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B BOJIOKOHHO-ONTUYECKUX JIMHUAX CBA3U
camMoe WMpOKOe pacnpocTpaHeHue NoNYyYUIn
OAHOYaCTOTHbIEe na3epbl. [Ipu 3TOM B pexume
CneKTpasbHOro yrnJIOTHEHUS KaHa/NoB
TpebyloTcs AUHAMUNYeCKU CTabubHbie nasepbl
C OYeHb Y3KOW CneKTpasbHOM IMHUEN. DTUM
Tpe6oBaHUAM 60/blle BCEro OTBEYalOT
nasepbl ¢ pacnpepesieHHbIMU 6perroBCKMMHU
3epkajamu.

MeKTp H3Jy4YeHHUsS] HHKeKIIMOHHBIX Jase-

POB HMeeT HeCKOJIbKO IIPOJNOTIBHBIX MO,

U TOCTATOYHO 60JbIIyIo MUPUHY (1-5 HM).
IS MHOTMX NPaKTHYeCKHUX IIPUMeHeHUN Jja3se-
POB BaskHeHIIas 3ajada - II0Jy4eHHe OfHOYA-
CTOTHOTO peskMMa TreHepaluu. OJLHOYACTOTHBHIE
7ma3epbl HCIIOAb3YIOT B BOJIOKOHHO-OINTHYECKHUX
JTUHHUSLX CBSI3U CO CIIEKTPAJIbHBIM YIIJIOTHEHHEM
KaHAaJIOB, CIIEKTPOCKOIIM Y BBICOKOI'O pa3pemeHus,
B BOJIOKOHHO-OIITUYECKUX JaTUUKaX, B 9KOJIOTHH,
B MeJHUIIMHE U B APYTHUX 007acTIX HAaYKH U TeX-
HUKH. Ele ogHA BaskHasi 0COO@HHOCTH IOy PO-
BOJHHUKOBBIX J71a3ePOB, KOTOpasl AOIIOTHHUTEIBHO
pacumupser Kpyr UX NIPpUMeHeHHUs, COCTOUT B BO3-
MOSKHOCTH IIHUPOKOM IIePeCTPONKH ATHUHBI BOTHBI
B IIpeflelax BCero CIEeKTPaJbHOIO [JHalla3oHa
ycuneHus (20-40 HM).

Ha mepBBIX 3TallaxXx CO3JaHHUS IIOAYIIPOBO-
OHUKOBBIX IIepeCcTPauBaeMBbIX JIa3epPOB HCIIOIb-
30BajIuCh 7nasepHble guoabl (JIZI) ¢ KOPOTKHUM
pe3oHaTopoMm (100-200 MKM). Y4YHUTBIBAsl, UYTO
MEe>KMOJOBBIM HHTepBal IJis TaKUX H3Jydare-
Jer BeIHUK, PAa3HHUIA B YyCHJIEHHUH COCETHUX MO
OOCTHUTaeT 3HAUMTE/JbHON BeJHYHHBI. B pesyisb-
TaTe CIeKTP H3/y4eHMS J/a3epoB C KOPOTKHUM
pe3oHaToOpoM OOBIYHO HMeeT OOHY IIPOMIOJIb-
HyI0 MonAy. IlepecTpoiiKa AJHHBI BOJHBL 3THX
JIa3epoB OCYILeCTBISIACh M3MeHEHHeM TeMIle-
paTyphl M TOKa HaKa4KH. HegoCcTaTKOM TaKHX
7a3epoB SBISJIOCh Majoe 3HadYeHHe BBIXOJHOM
MOIIHOCTH, OO0JbIIOe OMHYECKOE M TeIljoBoe
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In fiber-optic communication lines most

widely used single-frequency lasers. Wherein,
in the wavelength division multiplexing require
dynamic stability of the laser with a very
narrow spectral line. These requirements are
most appropriate lasers with distributed Bragg
mirrors.

