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MpepcTaBneHbl pesynbTaTbl paboT NO CO3aaHUIO0
nepectpaMBaemMbiX O4HOYACTOTHbIX
Nno/siynpoBOAHMKOBbIX JIa3epHbIX MOAYJIeN

Ha AJINHY BOJIHbI 1550 HM C BHELWHUM
pe3oHaTOpOM Ha OCHOBE BOJIOKOHHbIX
6parroeckux peweTtok (BEP), cpopMmnpoBaHHbIX
B OAHOMO/J0BOM BOJIOKOHHOM. PaccMOTpeHbl
C€nNoco6bl AUCKPETHOM U NJIABHOM NepecTponku
AJINHDbI BOJIHbI U3a1yyeHus. NpepcrasneHHble
NasepHble MOAY/IN CNOCO6HbI FeHepUPOBaTb
AWHaMUM4Yeckn ctabuibHoe 0AHO4YaCTOTHOE
M3ny4vyeHue c nogasieHneM 60KOBOM MOAbI
6onee 40 aAb, WAPUHOWN IMHUN FreHepaLKn
100-500 kI, M BbIXOAHOW ONTUYECKOMN
MOLLHOCTbIO 601ee 35 MBT. MepecTponka A/IUHbDI
BOJIHbI CMEKTPpa U3Jly4eHuUs 1asepHOro Moayns
coctaBunal,5 HMm.

KntouyeBble cloBa: OAHOYACTOTHLIN
nepecTpamMBaemMbl n1asep, NepecTporka ANNHbI
BOJIHbI U3/1y4EHUS, BOIOKOHHbIE 6parroBckme
peLleTku

CTaTtbs nonyveHa: 09.08.2021
CTaTba NpuHATa K nybamkaumm: 25.08.2021

BBEAEHUE

B nocnenHue 20 y1eT UHXKXEKLHOHHBIE JIa3ePbl BCTYIIH/IH
B II€PHOJ, UX MaCCOBOI0 ITPUMeHeHHsI. KOMIIaKTHOCTb,
6picTpOzelicTBHe, 3PEeKTHUBHOCTb M IIPOCTOTA YCTPOM-
CTBA Pea/IU3yIOTCd B TaKMX Ba)KHBIX IPUMeHeHHSIX
KaK BOJIOKOHHO-OIITHYeCKasl CBS3b, CHCTEMBI IaMSTH
U T. 7. IIpy 3TOM aKTya/IbHBIMH SIBJIIOTCS QH3HUeCKHe
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Tunable
Single-Frequency
Semiconductor Laser
Module Based on
Two-Pass 1550 nm
Wavelength Amplifier

V.P.Duraev, S.A. Voronchenko, I.S. Molodtsov
Nolatech JSC, Moscow, Russia

The results of work on the creation of tunable
single-frequency semiconductor laser modules
for a wavelength of 1550 nm with an external
cavity based on fiber Bragg gratings (FBGs)
formed in a single-mode fiber are presented.
The methods for discrete and smooth tuning

of the radiation wavelength are considered.
The presented laser modules are capable of
generating dynamically stable single-frequency
radiation with a side mode suppression of more
than 40 dB, a lasing line width of 100-500 kHz,
and an output optical power of more than 35
mW. The wavelength tuning of the radiation
spectrum of the laser module was 1.5 nm.
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INTRODUCTION

In the last 20 years, injection lasers have entered the
period of their widespread use. The compactness, speed,
efficiency and simplicity of the device are realized in
such important applications as fiber-optic communica-
tions, memory systems, etc. At the same time, physi-
cal research and new developments aimed at identify-
ing and using the limiting capabilities of lasers to meet
higher requirements are relevant.

The ability to isolate one frequency and its smooth
tuning have made it possible to find applications in
various fields of scientific research, such as: high-
resolution spectroscopy, analytical spectroscopy and,
in particular, the detection of atmospheric pollution,
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HCC/IeNOBaHUS KM HOBBIe Pa3paboTKH, HaIlpaB/lIeHHbIe
Ha BBISB/IEHHe U HUCII0b30BaHUeE IIpele/IbHBIX BO3MOXK-
HOCTeH J1a3epoB, Ha yIoBIeTBOpPeHHe 6ojee BBICOKHX
TpebOBaHHI.

