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PEDEPAT

Jummomuast pabota 47 crpanuil, 31 pucyHkoB, 20 HCTOYHHUKOB.

OaHOYaCTOTHBIE BOJIOKOHHO-OIITHYECKHE JIa3epPHbIE INOAHbIE
MOYJIH IJIsl CHCTEM PaaAHO(POTOHUKH

Hayunsie pykoBoguTenu — 3aBeayronuii tabopatopueit paaunoporonuku ['HIIO
«OmnTHKa, ONTORIEKTPOHUKA U JazepHas TexHukay HAH benapycu, kannunar ¢pusu-
Ko-MaTeMaTtudeckux Hayk Umx A.JI, moneHT kadeapsl Ja3epHoil (GU3UKHA U CIIEKTPO-
ckonuu BI'Y, kanauaar ¢usnko-maremarnueckux Hayk ['op6au /1.B.

KuroueBbie €JjI0Ba: BOJOKOHHO-ONTHYECKUA MOJYJb, JIA3EPHBIA O, TEPMO-
crabunuzanus, 3neMenT [lenpThe, paqnodoTOHHKA.

Heab padoThl — KCCIIETOBAaHUS BBIXOAHBIX XapaKTEPUCTHUK JIA3EPHBIX JUOIHBIX
MOJYJIEH ¢ BOJOKOHHO-ONTHUYECKUM BBIBOJIOM M3JIY4YEHHUS B IIUPOKOM TEMIIEPATyp-
HOM auanazoHe otT —50 no +50°C, a taxxke aHanmu3mI 3PPEKTUBHOCTH MPUMEHEHHUS
aneMeHTOB llenbThe NI TepMOCTaOMIN3aluK B JIA3€PHBIX JUOJHBIX MOJYJIAX IS
YCTPOMCTB U CUCTEM PaHO(POTOHUKH.

O0bekT MccaeA0BaAHUA: OJHOYACTOTHBIM BOJIOKOHHO-ONTHYECKHUMN Ja3€pHBIN
JTAOJTHBIA MOZTYJIb.

OcHOBHBIE METOAbI MCCIEAOBAHUIM: CPABHEHUSI OCHOBHBIX XapaKTEPUCTHUK Jia-
3€pHBIX AMOJIOB B KAYECTBE UCTOYHUKA ONTHYECKOW HECyllen s cucTteM paanodo-
TOHUKU. Pa3paboTka W HAcTpolKa mapaMeTpoB YIPABISIOIIETO PETYJSATOPA CXEMBI
ynpasienusi TokoM IlenpThe. TeMnepaTypHble UCCAEAOBAHUS CIIEKTPOB U MOILHOCTH
reHepaluu Ja3epHOro JUOJHOTO MOTYJIS.

ITosryyeHHbIe pe3yJbTaThbl M X HOBHM3HA: ObUI 1OAOOpaH JIa3epHbIA TUOM, B
KaueCTBE MCTOYHMKA ONTUYECKOM HEeCylIeH AJisi CUCTEM paauopOTOHUKH. bbuia pas-
paboTaHa M HACTPOEHA IJIaTa YIPABISIIOLIETO PETYISATOPA CXEMbI YIIPABIECHUS TOKOM
npoxoasiieM yepe3 3seMeHT [lenbrbe. [lomydeHsl TeMepaTypHble XapaKTepUCTUKH
na3zepHoro moayis. Ilo pesynbratam IUIIOMHONW paOOThl OMYOIMKOBAHO 2 CTaThH B
cOOpHUKAX TPYAOB KOH(PEPEHIIUI:

1) 9-o0it MexayHapoaHO# 1Koje-KoHpepeHiun «CoBpeMeHHbIe po0eMbl Pu-
3UKW», KOTOpas mpoxoauia B T. MuHck, 4-6 Hos0pst 2020 roga HasBanue cratbu
"OIHOYACTOTHBIN Ja3epHBIA TUOAHBIA MOJYJb C ONTOBOJIOKOHHBIM BBIBOJOM H3IY-
YeHUs Ha JUIMHE BOJHBI 1550 HM M ¢ aKTUBHOM TepMOCTaOMIM3alMEll Ha OCHOBE
anemenToB IlenbThe" (aBTOpHI B.B.Illectak, K.b.Mukutuyk, A.JI.Hnx)

