crystals co-doped with erbium and
ytterbium ions were shown as promising candidates
for 1.5-1.6 um passively Q-switched lasers with high
average power and pulse repetition rates [1].
Distinguishing characteristic of these hosts compared
with widely used phosphate glasses is a high thermal
conductivity. The most efficient laser operation in
continuous-wave mode was demonstrated for huntite-
type Er,Yb:REAI3(BO3)s (RE=Y, Gd, Lu) [2] and
pentaborate Er,Yb:REMgBsO10 (RE=Y, La, Gd) [3]
crystals. For the Er,Yb:GdMgBsO1o crystal, passively
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Q-switched laser operation was demonstrated using
Co:MgAl,0, crystal as one of the most widespread
saturable absorbers for 1.5 um lasers. However, long
laser pulses with duration up to 215 ns and repetition
rate not exceeding of 42 kHz were obtained [4].
Recently, we presented the growth technique of
Er,Yb:GdMgBsO10 (GMBO) crystal as well as its
spectroscopic and laser properties in continuous-
wave mode [3]. In this Letter, laser performance of
Er,Yb:GMBO crystal in Q-switched regime of
operation by the usage of MBE-grown Cr:ZnS thin
layer as saturable absorber is presented [5].
Er,Yb:GMBO (Er = 2.0 at.%, Yb = 11 at.%) crystal
was grown by high-temperature solution growth on
dipped seeds technique from K;Mo3O1, flux. Asaresult,
visually macrodefect-free Er,Yb:GMBO single crystal
with a size of 24x15x12 mm was grown. The
Er,Yb:GMBO crystal is characterized by the
spectroscopic properties necessary for efficient laser
operation in the spectral range of 1.5-1.6 um. The
maximal absorption cross-section of 1.5-:10%° cm? is
observed at 976 nm for polarization E//Ng. The energy
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transfer efficiency from ytterbium to erium ions
achieves 90 %. The emission cross-section was found to
be 0.7-102° cm?at the laser wavelength of 1568 nm for
polarization of E//Nm [3].

Thin films of Cr-doped ZnS were deposited using
the high purity materials (99.999% purity) in the
UHV MBE deposition system at base pressure of ~
4-10°° Torr and thermal evaporation. As a result high-
quality polycrystalline films transparent through the
visible and infrared regions were obtained. Film
thickness was kept in the range 2 to 8 um with Cr
content varied from 0.11 to 0.39 at.%.

The experimental setup of Q-switched laser
experiments is demonstrated in Figure 1. As a pump
source a fiber-coupled laser diode emitting near 976
nm was used. The pump beam was focused into 120
um spot (1/e? intensity) inside the crystal. An active
element - Er,Yb:GMBO Np-cut crystal with the
thickness of 1.5 mm was antireflection coated for
both pump and lasing wavelengths. The saturable
absorber Cr(0.1 at.%):ZnS crystalline layer with the
thicknesses of 5.8 pm, corresponding to initial
transmission of 98.8 % at the laser wavelength of
1568 nm, was deposited on 1 mm-thick @5 mm
sapphire substrate, while the output coupler with
transmission of 2% at the laser wavelength was
deposited on the second side of sapphire substrate.
The input mirror (HR@1.5 pm + HT@0.98 um) was
also deposited on @5 mm sapphire substrate.

Focusing
system

Laser chi
disde ‘ 1568 nm
===}

Figure 1 — The setup for Q-switched laser experiments

Input miror, active element, saturable absorber
were set in a «chip» (Figure 2) mechanically by the
usage of copper holder with the hole at the center to
permit passing of pump and laser beams. The
geometrical cavity length was 2.5 mm.