BO3MOXHOCTb BBIAENEHHSI OLHOM YaCTOTHI
M IJIaBHAs ee IepecTPOMKA IIO3BOJHJIM HAUTH
IpUMeHeHUs B Pa3IMYHBIX 00aCTH HAyYHBIX
HCC/IeJOBAHHUI, TaKHX, KaK CIIeKTPOCKOIHS BBICO-
KOI0 paspelleHHUs], aHaJIUTH4YecKass CIeKTPOCKO-
oUsl M, B YaCTHOCTH, OOHapyskeHHe 3arps3HeHHUH
aTMocdeprl, H3MepHTe/lbHAasT HHTepPepoOMeTpHs,
OATYUKU B Pa3IMYHOM HaydyHOM mpubopocTpoe-
HUM M aINapaTypa MeIHUIMHCKOIO AHATHOCTHPO-
BaHMS, ONTHYecKass HaKadkKa Jla3ePOB Ha OCHOBe
KPUCTA/VIOB U CTeKOJI, aKTHBHUPOBaHHBIX pelKo3e-
MeJIbHEIMH HOHaMH, B IIePBYI0 odepelb HEOAHUMOM,
urtepbuem u spbuem [1]. Takke 6bITIa NMPOLEMOH-
CTPHMPOBaHA BO3MOXHOCTh IIPHMEHEHHs IepecTpa-
HBaeMBbIX OJHOYACTOTHBIX II0JYIIPOBOJHHKOBBIX
7a3epoB B KaueCTBe 3aTPABOYHOI'0 MCTOYHHUKA H3TY-
YeHHUS IJIs1 OMHOYACTHBIX MMIIYJIbCHBIX TBepAOTeNb-
HbIX ND:YAG 71a3epoB ¢ MHMPHUHOM JHHHUH MeHee
100 MTI'11. [2].

CO3A0AHUE NASEPHOIO MOAVY/iA

Ha mnepBoM »3Tame cO3AaHHUS II0TyIIPOBOJHUKOBBIX
IepecTparBaeMbIX J1a3€POB KCII0/Ib30Ba/IKCh JIa3ePHbIe
muonsl (JII) ¢ KopoTkuM pe3oHaTopom (100-200 MKM).
YUUTHIBas, YTO MEXKMOIOBBIN HHTEPBAI /ISl TaKHUX
M3/TydaTesiell BeJIHMK, PasHULIA B YCHJIEHUH COCETHUX
MOJI, IOCTUTAeT 3HAUMTelIbHOK BeIHYMUHBEL. B pesyib-
TaTe CIIeKTP H3/1ydeHHs Jla3epoB C KOPOTKHMM pe30Ha-
TOPOM OOBIYHO MMeeT OfIHYy ITPOZIONIbHYI0 Mofy. Ilepe-
CTPOYIKA I/TMHBI BOJTHBI TAKHX J1a3ePOB OCYILECTBISUIACh
IIyTeM H3MeHeHHs TeMIIepaTypbl M TOKa HaKA4KH.
HemocTaTKOM TaKHX JIa3epoB SIBSUIOCH Majsioe 3Hade-
HHe BBIXOJHOK MOIIHOCTH, OoJbllasi IMKMPUHA JTUHUU
u3nydeHus (100 MI'1y), a Takke HeCTaOHUIPHBIN PESKUM
PaboTsI.

[TonynpoBOAHUKOBBLIK Ja3ep C paclpelerleHHOU
obpatHo cBs3bi0 (POC) € AUHAMUYECKON OJUHOYHOM
ITPOZO/IBHOM MOJIOK CTaJl IIepBBIM BBIOOPOM B KauecTBe
HMCTOYHMKA CBeTa [yIsi OITOBOJIOKOHHOM CBSI3H, UTO
obecr1eunsIo ero Momy/asipHOCTb B 0671aCTH OAHOYACTOT-
HBIX IIOyIIPOBOJHMKOBBIX JIa3epPOB. B JaHHOM TuIle
OFHOYACTOTHBIX J1a3epOoB AUGPAKI[MOHHAS PpeIlleTKa
MHTeTPUpOBaHa B Pe30HATOP JIa3epHOro Auoaa. JaH-
HBIM KJIACC JIa3epoB HMeeT 6osiee CTAbHIIBHBIN OIHO-
YaCTOTHBIM PEXKUM PaboThl CPaBHUTETBHO HeOObIIYIO
OINTHYECKYI0 MOLTHOCTb K MIMPUHY TUHUH HU3Ty4eHUs
nopsiika 1-10 MI'rx [3]. TlepecTporika IJIMHEL BOJIHBIL OCY-
IIeCTB/SeTCA 3a CYeT M3MeHeHHs TeMIlepaTyphl la3epa
W/IM TOKa HaKauKH [4].

=

measuring interferometry, sensors, in various scien-
tific instrumentation and medical diagnostics equip-
ment, optical pumping lasers based on crystals and
glasses doped with rare-earth ions, primarily neo-
dymium, ytterbium and erbium [1]. The possibility of
using tunable single-frequency semiconductor lasers
as a seed radiation source for single-frequency pulsed
solid-state ND : YAG lasers with a line width of less than
100 MHz was also demonstrated. [2].