adiation spectrum of injection lasers has

several longitudinal modes and rather

large width (1-5 nm). For many practical
applications of lasers the most important task
consists in the obtainment of single-frequency
mode of generation. Single-frequency lasers
are used in fiber-optical communication lines
with the wavelength division multiplexing of
channels, spectroscopy with high resolution, in
fiber-optical sensors, in ecology, in medicine
and other areas of science and engineering. One
more important peculiarity of semiconductor
lasers, which additionally widens the circle of
their application, consists in the capability of
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Puc.1. CnekmpanbHas xapakmepucmuka POC-aazepa
Fig. 1. Spectral characteristic of DFB laser
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COIIPOTHUBIIEHHUS, KOTOPble MPUBOASAT K HeCTa-
bunpHOCTHU B pabore.

B BOJIOKOHHO-ONTHYECKHX JHHHUIX CBSI3HU
caMoe IIMPOKOe pacHpoCTpaHeHHEe IOJyUYHIHU
OJHOYACTOTHBIe Jla3epbl C PpaclpefeleHHOM
obpartHou cBa3b0 (POC).

B sTux ma3zepax obpaTHasi CBs3b, Heob6xo-
OUMas OJsi TeHepallMH J1a3epHOTO H3JIy4YeHH,
obpasyercs 3a cUeT MepPHUOJHUYECKOTO U3MeHeHHU S
IIOKa3aTessl IpeOM/IeHHUSI BHYTPH ONTHUYECKOIO
BOJIHOBOZA. B nmaszepax ¢ POC ob61acTh yCHUJIeHHUS
HAaXOQUTCS B Cpelle C IEepUOSUUYECKUM H3MeHe-
HHeM II0Ka3aTeJsl IPeIOMIeHHS.

JIaHHBIH KJIacC J/a3epoB HMeeT CTabuib-
HBIM OJHOYACTOTHHIM pexkum paborsl (puc.l),

OCHOBHbIe XapakTepUCTUKM lazepHbIX Moayen
The main characteristics of laser modules

g g

wide tuning of wavelength within the limits of
the whole spectral gain range (20-40 nm).

At the first stages of creation of semiconductor
tunable lasers, the laser diodes (LD) with short
resonator (100-200 pm) were used. Taking into
account the fact that intermodal interval for
such emitters is large, the difference in the
gain of adjacent modes reaches the significant
value. As a result, the radiation spectrum of
lasers with short resonator usually has one
longitudinal mode. Wavelength tuning for such
lasers was performed on the basis of variation
of temperature and pump current. Small value
of output power, large ohmic and thermal
resistances which cause the instability in

[MapameTtp CnmBon YCNoBWUSA NCNbITAHUI TUNUYH.

Parametr Symbol Test conditions Typ.

MouHoCTb, MBT _ _

Power, mW Pr 10 12
Hanps>xeHne, B _ _ _

Voltage, v - P¢=10 MBT/mW 2,2
MoporosbIvi TOK, MA | _ B 8 10
Threshold current, mA t

Pabounn ToK, MA _ _

Operating current, mA Ie dipn e >0 100
ONvHa BOSHbI, HM _

Wavelength. nm A P¢=10 MBT/mW 1550+1

LMprHa ANHNN, HM _ _ _

Width of line, nm AN P¢=10 MBT/mW 8

ﬂonaBngHme 6Q|<oaom Moabl, Ab SMSR Pf=10 MBT/mW 40 45 _

Depression of side mode, dB

OTHOCUTEIbHAA MHTEHCMBHOCTb LWYyMa, 4B/ _ _ . _

Relative intensity of noise, dB/Hz RIN AT e

HanpsyxeHne MUKpOXooanabHMUKA, B _ Caho _ _

Voltage of microrefrigerator,V Ve lp=EOL, TC=70°C 2.7
TOK MUKPOXONOAUbHUKA, A

Current of microrefrigerator, A Ic l,=EOL, TC=70°C = = 1.4
ConpoTuBneHue TepmopesncTopa, KOm T p=25°C,

Resistance of thermoresistor, kQ Ro B=3900+100K 2. 10.0 10.5
[vanasoH nepectponku, M I, Af _ _ 5 _

Tuning range, MHz
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Puc.2. Bamm-amnepHble xapakmepucmuku J1/]
Fig. 2. Watt-ampere characteristics of LD

Puc.3. JlazepHbili Modyab muna "bammepasai’”
Fig. 3. Laser module of “Butterfly” type

IIHPOKUH [AHANA30H TIepeCcTPOUKH [JJIHUHEI
BOJIHBl M3JIyYeHUsI, AOCTATOYHO OOJIBIIYIO OITH-
YeCKYl MOIIHOCTh B IIHMPOKOM HHTepBale
TeMIepatyp [1-3].

