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AHHOTALUA

Beenenmne. [IpencraBieHs! pe3ynbTaTsl SKCIIEPHMEHTAIBLHOTO HCCIIEIOBAHNS BO3BMOKHOCTH IIPUMEHEHHS Y3KOIIOIIOCHOTO
MOJTYIIPOBOHMKOBOTO JIA3€PHOTO JNOJA C PAaCHpeIesIeHHON 00paTHOIl CBS3bI0 B Ka4€CTBE HCTOYHUKA M IIPHEMHHKA
ONTHUYECKOTO M3JyYyeHUs! Ul AeTEKTHPOBAHUS CIIEKTPAJILHOTO OTKIMKA BOJIOKOHHOW pemretku bparra. Merona.
B kadecTBe HCClIeIyeMOro MoiynpoBOIHUKOBOTO JiazepHoro auoaa Beiopan DFB-nasep LDI-1550-DFB-2.5G-20/70
xomnaHuu Laserscom, cepuifHO BBIITyCKaeMblii HA pOCCHUICKOM PBIHKE M 00JIaJa0IUi TUITIOBBIMU XapaKTEPUCTHKAMHU.
J1n1s mepecTpOiiKy EHTPaTbHOHN UIMHBI BOJIHBI OIYTIPOBOJHUKOBOTO JIA3EPHOTO THOMIA C PACHIPeIeIeHHOI 00paTHO
CBsI3BI0 B qramnazone 1549,5-1552,0 HM ucmonp30Baiack mpsmMas AIMITYJIbCHAsI TOKOBast MO/ ¢ acTotoit 100 k[,
ckBakHOCTBIO 40 U BenmunHOI Toka 1 A B mMmynbsce. OTpakeHHOE OT BOJIOKOHHOI pemreTku bparra onruueckoe
H3JTy9YeHUe, COOTBETCTBYIOIIEE [IEHTPAILHOM JUTMHE BOIHBI Bparra, pernctprpoBaiocs 3a cuet GoTodddexra B 1a3epHOM
nmozie. [IpoBeneHa sKkcriepuMeHTaIbHAs OLIEHKa ONITOAIEKTPOHHBIX APaMETPOB JIA3ePHOI0 ANO0a B (POTOBOIETANYECKOM
PEXHUME U PeIKMME KOPOTKOTO 3aMbIKaHHs: TEMHOBOM TOK, ITOJIOCA TPOIYCKAaHHs ¥ CHEKTPaJIbHAsI 4yBCTBUTEILHOCTb.
Ouenka nposoaunach npu Temuneparype 25 °C. OcHoBHbIe pe3yiabTarbl. Co3aHa U3MEpUTEIbHAsA CXeMa JIs
JETEeKTUPOBAHUS OTKJIMKA BOJIOKOHHOH pemeTku bparra. [lokazano, 4To (pOTOBOIBTaNYECKUN PEXKUM JTa3epPHOTO
JH0/a MPUMEHNM IS 3a]1a4 PETHCTPALUH ONTHYECKOTO M3IydeHUs. DKCIEPUMEHTAIbHO MOTydYeHa aMIUIUTYAHO-
YaCTOTHAS XapaKTEPUCTHKA Ja3ePHOTO HO/a B (POTOBOIBTANIECKOM PEXXUME B 3aBUCHMOCTH OT HAMPSHKEHUS IPSIMOTO
cMmelleHus. Pe3ynbrarel SKCIIepUMEHTa: II0JI0Ca IpoITycKkaHus 110 ypoBHIO —3 1b cocrasisier 300 MI'1, MakcuMaibHast
qyBCTBUTENBHOCTH paBHa 0,1 A/BT B peskiMe KOPOTKOTO 3aMBIKaHUs, a aMIUIUTYHBIA OTKJIMK JIMHEEH B JIaNa30He
JuinH BosH 1540-1560 HM. [{1s na3epHOro 1uoza 3KCIEpUMEHTAIBHO [I0JIy4YeHa BOJIbTaMIIEpHAs XapaKTepUCTUKA IIPU
00paTHOM cMeleHHH. TeMHOBOW TOK MPU HYJICBOM CMEIICHHH Ja3epHOTO aronaa cocTapisier 12,5 nA. Oocy:kaenne.
IIpencTaBiaeHHBII METOA perucTpanuu OTKJIMKA BOJIOKOHHOM pemreTku bpsrra MokeT OBITH HCIONB30BAH IS
MHHHUATIOPU3ALUN U YTIPOILIEHHS ONTHIECKHX CXEM H3MEPHUTEIbHBIX KAaHAIOB YCTPOHCTB ONPOCa BOJOKOHHBIX PEIIETOK
Bporra. ITomy4eHHbIe pe3yabTaThl MOTYT OBITH TOIE3HBI CIIEIMANINCTAM, 3aHUMAIOIIUMCSI BOTOKOHHO-ONTHYECKUMHU
JaTINKaMH U CHCTeMaMH cOopa 1 00pabOTKH CHTHAIOB C TAKHX JATIHKOB.
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Abstract

The paper presents the results of an experimental study of the possibility of using a narrow-band semiconductor
distributed feedback laser diode used as a source and detector of optical radiation to detect the spectral response from
a fiber Bragg grating. The DFB laser “LDI-1550-DFB-2.5G-20/70” from the company “Laserscom”, mass-produced
on the Russian market and having standard characteristics, was chosen as the laser diode under study. To sweep the
central wavelength of a semiconductor distributed feedback laser diode in the range 1549.5-1552 nm, direct pulse
current modulation was used with a frequency of 100 kHz, a duty cycle of 40, and a current value of 1 A per pulse. The
radiation reflected from the fiber Bragg grating corresponding to the central Bragg wavelength was recorded as a change
in voltage at the anode and cathode of the laser diode due to the photoelectric effect in the laser diode. An experimental
assessment of the optoelectronic parameters of a laser diode in photovoltaic and short-circuit modes was carried out:
dark current, bandwidth and spectral sensitivity. The evaluation was carried out at a temperature of 25 °C. A measuring
circuit has been created to detect the response from a fiber Bragg grating based on direct pulse current modulation and
the photovoltaic mode of a semiconductor distributed feedback laser diode. It is shown that the photovoltaic mode of
the laser diode is applicable to problems of recording optical radiation. The amplitude-frequency characteristic of a laser
diode in the photovoltaic mode was experimentally obtained depending on the forward bias voltage. It is experimentally
found that the —3 dB bandwidth is 300 MHz and the maximum sensitivity is 0.1 A/W in short-circuit mode, and the
amplitude response is linear in the wavelength range from 1540 to 1560 nm. For the laser diode under study, the reverse
branch of the current-voltage characteristic was experimentally obtained and the dark current at zero bias of the laser
diode is 12.5 pA. The demonstrated method of FBG interrogation can be used for miniaturization and simplification
of optical devices for fiber Bragg grating interrogation. The obtained results may be useful to specialists in fiber optic
sensors, system for interrogation and processing signals from fiber optic sensors.
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BBenenune

Bonoxonnsie pemerkn bparra (BBP) nomyuniu mu-
pOKO€ pacHpoCTpaHEHUE B KaueCTBE UyBCTBUTEIbHBIX
anemenToB (UD) usmepurencit pusndeckux BenuduH [ 1],
Onarojapsi TakuM CBOMCTBaM KakK KOMIAKTHBIN pa3mep;
BBICOKAsi 9yYBCTBUTEIFHOCTh K TeMIIepaType u Aepopma-
MU, YCTOHYUBOCTH K DJICKTPOMATHUTHBIM TIOMEXaM; BO3-
MOYKHOCTh MYJTBTHILICKCHPOBAHUS OOJIBIIOTO KOJINYECTBA
UD B paMKaxX OJHOTO ONITHYECKOTO BOJOKHA; OTCYTCTBHE
HEOOXOIMMOCTH OPTaHU30BHIBATH BBOJI/BBIBOJI M3TYYCHHUS
13 ONTHYECKOTO BOJOKHA U BBICOKAs HAJIEKHOCTH [2].