CREATION OF A LASER MODULE

At the first stage of the development of semiconduc-
tor tunable lasers, laser diodes (LDs) with a short cav-
ity (100-200 pm) were used. Taking into account that
the free spectral range for such emitters is large, the
difference in the amplification of neighboring modes
reaches a significant value. As a result, the emission
spectrum of short-cavity lasers usually has one lon-
gitudinal mode. The wavelength of such lasers was
tuned by changing the temperature and pump current.
The disadvantages of such lasers were their low out-
put power, large emission line width (100 MHz), and
unstable operation.

Distributed feedback (DFB) semiconductor laser with
dynamic single longitudinal mode has become the
first choice as a light source for fiber optic communica-
tion, which has made it popular in the field of single
frequency semiconductor lasers. In this type of single-
frequency lasers, the diffraction grating is integrated
into the cavity of the laser diode. This class of lasers
has a more stable single-frequency mode of operation,
a relatively low optical power and a radiation linewidth
of the order of 1-10 MHz [3]. Wavelength tuning is
performed by changing the laser temperature or pump
current [4].

For single frequency semiconductor lasers, stability
and linewidth are critical. The stability and linewidth
in the free-running laser mode is influenced by many
parameters, including frequency noise. The source
of frequency noise is mainly spontaneous emission.
In addition, a change in the stationary number of
photons due to spontaneous emission causes a corre-
sponding change in the gain, i.e. the concentration of
electrons, which in turn leads to a change in the refrac-
tive index and generation frequency. Together with the
number of carriers, both the electric current and the
degree of heating of the substance itself fluctuate. [5].
As a result, even in single-frequency DFB and distrib-
uted Bragg reflectors (DBR) lasers, it is not possible to
obtain a lasing line width of less than 1 MHz.

External cavity lasers are used to suppress the fre-
quency noise that appears in the free-running mode and
further narrow the generation line. An antireflection
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Js ONHOYACTOTHBIX ITOJTYIIPOBOJHHKOBBIX JIa3e-
POB KparHe BaKHA CTabMJIBHOCTh U IIWPHUHA JTHHUHU
M3nydeHus. Ha CTabUIBHOCTD M IIHPHHY JHHHUHU
B pekKHMe CBOOOLHOM reHepalluy ja3epa BIUsSeT MHO-
JKeCTBO MapaMeTpoB, B TOM YHC/Ie YaCTOTHBIM IIyM.
MICTOUHHMKOM YaCTOTHOIO IIyMa B OCHOBHOM SBJISIETCS
CIIOHTaHHOe H31ydyeHHe. Kpome Toro, M3MeHeHHe
CTALIMOHAPHOIO 4YHcIa GOTOHOB M3-3a CIIOHTAHHOIO
M3JlydeHHs BBI3bIBAeT COOTBETCTBYIOILIee HM3MeHeHHe
yCHJIeHHS, T.e. KOHLIeHTPAalHHU 371eKTPOHOB, 4TO,
B CBOIO 04epenib, IPUBOAMT K M3MeHEeHHUI0 [10Ka3aTess
IIpe/IOMJIEHUS] M YacTOThl TeHepalluH. BmecTe ¢ umc-
70M HoOcHTesner QIYKTYHPYIOT KaK 3/1eKTpHYeCcKHUH
TOK, TaK K CTelleHb HarpeBa CaMoro BemlecTBa. [5].
B pesynbTaTe gake B 04HOYACTOTHBIX POC M ya3epax
C pacrpezie/ieHHBIMH OP3TTOBCKUMH 3epKaaMu (PB3)
He YOA8TCS IOJNy4YUTh IIMPHUHY JMHHHU TeHepalHH
MeHee 1 MI'1I.

JI1sl TIoflaB/IeHUsI YacTOTHOIO IIyMa, IIPOSIBISIOLIe-
rocsi B peskuMe CBOOONHOM TIeHepalluu, K JajIbHeH-
LIero Cy>KeHHs IMHUU I'eHepalluy HCII0/Ib3YIOT Jla3epEl
C BHeIIHHUM pe30HaTopoM. Ha BBIXOJHYIO TPaHb AKTHUB-
HOT0 3JIeMeHTa HaHOCHUTCS IIPOCBET/ISIONIee IIOKPHITHE,
TeM CaMBbIM HCKIIOYas 3Ty IpaHb M3 GOPMHUPOBAHHS
reoMeTpHH JIa3epHOI0 pe3oHaTopa. B KadecTBe I1yxoro
3epKajia BBICTYIIaeT CeleKTHBHBIM IO JIMHE BOIHBI
37IeMeHT, KaK IIPaBHJIO 5TO AUPPaKLIMOHHAS I Opar-
roBCKas pemrérka. Co3maHHASI TAKUM 00pa3oM IIOJIOKHU-
Te/IbHas 06paTHAs CBSI3b Oy[eT IOPOSKAATh GOTOHBI TOM
YaCTOTBI, Ha KOTOPYIO HACTPOEH CeIeKTHBHBIM 3/IeMeHT.
JMarna3oH HeIpepbIBHOI II€PeCTPOMKH M TOUYHOCThb
3aBUCST OT KOHCTPYKLIMHK ONTUKU U COOTBETCTBYIOIIEHN
MeXaHHUKHU.