BarT-amIepHble XapaKTepPUCTUKH B HHTep-
BaJie TeMIIepaTyp oT 5 o 80 rpajycoB IMOKa3aHBI
Ha PpHUC.2. MOIIHOCTb H3/Iy4YeHHS Ha BBIXOAeE
BOJOKHA cocTaBuaa 10-20 mB. Ha pwuc.3 npen-
CTaBJieHa KOHCTPYKLHS  MeXIYHapoLHOIO
YHUOQUIMPOBAHHOTO JIa3epPHOr0 MOAY/ISL THIIA
"BatTepdnsn’, comepkamero B cebe aKTHBHBIH
3JIeMeHT C pacIpefeleHHON 06pPaTHOM CBS3bIO,
MHUKPOOX/TaAUTeNb, GoTOogHOL OOPaTHOM CBS3H,
TepMOCONIPOTHBIeHHE, OJHOMOJOBOE BOJOKHO
C COXpaHeHHeM MOJSIpHU3aLUU U C LHUIHUHAPU-
4eCcKOHM /HMH30H, ONTHYeCKOe COIPOTHBJIIEHHE.
OCHOBHBIe XapaKTePUCTHUKH JIa3epHBIX MOAY-
7eu Ha AJAWHY BOJHBE 1550 HM IpeAcTaB/IeHBI
B Tabnuie.Pecypc paboThl 1a3epHOro MOAY/ISL He
MeHee CTa TBHICSIY YaCOB.

TakuMm o6pa3oM, OLHOYACTOHBIE Ja3epHBbIe
MOAYIH C PpacopefeneHHON OOpPAaTHOM CBS3bIO
Ha [JiMHe BOJIHBI 1550 HM HaIIJIK CaMoOe IIHPO-
Koe IIPHMeHeHHe B IIHPOKOIIOAOCHBIX (25 T6uT/c
U BbIIlle) BOJIOKOHHO-OIITHUYECKUX JTHUHHUSIX CBSI3HU
U BOJIOKOHHO-OIITHYECKUX [JaTuyHMKaX, B MeaH-
LIMHCKOM U 3KOJIOTHYeCKOM almaparType.
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operation referred to the shortcomings of such
lasers.

In fiber-optical communication lines single-
frequency lasers with distributed feedback (DFB)
obtained the widest circulation.

In these lasers, the feedback which is needed
for the generation of laser radiation is formed at
the expense of periodical variation of refraction
index inside the optical waveguide. In DFB lasers
the gain region is located in the medium with
periodical variation of refraction index.

This class of lasers has the stable single-
frequency operation mode (Fig.1l), wide range
of radiation wavelength tuning, rather
high optical power within wide range of
temperatures [1-3].

Watt-ampere characteristics in the range of
temperatures of 5 to +80 degrees are shown
in Fig.2. The radiation power at fiber output
was 10-20 mW. Construction of international
unified laser module of “Butterfly” type, which
contains active element with distributed
feedback, microcooler, feedback photodiode,
thermal resistance, single-mode fiber with the
retention of polarization and with cylindrical
lens, optical resistance, is shown in Fig. 3. The
main characteristics of laser modules for the
wavelength of 1550 nm are specified in Table 1.
The operational life of laser module is not less
than one hundred thousand hours.

Thus, single-frequency laser modules
with distributed feedback at the wavelength
of 1550 nm obtained the widest application
in wideband (25 Tbit/s and more) fiber-optical
communication lines and fiber-optical sensors,
in medical and ecological equipment.
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