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AHHOTaL U, PaboTa I[IOCBsAII€HA CO3MAHHIO TEXHOJIOTHH I10TyY€HH S OIITHYECKUX HOKprTI/II:I [JIs1 pe30HaTOPOB
HH>KEKLIMOHHBIX JIa3€POB Hd YCTAHOBKE MOHHO-JIYy4€BOI'O HaHECeHHU . s TPE6YEMI>IX KOBCI)(I)I/IH,I/IGHTOB OoTpa-
JKeHH S Ha TOPpLaX Pe30HATOPOB CIIPOEKTHUPOBAHBI OIITHYECKHE I[IOKPBITH S, U OTPa6OTaHbI PEKHMBI HaHece-
HHS COCTAB/IAIOMMNX UX JU3JIEKTPUYECKUX CJIOEB. OTpaﬁOTKa PEKHMMOB HaHECEHHM I 3aKJII09aJIaCh B OIIpeierie-
HHHU OIITHUMAJIPHBIX [1apaMETPOB MOHHOI'O JIy4ad, COOTHOLIEHUH PacXxodoB ra3a-MCTOYHU KA HOHOB U I'a3ad-pea-
reHTa K TeMIIepaTyphbl II0JIO>KKH. Pacuet CIIeKTPAJIPHBIX XdPAKTEPHCTHK BBICOKOOTPA KA X U ITPOCBETIIA-
OITKUX HOKPI)ITI/II;I, II0/IYy4Y€HHBIX Ha OCHOBAHHHU IIPEAJIOCKeHHbBIX KOHCTPYKL[I/II;I H 3KCII€pPHUMEHTAJ/IbHBIX 3HAYe~
HHH KOS(I)(I)I/II_[I/IEHTOB IIpeJIoOMJIEHHU I AU3IEKTPHUYECKHX CJI0EB, CBUAETEJIbCTBYET O JOCTHU KEHHN U H806XOILI/IMI>IX
KOBCI)(I)I/II_II/IGHTOB OTPa’Ke€HHU S Ha TOPLAX PE30HATOPOB MH>KeKIIMOHHBIX JId3€POB.
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Abstract. The work is devoted to developing the optical coatings technology for injection lasers cavities on an ion-
beam deposition facility. The optical coatings design has been performed to meet the requirements for facets reflec-
tion coefficients, and dielectric layers deposition modes have been determined. Development of the deposition
modes consisted of determining the optimal parameters of an ion beam, the flow ratio rates of the ion-source and
reagent gases, and substrate temperature. Calculations of the spectral characteristics of high-reflection and anti-
reflection coatings obtained based on the proposed designs and experimental values of dielectric layers' refractive
indices indicate that required reflection coefficients for injection lasers cavities have been achieved.
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BBE/JLEHUE

Ha ceromHSIIHUI IeHb BCeBO3pacTalollas noTpeb-
HOCTb B MOILHBIX M HaJeXHBIX HCTOYHHKaX
71a3epHOro HM3JIydeHHUSs CHeKTpPa/bHOIO AHalla-
30Ha 915-980 HM obyciaBiuBaeT HeoOXOOHMOCTH
pa3paboTKK TeXHOJIOTHUH IIOJyUYeHHUSI HHKeK-
LIMOHHBIX JIa3epOoB C yJIy4YlleHHBIMH XapaKTepHu-
CTHKaMH HX Pe30HATOPOB, CTOMKUX K KaTacTpo-
dHUecKOHn U IIOCTeIIeHHOM JerpajalusiM. B cBomwo
odepenb, CTOMKOCTE TOPLIOB Pe30HATOPOB OIlpeJe-
7s1eTCsl KaueCTBOM IIOATOTOBKHU KX IOBEPXHOCTeH,
KOHCTPYKIJHel HaHOCHMBIX Ha HUX ONTHYeCKHX
IIOKPBITH M, a TaKKe BHIOpAaHHON TeXHOJOIHeH
HX HaHeceHHs. O61acTbh pa3paboTKU KOHCTPYK-
LIMH ONITHUYECKUX ITOKPBITHUI pa3BUBaeTcs ¢ 1970-x
rojloB, IIpHU 3TOM 6OIBIIMHCTBO paboT B JaHHOM
obmacTu 6BIJIM MOTHBUPOBAHBI HEOOXOJUMOCTBHIO
CO3/IaHUS FOTOBOTO NPOAYKTA C YBeJIMUeHHBIMH
3HaYeHHSMU MOIIHOCTH M HaJle’XHOCTH, a TaKKe
nojsydyeHueM ob6bekTa MHTe/JIeKTyalbHOM €06-
CTBEHHOCTH U peske BKIOYaAu QyHAaMeHTa/IbHble
KCC/IeJoBaHHS CBOMCTB I10Jy4YaeMbIX IOKPBITUH.
Pe3yabTaTOM TaKOTO IIOAX0AA SIBSIeTCS CYIecTBO-
BaHMe Ha CeroAHSIIHNI JeHb MHOXeCTBa [IaTeH-
TOB Ha M300peTeHUs B JaHHOM 06J1aCTH, 3a4aCTyI0
C HeO[JTHO3HAYHBIMU pe3y/bTaTaMH, He I103BOJISII0-
IIXMMH HallPSIMYI CPaBHHUTh IIPeMMYIecTBa pas-
paboTaHHBIX TeXHOJIOTUM H/UIKU KOHCTPYKIHHU
C pelleHHUSIMH, yKa3aHHBIMU B JPyTHUX IIaTeHTaX,
U Kak C/leJCTBHUe, MoA00paTh TOTOBOE pelleHUe
IIpU CO3JaHUU COOCTBEHHOM TEeXHOJIOTMU HaHe-
CeHM Sl OIITHYeCKUX IIOKPBITUH [AJIs1 Pe30HaTOPOB
MH>XKeKI[MOHHBIX JIa3epOB.