ANbTepHaTHBA ja3epaM C BHeIIHeM OHPPaKLIHOH-
HOM pelIeTKoM - 3TO ja3ep B BBP, rae BBP Beimoi-
HsleT POJIb BHEIIHEr0 YacTOTHO-CeJIeKTHBHOIO 3Jie-
MeHTa [6-8]. Takoi monxon, siBisieTcst 6osiee IIPOCTBIM
M HAJEeKHBIM, TaK KaK HCKI0YaeT HaJIMUYUe MHOKe-
CTBa IIOABMIKHBIX KOMIIOHeHTOB. Ha puc. 1 mpencras-
JleHa CTPYKTypHas cxeMa Mony/sg. OCHOBHBIMM 3je-
MeHTaMH KOHCTPYKLUHH SBJISIOTCA: IBYXIIPOXOIHBIN
ycunuTens (1) ¢ OTpasKaloLMM IIOKpPBITHEM Ha 3afHel
rpaHU pe3oHaTopa 90% KM MPOCBETVISIIOIIUM ITOKPBI-
THeM IepenHelr rpaHu 0,01%, a Taioke CKOIIEHHBIM
BOJIHOBOZIOM K BBIXOJHOM I'PaHH 1107, yIiioM 8°; 6parros-
CKOW pemeTKoH (2), cbOpMUPOBAaHHOM B CepILIeBUHE
BOJIOKHA; LIWJIMHAPHUYECKON MHUKPOIHH30M (3), cdop-
MUPOBaHHOK Ha TOpLIe BOJIOKHA U obecriedyuBaroIiei
BBOJl H3/yUeHUs] B OITHYECKOe BOJIOKHO Ooyee 80%;
OITHYECKUN U301TOp (4) U IIbe30KepMHUKa (5), Ha KOTO-
PO¥ >KeCTKO 3aKpeIlyIeHO OIITHYeCcKoe BOJIOKHO C BEP.

PaccTosiHMe OT BBIXOLHOM I'PaHM aKTHUBHOIO 3JIe-
MmeHTa A0 BBP cocrasiser 10 MM. 3TO orpaHHUYeHHe
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coating is applied to the output face of the active ele-
ment, thereby excluding this face from the formation
of the geometry of the laser resonator. A wavelength-
selective element, as a rule, is a diffraction or Bragg
grating, acts as a “deaf” mirror. The positive feedback
created in this way will generate photons of the fre-
quency to which the selective element is tuned. Con-
tinuous tuning range and accuracy are dependent on
optics design and associated mechanics.

An alternative to lasers with an external diffraction
grating is an FBG laser, where the FBG plays the role
of an external frequency-selective element [6-8]. This
approach is simpler and more reliable, as it eliminates
the presence of many moving components. In fig. 1
shows the block diagram of the module. The main
design elements are: a two-pass amplifier (1) with a 90%
reflective coating on the back face of the resonator and
an antireflection coating of the front face of 0.01%, as
well as a beveled waveguide to the output face at an
angle of 8°; a Bragg grating (2) formed in the fiber core;
a cylindrical microlens (3) formed at the end of the
fiber, providing radiation input into the optical fiber of
more than 80%; an optical isolator (4) and piezoceramic
(5), on which an optical fiber with an FBG is rigidly
fixed.

The distance from the output face of the active ele-
ment to the FBG is 10 mm. This limitation is due to the
peculiarities of the technology of optical fiber attach-
ment, optical fiber alignment relative to the active
element, and FBG attachment to piezoelectric ceramics.
If you do not use piezoelectric ceramics and refuse the
possibility of tuning, then this distance can be reduced
to 3-5 mm.

The FBGs used in this research were manufactured by
LIKoptika LLC using the phase mask method. The spec-
tral width of the FBGC was chosen to be minimal (0.08
nm) in order to exclude the penetration of neighboring
laser modes inside the selectivity of the FBG. The FBG
parameters are given in Table 1.

Wavelength tuning of wavelength is carried out
according to Bragg’s law:

A ZZHEﬁA y

where the Bragg grating wavelength A; is the central
Bragg wavelength that will be reflected back from the
Bragg grating, and n,qis the effective refractive index of
the fiber core at the central wavelength, A is the grat-
ing period.