Ha cerogusiHuil 1eHp CyIIEeCTBYIOT Ba METOAA U3MeE-
peHuii criekTpangbHoro oTkinka BEP: cnexrpomerpust (uc-
MI0JIb30BAHUE IITUPOKOIOIIOCHOTO UCTOUHUKA U3ITyUCHHS U
CIeKTpOaHalIn3aTopa Wik MoHoXpomaropa) 3] u nepectpa-
nBaeMasi jJa3epHas CIEKTPOCKOINS (METO BPEMEHHOTO
CKaHUPOBAHMS LIEHTPATIBHON JUIMHBI BOJHBI Y3KOIIOJIOCHOTO
HCTOYHUKA ONTHYCCKOTO U3IMydeHHUs) [4].

K mocTonHCTBaM CHEKTPOMETPHUU CTOUT OTHECTH BBI-
COKO€ pa3pemieHne 1o [THE BOIHEI (Bbime 0,5 mv) u mu-
poxwii muamaszoH aiuuH BomH (ot 100 HM). K HemocTaTkam

OTHOCSTCS OOJIBIIME Ta0apPUTHI, CPABHUTCIIHHO HHU3KAS
yactora ompoca (Hwke 50 k[ 1) 1 SKCIUTyaTallnOHHBIC Xa-
PaKTEPUCTUKH, HE IMO3BOJISIONINE HCIIOIB30BaTh TaKHE
pUOOPHI B YCIOBHAX arpeCCHBHOTO BO3JCHCTBHS OKpY-
JKaroteit cpepl (yrnapbl, pe3Kie N3MEHEHHS TEMITEpaTyp B
[IMPOKOM JHAITa30He U T. 11.).

JlocTonHcTBaMHU TIepecTpanBaeMo JIa3epHOM CIIEKTPO-
CKOITNU ABJISIFOTCA: MaJIbIC Fa6apI/ITHBIe Ppa3MEPhI; BBICOKasA
gactoTa omnpoca (Beie 50 k['1); BO3MOXHOCTH BpeMEH-
HoTo MynbsTUIUIekcupoBanus BBP (1. e. npu ananornganoit
4acTOTe OMPOCa OJJMHOYHON PEIIETKH MPHU UCIIONb30BaHUH
CIIEKTPOMETPHUH, CIIEKTPOCKOMUS MO3BOJISIET ONPALINBATh
Heckonbko BBP Ha ofHOM AsTMHE BOJIHBI, pa3HECEHHBIE IO
BPEMEHU OTKJIHKA). 3 HemoCTaTKOB OTMETHM OOJiee HU3-
Koe pa3pemicHue 1o JrHe BonHb (1-10 mM), mo cpaBHe-
HUIO C CIICKTPOMETPHUEH W OTpaHMYCHHBIN TUara30oH JTHH
BOIH (5—10 HM) Ha OIMH U3MEPUTEITHHBIN KaHaJ.

OOIIMM HETOCTATKOM 000MX METOMOB SIBIISIETCS BHICO-
Kasi CTOUMOCTh OJIOKOB ompoca. J[st cHmkeHus: cebecto-
UMOCTH OJIOKH OTIpoca MPOEKTUPYIOTCS TaKUM 00pa3oMm,
‘ITO6I)I CHU3UTb CTOMMOCTb OAHOI'0 U3MEPHUTEIILHOTO Ka-
Haja, HO M3-32 BHICOKOW CTOMMOCTH MMEIOIIUXCS TEXHH-
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B.C. Ownakos, A.C. Aneinnuk, C.A. Bonkosckuin, [.C. CMupHoOB

YEeCKHX PEICHHUH preMiIeMasi CTOMMOCTh OJIOKOB OIpoca
JIOCTUTAETCS TOJIBKO B CIIOXKHBIX JOPOTOCTOSIIIUX MHOIO-
KaHaJIbHBIX CUCTEMaX.

Ha npaxTuke 9acTo BO3HHKAeT HEOOXOIMMOCTB OIIpoca
€AMHUYHOTO WK HeOoboro Mmaccusa UD Ha ocHoBe BBP,
B CBSI3H C YeM aKTyaJIbHOH SIBIACTCS 3a/1a4a MUHAATIOPH3a-
[IWH, TIOBBIIICHUS HAZCKHOCTH U YACTICBICHNS YCTPOUCTB
00paboTKN curHamoB oT Takux Y3 [5-8].

IIpumeneHue mWUpOKo pacpoCTpaHEHHOH TEIEKOMMY-
HUKAI[MOHHOM 3JIEMEHTHOM 0a3bl O3BOJISCT CYIIIECTBEHHO
CHU3HUTh CTOUMOCTh COBPEMEHHBIX CEHCOPHBIX CHCTEM
pasznuyHoro Tuna. Cpeau TeIeKOMMYHHUKAI[HOHHBIX IMO-
JIyIPOBOJHUKOBBIX JIa3€POB, MOAXOASAIMINX ISl Olpoca
BBP meTonoM ckaHMpOBaHUS LIEHTPAJILHON AJTMHBI BOJIHBI,
BBIJICJIUM MTOBEPXHOCTHO-U3ITYUaIOLIUE Ja3epbl C BEPTU-
KabHBIM pe3onatopoM (Vertical-Cavity Surface-Emitting,
VCSEL) u na3epsl ¢ pacripeneaeHHONR 00paTHOH CBSI3bIO
(Distributed Feedback, DFB).

M3BecTHBI METOABI NEPECTPONKH LIEHTPAILHOM JTMHBI
BOJTHBI TAKUX JIA3€POB MPH ITOMOIIHN TPSIMOH UMITYIIECHON
TokoBO# Monynsunu [9—11]. KnroueBsiM HemocTaTkoM
VCSEL sBusieTcs TO, 9TO KOMMEPUECKH JOCTYITHBIC J1a3e-
PBI, H3IIyYaroIue Ha AIuHax BodH 1,3 MkM win 1,5 MK,
NPOM3BOIAT HEOOJIBIIOE KOJMYECTBO KOMITaHUi. B cBOIO
ouepens DFB-na3eps! nuMmeror 6osee MUPOKYI0 HOMEHKIIA-
TYpY ¥ HU3KYIO CTOMMOCTh M3-3a XOPOIIO OTPaObOTaHHOMH
TEXHOJIOTUU IIPOU3BOACTBA U LIMPOKOTO PACIPOCTPAHEHUS
B Ka4€CTBE HCTOUYHUKOB U3TyUEHHUS JUIS TENEKOMMYHHKAIH-
OHHBIX [TPHEMO-TICPEIaTINKOB, YTO JCTAcT TAKHUE JIa3ePhl
OoIee MPHUBICKATEIEHBIMU TIPH UCTIONB30BAHUU B YCTPOH-
cTBax onpoca BBP.