Haunbosee nucmonb3yeMbIMH MeTOLaMHU IOJY-
YeHHS OINTHYeCKHX IIOKPBITUM SBJSIOTCS 3JIeK-
TPOHHO-JIyueBOoe HaHeceHUe [1], MarHeTpoHHOe
pacneuleHHe (2], a TaK>Ke HOHHO-JIy4eBoe HaHece-
Hue [3]. [TocegHUI MeTof obafaeT pSAAoM IIpeu-
MYILeCTB, [IOCKOJIBKY I103BOJISET [10/1y4aTh TOHKHeE
IJIeHKH BBICOKOH IJIOTHOCTH, C HU3KKUM KO3)PHU-
LIMeHTOM IOIVIONeHHsI B BUAUMOM KU UH)paKkpac-
HOM JAHalla3oHax [3], a Tak>XXe KOHTPOJIHPOBATh
CTeXHOMeTPHUUYeCKHI COCTaB 3a CYeT HeIloCpen-
CTBEHHOIO peryJHpOBaHHUS COOTHOIIEHHS pac-
XOJIOB Ta30B, S9HepPrull U TOKa MOHOB. B cBoIo oue-
penb, BOIIpOC IpUMeHeHHM sl MeToJla HOHHO-Iyue-
BOI'0 HaHeCeHU s A/151 POPMHPOBAHUS OIITUYECKHX
MOKPBITHUH Ha TOPLaX MHXKEeKLHMOHHBIX 1a3epPoB

INTRODUCTION

Nowadays, the ever-increasing demand for power-
ful and reliable sources of laser radiation in the 915-
980 nm spectral range makes it necessary to develop
a technology for producing injection lasers with
improved characteristics of their resonators resistant
to catastrophic and gradual degradation. In turn,
resistance of resonator ends is determined by prep-
aration quality of their surfaces, the design of opti-
cal coatings applied to them, and selected technol-
ogy of their application. The field of development of
optical coating designs has been developing since the
1970s, with the majority of works in this field being
motivated by the need to create a finished product
with increased power and reliability values, as well
as obtaining an intellectual property object, and less
often including fundamental studies of the proper-
ties of the resulting coatings. The approach results in
a number of patents for inventions in this field, often
with ambiguous results, which do not allow to com-
pare directly the advantages of the developed tech-
nologies and/or designs with the solutions specified
in other patents, and as a consequence, to choose a
ready-made solution when creating their own tech-
nology of optical coatings for facets of injection
lasers.

The most used methods of optical coatings
production are electron beam deposition [1],
magnetron sputtering [2] and ion beam deposition
(3]. The latter method has a number of advantages,
since it allows to obtain thin films of high density,
low absorption coefficient in the visible and infrared
ranges (3], as well as to control stoichiometric
composition by directly adjusting the gas flow
ratio, energies and ion current. In turn, the issue
of application of the ion-beam deposition method
for optical coatings manufacturing on the ends of
injection lasers is characterized by a small number of
works and requires a comprehensive study. Thus, the
aim of this study was to determine the peculiarities
of ion-beam deposition application with subsequent
development of our own technology for developing
the optical coatings on laser cavities. The work
included the optical coatings design with the required
reflection coefficients, the study of monolayers
deposition modes of dielectric materials included in
the structure of optical coatings, and production of
multilayer coatings on the cavitu facets of laser diode
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XapaKTepHu3yeTcs HeOOJIbIIUM KOJTMUeCTBOM PaboT
U TpebyeT BCeCTOPOHHero u3yueHus. TakuM obpa-
30M, LIe/1bI0 JAHHOM paboTEhl SIB/ISIIOCH UCCIe0Ba-
HHe 0cobeHHOCTeH IIPUMeHeHHU sl HOHHO-JIy4eBOro
HaHeCeHUS C mocieAylouen pa3paboTrkoi cob-
CTBEHHOH TeXHOJOruu GOpMHUPOBAHHUS OIITHYE-
CKHX IIOKPBITUM Ha pe3oHaTopax ja3epoB. Pabora
BKJ/IIOYaJjia IPOEKTUPOBAHME ONTHYECKUX [IOKPBI-
THH C He06X0AMMBIMU KO3PPUIIHeHTAMHU OTPaske-
HUs; UCC/IeJOBAHHE PeXMMOB HaHeCeHU I MOHO-
CJI0€B JU3JIEKTPUYECKUX MaTePUaJIOB, BXOAAIIUX
B COCTaB KOHCTPYKIMH ONTHYECKHX IOKPbITHH;
MoJjiyueHHe MHOTOC/JIOMHBIX IIOKPEITUH Ha TOP-
L1aX pe30HAaTOPOB JIMHEeeK Ja3epHbIX Auonos (JIJI/)
CIIeKTpaJabHOro guama3oHa 915-980 HM, a TakKe
anpobal1io IoTyYeHHbIX ONTHUYeCKHUX ITOKPBITHH.

NPOEKTUPOBAHMUE KOHCTPYKLIUN ONTUHECKUX
MOKPLITUH

B KOHCTPYKILMH MHKEKIIMOHHOIO jIa3epa I1JIOCKO-
napaJsulenbHblll pe3oHaTtop ®abpu-Ilepo obpaso-
BaH ABYMs CKOJIOTBIMH TOPLIAMH IIOJYIIPOBOJSHH-
KOBOTO KpHCTajJla CO 3HaYyeHHeM Ko3pPUIlMeHTa
R~30%. HaHeceHHe OU3JIeKTPHUUYECKUX ITOKPHI-
THI Ha TOPL bl MHKeKIMOHHBIX JIa3epOB OCYILIecT-
BJISI@TCS C LeJIbI0 3AIHUThl MX CKOJOTHIX II0OBEPX-
HOCTel OT BHeIlHero BO3JeHCTBHUS, a TaKXe
C Le/JbI0 IIOJyYeHUS OIpeaeleHHBIX KO3 du-
IIMEeHTOB OTpPa’keHHU S Ha BBHIXOOHOM W 3aJHeM
ToplLax pe3oHaTopa - o 10 % (monympo3padHoe
3epKaio) u b6onee 95% (rnyxoe 3epKrajio) COOTBET-
CTBEHHO — [IJIs1 TOTO YTOOBI MPaKTHUYEeCKH BCS U3y~
JyaeMas MOIIHOCTH BBIXOAHJIA Yepes3 OAUH Topel]
pesoHatTopa.