2) 10-oti MexmyHapoaqHOW HaydyHOW KOH(pEpeHIUH "DIIEKTPOHUKA U MHUKPO-
anekTponnka CBY", koropas npoxoauna B r. Cankr-IlerepOypr 31 mas — 4 utoHs
2021. Ha3Banue ctatbu "Jla3zepHblil TUOAHBIN MOJYJIb C aKTUBHON TepMOCTaOMIIN3a-
Mel Ha OCHOBE A1eMeHTOB [lenbThe /uist yCTpOMCTB U cucteM paguopoToHUKU" (aB-
topsl B.B.Illectak, K.b.Mukutuyk, A.JL.YUmx).
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Pexomenganusi mo BHeApeHHI0: B HacTosiee BpeMs CyliecTByeT mpooiema,
YTO W3-3a BIUSHUSA TEMIIEPATYpPbl OKPYKAOUIEH Cpelibl MPOUCXOIUT U3MEHEHHE KaK
3¢ (HEKTUBHON JUTMHBI PE30HATOPA JIA3EPHOTO TUOAA, TaK U KOAPOUIIMEHTA YCUICHUS
B aKTHBHOH 00JIacTH J1a3epa, MpUYeM TeMIlepaTypHbIH KO3PPHUIIMEHT JUIMHBI BOJTHBI
reHepanuu oObIYHO cocTaBisieT Bennuuny ~0.1 uM/°C, a TemneparypHbiii K03 du-
rueHT MomHocTH ~ 0.5%/°C. DTo mpUBOAMT K YBEIMYCHHUIO (Pa30BOTO ITymMa M3-3a
BIIMSIHUSL XPOMAaTHUECKON TUCIEPCUU; HECTaOMIBHOCTH KOX(pUIlMEeHTa TNepenadu
st CBY-cursanoB, 4To NpUBOAUT K HAPYIIEHUIO (PYHKIHOHATBHOCTH BOJIOKOHHO-
ONTUYECKUX CcHCTeM. Mcmonp3oBaHHE aKTUBHOM TEpMOCTAOMIM3AIMN TO3BOJIAET
CHU3UTH YYBCTBUTEIBHOCTh MOIIIHOCTU F'€HEPALH JIA3EPHOTO MOYJIA K U3MEHEHUIO
temriepaTypbl 10 BennunHbl MeHee 0.002 nb/°C, a temneparypublii KO3DPUIIMEHT
JUIMHBI BOJIHBI TeHepauuu — 10 BeauunHbl MeHee 0.003 am/°C. D10 mo3BossleT uc-
M0JI30BATh JIA3EPHBIE MOAYJIM Ha OCHOBE OJHOYACTOTHBIX JIA3€PHBIX TUOJOB C pac-
NpeleIEHHON 00paTHOM CBS3bI0 U AKTMBHOW TEpPMOCTAaOMIM3aluell Ha OCHOBE 3Jie-
MeHTa [lenbThe B paaio(OTOHHBIX YCTPOUCTBAX U CHUCTEMAX, padOTAOIIMX B IIUPO-
KOM TeMnepaTypHOM auarna3one ot —50 go +50 C.



PODEPAT

JlpimioMHast pabota 47 craponki, 31 mamonkay, 20 giTapaTypHBIX KPBIHILL.

OIQHOYACTOTHBIC BAJIAKOHHA-ANITHIYHBIA JIA3CPHBIS AbIEIHbIA
MOJYJII JJI CICTAM Paguo(POTOHUKHU

HaBykoBbIsl KipayHiki — 3aragusik jadbapatopbli paguoporonuku JJHBA «On-
ThIKa, ONTA’ICKTPOHIKa 1 jazepHas TIxHika» HAH benapyci, kanapigat ¢izika-
MaTAIMaThIUHbIX HaBYK Ubnk A. JI, maipHT Kadenpsl nazepHait (i3iki i ceKTpackarii
B1Y, xaunpinar izika-matamateluyHbix HaBYK 1. B. T'opOay.

KirouaBbisi €/10BbI: BaJaKOHHA-aNTBIYHBI MOJYJIb, JIA3€PHBI JIBIEN, TEPMOCTa-
ownmzanus, neMenT [lenpThe, panuodoToHHKA.

MbaTa npansl - faciaeiaBaHHl BBIXOJHBIX XapaKTapbICTHIK JA3€PHBIX JBIEIHBIX
MOJYJISTY 3 BOJJAKOHHA-ANTHIYHBIM BHICHOBAM BBITIPAMEHBBAHHS ¥ MIBIPOKIM TAMIIEpa-
TypHBIM JbisinazoHe af -50 ga + 50°C, a Takcama aHasily 3(peKThIYHACIl TPHIMSIHEHHS
anemeHTay llenbThe ¥ a3epHbIX ABIEMHBIX MOAYIISAX JUISl MPBUIAJ 1 CICTAM pannodo-
TOHUKI.