B 00beMHOI1 onTHKE MIMPOKO U3BECTHBIM ABJISIETCS Me-
TOJ aBTONMHHOM nHTEpPepomerpuu [12]. KiroueBoii oco-
OGEHHOCTBIO TAaHHOTO METO/Ia ABJISIETCS UCIIOIH30BaHHE JIa-
3epa B KaueCcTBE MCTOYHHKA U3JIydeHHs1 U HHTephepoMeTpa,
a BCTPOCHHBIN B J1azep (OTONMO/, TpeTHA3HAYCHHBIN JUIs
KOHTPOJISI ONITUYECKOM MOIIHOCTH, MPUMEHSETCS IS Je-
TEeKTUPOBAHUS MHTEPPEPEHIIMOHHOTO curHaia. OCHOBHBIM
HEIOCTATKOM JAHHOTO METO/IA SIBIISIIOTCS HU3KUE TyBCTBH-
TENBHOCTb U I10JI0CA MPOIYCKAaHUS BCTPOEHHOTO B J1a3ep
¢dorommona. B padore [13] mpomeMOHCTPUPOBAHO JIETEK-
THPOBAaHUE CHUTHAJIOB aBTOAMHHON WHTEpdepoMeTprun 3a
CUeT M3MEHEHH HAPSUKEHUS Ha aHOJE M KaToJIe JTa3epPHOTO
JIO/1a, TEM CAMBIM JIa3epHBIN THOM SBISIETCS HCTOYHUKOM
Y IPUEMHHUKOM U3Ty4eHHUs. B cpaBHEHHH CO BCTPOSHHBIM
(hOTOIMOIOM TAaKOH METOJ] TO3BOJISIET 00ECIICUHUTD MOJIOCY
4acTOT NMPHEMa CUTHAJIOB, COTIOCTABUMYIO C IOJIOCOH Ya-
CTOTBI MOJYISIIMM U3Ty4YeHus jazepa. CTOUT OTMETHUTH,
YTO OCHOBHBIE ONTORIEKTPOHHBIE XapaKTepUCTUKN Jlazepa
B PEXKHMMaX KOPOTKOTO 3aMbIKaHUsI U (DOTOBOJIBTANYECKOM
peXXHMe He MacHOPTU3UPYIOTCS U HE NPUBOIATCS B JOKY-
MEHTAllUU TPOU3BOAUTEISIMU.

KitroueBbIMu TapaMeTpaMu JIa3epHOTO U0, UCIIONb-
3YIOIIETOCA B Ka4eCTBE MPUEMHUKA OMTHYCCKOTO H3ITY-
YCHHUS, SBIAIOTCS: TyBCTBUTEIHHOCTh B JUANA30HE JUTHH
BOJH (A/BT); TeMHOBO TOK (TIA) ¥ aMIUTUTYAHO-9aCTOTHAS
XapaKTepPUCTHKA.

B Hacrosmelt paboTe npeanioxkeH MeTo ] IeTEKTHPOBa-
HUS CIIEKTPaJILHOTO OTKIIMKA BBP, 0CHOBaHHBIN Ha UCIIOJb-
3oBaHuu DFB-n1azepa B xauecTBe UCTOYHMKA U IIPUEMHUKA
onTHueckoro u3nydenus. Ilepecrpoiika nenTpansHoi 1u-

HBI BOJIHBI JIa3epa OCYIIECTBISIETCS IOCPECTBOM MPSIMOIL
UMIYNbCHOM TokoBON Moaysanuu. OTpaxenHoe ot BBP
M3JIyYeHHE JICTEKTHpYyeTcs 3a cueT GpoTodddexra B nazep-
HOM JIOJI€ B MOMEHTBI OTCYTCTBHSI TOKOBOTO MMITYJIbCA.

ens paboThl — HccIeI0BaHNE ONTOAIEKTPOHHBIX
XapaKkTepUCTHK nomynpoBogaukosoro DFB-masepa B pe-
JKuUMe KopoTkoro 3aMbikanus (K3) u ¢poToBomsTanmdeckoMm
peKIMeE.

IlepecTpanBaemasi j1azepHasi CIEKTPOCKONUS
s onnpoca BBP

TumoBas cxema yCTpOHCTBa, peaU3yIOIIEero METOx
MIePeCTPanBACMOM JIA3EPHON CIIEKTPOCKOINH JUISI I€TEK-
THPOBAaHUSA CIEKTPaIbHOTO OTKIHKa 0T BBP (puc. 1),
BKJIFOYAET: NEPECTPanBACMBbIH MO ATMHE BOJIHBI HCTOUHUK
W3TYYCHNUS, ONTHYECKUN UPKYIATOp U hoTomamon. Yacto
IUPKYISITOP 3aMEHSIOT Ha Y-OTBETBUTEIH U M305TOD [14]
JUTS 3aIUTHI UICTOYHHUKA U3Ty4EeHHUS OT OOPAaTHBIX OTpaXKe-
Huil. LleHTpanpHast JyInHA BOTHBI HICTOYHUKA H3ITy4eHUS 2
NepecTpanBaeTcs MPSIMBIM TOKOBBIM MMITYJILCOM (POPMU-
PYEMBIM FeHepaTopoM MMIIYIbCOB / B JHana3oHe AJUH
BOJIH OT Ay JI0 Ay 32 BpeMs 7, TIPH 3TOM Ka>KZI0My MOMEHTY
BPEMEHU B UMIYJIECE COOTBETCTBYET HEKOTOPAsl BEIUYU-
Ha A. VIMITy;IbC ONTHYECKOTO M3IIyYeHHSI ¢ MOIIHOCTBIO P
U JUIUTEITBHOCTHI0 T TIPOXOAMT TI0 BOJIOKHY paccTostHue L
u ot BBP 4 orpaxaercs usnyueHue, COOTBETCTBYIOLLEE
LEHTPaIbHON AnMuHEe BONIHBI bparra Agpp. OTpakeHHOE
U3JTy4eHNE IPOXOANUT B 0OPaTHOM HAIpPaBICHUU PAcCTOs-
HUe L 1 yepe3 LUpKyJsiTop 3 nonaaaet Ha Gotomuon I, e
mpeoOpas3yeTcs B MEKTPUUSCKUI CUTHAI, TTOCTYIAOIINI
Ha CYETYUK BPEMEHU 6 BMECTE C MCXOAHBIM UMITYIbCOM
re"eparopa. CueTuuK BpEMEHHU OINpeieNnseT BpeMs OT Ha-
yaJia UMITyJIbCa IePeCTPONKH HEHTPAIbHON ATIMHBI BOJIHBL,
MIOIaHHOTO Ha JIa3epHBIM JANO0A /10 IpUXo/a Ha (OTOANO
u3ny4deHus1, orpaxeHHoro ot BEP. Ilpu mexanuueckom
TeMITepaTypHOM Bo31eHcTBHsAX Ha BBP Aggpp cMemaercs, B
pe3ynbrare c4eTYnK BPEMEHU PETHCTPHUPYET PasHUILy 110
BPEMEHHU MEKY UMITYJIbCOM MEPECTPONKHU LIEHTPATIbHON
JUTMHBI BOJTHBI HICTOUYHHKA M3ITy49EHHS 1 3aPeTUCTPUPOBAH-
HBIM MMIIYJIbCOM Ha (hOTOAMOAE.

[Ipencrasnennsiii Metos onpoca BBP no3sonser ynpo-
CTHUTb THIIOBYIO CXEMY YCTPOICTBA, peasn3yIOLIeT0 METO
CKaHMPOBAHMS LIEHTPAJIBLHON JUTMHBI BOJHBI Y3KOIIOJIOCHOTO
UCTOUHHKA U3Ty4YeHHUs A0 JazepHoro auoaa u BBP.

B kadecTBe mccieayeMoro J1a3epHOTo IMOAa BHIOpaH
DFB-nazep LDI-1550-DFB-2.5G-20/70 ot koMmnaHuu
Laserscom, cepuiiHO BBIITyCKaeMblil HA POCCUICKOM PBIH-
Ke 1 00JIaIaloMmuii CIIeTyIONMMI THITOBBIMH TIapaMeTpa-
MU: [IeHTpajbHas JyIMHA BOJHBI 1550 HM, MakcuMallbHas
BBIXOMHAsI MOIIHOCTE 70 MBT, mupuHa criektpa 80 1M,
yacTtoTa Moxyssmn a0 2,5 I'T.