OZHMM M3 MOAXOISIIMX BAPDUAHTOB A Gop-
MHPOBaHUSA IIOJYIIPO3PAYHOTO 3epKajia ABIseTCS
Al,0; c K03bdUIIHEeHTOM IIpeIoOMJIeHU S 06 e MHOTO
Mmarepuasa n=1,76, y4OBJIeTBOPHUTEJbHbBIMHU 3HA~
YeHHSIMHU TeljonposonHocTH (0,2-0,3 Bt/(cM'K))
Y MK PHUHOM 3aIlpelleHHON 30HEI (6,5 3B).

TUOHUYHBIMH CUCTEMaMU /IS IIOJIyYeHU S Ty~
XHX 3epKaJl pe30HaTOPOB MHKeKIIHMOHHBIX Jla3e-
poB B obnactu 6nu3koro UK-nyamna3oHa sIBASIIOTCS
Si0,/TiO,, Si0,/Ta,0s, SiO,/Si, Sis;N,/Si. Kak mpa-
BHUJIO, OIITHYeCKas TONIMHA Ka>K/A0T0 CJI0S COCTaB~
nsieT 4eTBepTh BOIHBI (QWOT-quarter wave optical
thickness) unu kpaTHoe et 3HaueHHe [4].

Koa¢duiLieHTH IpesoMIeHHUS cloeB, obpa-
3yIOIUX IIOJIYyIIPO3payHoe U IJIyxXoe 3epKaia,
OynyT 3aBHUCETH OT CII0CO60B U pe>KMMOB HaHece-
HHUS BbIOPaHHBIX MaTepHasoB. B ciydyae HaHece-
HHSI OKCHJ0B OCHOBHOI CJIOKHOCTBIO SBJISIeTCS
[10JIyYeHHe IIJIeHOK CTeXMOMETPHUUYLCKOr0 COCTaBa,
obycioBieHHON 3 PekToM HU36HUpaTeIbHOIO pac-
NBUIEHUS KUclopoaa [5]. B aTom ciydae, corjiacHoO
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bars (LDBs) of the 915-980 nm spectral range, as well
as approbation of the obtained optical coatings.

DESIGN OF OPTICAL COATINGS STRUCTURE

In injection laser design, the plane-parallel Fabry-
Perot resonator is formed by two chipped facets of
a semiconductor crystal with an R-value of ~30 %.
Dielectric coatings are applied to the ends of injection
lasers to protect their chipped surfaces from external
influences, and also to obtain certain reflection coeffi-
cients at the output and rear ends of the resonator - up
to 10 % (semi-transparent mirror) and more than 95%
(blind mirror), respectively - so that practically all the
emitted power goes out through one facet of the cavity.

One of the suitable choices for forming a AR coating
is Al,0; with bulk refractive index n=1.76, satisfactory
values of thermal conductivity (0.2-0.3 W/(cm'K)) and
forbidden band width (6.5 eV).

Typical systems for obtaining HR coatings of injection
laser resonators in the near-IR range are SiO,/TiO,, SiO,/
Ta,0s, SiO,/Si, Si;N,/Si. As a rule, the optical thickness
of each layer is a quarter wave (QWOT - quarter wave
optical thickness) or a multiple of it [4].

The refractive indices of the layers forming AR and
HR coatings will depend on the methods and modes
of deposition of the selected materials. In case of
oxide deposition, the main difficulty is obtaining
films of stoichiometric composition due to the effect
of preferential sputtering of oxygen [5]. In this case,
according to [5-7], the selected application rates and
modes of reaction gas supply allow to obtain coatings
with refractive indices close to those of bulk materials.

Based on the review of materials and their reference
optical constants, as well as the principles of optical
coatings design and required reflection coefficients,
the schemes of anti-reflecting (AR) and highly
reflective (HR) coatings were developed to form
translucent and blind mirrors, respectively (Table 1).

STUDY OF OPTICAL COATINGS LAYERS FORMATION
MODES BY ION-BEAM DEPOSITION METHOD

The existing ion-beam deposition unit is equipped
with two Kaufman-type ion sources, a system for opti-
cal monitoring of the applied coatings, a quartz sys-
tem for measuring their thickness, and a high-perfor-
mance cryo-system allowing to reach a vacuum depth
of 210-6 bar. During the ion-beam deposition process,
argon and oxygen are supplied as a source of ions for
atomization of the target material and reagent gas,
respectively. The gases are fed into a Kaufman-type ion
gun [8], which allows the materials to be deposited at
rates of ~0.01-0.2 nm/s. The parameters of the applied
dielectric layers are monitored using a quartz sensor
and an optical monitoring system, allowing thickness
and spectral characteristics of the applied layers to be
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paboram [5-7], momobpaHHBIe CKOPOCTH HaHECeHU I
Y Pe>XKHMBI [I0JJa4 M PeaKLMOHHOI0 ra3a I03BOJISIIOT
[10/1y4aTh IOKPHITUS C KOIQULIMEHTAMHU IIPeIoM-
neHus, 6IU3KUMHU K KO3PUILIHeHTaM 06 beMHBIX
MaTepHaJoB.