AO'eKT naciegaBaHHsI: OJHOYACTOTHBIA BaJAKOHHA-AMTHIYHBI JIA3EPHBI JBIE]-
HBI MOJTYJIb.

ACHOYHBISI MeTaAbl AACJEAABAHHAY: NTapayHAHHS ACHOYHBIX XapaKTapbICTBIK
Ja3epHBIX AbIENAY Y SAKACIIl KPBIHIIBI alThIYHAN arnopHail 1y cicTaM paanodOoTOHH-
ku. Pacmparioyka 1 Hayiama napameTpay KipayHika paryisiTapa CXeMbl KipaBaHHS TO-
kam [lenbThe. TommeparypHbis qaciaenaBaHHl CIEKTpay 1 MaryTHACIIl TeHeparlbli ja-
3epHara apiéaHara MoayJis.

ATpbIMaHbIfA BbIHIKI i iX HaBi3Ha: ObIy mamaOpaHbl JIa3epHbI OBIEN, YV SKACII
KPBIHIIBI anThIYHAN amopHail aig cictoMm panbsi€édartoHiki. beita pacmpamaBana i
HACTPOGHA TuIaTa KipayHiKa paTyisiTapa CXeMbl KipaBaHHS TOKaM K1 MPaxoa3illb
npa3 saemMeHT [leapThe. ATphIMaHBI TAOMIIEPATYPHBIS XapaKTaphICTHIK] JJa3epHara Mo-
nyis. [la BeIHIKaX IBITUIOMHAN Mpallbl aimyOlikaBaHa 2 apThIKYJIbI ¥ 300pHIKaxX mpail
KaH(pEPIHIIBIN:

1) 9-ait MixuapoaHaii mikose-kaH(pepaHpli «CydacHbiss mpadaembl ¢i3ikiy,
skasi mpaxomsina ¥ r. Minck, 4-6 micramanga 2020 roga Has3Ba apthikyna "OpHoua-
CTOTHBIH JIa3epHBI NBIEAHBI MOIYJH 3 ONTABAJIAKHOBBIM BHICHOBAW BBHITIPAMEHBBAHHS
Ha AayxbiHl XBasl 1550 HM 1 3 akThIyHAN TepMocTaOMIM3ale Ha aCHOBE 3JIEMEH-
tay Ilensrhe" (AyTapel B. B. [llacrak, K. b. Mukutuyk, A. JI. Uppk)

2) 10-aii MixxHaponHaii HaByKOBail KaH(pepIHIbI "DIIEKTPOHIKA 1 MiKpadieK-
Tponika 3BY", axas mpaxoasina ¥ r.Cankr-IlerspOypr 31 mas — 4 uspsens 2021.



Ha3zBa apteikyna " na3epHbl ABIEAHBI MOAYJb 3 aKThIYHall TepMOCTa0WIM3alMend Ha
acHoBe anemeHTay [lenbTbe s mpbuTafg 1 cictaM paguodoronuku "(AyTtapel B. B.
[Macrak, K. b. Mukurtuyk, A. JI. Uppk).