MeTon nepecTpoiiky HEHTPAJIbHO JJIMHbI BOJIHBI
DFB-nazepa

Merton nepecTpoiiku LeHTpanbHOU AIuHbI BoJaHbI DFB-
Ja3epa omnmcaH B pabote [15] u ocHOBaH Ha TeMIiepaTyp-
HOM CJIIBUTE IICHTPAJIFHOM JTMHBI BOJTHEI Jla3epa B Pe3yIib-
TaTre KpaTKOBPEMEHHOT'O pa3orpeBa aKTHBHOW 00JacTu
UMITYTbCHBIM TOKOM BBICOKOH IIIOTHOCTH Ha KPHCTAaJUIE.
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Puc. 1. TunoBas cxema yCTpOﬁCTBa JCTCKTUPOBAHUSA OTKIIUKA OT BOJIOKOHHO#M PEUIETKHU Bparra IIpy NOMOIIU METOAa HepeCTpOﬁKI/I
L[eHTpaJ'[l)HOf/i JUIMHBI BOJIHBI Y3KOIIOJIOCHOI'O UCTOYHHKA U3JTYUCHUS:

1 — reHepaTop UMITYIIbCOB; 2 — MCTOYHHK M3Iy4eHUs ; 3 — IUPKYIATOpP; 4 — BOJIOKOHHAs peterka bparra (BBP); 5 — doroxnon;
6 — CUETYUK BPEeMEHU

Fig. 1. Typical fiber Bragg grating interrogation system based on wavelength-swept laser diode.

1 — pulse generator; 2 — light source; 3 — circulator; 4 — fiber Bragg grating (BEP); 5 — photodiode; 6 — time measurement unit

IlepecTpoiika LeHTpalbHOM AJIMHBI BOJIHBI HA 10 HM ocy-
IIECTBIBIETCS 3@ CUET MOAY/ISILINHA KOPOTKMMH UMITYITBCAMH
TOKa, BEJTMYMHA KOTOPBIX HA HECKOJIBKO MOPSIIKOB BBIIIE
pabodero Toka ja3epa u cocTaBisieT 4 A.

Ha uccnenyemslii nazepHblil 1O/ MOJIAIOTCSI TOKOBBIE
HMIYNBCHI ¢ iepuoaoM 10 MKC U uTenbHOCTHI0 250 He.
Jluarna3oH nepecTpoiky BEJIMUKUHBI TOKA B UMILYJILCE COCTa-
B oT 0,04 1o 1 A, TOK IpH 3TOM YBETUUMBAJICS C ILIATOM
40 MA. 3aperucTpupoBaHHbIE CIIEKTPhI U3TYUEHUS J1a3epa
IIpU IEPECTPOIKE LIEHTPAIBHON JUIMHBI BOIHBI B 3aBUCH-
MOCTH OT BEJTMYMHBI TOKA MOIYJISALINH TTIOKa3aHbI Ha puC. 2.

Jist perncTpanuy CrieKTpoB MCIOJIb30BAaH ONTHIECKUH
cnekrpoananmzatop Yokogawa AQ6370C. [lepuon nukia
CKaHHPOBAHUS B CIEKTpantbHOM amamazone oT 1500 mo
1600 aM coctaBmser 0,2 ¢, mO3TOMY HapyIIaeTcs MpHH-
LIUIT MTHBAPUAHTHOCTHU U CIIEKTPBI IEPECTPONKH LIEHTPaIb-
HOH nnuHbl BonHbl DFB-51a3epa uMeroT BUJ CILIOIIHbIX.
Henuneitnast popma CeKTpaibHOTO OTKIIHKA TIEPECTPOIA-
KN 4aCTOThI U3JTYy4YCHUS J1a3€pa IpUu NMOCTOIHHOM TOKE B
HMITYJIbCE CBUJECTENIBCTBYET O HETMHEHHOCTH CKOPOCTHU
MepeCTPONKHU LIEHTPATbHON JUIMHBI BOJIHBI a3epa [16].
Ha cnexTporpaMMe HeIMHEHHOCTb CKOPOCTH MEPECTPOH-
KM IICHTPAIBHOMN JUIMHBI TPOSBIISIETCS] KaK MOCTEIEHHOE
M3MEHEHHWE YPOBHS MOIIHOCTH Ha T'PAaHUIIAX JUara3oHa
MIEPECTPONKH.

TunoBol cABUT LIEHTPAJIbHOM JJIMHBI BOJIHBI bparra
st BBP, ncrionp3yromeiicst B kagectBe UD B BOTOKOH-
HO-ONTHYECKUX CIIEKTPAIbHO-CEICKTUBHBIX CUCTEMAX U3-
Mepenus: Temmeparypsl [17], cocrasnser 10 nm/K. [{ns
obecrieyeHust paboThI B AMAIIa30HE TEMIIEpaTyp OT MHHYC
40 °C go 120 °C, HeoOXoquMO 00€CIIEUNTh JUAIa30H IIe-

PECTPOMKH LEHTPAJIbHON JJIMHBI BOJIHBI Ja3epa Ha 1,6 HM.
ITonyuenHoro nuanas3oHa nepecTporky UEHTPAILHOM 11U~
HBI BONHHI (2,5 aM) DFB-nazepa gocrarouno mis ompoca
onHoi BBP B mpuBeIeHHOM TEMIIEpaTypHOM JUala3oHe B
kauecTBe UD 11 U3MEpEHHs TEMIIEPaTypPHI.

AMILTUTYIHO-4ACTOTHAS XapAKTEePUCTHKA
DFB-n1a3epa B oTOBOJIbTANYECKOM PesKHMe

Tak Kak MeTO/1 NEPECTPOMKHU LIEHTPaIbHOMN UIMHBI BOJI-
Hbl DFB-1a3epa 0CHOBaH Ha IIPSIMOI IMITYJIbCHOW TOKOBOM
MOIYJISIUH C JUTUTEIBHOCTBIO HMITYThCcOB 250 HC, TO 17
JICTeKTUpOBaHus OTKIKKa oT BBP ¢ ucnons3oBanuem ¢o-
TOBOJIETAMYECKOTO PEeKMMa JIa3ePHOTO JHO/Ia, ero mojoca
MIPOMYCKAHUS B 3TOM peXHME He JOKHA OrpaHHYMBaTh
MOJIOCY PETUCTPUPYEMOTO CUTHAIA.

B pamkax HacToseli paboThI BEITIOIHEHA OICHKA Ya-
cToTHBIX TapameTpoB DFB-maszepa B poroBonbTamaeckom
pexume u B pexxuMe K3. M3Mepenust mpoBoauIuCh Mpu
TMOMOUIY CXEMBbI, IpeACTaBlIeHHON Ha puc. 3. [IpuHuun
M3MEpPEHNs OCHOBAH Ha PErucTpanu ko3¢ uimenTa me-
penaun S21 DFB-mazepa B ()OTOBONBETAHYECKOM PEKAME
B nuamna3one gactoT oT 50 k[’ o 300 MI't mpu momoni
BEKTOPHOTO aHAJIN3aTOpa IIeTIeH.