Ha ocHOBaHUU IpoBeJeHHOro o630pa MaTepua-
JIOB M HUX CIPaBOYHBIX ONTHYECKHUX KOHCTAHT,
a Tak>Ke NPUHIIMIIOB NPOEKTHUPOBAHUS OITHUe-
CKMX IOKPBITUI U TpebyeMbIX KOO OUIIHEHTOB
oTpaskeHU s 6pIIKM pa3paboTaHBl CXeMBl IIPOCBET-
nsromero (AR) 1 BBICOKOOTPasKaIOIIero MOKPeITUH
(HR) g5t opMHUpOBaHUS IOTYIIPO3PAUHOTO U IJ1y-
XOro 3epKaJl COOTBeTCTBeHHO (Tabi.1).

NCCNEJOBAHUE PEXXMMOB ®OPMUPOBAHUSA
CNOEB ONTUYECKUX NOKPbITUN METOAOM
WOHHO-IYYEBOIO HAHECEHUA

HmMerwmascsa yCTaHOBKA MOHHO-JIy4eBOro HaHe-
CeHHMs OCHallleHa JIBYyMS MCTOYHHKaAMH HOHOB
Tuna KaypMaH, CHCTeMOH OIITH4YeCKOT0 MOHHTO-
PHHIa HAHOCHMBIX IIOKPEITHH, KBapLeBOL CHUCTe-
MOM HM3MepeHHU s UX TONIIHNHBI, BEICOKOIIPOX3BOAU-
TeJIbHOM KPHUOCHCTEeMOH, I103BOJISIIONeHN JOCTUTATh
rny6uHbI Bakyyma 2-107° 6ap. Bo BpeMs mporecca
MOHHO-JIyYeBOr0 HaHeCeHHs OCYLeCTBIIeTCs
rmojgaya aproHa ¥ KMCJI0poJa B KayecCTBe HMCTOY-
HMKa HOHOB [IJIS pacOblIeHU S MaTepualia MUIIeHHU
M rasa-peareHTa COOTBeTCTBeHHO. [a3bl IOLAIOTCS
B HOHHYI INymKky Thuna Kaypman [8], mossos-
IOy} HAaHOCHUTh MaTepHajbl CO CKOPOCTAMHU
~ 0,01-0,2 Hm/c. KOHTpO/Ib IapaMeTpPOB HAaHOCH-
MBIX AH3JIEKTPUYECKUX CJIOEB OCYIeCTB/IsSETCS
IIpU IIOMOILIM KBapLeBOro JaTYHKa K ONTHYeCKON
CHUCTeMbl MOHUTOPHHTIA, II03BOJISIOIMMHU OIlpese-
JIATh TOJIHMHBL U CIIEeKTPaJibHble XapaKTePHUCTHUKH
HaHOCHMBIX CJI0€B II0 Mepe uX pocTa. BakyymHas
KaMepa COHepP>KHUT YeThlpe BOJOOXJIaKJaeMble
MHUIIEHH, 3aKpeljeHHble Ha MeJHBIX OCHOBA-
HHSIX. YCTPOUCTBO KaMephl CXeMaTH4YHO IpeJ-
CTaBJIeHO Ha puc.l.

HccnemoBaHue pe>XMMOB HaHeCeHHUS ONTHYe-
CKHX IOKPBITHH COCTOS/IO M3 0OTPaboTKU HaHe-
CeHM S KaXkKOoro MaTepualia, BXOASIIEro B COCTaB
CIPOeKTHPOBAHHBIX IMOKPBITHH, B BUJle MOHO-
cJIoeB Ha cTekjao-cBugerenb (KY1) ¢ I10C/Iea YOI M
orpeje/ieHHeM UX OINTUYeCKUX KOHCTAHT U IIJIOT-
HOCTeM IPH Pa3/lHYHBIX pekKHMaX HaHeCeHHUS.
H3MeHsseMBIMH IIapaMeTPaMM BBICTYIIAIH COOT-
HOIIIeHHE PACXO/0B ra3a-MCTOYHKMKA MOHOB U ra3a-
peareHTa, CKOPOCTH HaHeCeHHS MOHOCJIOEB,
a Tak’Ke TeMIlepaTypa IOLJIOKKH.

B mpouecce oTpaboTKHU HaHeCeHHUS KaXX0TO
MOHOCJIOS ITapaMeTphl HOHHOIO Jiy4ya noabupa-
JTUCh TAKKUM 06pa3oM, YTOOBI MOTYUHUTh MAKCH-
MaJjIbHO BO3MOXHYI CKOPOCTh HaHECeHHS IPHU

Tabauua 1. PaccHumanHble KOHCMPYKUUU ONMU4eckUX NOKpbl-
mutll mopu,08 pe3oHamopos Aa3epos CNeKMmMpanbHozo dUanazoHa
915-980 Hm 05t mamepuana nodnoXKku GaAs

Table1. Calculated designs of optical coatings of laser resonator end
faces in the 915-980 nm spectral range for GaAs substrate

MokpbiTue Cxema
Coating Diagram
AR 1QWOT Al, O, <10
HR (IQWOT SiO,/ 1QWOT TiO,) x5 >95

determined as they grow. The vacuum chamber con-
tains four water-cooled targets fixed on copper bases.
The design of the chamber is schematically presented
in Fig.1.

The study of optical coating deposition modes
consisted of deposition of each material included in
the designed coatings in the form of monolayers on a
control glass (CG1) with the subsequent determination
of their optical constants and densities under
different deposition modes. The parameters to be
varied were the ion source gas ratio and reagent gas
flow rates, monolayer deposition rates, and substrate
temperature.

In the process of deposition of each monolayer, the
ion beam parameters were selected in such a way as to
obtain the maximum possible deposition rate at given
ratios of ion source gas and reagent gas (O,/Ar) flow
rates. The choice of optimal gas flow ratios was based
on the analysis of deviations of experimental density
values for the obtained monolayers from reference
values of film densities of stoichiometric composition
Ap = pTEOp. ~ Paken. [9-11].