. Er,Yb:GMBO ?
Sapphire crystal Sapphire
substrate substrate
AR@0.98 pm J l V\

HR@1.5 pm + HT@0.98 pm Cr:ZnS layer

Figure 2 — The characterization of the chip

At first, continuous-wave (CW) laser experiments
were carried out. For this goal the sapphire substrate
with deposited Cr:ZnS was changed to sapphire
substrate with the deposited output coupler coating
with the transmission of 2% at the laser wavelength.
As a result the maximal ouput power of 220 mW was
obtained at 1568 nm at 2.3 W of absorbed pump

PR(R=98%)@71.568 pm

power with the slope efficiency of 18 %. Input-output
characteristics of CW Er,Yb:GMBO laser is
presented in the Figure 3.
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Figure 3 — Output characteristics of CW Er,Yb:GMBO
microchip laser

Laser pulses with an energy of 3 pJ and duration
of 24 ns were obtained at the wavelength of 1568 nm.
The maximal repetition rate was as high as 50 kHz
when the incident pump power was 9 W. The laser
radiation was linearly polarized (E//Nm). The spatial
profile of the output beam was TEMg, mode with M?
< 1.2. The oscilloscope traces of the shortest single
Q-switched pulse and corresponding pulse train are
shown in Figure 4.
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Figure 4 — Oscilloscope traces
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AHHoTanus. B pabore mpeacTaBieHBl pe3yNbTaThl pa3pabOTKM M HCCIICAOBAHHUH MOIIHOI'O CBETOAMOIHOIO
m3nydarens Ommwkaero Y®-cmektpa (A = 370 HM) mmsa. arpodu3muecKux NpuMeHeHui. VcciemoBaHbI
O0COOCHHOCTH MOIIHOCTHBIX M CIIEKTPAJbHBIX XapaKTEPUCTHK HpPH padoTe B pPEKUME OOJIBIIMX yPOBHEH
BO30Y)KACHHS — BBIXOJHAS ONTHYECKask MOIIHOCTH 10 8,5 BT. C NOMOIIBIO TEIUIOBU3HOHHON TEXHUKH OLICHCHEI
TEIUIOBbIE MapaMeTphbl CBETOAMOAHOr0 Monyns. Onrhdeckas cxema H3IydaTessi Ha OCHOBE CBETOIMOIHOM
MaTpuLBl GOPMHUPYET-3aJaHHYIO KPUBYIO CHJIBI CBETa M OZHOPOIHYIO OOIY4EHHOCTH 3aCBEUYMBACMOTO OIS
KunroueBslie ciioBa: ceeronuon, Y ®-n3nydeHue, CieKTpaibHbIe XapaKTePUCTHKH, arpodu3uKa.

HIGH-POWER LED UV EMMITTER FOR AGROPHYSICAL APPLICATIONS
Aladov A1, Zakgeim A.l, lvanov A.1-2, Chernyakov Al

ISHM R&E Center, RAS
2ETU «LETI»
Saint-Petersburg, Russian Federationn Federation

Abstract. The paper presents the results of development and research of a powerful LED emitter of the near UV
spectrum (A = 370 nm) for agrophysical applications. The features of the power and spectral characteristics are
investigated in the mode of high excitation levels - output optical power up to 8.5 W. Thermal imaging equipment
is used to evaluate the thermal parameters of the LED module. The optical scheme of the emitter based on the