B xauecTBe MCTOYHHMKA M3Iy4YEHHs TPUMEHEH Ja0o-
PaTOPHBINA CYNEPIIOMUHECHEHTHBIM IHOJI OT KOMIIAHUU
Thorlabs, monens SSFC1005P / ¢ nenTpainbHO# AIHHOM
BOJHBI 1550 HM, 00MaIarOIKi IIUPUHON CIIEKTpa PaBHOM
50 HM ¥ perynupyeMoi BBIXOJHOM MOIIHOCTBIO ONTHYE-
CKOTO M3JIy4eHUs. BrIXxonHOE M3IyueHne UCTOUHUKA JIU-
HEHHO NOJISPU30BAHO, UTO MO3BOJISIET MPHU UCIOIb30BAHUU
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Puc. 2. CiekTpbl epecTPOUKH IEHTPAIbHON JTHHBI BOTHBI DFB-na3epa mpu pa3HbIX TOKaX MOIYIIALIUAR

Fig. 2. Spectrums of the central wavelength sweeping at different modulation currents of the DFB laser diode

ONTUYECKOTO BOJIOKHA, COXPAHSIOIIETO COCTOSHUE MoNsA- It MomynsaTopoM Maxa—Ilennepa (MMLI) 2 (xommaHus
pu3aiuu, corracoBath paboune nossipuzanuonnsic ocu  JDS Uniphase, mogens 10023707).
HUCTOYHUKA U3JTYYCHHA U BXOOAHOI'O ONITHUYCCKOT'O BOJIOKHA OnTrueckoe H3JTYyUYCHUEC UCTOYHHNKA MOAYINPYETCA IPpU
MOZYJISATOPA, 00ECIIeYUB MAKCUMAIIBHYO TNIyOUHY MOZIYJIsi-  TIOMOIIM aMIUTMTYJHOTO MOYJISITOpa TapMOHUYECKUM CHT -
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Puc. 3. bnok-cxema cTeHza Juisl OLIEHKH YaCTOTHBIX XapakrepucTik DFB-nazepa B ¢poToBOIBTanuECKOM pexUMe IPH PA3IUIHBIX
HaINpPsDKEHUSAX CMELICHUS:

1 — ucrouHuK u3nyudeHus; 2 — moayiasarop Maxa—Llennepa (MMLL); 3 — ontuueckuit nzonsitop; 4 — DFB-nasep; 5 — LC-¢uibtp;
6 — BeKTOpHbII aHanmu3atop uenei (BALI)
Fig. 3. Measurement frequency characteristics setup of the DFB laser diode in the photovoltaic mode at different bias voltages:

1 — light source; 2 — Mach-Zender modulator (MML); 3 — optical isolator; 4 — DFB laser diode; 5 — LC-filter;
6 — vector network analyzer (BALI)

Hay4HO-TexXHU4eCcKuii BECTHUK MHDOPMALIMOHHbLIX TEXHONOM A, MEXaHUKK 1 onTukun, 2024, Tom 24, N2 5
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2024, vol. 24, no 5 703



Mccnenosanue xapakTepucTyK NoynpoBOAHMKOBOrO JIa3ePHOro AMoAa C pacnpeneneHHon 06paTHOM CBA3LIO. ..

HaJIOM ¢ 4acToToi B auanazone oT 50 kI qo 300 MI'w,
MOCTYHAIOIIMM € TIOpTa | BEKTOPHOTo aHajiM3aropa Le-
neil komnanuu Siglent, moxens 4502 6. AMIIUTYAHO-
MOJYJIMPOBAHHOE M3ITyYCHHE Yepe3 M30JTop 3 TmoJaeTcst
Ha BXOJ MCCIIEyeMOro JIA3epHOTo J1osa 4, I1e 3a cueT
botorddexra nmpeodpasyeTcs B AMEKTPUICCKUI CUTHAIL.
OnTryecKuif H30IATOP 3 MCIIOIB30BaH IS PEAOTBpaIIie-
HUSl BO3HUKHOBEHUSI HEKOHTPOJIMPYEMOU J1a3epHOM reHe-
panuu CynepIrOMHUHECHIEHTHOTO AMO/A, KOTOpas MOKET
MPUBECTHU K BBIXOAY U3 CTPOA.

DJIeKTPUYECKHH OTKIMK C UCCIEAYEMOTr0 J1a3epHOro
JIN0J1a PETUCTPUPYETCs BXOAHBIM ITOPTOM BEKTOPHOIO aHa-
nuzaropa nerneit (BAILL). B pesynbraTe monyuen Habop
k03((HUIIMEHTOB Nepeiaur UCCIeLyeMOro JIa3epHOro N0
(S21) npu npsiMoM cMelieHnH Juoa B tuarnasone ot 0 1o
0,9 B. HarpsbkeHue cMeIieHus TIpH IIOMOIIH J1aboparop-
Horo Os10ka nuranus komnanuu Rohde&Schwartz, moaens
NGL202 nogaercs xa DFB-nazep uepe3 LC-pumsrp xom-
marnu MiniCircuits, mogens ZX85-12G-S+ 5, nmpenot-
BpAIAIONINK ITYHTHPOBAHNE OJIOKAa MUTAHUS C TIOPTOM 2
BEKTOPHOTO aHaJIM3aropa ueneu. JuanazoH usMeHeHust
HaIpsDKEHHs CMEILICHHUS, MT0aBaeMoro ¢ JaboparopHOro
6moka nutanus, cocraBui ot 0 10 0,9 B ¢ mmarom 10 MB.

AMIUTUTYIHO-4aCTOTHBIE XapaKTEPUCTUKHU UCCIIeTye-
MOT0 JIA3epHOTO JIMO/ia B AMANa30He HAPSDKEHUH TIPSIMOTO
CMeIIeHHs IOKa3aHbl Ha pUC. 4.

C yBeJIMYEHUEM IIPSIMOTO HAIPSDKECHHST CMELICHUS Jia-
3epHbIi auox u3 pexnma K3 nepexoqur B poroBosTanye-
CKHMH PEXUM, YTO IPUBOJUT K CHIDKEHHIO AJIEKTPUIECKOTO
OTKJIMKA Ha BHEIIHEE ONTHYECKOE M3Iy4YEHHE BIUIOTH 110
0,75 B, COOTBETCTBYIONIETO TTOPOTOBOMY HAIPSIKEHUIO
COITIACHO €r0 MacHOpPTHON BOJBTAMIIEPHOM XapaKTepu-
ctuke. [Ipn Hanpspkenuu cmemenus 0,85 B HaOmomaercs
aMIUIMTYIHBIA OTKJIMK BO BCEH IOJOCE 4acTOT, TOK Yepe3
Jla3ep COOTBETCTBYET 3HAUEHHIO 7 MA, IIPU 3TOM YPOBEHb
BBIXOJHOW MOILIHOCTH ONTHYECKOTO M3JIy4eHHUs Jiazepa
COIOCTaBMM C MOIIHOCTBIO MOAYJIUPYEMOT0 UCTOYHHKA
nzinydenus (1 MBr). B pabore [14] takoii adekt onncan
KaK ONTHYECKasi NH)KEKIIUSI, Ha YaCTOTHBIX XapaKTepUCTHU-
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Puc. 4. 3aBucumocts ko3¢ duirenta nepenadn S21 DFB-
nazepa B (JOTOBOJIBTAUYECKOM PEKHMME OT BEJTHUYHMHBI
HapsUKEHUS MPSIMOTO CMELICHUS

Fig. 4. Transmission coefficient S21 of the DFB laser diode in
photovoltaic mode at different bias voltages

Kax 3TO MPOSBIAETCS KaK aMIUTUTY/IHbIH BCIIECK AIEKTPU-
4ecKoro cursaiua. /lanpHeiee yBenuueHue HanpsKeHUs
HPSIMOTO CMEILEHUS JIA3epHOro AMOAA COMIACHO TEOPUU
MOJTYTIPOBOIHHUKOB MTPUBOJIUT K CHIDKCHHIO Apei(oBOTO
HanpspkeHus B PN-riepexoze u pocty qudy3HOHHOTO TOKa
Yyepes3 JIMOJ, YTO BEI3BIBACT POCT BEIMYUHBI U3ITydaeMOi
ONTHYECKOM MOITHOCTHU. 1o BO3aelicTBUEM OITHYECKO-
TO M3IYYCHUS B aKTHBHOW 00JACTH MPOMCXOANT IeHepa-
st GOTOMHIYIMPOBAHHBIX EKTPOHHO-IBIPOYHBIX T1ap,
MO9TOMY CHH)KEHHE JIpei(hOBOTO HAMPSHKEHUS! BHEITHUM
ANEKTPUUYECKUM TI0JIEM MPUBOAUT K YBEINYCHUIO PEKOM-
OuHaimy GOTOMHAYIMPOBAHHBIX HOCHUTEINICH B aKTHBHOM
obnacty, TIpH 3TOM BeJIMUMHA (POTOTOKA IMaJIaeT U CTAHO-
BUTCS MaJIOPa3INYUMON B CPABHEHUHU C PACTyILUM Ipsi-
MBIM 1 ()Y3MOHHBIM TOKOM.