The ratios at which these deviations were minimal
(Fig.2) were chosen for the deposition of layers.
Subsequently, optimal substrate temperatures for each
monolayer were searched at the established speeds
and ratios of gas flow rates (Table 3). Table 3 shows the
refractive indices values of the obtained monolayers at
different substrate temperatures in case of the selected
modes of application rate, and gas flow rate ratio.

According to Table 2, the most pronounced
dependence of the refractive index on temperature
at other selected modes is characteristic of the Al,O;
monolayer. Taking into account other selected modes
of deposition, the optimal substrate temperature for
the maximum refractive index is achieved in case
of deposition of dielectric layers of SiO, and TiO, was
150 °C. Temperature for the maximum refractive index
is achieved in case of Al,0; monolayer deposition was
300 °C.
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Puc.1. Yempolicmao 8akyymHoU Kamepbl 0Asl Npo8edeHUst Npo-
ecco8 UOHHO-NY4e8020 HaHECeHUS Mamepuanos: 1 — KAanaH
Hanycka azoma e 06sem paboydell KAMepbl; 2 — 8bICOKOBAKYYM-
Hbll 0amyuK dasAeHus; 3 = cucmema onmuyeckozo0 MOHUMO-
puH2a; 4 - 0amyuk 0asAeHus 3dz2py304H020 6oKca; 5 — cepso-
npugod cmoaa; 6 — cucmema KpenaeHusi 0CHaCmKu, 7 = cmoa;
8 — WA03 048 3d2py3KU OCHACMKU 8 paboyull 06vem 8aKyym-
Hol Kamepbl U3 3az2py304H020 60KCA; 9 — MeXaHu3mM nodaqu oc-
Hacmku 8 pabo4uli 06vem 8akyymHOU Kamepbl U3 3a2py304HO-
20 bokca; 10 - deepb 3az2py304H020 6okca; 11 - AuHUU noda-
Yu apzoHa u Kucaopooa; 12 - damyuk memnepamypbl 0CHacm-
Ku; 13 - keapuesblll 0amyuk 0As1 KOHMPOAS MOALWUHbI HAHO-
cumblx cnoes; 14 - UOHHAS nywKka; 15 - 3acAo0HKa mulieHu;
16 - cucmema no3uUUUOHUPOBAHUS MUleHel ¢ cepsonpuso-
oom; 17 — 6e3macAsHbIl 8aKyyMHbIl Hacoc; 18 — dsepu Kame-
pbl; 19 - 8bicokosakyymHbil KaanaH,; 20 — KpuozeHHbIl HAcoc;
21 - 0amyuk dasneHus); 22 — 6e3MAaCASIHbIL 8aKYYMHbIL HACOC
Fig.1. Vacuum chamber device for ion-beam deposition of mate-
rials: 1 - nitrogen inlet valve in the working chamber volume;
2 - high-vacuum pressure sensor; 3 - optical monitoring sys-
tem; 4 - pressure sensor of the loading box; 5 - table servo drive;
6 - tooling fastening system; 7 - table; 8 - gateway for loading
the tooling into the working volume of the vacuum chamber from
the loading box; 9 - tooling feeding mechanism into the working
volume of the vacuum chamber from the loading box; 10 - load-
ing box door; 11 - argon and oxygen supply lines; 12 - tooling
temperature sensor; 13 — quartz sensor for controlling the thick-
ness of applied layers; 14 - ion gun; 15 - target flap; 16 - servo-
driven target positioning system; 17 - oil-free vacuum pump;
18 - chamber doors; 19 - high-vacuum valve; 20 - cryogenic
pump; 21 - pressure sensor; 22 - oil-free vacuum pump.

3a/laHHBIX COOTHOIIEHHUSIX PAcXOH0B ra3a-HUCTo4-
HIKa HOHOB U rasa-pearenta (O,/Ar). Bribop ontu-
MaJIbHBIX COOTHOIIEHHU M PaCXO/0B ra3oB OCyIlecT-
B/ISIJICSL HAa OCHOBAaHHUM aHa/IH3a OTKJIOHEHUH
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Puc.2. 3asucumocmb pa3HuUUbl CNPpABOYHbIX U IKCNepUMeH-
ManbHbIX 3HA4YEHUU NAOMHocmel MOHOCA0e8 0m COOMHoue-
HUS1 pacxo008 2a3a-UCMOYHUKA UOHO8 U 2d3d-pedzeHma

Fig.2. Dependence of difference between reference and experi-
mental values of monolayer densities on the ion source gas ratio
and reagent gas flow rates

Calculations of spectral characteristics for
the proposed designs of optical coatings (Table 1)
at experimental values of refractive indices of
the studied monolayers allowed to obtain the
transmission coefficients of coatings on GaAs
substrate and CCl1 (Fig.3a, b) and to provide direct
control of optical properties during subsequent
fabrication of anti-reflecting (AR) and highly
reflective (HR) coatings on the ion-beam
deposition unit.

APPROBATION OF OPTICAL COATING DESIGNS

High-reflective and anti-reflecting coatings were
applied to the ends of laser diode linacs (LDBs) by
ion-beam deposition. Beforehand, four LDBs with
the cavity length of 4 mm were stacked in a special
clamp for LDBs, after this they were installed in a
tooling for fixing in the ion-beam deposition cham-
ber. The parameters of ion-beam deposition of lay-
ers, including temperature, deposition rates, and
the ion source gas ratio and reagent gas flow rates
were set according to the refractive indices of TiO,
(n=2,35), SiO, (n=1,46) and Al,0; (n=1,65).