The Bragg wavelength depends on the effective
refractive index of the fiber core and on the grating
period, which are affected by temperature changes and
strains.
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JIByXIIPOXOIHBII ITre30KepaMUKa (5)
ycunutens (1) Piezoceramic (5)
Two-pass Amplifier (1) MukponuH3a (3) H3sonsTop (4)
Microlens (3) BBP (2) Isolator (4)
- — \ / Bragg Grating (2) v
C [T I I — J—}
HsnyuyeHue
Radiation

1MM |1 mm 10 MM | 10 mm

Puc. 1. CmpykmypHas cxema mooyas
Fig. 1. Block diagram of the module

8 MM | 8 mm

0bycoBNIeHO 0COOEHHOCTSIMHU TEeXHOJIOTHH Kperlie-
HUSI OITUYeCKOro BOJIOKHA, FOCTUPOBKU OIITHYECKOIO
BOJIOKHA OTHOCHTE/IbHO aKTHBHOIO 3JIeMeHTa U Kpe-
mwieHreM BBP K Ibpe3okepaMuKke. ECIM He HCIIOIb30-
BaTh IIBE30KePAMHKY M OTKA3aThCsl OT BO3MOSKHOCTH
IIepeCTPOHIKH, TO 3TO PacCTOSIHHE MOXKHO YMEHBIIHTD
00 3-5 mm.

BEP, ucronb3yemsle B JaHHOK pabote, OBIIM H3ro-
ToBeHbl OO0 «JIMKomTHKa» C IOMOIIbI0 MeToaa $a3o-
BOM Macku. CIleKTpalbHas MMUPHHa BEP BeIOMpasach
MHHUMIBHOH (0,08 HM), YTOOBI MCK/IIOYUTE IIOMIaZa-
HHe COCeJHHMX JIa3epPHBIX MOJ BHYTPhb CEJIEKTHBHOCTH
BEP. [Tapametpsl BEP mpuBesieHs! B Tabi1. 1.

I[lepecTporKa AJIMHBI BOIHEL AJIMHBI BOJHBL OCYLIECT-
BJISIETCS COIVIACHO 3aKOHY bparra:

)\B=2rleﬁA y

Iie AJIMHA BOJHBI OPITTOBCKOM PelIeTKU Ay — 3TO LieH-
TpaJibHasl JJIMHA BOJMHBI Bbparra, Kotopasi 6yzmeT oTpa-
KaThbCsl 0OPATHO OT OP3rTOBCKOM PELIETKH, a fyp~ 3pdex-
THUBHBIM [IOKa3aTe/lb IIPeIOM/IIeHHUS CepAlieBHUHEI
BOJIOKHA Ha LIEHTPaJbHOM [JHHE BOIHBI, A— IIE€PHOf
pelleTKH.

[IiHa BOJIHBI bBparra 3aBUCUT OT 3dPeKTUB-
HOTO IIOKasaTejs IIpeJIOMJIeHHS  CepALieBUHEI
BOJIOKHA M OT IIepHUOofa pelleTKH, Ha KOTOpble BIIH-
SII0OT M3MEHeHHUs] TeMIIepaTyphl U AebopMalllOHHEBIe
PacTsDReHUs.

B paboTe HCIIOTB30BAIMCH SITHUTAKCHATBHbBIE CTPYK-
Typsl Ha ocHoBe INAlGaAs/InP (nnmHa BOMHBI H3/Ty4e-
HUs 1300-1650 HM) ¢ KBAaHTOBO-PasMePHBIMU CIIOSIMH,
H3rOTOBIEHHBIMU MeTofoM MOC-TUAPUAHOM SIIUTaK-
cuu. CTPYKTypbl 61K H3roToBieHs AO «HHH «ITomtoc»
M. M.®.Crenpmaxa». AKTHBHBIM 3JIeMEeHT H3IOTOB-
7eH Ha 6a3e rpebeIKoBOro BOIHOBOAA. [IMHA pe3oHa-
TOPa ABYXITPOXOAHOIO YCUIUTE/IS COCTABH/IA 1 MM,

We used epitaxial structures based on InAlCaAs/InP
(emission wavelength 1300-1650 nm) with quantum-
well layers fabricated by Metalorganic Vapor Phase Epi-
taxy. The structures were manufactured by M.F. Stel-
makh Research Institute “Polyus” JSC. The active
element is made on the basis of a ridge waveguide. The
cavity length of the double-pass amplifier was 1 mm.

In our research, we used a piezoceramic element
based on the inverse piezoelectric effect, manufactured
by Research Institute “Elpa” JSC. A fiber with an FBG
is rigidly fixed to the piezoceramics. Under tension-
compression of piezoceramics, the FBG period changes,
which leads to a change in the Bragg resonant wave-
length. Following Table 2 shows the characteristics of
piezoelectric ceramics used in this research.