LED matrix forms a given luminous intensity curve and uniform irradiance of the illuminated field.
Key words: ED, UV radiation, spectral parameters, agrophysics.
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Beenenne. B mocnemHue rojasl B TEXHOJIOTHH
BBIPAIIMBAHHUS PACTEHHH B YCIOBUSX HCKYCCTBEH-
HOTO OCBEIICHUS IIUPOKO BHEAPSIOTCS CBETOAMOJ-
HbI€ HCTOYHHKHM CBETa C JIETKO PETyJIHpPYEeMbIMU
CHEKTPaNbHBIMH M MOIIHOCTHBIMH XapaKTEpUCTH-
Kamu ocsemieHns. OJTHOHM W3 IJIaBHBIX 3aJad B 3TOM
Cilydae SIBJISIETCSl yIIpaBJIeHHe CBETOBOH cpesioii ¢ 1ie-
JIbI0 TOBBINIEHUS 3P ()EKTHBHOCTH MPOIYKIHOHHOTO
nporecca pacTeHUi, 00yCIOBICHHOTO, B YaCTHOCTH,
(oToperysnuei ¢ IOMOIIBIO U3ITyYCHUS OIMKHETO
ynsTpaduonerororo (Y®) nuana3ona. BosneiictBue
Y ®-u3nydyeHus: Ha pacTeHUs I€MOHCTPUPYET ycuse-
HHEe (OTOCHHTE3a M POCTA, a TAKXKE IOBBIIICHHE
MMUTATEIbHOCTH PACTCHUH, MPOM3BOIS AHTHOKCH-
JaHTHBIe coeanHeHus [1], kpome Toro, OHO 3amyc-
kaet psaa doropenentopos [2]. Kputoxpom, ¢doTo-
TPOIMH ¥, B MEHbIIEH cTeneHw, (UTOXPOM
BBI3BIBAIOT PsIl U3MEHEHHH, B TOM YHCIIE YBEIUUCHHE
BBIPaOOTKH  XJlopoduiuia, QopMupoBaHue Ooiee
KPYIHBIX JINCTHEB, yJIaBIMBAIOINX OOJIbIIE CBETa, U
OTKpBITUE YCTBHUIl Ha JIUCTBSIX, INPOITYCKAOUINX
OonblIe yriekucioro rasa [3].

CHeKTpsl M3IyYeHNs] COBPEMEHHBIX MOIIHBIX Y D-
CBETOIMOJIOB XOPOIIIO COOTBETCTBYIOT OCHOBHEIM Tpe-
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0OBaHUsI 110 BO3JIEHCTBUIO 3TOTO M3JyUEHHs Ha pacTte-
Husl. CBETOAMOMBI, Hapsily C YBEJIMYEHHBIM CPOKOM
CITy’KOBI, CHIDKEHHBIM MOTPEOJICHUEM 3JIEKTPOIHEPT U,
THI03BOJISIIOT YIIPaBJIATH CBETOBBIMH [TApaMETPaMH T10 3a-
JIaHHOMY anroputMy. B nanHoii pabote Ha OcHOBe CBe-
toauoaaoi Matpurel CBM-120-UV Luminus (CILIA)
pazpaboTraH u uccienoBaH Y D-u3nydaTens, NpeaHa-
3HA4YEHHBIH 1711 PUTOTPOHHBIX YCTAaHOBOK, UCIIOJIb3Yye-
MBIX B ArpoU3MIeCKOM Hay4HO-HCCIIEZI0BATEILCKOM
nHctaTyTe PAH (CankT-TlerepOypr).

B kadectBe snemMeHTHOW 0a3bl BBINIECIPHUBENICH-
Hasl MaTpula ¢ JUIMHOH BOJIHBI B Makcumyme A = 370
HM (pucyHOK 1) wucCmonp30Baiach AJIs CO3JTaHUS
yIPaBJIsIEMOr0 HCTOUHHKA CBETA.

Marpura miomansio 3,5x4,5 Mm? cocrout u3 12
MapajuieNibHO BKJIFOUSHHBIX M3JTYyYalOIUX KPHCTAa-
JIOB Ha TETJIOOTBO/ISIIIEM OCHOBAHUH, JIOITYCKAIOIEM
BXOJIHOM TOK J10 18 A 1 BXOJIHYI0 MOIITHOCTH 10 80 BT.

JeranbHble U3MEPEHUs AJIEKTPUYECKHX, CBETO-
BBIX M CIEKTPaJbHBIX ITapaMETPOB MPOBOAMINCH C
nomolpo  komiwiekca «OL770-LED  High-speed
Test and Measurement Systemy (Optronic Lab), a
TEIJIOBBIX IapaMEeTPOB C IIOMOINBIO TEIIOBU30DPA
«CBu¢», pazpaborku DI CO PAH.