As a result of two processes, optical coatings were
obtained on the output and rear end faces of the
LDB, and the spectral characteristics of the coatings
were controlled using CG1 glass witness substrates
on a spectrophotometer with an accuracy of at least
1% of T, where T is the transmission coefficient.
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Tabauua 2. OnmuManbHble PexXUMbl HAHECEHUSI MOHOCA0€8 U K03 GUULEHMbI NpeAOMAEHUS 8 3d8LCUMOCTIU 0m memnepamypbl N0OA0XKKU
Table 2. Optimal monolayer deposition modes and refractive indices as a function of substrate temperature

MoHocnon CKOpOCTb HAaHeCeHUs1, HM/C n (975 HM | nm)
Monolayer Deposition rate, nm/s
150 °C
SiO, 0,08 4 1,45 1,46 1,46
TiO, 0,03 4 2,29 2,35 2,35
AlLO, 0,05 4 1,58 1,60 1,65

3KCIIepHMEHTAJIbHBIX 3HAYeHHUM IIJIOTHOCTEH
IULSI TI0JIy4aeMBIX MOHOC/IOEB OT CIIPABOYHBIX 3Ha-
YeHHUU IVIOTHOCTEH IIJIEHOK CTeXHOMEeTPHUUeCKOro
COCTaBa Ap = pTeop. ~ Poken. [9-111.

COOTHOIIEHHS, IIPHU KOTOPHIX AAHHBIE OTKJIO-
HEeHHUS SIBJSIINCh MUHHUMAJIBHBIMU (pUC.2), 6p11H
BHIOpaHBI /11 HAHEeCEeHHU I CJI0eB. B nanpHeHIeM
IIPH YCTAHOBJIEHHBIX CKOPOCTSIX M COOTHOLIEHHU X
PacXO0/I0B Ta30B OCYLIeCTBIISJICS [IOMCK OIITHMAaJlb-
HBIX 3HAYeHHUU TeMIIepaTyp IIOAJIOXKEK IIsI Kak-
nmoro MoHocsos (Tabmn.3). B Tabn.3 mpeacTaBieHEl
3Ha4YeHHS KO3OPHUIIMEeHTOB IIpeOMIeHHUS [I0Y-
YaeMbIX MOHOCJIOEB IIPHU PAa3IHUYHBIX TeMIIepaTy-
Pax MOJJIOKKH B C/y4dae MoLOOpaHHBIX PeSKHMMOB
CKOPOCTH HAaHECeHHUS U COOTHOIIEHHS PaCcXOLoB
rasos.

CornacHo Tabin.2, Haubonee BEIpaskeHHAs 3aBH-
CUMOCTb K03 PHUIIMeHTa [IPeJIOMJIEHHUS OT TeMIle-
pPaTyphl IPU IPOYUX YCTAHOBJIEHHBIX PeXKHUMaX
xapakTepHa s MoHocnos Al,O;. C yuyeTom mpo-
YHX [I0LOOPAaHHBIX PeXMMOB HaHECEeHHU S OITH-
MaJjbHas TeMIlepaTypa IIOJJIOKKHU, IIPH KOTOPOH
IOCTHUIAeTCsI MAKCUMaAbHBIH KO3OOUIIHEHT IIpe-
JIOMJIeHH S B C/ly4yae HaHeCeHHU s JUTeKTPUUeCKHUX
cinoeB SiO, u TiO,, coctaBuia 150 °C. Temneparypa,
IIPY KOTOPOM SOCTUTAETCS MAKCHMAJIBHBIA KO3d-
GULIMeHT IIpeJOMJIEHHUS B C/ydyae HaHECEeHHUS
moHocnos Al,O;, coctaBuia 300 °C.

[TpoBeleHHBIM pacyeT CIIeKTPaJIbHBIX XapaKTe-
PUCTHK IS IPeAJIOKeHHBIX KOHCTPYKILIKK OIITH-
YeCKHUX IIOKPBITUH (Tabi.1l) Ipu 3KCIIepUMeHTalb-
HBIX 3HAUeHU X KO3OPHUIINEeHTOB IIPeIOMJIeHHU S

The obtained transmittance coefficients on CG1
for the spectral range of 915-980 nm amounted
to 87.9% and 2.7% for anti-reflecting and highly
reflective coatings, respectively. Deviation of
experimental values from calculated values is
not more than 1.5% (Fig.4a, b) and can be due
to the difference between the specified and
actual refractive indices of the monolayers due
to insignificant deviation of temperature and
rate modes from application modes previously
established as optimal.

Comparisons of the electro-optical characteristics
of LDBs before and after application of optical coatings
on the end faces of their cavities were made in order to
estimate the power gain and the values of the actual
reflection coefficients on the output and rear mirrors of
LDBs. The measurements were carried out on the LDB
certification unit in pulse generation mode in current
range from 0 to 3A. Comparison of measurement
results showed an increase in power value by a factor
of 1.9 after application of anti-reflective coatingand
highly reflective coatings. Figure 5 shows typical watt-
ampere characteristics (W-I) of single LDB emitters
before and after application of optical coatings.

The actual reflection coefficients of the mirrors (R,
U R,) formed at the ends of the cavities of length L=4
mm were found from formula (1) for the radiation
output losses a,,,, and were determined earlier for
original laser heterostructure

oy, = (ijln(—1} . @
2L) | RR,

Tabauua 3. VizmepeHHbie U paccHumanHble napamempbl 00UHOYHbIX IMUMmepos J1/1[J ¢ HaHeceHHbIMU 3epKanamu
Table 3. Measured and calculated parameters of single LDL emitters with applied mirrors

L,cm|cm

Pouw BT|W

-1 -1
Aoy CM'|CM

2,65 96,3 4.4
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Puc.3. PacuemHble zpaguxu 3agucumocmell Ko3p@uyueHma nponyckaHus T om 0AUHbI 80AHbI 0AS1:
a - npoceemasiouiezo, b — ebicokoompaxatou,e2o nokpeimuti Ha nodnoxkkax GaAs u KY1 ¢ yuemom nonyveHHbix 3Ha4eHul Ko3¢-

q)uuueHmoe npeanomAeHuUst MOHOCAOe8

Fig.3. Calculated plots of dependences of transmittance T on wavelength for: a - illuminating, b - highly reflective coatings on GaAs
and CG1 substrates taking into account obtained values of refractive indices of monolayers