All elements of the laser module are placed in a uni-
fied 14 pin DIL “Butterfly” case. Fig. 2a shows a simpli-
fied model of the placement of all the constituent ele-

Ta6nuua 1. NMapameTtpbl BBP
Table 1. FBG parameters

MapameTpbl

3Ha4vyeHne

Parameters Value

[O1HA BOMHbI, HM 1550
Wavelength, nm

CneKkTpanbHas WMpUHa No ypoBHto 0,5, HM 0,08
Spectral width at the level of 0.5, nm

OTpaxaTe/ibHas CmoCobHOCTb, % 15
Reflectivity, %

OTHOLWWeHMe ypOoBHS BOKOBbLIX MAKCUMYMOB 8
K LleHTpasbHOMY MUKy oTpa)keHus, Ab

Ratio of the side maxima level to the central

reflection peak, dB

AnnHa BGP, Mm 8
FBG length, mm
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Tabnuua 2. XapakTepucTmKm nbesokepammKm ments in the body, and Fig. 2b shows the finished laser
Table 2. Characteristics of piezoceramics module with driver board.

MapameTpbl 3Ha4yeHune

Parameters value PERFORMANCE MEASUREMENT
AND DISCUSSION
To measure the watt-ampere (WAC) and current-voltage
characteristics (VAC) of a tunable single-frequency
PaCTSKEHME, MKM 10 semiconductor laser module, a stand is used, the block
Elongation, pm diagram of which is shown in Fig. 3.

The LD temperature controller allows you to control
and change the temperature of the thermoelectric
microcooler (TEMC), on which the two-pass ampli-

MakcmmanbHoe Hanps>keHue, B 150
Maximum voltage, V

[ncTepesnc cmeleHns, % <15
Displacement hysteresis,%

ConpoTUBAEHME U30ASLUKU, MOM >100 fier is located. This circuit is made on the basis of the
Insulation resistance, MOhm DLC-1300 driver manufactured by NOLATEH JSC.
CraTmn4yeckast eMKoCTb, HO <1000

Static capacitance, nF

JIa3epHBIN U0, g
- C ."':. .f/ "‘__..’
B Hamen pabore HCIIOTB30BAICSI IIbe30KEpaAMU- HCcTEMa P 4V A
_ . KpervieHUus F Y 5" 4 45
YeCcKHMM 371eMeHT, OCHOBAaHHBIM Ha oOpaTHOM Iibe- e — T4 A A A,
F 7 4
303/eKTpudeckoM 3ddpexte. OH 6B HM3rOTOBIEH BOJIOKHA s
AO «HHH «3nma». Ha Ibe30KepaMHUKy KeCTKO 3aKkpe- W4
Omnruyeckoe
IJ11eTCs BOJIOKHO C BBP. IIpu pacTssKeHHU-CKaTUU BOJIOKHO

[IBE30KEPAMUKH H3MeHeTCs IepuoJ BEP, 4To mpuBo-
OUT K M3MeHEeHMIO Pe30HaHCHOM [UIMHBI BOIHBL Bparra.
Hrioke B Tabs1. 2 npuBeeHbl XapaKTePHUCTUKU [1be30Ke-
PaMMKH, HUCIIONb3YeMOX B 3TOM paboTe.

Bce 3/1eMeHTHI JIA3€pHOrO0 MOIYJISA IIOMEILIAKTCSA
B YHHUOQUIIMPOBAaHHBIN Kopryc 14 pin DIL «Butterfly». a) i, IIbe30KepaMHKa
Ha puc. 2 a usobpaskeHa yIpolLleHHasi MOJIeIb pas-
MeIlleHHs BCeX COCTaBHBIX 3JeMeHTOB B KOpIIyce,
a Ha puc. 2 b u306paskeH TrOTOBBII JIa3epHBIN MOZY/Ib
C IUIaTOH YIIPaB/IeHHUS.

M3MEPEHUE XAPAKTEPUCTUK
N UX OBCYXXAEHUE
Insi u3MepeHHsl BaTT-aMIepHBIX (BTAX) U BOJBT-
aMIIepHBIX XapaKTepUCTHK (BAX) IepecTparBaeMoro
OJHOYACTOTHOIO IIOJYIIPOBOJHMKOBOIO JIa3€pHOro
MOZYJISL KCIIONB3YEeTCS CTEH, CTPYKTypHAsA cXeMa KOTO-
poro u3obpaskeHa Ha pHC. 3.

KoHTposiep TeMmIiiepaTypel JI[| I103BOIsSIeT KOHTPO-
JMPOBaTh U HM3MEHATh TeMIIepaTypy TepMO3JIeKTpPU-

4ecKoro Mukpooxnaputess (T9MO), Ha KOTOPOM Pac- | pyc. 2. JlazepHbilio ModyAb 8 YHUGULUPOBAHHOM Kopnyce
TIOZIOKeH [BYXITPOXOAHBIN YCHIUTeNb. JIAaHHASL CXeMa | 14 pin DIL «Butterfly»: a) - M0denb pacnonoxeHus onmosnex-
M3roTOB/IeHa Ha 6ase fipariBepa DLC-1300 IIPOM3BOACTBA | mpoHHbIX KOMNOHEHMO08 8HYMpU YHUGUULPOBAHHO20 KOp-
komnanuu AO «<HOJIATEX>. nyca 14 pin DIL «Butterfly»; b) - 20mo8bili Aa3epHbiii M0dyAbs
Hrioke Ha puc. 4 mpencrainensl BAX u BTAX mepe- | g kopnyce 14 pin DIL «Butterfly» ¢ naamoti ynpasaexus
CTpanBaeMOro ONHO9IACTOTHOTO IIOTYyIIDOBOAHHKOBOI'O Fig. 2. Laser module in a unified 14 pin DIL “Butterfly” case: a) -
JIa3epHOTO MOAYJIst, U3LOTOB/IEHHOrO Ha 6ase ABYXIIPO- | 4 model of the location of optoelectronic components inside
XOAHOI'O yCHIATEIIA. a unified 14 pin DIL “Butterfly” case; b) - ready-made laser