IIpu BO3AEHCTBUM BHEIIHETO ONTUYECKOTO U3IIy4YEHUs
DFB-nazep nmeeT HanOONBIINN aMITTHTYIHBIH OTKIIHK BO
BCEH IoJioce 4acToT M 00ianaeT HauOobIIe TyBCTBH-
TEIBHOCTHIO W TIOJOCOH MPOMYyCKaHUs M0 ypOBHIO —3 1b
pasHo# 300 MI'1 ipy HanpsHKEHUN CMEIICHHUS, COOTBET-
cteytomem 0 B, 1. e. B pesxkume K3. C pocTom 4acToThI
AMIUTUTYIHOM MOYJSAIIMN BHEIIHETO M3JTy4eHUs] HaOIio-
JlaeTcs HE3HAYUTEIIPHOE CHIKEHUE BEITMYMHBI AIEKTpUYe-
CKOTO aMIUIUTYJHOTO OTKIIMKA, YTO MOXKET OBITh CBS3aHO
C HECOBIMAJICHUEM BOJHOBBIX CONMPOTUBICHUH BXOTHOTO
IOpTa BEKTOPHOIo aHanu3atopa neneit 1 DFB-nasepa.

[Nomyuennoii nonocel npomyckanus pasHoit 300 MI'n B
pexxume K3 goctaTouHo 11sl perucTpanuy CHeKTPanbHOro
otkika ot BBP Bo BpemeHHO# oOmacTu.

CﬂeKTpaJ’leaﬂ YYBCTBUTEJIBbHOCTb U TEeMHOBOI TOK
JIa3€pHoOro 1uoaa B (l)OTO}.IHOI[HOM pexumMe

TeMHOBOH TOK M CIIEKTpalbHAasl UyBCTBUTEIbHOCTD
OIIPEACISIOT MTOPOTOBYIO0 YYBCTBUTEILHOCTD (POTOIIPHEM-
HUKa. J{7s NeTeKTUPOBAaHUS CHEKTPAIBHOTO OTKIHKA OT
BBP Heobxonmmo, 9yTo6s! mpu (otodddexre dmexTpude-
CKHH OTKJIMK MCCIIEAYEMOTO JIa3€PHOTO AMONA B PEKUME
K3 Ob11 TMHEeH ¥ HE3aBUCHM OT JTMHBI BOJTHBI BHETITHETO
OINITHYECKOTO M3ITyYCHHUS, 2 TEMHOBOH TOK OBLT COIIOCTaBUM
C TEMHOBBIM TOKOM PIN-(OTOAMOIOB, UCTIONB3YIOIIUXCS B
HU3MEPUTEIIBHBIX cXeMaxX. TUIoBasi 4yBCTBUTEIbHOCT PIN-
dhoroauronos Oinska k 1 A/BT. BenmnunHa TeMHOBOTO TOKa
PIN-poToanonos coctapiset aecstku nukoamrep ((oto-
nuon ot koMrianuu Laserscom, mozens PDI-80-P10-2G-K,
oOnanaronuil YyBCTBUTEILHOCTRIO | A/BT B nnamazone
JutiH BoJIH 1400—1650 HM ¥ TEMHOBBIM TOKOM BEIUYHHOM
30 mA).

Cxema m3MepeHnst TCMHOBOTO TOKa, TIOKa3aHa Ha puc. 5.
IMukoammepmetp xommanun Keithley, monens 6487 mo3Bo-
JIIET U3MEPSATH TOKHM ¢ pasperenreM 1014 A ¥ TOUHOCTBIO
0,3 %, IMeeT BCTPOCHHBIA PEryIupyeMbIii HCTOYHHUK Ha-
MPSDKCHUS U1 CMeIIeHust PN-Tiepexosia ncciaeayeMoro
JIa3epHOro AMOJA B MPSIMOM M OOpaTHOM HAaNpaBJICHUSIX,
YTO MOAXOMT ISl U3MEpeHHUst POTOTOKA M TEMHOBOTO TOKa
(oronmonoB. M3amMepenst MPOBOIIMIINCE TIPH TEMIIEpaType
25 °C 0e3 Bo3eHCTBUS ONTHYECKOTO M3myyeHust Ha DFB-
nasep.

W3mepennast oOpaTrHast BETBb BOJIBTAMIIEPHOM XapakTe-
puctuku DFB-nazepa npencrasiena Ha puc. 6. TemHOBOMI
ToK B pexkume K3 (Tpu HyneBOM HampspKeHHH CMEIICHUS
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Puc. 5. Cxema usmeperus reMHoBoro Toka DFB-naszepa

Fig. 5. Measurement dark current setup of the DFB laser diode
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Puc. 6. O6patHast BeTBb BOJIbTAaMIIEPHON XapakTepuctuku DFB-
nazepa

Fig. 6. Current-voltage characteristic reverse branch of the DFB
laser diode

naszepa) cocrasisieT 12,5 nA, npu yBenuueHun odpart-
HOTO HanpsDKeHMs CMelIeHud 10 —2,5 B yBennuuBaercs
10 55 HA. TemHoBo# TOk B pexume K3 conocraBum ¢
TEMHOBBIMH TOKaM¥ PI/N-(hoToanon0B, HCIOIb3YEMbIX B
n3MepuTeNnbHbIX cxemax. B pexume K3 DFB-nasep mo-
XKeT OBITh MPUMEHEH ISl IETCKTHPOBAHHS ONTHYECKOTO
n3rydenus: oT BBP nnm apyrux BOIOKOHHO-ONTHYECKUX
CIEKTPAJIbHBIX JaTYUKOB.

Jnsg uaMepeHus CekTpaibHOM 4yBCTBUTEIbHOCTH
DFB-na3zepa ucnonb30Bajack cXema, IpeACTaBIeHHas Ha
puc. 7.

B kauecTBe BHEIIHEr0 NCTOYHMKA M3JTyUeHHUs] BHIOpaH
nepecTpanBaeMblil Jlazep komnanun Keysight, monens

Keithley 6487

Qar4

W3mepurenn

TOKa @- ‘_

| Keysight N7711A

Puc. 7. Cxema n3mepenus uyBctButenbHoctu DFB-nazepa B
pEKHMME KOPOTKOTO 3aMBIKaHUS

Fig. 7. Measurement sensitivity setup of the DFB laser diode in
short circuit mode