HCCIeyeMBbIX MOHOCJIOEB I103BOJIHJI IIOJIYYHUTh
KO3QPUIIHEeHTHI IPOIYCKAHU S IIOKPBITHH Ha II0J-
nokke GaAs u cBugetene KY1 (puc.3a, b) u obe-
CIIEYUTH IPSIMOM KOHTPOJIb OIITUYECKUX CBOKCTB
IIPHU [OCJIeAYIOMeM H3TOTOBIEHUHU IIPOCBETISIO-
mrero (AR) 1 BeicoKOOTpaskatomero (HR) IIOKPBITHH
Ha YCTaHOBKe MOHHO-Ty4eBOr0 HAHEeCeHHSI.

ANPOBALINSA KOHCTPYKLMIA ONTUYECKUX
MNOKPbITUU

BrICOKOOTpaskaloIiye U NPOCBeTISION e [IOKPHI-
THs OBIIM HaHeCeHbI Ha TOPLIBI JINHEeK JIa3epHBIX
nuonoB (JIZI) MeToLoM HOHHO-JIY4eBOT'0 HaHece-
Hus. IIpeaBaputensHo JIJII B KOTHMYECTBE YEThHI-
pex IITYK C IIMHON pe30HATopa 4 MM Habupaninch
B CTOIYy B CIIelIMaJbHBIN 3a>XUM A4 JIJI]], mocie
4ero yCTaHaBIMBAJIMCh B OCHACTKY /g 3aKpe-
IJIeHHWS B KaMepe MOHHO-JIy4eBOro HaHeCeHHUs.
[TapaMeTphl HOHHO-JIYy4eBOTO HaHeCeHU S CJI0eB,
BKJ/IIOYAIOIIHe TeMIIepPaTypy, CKOPOCTH UX HaHe-
CeHMs U COOTHOIIeHMe PAaCXOL0B ra3a-MCTOYHHKA
HMIOHOB U ra3a-peareHTa ObIJIM yCTAHOBJIEHBI B COOT-
BeTCTBHUHU C KO3QOHUILIMeHTaMHU I peloMIJIeHH S
TiO, (n=2,35), Si0, (n=1,46) u Al,O, (n=1,65).

B pesynbTaTe OBYX HpOLLecCOB OBIIK IONY-
YeHBl ONTHYeCKHe IMOKPBITHSA HAa BBIXOLHOM
U 3aaHeM Topuax JIJII, KOHTPO/Ib CIeKTpasb-
HBIX XapaKTepPUCTUK MOKPBITUH OCYyIIeCTBISICS
IpH NOMOIIM MOAJIOKEK-CBHUeTeNlel U3 CTeKsaa

HAHO MHAVCTPUA Tom 16 Ne5 2023

The actual reflection coefficients at the output
(Ry) and rear (R,) mirrors of the single emitter
LDBs are summarized in Table 3.

The results of comparison of the W-I of single
LDB emitters before and after optical coatings and
calculation of actually obtained values indicate
that required reflection coefficients at the rear and
output facets of the injection laser cavities have
been achieved.

CONCLUSIONS

The task of technology development to obtain optical
coatings for resonators of injection lasers was suc-
cessfully solved by the ion-beam deposition method.
The conducted studies of the specifics of the method
application allowed working out the deposition
modes of dielectric monolayers included in design
of the designed optical coatings. As a result of tech-
nology development, the required values of reflec-
tion coefficients were achieved, as evidenced by the
results of comparing the output radiation powers
of single LDB emitters before and after application
of optical coatings, as well as calculations of actual
reflection coefficients at output and rear ends of
injection lasers resonators.

PEER REVIEW INFO
Editorial board thanks the anonymous reviewer(s) for
their contribution to the peer review of this work. It is
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Puc.4. CpasHeHue 3agucumocmell ko3¢pduuueHma nponyckanusi T om 0AUHbI 80AHbI 0ASl pACHEMHbIX U NOAYYEHHbIX 0ASl: d — NPO-
ceemAsiow,e20 U b — 8bicokoompaskarouiezo nokpeimut Ha nooAoxke KY1
Fig.4. Comparison of dependences of transmittance T on wavelength for calculated and obtained for: a - translucent and b - highly

reflective coatings on the substrate CG1

KY1 Ha cmekTpodoToMeTpe C TOYHOCTLIO He
meHee 1% T, rme T - Koo PHUIIMEHT IPONYyCKAHUA.

I[TonyyeHHble KOOPOOUIUMEHTH IIPOIIYyCKa-
HUA Ha cBUAeTendax U3 KVY1 nis criekTpajabHOro
nuamna3soHa 915-980 HM cocTaBUIU 87,9 U 2,7%
IJIS1 IIPOCBETALIONIero U BEICOKOOTpaskaollero
IIOKPBITUI COOTBETCTBEeHHO. OTKJIOHEHHUe 3KCIIe-
PUMEHTANbHBIX 3HAaUeHHU M OT pacUeTHBIX COCTAB-
nsieT He 6Gonee 1,5% (puc.4a, b) u MmoxkeT 6BITH
0b6yc/IOoB/IeHO pa3HHUIEN 3aJaHHBIX U QaKTHUe-
CKHX KO3PPULIMeHTOB IIPeIOMJIEHH I MOHOC/IOeB
B CHJIy He3HAYUTEJIbHOIO OTKJIOHEHUS TeMIIe-
PaTypHBIX U CKOPOCTHBIX PEXKMMOB OT Pe>KH-
MOB HaHeCeHHs, paHee YyCTAHOBJIEHHBIX KaK
OIITHMaJIbHEIE,