C POCTOM TOKa HaKa4yKW AKTHUBHas 0ONaCTh IOBYX™ |  module in 14 pin DIL “Butterfly” package with control board
IIPOXOHOTO YCHIHTENSI HarpeBaeTcs 3a CUeT KOYJIeBa
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Fig. 4 below shows the VAC and
WAC characteristics of a tunable

KoHTponIep

3BM

single-frequency semiconductor
laser module based on a two-pass

TeMIIepaTypsl JIJ

A amplifier.

1 1 . . With an increase in the pump
; ; JlasepHBIH OnTHYeCKUH A .

| Broxmaxaweny || MOZYIB > M3MepuTeD current, the ac;t}ve region of the
: ! MOIITHOCTH two-pass amplifier heats up due
A to Joule heating, which causes
' | MoHuTOp GOTOTOKA | ' KoHTpob a shift of the longitudinal mode
|| oPparHOACEAI | e Lo of the two-pass amplifier between
1 ! JIA3€pHOr'0 MOAY/IA

the two modes of the external cav-

Puc. 3. CmpykmypHas cxema cmeHda 945 usmepeHus 8amm-amMnepHbIX U 80Abm-
amnepHbIX Xapakmepucmuk nepecmpauedaembix NoAynpo8odHUKo8bIX 00HOHA-

CMOMHbIX Aa3epos

Fig. 3. Block diagram of the stand for measuring the watt-ampere and current-
voltage characteristics of tunable semiconductor single-frequency lasers

ity. This introduces instability into
the single-frequency lasing regime
with the appearance of a mode
hopping. On the graph of the watt-
ampere characteristic, this looks
like a kink in the curve. Then,

HarpeBa, YTO BHI3BIBAET CMeIleHHe IIPOJOJIBHON MOZBL
IOBYXIIPOXOOHOIO YCHIHTENS MeXAy IBYMS MOZAMH
BHEIIIHET0 Pe30HaTopa. JTO BHOCHUT HECTaOHIBHOCTH
B OJIHOYACTOTHBIN PesKUM TeHepallkH C IIOSBIeHHeM
Iepeckoka Monsl. Ha rpaduke BaTT-aMIIepHOM Xapak-
TEPHCTUKK 3TO BBIIVISIAUT KaK HM3JIOM KPHUBOH. [lajee
HabromaeTcss CTabUIBHBIA ONHOYACTOTHBIM PEKHUM
paboThI a3epa A0 CIeAyOIero mepeckoka Mombl. Tak
KaKk B ABYXIIPOXOJHOM YyCH/IMTesle BIHSHHE BHYTpPeH-
Hero pe3oHaTOpa MaKCHMAaJIbHO IIOZIAB/IeHO, TO Ilepe-
CKOKHM MOJ, He TaK SIBHO BBIPRKEHBI, 10 CPAaBHEHHIO
C AaKTUBHBIM 3/IEMEHTOM, HMEIOIIUM IIPSIMOH I10JIOCOK.

Ta6nunua 3. OCHOBHbIE XapaKTepPUCTMKM Na3epHOro
Moayns
Table 3. Main characteristics of the laser module

[MapameTpbl 3HayeHune
Parameters Value
BbiIxoAHas onTuyeckas MOLWHOCTb, MBT 35
Output optical power, mW
MoporosbIv TOK, MA 60
Threshold current, mA
2bPeKTUBHOCTL BBOAA U3/1Y4EHWNS B BOIOKHO, %

: N 4 N 80
Efficiency of radiation input into fiber, %
Pabouee HanpsieHue, B 17
Operating voltage, V !
Hanps>eHwe oTtceyku, B 095
Pinchoff voltage, V !
CBO6OAHDLIN OT NEpeCcKOKOB MO, y4acToK, MA

. 50

Area free from hopping mode, mA

a stable single-frequency laser oper-
ation is observed until the next hop.
Since the influence of the internal resonator is maxi-
mally suppressed in a two-pass amplifier, the mode
hopping is not so pronounced as compared to an active
element having a straight stripe. The characteristics of
a tunable single-frequency semiconductor laser module
are given in Table 3.