N7711A ¢ BO3MOXKHOCTBIO PETYITHPOBKH BBIXOJAHOI MOII-
HOCTH U IIeHTpaJbHOU JUIMHBI BoJMHBL. Ha BXox uccnenye-
MOTO JIA3€PHOTO IMOAA TI0IaBAIOCh ONTUYECKOE U3ITyUYeHHUE
B nuanazone 0—20 MBT ¢ marom 2,5 MBT Ha Tpex anmHax
BosiH 1540, 1550 u 1560 um. Perucrpanust Toka npou3Bo-
JTUIIACh C TIOMOIIBIO MUKoaMIiepmeTpa (puc. 8).
UyscreurensHocTh DFB-n1azepa nonyuena npu Hyse-
BOM HANPsDKCHUN CMETICHHUS U, COTTIACHO PHUC. 8, COCTaBIIA-
et 0,1 A/BT. OTKIIHK JTa3epHOTO ITHOAA Ha ITOCTYMAIOIIYIO
BXOJHYIO OMTHYECKYI0 MOITHOCThH JUHEEH U HE UMEET
3aBUCUMOCTH OT JTMHBI BOJHBI B IMalla30HE CKAaHUPOBa-
Husl. YyBCTBUTENBHOCTD JA3€PHOTO AMOJIa HA MOPSAIOK
HUXKE, YeM TUTIOBBIC 3HAYCHUSI YYBCTBUTEIBHOCTH y PIN-
(hOTOZMOIOB, HCIIOIB3YIOIINXCS B U3MEPUTEIIBHBIX CXEMax
B iManazoHe UiiH BosiH oT 1540 no 1560 HM, ogHaKo ypoB-
Hs ayBcTBHTENbHOCTH B 0,1 A/BT nocrarouHo aist geTek-
THUPOBAHUS MOIITHOCTU ONITHYECKOTO U3TYUCHHUS OTKIIHKA OT
BBP wim apyrux BOJIOKOHHO-ONTUYECKHX CIEKTPaTbHBIX
JTATYIKOB YOAIICHHBIX Ha paccTosHUE B mpenenax 10 kM.

Perucrpauus orkiuka BBP npu nomomu DFB-
Jiazepa B pe:kuMe NMpHeMo-nepeaaTynKa

Jlnst mpoBeneHus n3Mepenus Obuta n3rorosieHa BEP B
TEJIEKOMMYHHUKAIIMIOHHOM ONTHYeCKOM BosiokHe SMF-28
crarnapra G.657.A1 (AuaMeTpsl CBETOBEIYIICH KIITBI —
okono 10 MM, 060109kH — 125 MKM U 3aITUTHOTO aKpHu-
JIATHOTO MOKPHITHA — 250 MKM) TIpH ITOMOIIN CXEMBI 3a-
MHMCH Ha ocHOBe mHTEepdepomeTpa Tanpbora [18].

[Tapamerpsr BBP: nienTpanpHas ainHa BOJHBI (TIPH
temneparype 25 °C) — 1551 uwM, mupuHa crexkTpa —
0,22 um (1o ypoBHI0 —3 1b), TemrneparypHbIil CABUT IIEH-
TpasbHOU JTiHbI BOJTHBL — 10 M/K, koaddurmenT orpa-
skeHus — 90 %.

Ha puc. 9 npezcrapiena 010K-cxemMa MakeTa JUIsl 9KC-
MIepUMEHTAIBHOHN ITPOBEPKH pab0TOCIIOCOOHOCTH MPEAIIO-
’keHHoro merona onpoca BEP npu nomown DFB-nasepa B
PEeKMMaxX MCTOYHHMKA U MPUEMHHUKA ONTHYECKOTO M3ITyde-
Husl. I3MepeHust NpoBOAMIUCH NP KOMHATHOW TeMIiepa-

Tok, MA
—

r * 1540 am
O 1550 um
1560 am
0 £ L L
0 10 20

OnTuyeckast MOITHOCTh, MBT

Puc. 8. 3aBucumocts potoroka DFB-nasepa B pexxnme
KOPOTKOTO 3aMbIKaHHUS OT MOIITHOCTH BXOJHOTO OMTHYECKOTO
W3Ty4eHus s UiH BostH 1540, 1550 u 1560 HM

Fig. 8. Photocurrent dependence of the DFB laser diode in short
circuit mode at wavelength 1540 nm, 1550 nm, 1560 nm
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Puc. 9. bnok-cxema MakeTa JJIsl OIpoca BOJIOKOHHOM perietku bparra (BBP) npu nomonu DFB-nasepa B pesxume npueMHUKa
U TepeaTINKa ONTHUECKOTO U3ITyYEeHUs:

1 — ocumutorpad); 2 — UMITYJIbCHBIM HCTOYHHUK TOKa; 3 — HCCIIELyeMbIi Ja3epHbIii THO/; 4 — BOJIOKOHHas peietka bparra (BBP)

Fig. 9. Measurement setup for fiber Bragg grating interrogation system using DFB laser in the receiver and transmitter mode
of optical power:

1 — oscilloscope; 2 — pulse current source; 3 — laser diode; 4 — fiber Bragg grating (BEP)

Type 25 °C. Ha nazepHslii 1noj 3 OJaBAIUCh UMITYJIbCHI
TOKa BenmuunHOU 1 A ¢ mmutensHOCThIO 250 HC M IEpHOIOM
cienoBanust 10 MKC IpU MOMOIIM UMITYTCHOTO UCTOYHUKA
ToKa 2. J/lnana3zoH nepecTpoiku LIEeHTPaJIbHON JTMHBI BOJ-
HBI COCTaBUA 2,5 HM B COOTBETCTBHH C pUC. 2.

NMnynbc ONTHYECKOrO0 U3AYy4YEHHUs ¢ MOCTOSHHON
MTHOBEHHOM MOIIHOCTBIO U H3MEHSIOIICHCS JITMHOHN BOJI-
HBI QOPMHUPYEMEBIH Ta3epHBIM AUOIOM IHTEIBHOCTHIO
T =250 HC POXOIUT 1O BOJIIOKHY pacctosane 100 M, u
ot BBP 4 orpaxaercs onTu4ecKoe U3Jy4YeHUE C JIIMHOU
BOJIHBI, COOTBETCTBYIONIEH IIEHTPAIBHON JUIMHE BOIHBI
bparra — 1551 um (Aggp Ha puc. 9). OrpaxenHoe or BBP
M3Ty4YeHHE MPOXOAUT B 00paTHOM HampaBlIEHHH PaccTosl-
Hue, paBHoe 100 M u nmpuxoaut Ha DFB-na3zep B MoMeHT
BpPEMEHH, KOTJa Hamlps KeHHUEe Ha JIa3epHOM JHOJIE yIaslo
1o 0 B, rre 3a cuet dororddexra npeodpasyercs B dJICK-
Tpuueckuil otkink. OTkauk ot BBP B Buae HampsbkeHus
HA JIa3€PHOM JUOJE AETEKTUPYETCs MPU MOMOIIM OCLUII-
norpaga komrnaunnu Rhode&Schwarz, monens RTO1024 /.

Ha puc. 10 npeacraBieH pe3yasTaT IeTCKTHPOBAHU
CHEKTPaJIbHOTO OTK/IMKa OT BBP.

B pesynbrare TemneparypHoro Bo3aeiictsus Ha BBP
MIPOUCXOIUT CABUT HEHTPATbHOH UIMHBEI BOJMHBEI bparra.
Tax kak 1IIEHTpaJdbHOU JJIMHE BOJIHBI Ja3epa IpH Iepe-
CTpOMKE MOYKHO COITOCTAaBUTh HEKOTOPHI MOMEHT BPEMEHHI
U3 JUIUTENIBHOCTH T, TO CABUI LICHTPAJIbHOU AnuHbI BBP BO
BpPEMEHHOW 00JacTH MPHUBOIUT K U3MEHEHHIO 3aJIePIKKH
MEX]ly UMITYJIbCOM MOIYJSILIMM U OTpakeHHbIM oT BBP
U3Iy4YEHUEM.