Pakamenganpisa na ykapaHeHHi: Y 1pnepaiidi yac icHye mpabiema, mTo 3-3a
VIUIBIBY TAMIIEpaTyphl HaBaKOJIbHAra acsipojaa3si aaobIBaeia 3MeHa K 3()eKThIyHal
Jay KbIHI pI3aHaTapa JiasepHara Abléaa, Tak 1 Kad(ilpleHTa Y3MallHeHHS ¥ aKThIyHal
BOOJACIIl J1a3epa, MPBIYBIM TAMIEPATYpHBI Kad(ilbICHT Jay>KbIHI XBalll TeHEpallbll
3BbIYaifHa ckianae BeniubiHio ~0.1 HM/°C, a TamMmepaTypHbl Kad(ilbIeHT MaryTHaCIl
~ 0.5%/°C. I'sta npsIBOA3IIE Ja MaBediudHHS (ha3aBara mymy 3-3a YIUIBIBY Xpama-
ThIYHAH JpICTIepCii; HecTabimbHaACI KaddimbleHTa nepagausl 1is 3BY-cirnanay, mro
NPBIBOA3IIB Ja MapylmdHHS (DYHKIbITHATBHACI BaJIAKOHHA-AMTBHIYHBIX CICTAM. BbI-
KapbICTaHHE aKThIYHAN TApMacTa-OuTi3allbli Ja3Bajsie 3H1311b auyBaJbHIK-HACIh Ma-
TyTHAacCIl FeHepalpli Jla3epHara MOAYJs Aa 3MEHbl TAMIEPATYPHI 1a BEJIIYbIHI MEHIII
0.002 nb /°C, a ToMIiepaTypHbl Kad(PilbICHT 1ay»KbIH1 XBaJll T€HEpallbll - 1a BEeJI1YbIH1
Menm 0.003 uMm /°C. raTa ga3Baisie BbIKAPHICTOYBAlb JIA3EPHBIS MOJYJl Ha aCHOBE
aJHO-YaCTOTHBIX JIa3epHBIX AbIENAY 3 pa3MepKaBaHall 3BapOTHAil CyBS3310 1 ak-
ThIYHall TepMoOcTaOWIM3aluueld Ha acHOBe 3yieMeHTa llenbThe ¥ pagmopOTOHHBIX
YCTPOMCTBOX 1 CICT3MAX, SAKIS MPALYIOLb Y IIBIPOKIM TAMIEPATYPHBIM ABIANA30HE a1
-50 ma + 50°C.



ABSTRACT

Thesis work 47 pages, 31 figures, 20 sources.

Single-frequency fiber-optic laser diode modules for
radiophotonics Systems

Scientific supervisors — Head of the Laboratory of Radiophotonics of the State
Research Institute "Optics, Optoelectronics and Laser Technology" of the National
Academy of Sciences of Belarus, Candidate of Physical and Mathematical Sciences
Chizh A. L, Associate Professor of the Department of Laser Physics and Spectrosco-
py of the BSU, Candidate of Physical and Mathematical Sciences Gorbach D. V.

Keywords: fiber-optic module, laser diode, thermal stabilization, Peltier ele-
ment, microwave photonics.

The aim of the work is to study the output characteristics of laser diode modules
with fiber-optic radiation output in a wide temperature range from -50 to +50°C, as
well as to analyze the efficiency of using Peltier elements in laser diode modules for
microwave photonics devices and systems.

Object of study: single-frequency fiber-optic laser diode module.

Main research methods: comparison of the main characteristics of laser diodes
as an optical carrier source for microwave photonics systems. Development and ad-
justment of parameters of the control controller of the Peltier current control circuit.
Temperature studies of the laser diode module generation spectrum and power.

The results obtained and their novelty: a laser diode was selected as an opti-
cal carrier source for radiophotonics systems. The board of the control controller of
the current control circuit passing through the Peltier element was developed and
configured. The temperature characteristics of the laser module are obtained. Based
on the results of the thesis, 2 articles were published in the conference proceedings:

1) The 9th International School-Conference "Modern Problems of Physics",
which was held in Minsk, November 4-6, 2020, The title of the article "Single-
frequency laser diode module with fiber-optic radiation output at a wavelength of
1550 nm and with active thermal stabilization based on Peltier elements" (authors V.
V. Shestak, K. B. Mikitchuk, A. L. Chizh)

2) The 10th International Scientific Conference "Electronics and Micro-
Electronics of Microwave", which was held in St. Petersburg on May 31 — June 4,
2021. Title of the article "Laser diode module with active thermal stabilization based
on Peltier elements for microwave photonics devices and systems™ (authors V. V.

Shestak, K. B. Mikitchuk, A. L. Chizh).
Implementation recommendation: Currently, there is a problem that due to
the influence of the ambient temperature, both the effective resonator length of the
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laser diode and the gain in the active region of the laser change, and the temperature
coefficient of the lasing wavelength is usually ~0.1 nm / °C, and the temperature
power factor ~ 0.5%/°C. This leads to an increase in phase noise due to the influence
of chromatic dispersion; instability of the transmission coefficient for microwave sig-
nals, which leads to a violation of the functionality of fiber-optic systems. The use of
active thermal stabilization makes it possible to reduce the sensitivity of the lasing
power of the laser module to temperature changes to less than 0.002 dB / °C, and the
temperature coefficient of the lasing wavelength to less than 0.003 nm/°C. This
makes it possible to use laser modules based on single-frequency laser diodes with
distributed feedback and active thermal stabilization based on the Peltier element in
microwave photonics devices and systems operating in a wide temperature range
from -50 to +50 C.