CpaBHEHUS 3JIEKTPOOITHUYECKUX XapaKTepH-
CTUK JIJII Mo U I10CJie HAHeCeHUSs OINTUYEeCKUX
IIOKPBITUM Ha TOPLIBI KX Pe30HATOPOB IIPOU3BO-
OHUJINUCh C LeJIbI0 OLleHKHU IIPHPOCTAa MOIIHOCTH
Y 3HaueHU M PaKTHUUYeCKUX KO3POUIIHEeHTOB OTpa-
SKeHH S Ha BBIXOLHOM U 3aJHeM 3epkajnax JIJIJ.
H3MepeHHMs MPOBOIM/IMCH HAa yCTaAHOBKE I1aCIOP-
Tu3auuu JIJIJJ B UMIOYJIbCHOM peXXHMe reHepa-
WU B fHamas3oHe TOKOB oT 0 mo 3A. CpaBHeHHe
Pe3y/bTaToOB M3MepPeHUH [10Ka3aJjo yBelHUeHHe
3Ha4YeHH s MOIIHOCTH B 1,9 pas Ioc/jie HaHeCeHU s
IIPOCBETJISIONIET0 XU BEICOKOOTPasKaIOIero MOKPHI-
TUMN. Ha puc.5 npencrtaBiaeHbl TUIIUYHBIE BATT-
aMIlepHBbIe XapaKTepUCTUKHU (BTAX) OLMHOYHBIX
SMuTTepoB JIJIJ| 70 U I10C/Ie HAaHEeCeHH S OIITHYe-
CKUX MOKPBITUH.
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Fig.5. WAC of a single LDL emitter before and after optical coat-
ings application in pulsed laser generation mode
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ParTUYeCKHUe KO3PPUIIMEeHTHl OTPaskeHUS 3ep-
kan (R, uR,), cboOpMHUPOBAHHBIX Ha TOpPLIAX pPe3o-
HATOPOB IJIMHON L=4 MM, O6bIN HaUeHBI U3 op-
MyJbl (1) 111 IOTeph Ha BBIBOJ, H3/IyUYEeHHUS Oy,
KOTOPBle OBIIH OIlpeJie/IeHbl paHee IJIsl HCXOLHOMU
J1a3epHOM reTepOCTPyKTYPhL

amz(lJln[ ! ] oy
2L) | RR,

PakTHYeCKHe KO3OQOOUIIMEeHTHl OTPa kKeHUs
Ha BeIxogHOM (Ry) 1 3agHeM (R,) 3epKanax ofHHOY-
HBIX SMUTTepoB JIJI[l nprBeseHEI B Tab1.3.

Pe3ynbraThl CpaBHeHUSI BAX OMMHOYHBIX SMUTTe-
poB JUULL 5o U I10C/Ie HAHECeHU ST OIITHYECKUX [IOKPBI-
THH U pacyeT GaKTUUECKHU I10/1ydaeMbIX 3HAaUeHUH
CBUETEeNbCTBYIOT O LOCTH XKEHHUH HeoOXOILHUMBIX
KO3QPUIMEeHTOB OTPakeHU s Ha 3aJHUX U Mepes-
HHX TOPLIAX Pe30HATOPOB MH>KeKIIHOHHBIX JIa3ePOB.

BbIBO/1bl

3amayva pa3paboTKH TeXHOJOTHU IIOJyUYeHHUS
OIITUYECKUX IMOKPBITUH /151 pe30HATOPOB HH>KeK-
LIOHHBIX J1a3epoB OblIa YCIIeIIHO pelleHa MeTo-
IOM MOHHO-JIy4eBOI'O HaHeceHHUs. [IpoBeeHHbIe
HCCIelOBAaHUS 0CODeHHOCTEN IpPHUMeHEHHUS
MeTOoZa II03BOJIUIN O0TPaboTaTh Pe>KMMBI HaHe-
CeHHs AU3JIeKTPUYEeCKHUX MOHOCI0eB, BXOASLIUX
B KOHCTPYKIIHMIO CIIPOEKTHPOBAHHBIX OITHYEe-
CKHUX IIOKPBITUN. B pe3ynprate pa3paboTKu Tex-
HOJIOTHH OBIJIM JOCTUTHYTHI TpebyeMble 3HAUEHH ST
KO03OOUIIMeHTOB OTPa’keHHsI, 0 YeM CBHIeTeJIb-
CTBYIOT pe3y/bTaThl CPaBHEHHU S BBIXOLHBIX MOIIL-
HOCTel H3J/Iy4eHHS OLZUHOYHBEIX SMUTTepoB JIJI]]
[0 U IIOoCjle HaHeCeHMU s ONTHUYeCKHX IOKPBITHH,
a Takke pacyeT PaKTHYeCKUX KO3PPUIIMEeHTOB
OTpa>keHH S Ha BBIXOOHBIX U 3aJHUX TOPLiaX pe3o-
HaTOPOB MH KeKIIHOHHBIX JIa3epPOB.

WHOOPMALUA O PELLEH3UPOBAHUU

Pemaxuus 6arofapuT aHOHHMHOTO pelleH3eHTa
(pelieH3eHTOB) 3a UX BKJIAaJ B pelleH3UPOBAHHUE
3TOM paboThl, a Takyke 3a pa3MelleHHe CTaTeH
Ha camTe XXypHala U IIepefadyy UX B 3JIeKTPOHHOM
Bujge B HOF eLIBRARY.RU.

Heknapauus o KoH$AuKMe UHMepecos. Asmopsl 3a28A510Mm
06 omcymcmeuu KOHPAUKITO8 UHMEPecos UAL AUYHBIX 0MHO-
wieHuil, Komopble mo2Au bbl nosausme Ha pabomy, npedcmas-
AeHHyt0 8 daHHol cmamve.
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