W3MeHeHne 3a1epKKHU 110 BPEMEHU MEX Ty UMITYIbCOM
MOJIYIAIIUY U OTpakeHHBIM 0T BBP n3nydennem cooTBet-
ctByeT 700 1iCc mpu cABUre UEHTPAJbHOW IJIMHBI BOJIHBI

BBP cootBetcTBytomem 10 mM, 4TO SKBHUBAJIEHTHO H3-
MeHeHuro Temmneparypsl BBP na 1 °C. Bennuuna casura
LEHTPaJIbHON JUTMHBI BOJHBI (PUKCHPOBANIACh CIIEKTPOaHa-
JIN3aTOPOM TI0 M3JIyUeHHIO npouiememMy yepe3 BBP.

B
T

(==}
p in

Hanpsokenue, B

800 1200

Bpewms, He

0 400

Puc. 10. OcuuuiorpaMma 3aperucTpUpOBaHHOIO OTKIMKA OT
BOJIOKOHHOI! pemietku bparra (BEP) npu nomomu DFB-nazepa
B PEKMME UCTOYHHMKA U IPUEMHHUKA ONTHYECKOTO U3ITyUECHHUS:
1 — ¥MITyIIbC MOZYIISIMY J1a3epa; 2 — SIEKTPUUCCKUN OTKIIHK,
BBI3BaHHBIN OTpaxkeHueMm ot BBP, 3apeructpupoBannbiii npu
nomomm DFB-nasepa B (hoTOBONBTaNYECKOM pexUME

Fig. 10. Waveform of the recorded FBG signal using DFB laser
diode in the receiver and transmitter mode of optical power:

1 — laser modulation pulse; 2 — electrical response of the DFB
laser diode in the photovoltaic mode induced by FBG reflection
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JIUTENBbHOCTU UMILYJIBCOB OTpakeHHOro or BBP u3-
aydenus (2 Ha puc. 10) HaKIaABIBAIOT BBICOKHE TpeOoBa-
HUSI K aInaparype perucrpanii 1 o0padoTKH OTKIMKA OT
BBP B wacTu BBICOKOH 9acTOTHI AUCKPETHU3AIUH (BBIIIE
6-108 T'11) u obecrieyeH st aHAIOrOBOM I0JIOCKI IIPOITYCKa-
Hus Tpakra Beiwe 300 MI'n. Ucnonb3oBanue coBpeMeH-
HBIX TIpeoOpa3oBareneii BpeMsa-mudpoBoit xox [19] mns
JETEKTUPOBAHMS BPEMEHHOU 3aJE€PKKUA MEKIY UMITYJIb-
CaMM M3MEPEHUAX MOXKET CYIIECTBEHHO CHU3HUTH TPeOo-
BaHMs K 3JIEKTPOHHOM yactu onpoca BBP ¢ coxpanenuem
BBICOKOTO pa3pelieHns Mo IEHTPaIbHOH IIMHE BOJIHBI HE
menee 10 mm.

3akJjoueHne

IIpencTaBieH MeTOJ ONPOCa BOJOKOHHBIX PEIIETOK
Bpoarra npu nmomomu HCCAEAYEMOTo JIa3epHOTO AMOAA
(DFB-na3epa) B pe)xuMe UCTOYHHMKA M NPUEMHHKA H3-
nydeHus. [IpoBeneHa OLEeHKA TUIIOBBIX XapaKTEPHUCTHK
DFB-na3epa B pexxuMe NpHUEMHUKA ONTHYECKOTO H3IY-
yeHusd. 1o momydeHHbIM JaHHBIM MOXKHO CIENaTh BBIBOJ
0 BO3MOXKHOCTH Hcnonb3oBanust DFB-nazepa nis nerek-
TUPOBaHMS OTKJIMKA OT BOJOKOHHOW pemieTku bparra B
PeXHUMe KOPOTKOTO 3aMBIKAHHS U B (POTOBOJIBTAMYECKOM
pexxnme. [Ipu HyneBOM CMEIIeHUH Ja3epHOTo AMONA Ha-
OII0MaeTCss caMbIil HU3KHMI TEMHOBOM TOK 12,5 mA u Hau-
OOJIBIINI TEKTPUYCCKUI OTKIIMK HA BXOIHOE ONTHYCCKOS
H3Iy4eHHe B Juanas3oHe AauH BoiH oT 1540 no 1560 Hm.
[oaTBep:xaeHo, uto nonoca npomyckanus DFB-na3zepa B
(hOTOBOJIBTAMYECKOM PEXHUME U B PEKHME KOPOTKOTO 3aMbl-
KaHMs [103BOJISIET UCIOJIBb30BATh JIa3ep A AeTEKTUPOBaHUS
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CUTHAJOB B nonoce yactoT A0 300 MI'y mpu gacTorax
onpoca 4yBCTBUTEIbHBIX 3JIeMEHTOB Ha ypoBHe 100 kI'1g
W BBIIIIE, YTO MOXKET OBITh MPUMEHEHO MPH NOCTPOCHUH
BBICOKOCKOPOCTHBIX H3MEPUTENIEH HA OCHOBE BOJIOKOHHBIX
peutetok bparra. Jluana3on nepecTpoiku LEHTpaIbHON
JUITMHBI BOJIHBI JIa3epa MOXKET OBITh pacHIMpeH ¢ 2,5 HM
JI0 5 HM M BBIIIE 32 CUET YBEINUCHHS BEITMUUHBI TPIMOTO
TOKa B UMITYJIECE, YTO JIOCTATOYHO JUIS ONPOCa ABYX UyB-
CTBUTEJIbHBIX JIEMEHTOB C MYJIbTUIUIEKCHPOBAHUEM 10
JUTMHE BOJIHBI B OTHOM ONTHYECKOM BoJjiokHe. [Ipu Beim-
YHHE XapaKTepHOTO CIBUTa LEHTPAJIbHOW JJIUHBI BOJHBI
JIaTYMKa TEMIIEpPaTyphl HA OCHOBE BOJOKOHHOH peleTKu
Bbparra (10 nM/K), mony4deHHOro quarna3oHa mepecTpoii-
K{ IIEHTPaJbHOU JUIMHBI BOJHBI (2,5 HM) M pa3perieHus
(700 11c/K), mocTarodHo 1uIst onpoca AaT4HKa TEMIIeparyphl
B IMana3oHe U3MEHeHus Temneparypst oT Munyc 70 °C 1o
150 °C ¢ paspemenuem Boite 1 °C. Ilpennoxennas cxema
M METOJI TTI03BOJISIOT 0€3 MEXaHMYECKUX KOMIIOHEHTOB H
MIPY MUHUMAJILHOM KOJHYECTBE ONTHYECKUX AIIEMEHTOB
MIPOU3BOJNUTH ONIPOC YyBCTBUTEIBHOTO JEMEHTA HAa OCHO-
BE BOJIOKOHHBIX penieTok bparra. Mcnonb3zoBanue DFB-
Ja3epa B peKUME MCTOYHUKA U MIPUEMHHKA ONTHYECKOTO
U3ITYYCHHSI MO3BOJISET CHU3UTh CTOUMOCTH CXEMBI OIpPO-
Ca YyBCTBUTEJIBHBIX 3JIEMEHTOB Ha OCHOBE BOJIOKOHHBIX
pemietok bparra, pacimupuTs [uana3zoH NPpUMEHUMOCTU
CXEMBI 3a CUET €€ MUHHUATIOPU3allUK, MEHbIIEH YyBCTBU-
TEJILHOCTH K BHEIIHMM BHOPAIIMOHHBIM M YIApPHBIM BO3-
JIEWCTBHSAM HM3-32 OTCYTCTBUS ITOJBIKHBIX MEXaHHUECKIX
3JIEMEHTOB, B OTIMYNE OT KJIACCHUECKHUX aHAJIH3aTOPOB
CIEKTpa M MEePEeCTPANBACMBIX J1a3epOB, a TAKXKe CyIle-
CTBEHHO YBEIMUYHUTB YACTOTY OIMPOCa.
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