Fig. 5 shows the watt-ampere characteristics of
a tunable single-frequency semiconductor lasers at dif-
ferent values of the temperature of the active element.
An increase in temperature leads to a large drop in

40 5
35
2L >
E 30 g
-
[J] r [
2 =
O
8 25 i
= _ | m
& 20 -
= | s
815 g
g &
g E
g 10 =
s F e}
5
0 et '. | | | | | | | 0
0 50 100 150 200 250 300 350 400 450 500

Toxk, MA | Current, mA

Puc. 4. Bonbm-amnepHble U samm-amnepHble U xapakmepu-
CMUK nepecmpausaemozo 00HO4acmomHo20 NoAyNnpoBooHU-
K08020 AA3epH020 MOOYASI

Fig. 4. olt-ampere and watt-ampere characteristics of a tun-
able single-frequency semiconductor laser module
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Fig. 5. Dependence of the L-I characteristic on the tempera-
ture of the active element
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Puc. 6. CnekmpanbHbIX Xapakmepucmuka mooyAs
Fig. 6. Spectral characteristics of the module

XapaKTepUCTUKU IIepecTpauBaeMOro OJHOYACTOTHOIO
I10JIyIIPOBOJHHMKOBOI'O JIa3€pHOIO0 MOAYJISL IIPUBENEHEI
B Tabi. 3.

Ha puc. 5 moxkasaHbl BaTT-aMIIepHBIe XapaKTepH-
CTUKH IIepecTparuBaeMoOro OAHOYACTOTHOIO IIOJIY-
IIPOBOJHMKOBOIO JIA3€pOB IIPU Pa3HBIX 3HA4YeHHUSIX
TeMIIepaTypbl aKTHBHOIO 3jJeMeHTa. YBeJlh4yeHHe
TeMIIepaTypbl IPUBOOUT K CH/ABHOMY IMaJeHHUIO
BBIXOAHOM MOIIHOCTH. CHJIBHAsI TeMIlepaTypHas
3aBUCHMOCTDb BBIXOJHOM OITHYECKON MOIIHOCTH 00B-
SICHSIETCSL yMeHBbIIeHHeM KO3QOHUIIMeHTa YCHIeHHUS
C POCTOM TeMIIepaTyphl. YBeIH4YeHHEe TeMIIepaTyphl
IIPUBOJUT K POCTy 6e3bI3/ydaTeNbHBIX ITPOLIECCOB,
JOMHHHPYIOIIMM K3 KOTOPBIX SB/IseTCA OxKe-peKkoM-
OuHanusa. CuiIbHAs TeMIIEpaTypHas 3aBHUCHMOCTD
XapakTepHa [JIsl jla3epoB B [Oxalla3oHe IJIMH BOJIH
1300-1650 HM.

J1s MCCIef0BaHUS CIIEKTPAJIbHBIX XapaKTePUCTHUK
repecTparuBaeMbIX OFHOYACTOTHBIX II0/IYIIPOBOSHM-
KOBBIX JIa3€POB HKCII0JIb30BAJICSI ONTHUYECKUM aHaIU-
3aTop crekTtpa AQ6317 (Ando, SnonHus). U3mepeHue
IOJIUHBL BOJIHBL U aHAJIKU3 OIITHUYECKOro CIIeKTpa M3JIy-
YeHHs OCYILIECTB/ISIOTCA B Auamnas’oHe 600-1700 HM.
Paspemaromnias criocobHocth 0,01 HM. B JIorapudmMu-
yeckoM Maciitabe Hab/II0ma0Ch 3HAYUKUTEIBHOE I10/1a-
BIeHUe O0KOBOM MOJIBI, KOTOpoe cocTaBuio 40-45 nb.
CIieKkTp U3/1y4eHHUs IIpefCTaB/lIeH Ha PUC. 6.

MlypyHa TMHUY reHepaluu cocTapisia ~10-100 KI'11,
OaHHBIA 3QdeKT pagHKaJIbHOIO CYy>KEHHUS IIHPHUHBI
JIMHUU H3JIydeHUs IlepecTparuBaeMOro OAHOYACTHOIO
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power output. The strong temperature dependence of
the output optical power is explained by a decrease in
the gain with increasing temperature. An increase in
temperature leads to an increase in nonradiative pro-
cesses, the dominant of which is Auger recombination.
A strong temperature dependence is typical for lasers in
the 1300-1650 nm wavelength range.

An AQG6317 optical spectrum analyzer (Ando, Japan)
was used to study the spectral characteristics of tunable
single-frequency semiconductor lasers. Measurement
of wavelength and analysis of the optical spectrum
of radiation is carried out in the range 600-1700 nm.
Resolution 0.01 nm. On a logarithmic scale, side mode
suppression was observed to be 40-45 dB. The emission
spectrum is shown in Fig. 6.

The lasing linewidth was ~ 10-100 kHz; this effect of
a radical narrowing of the emission linewidth of a tun-
able single-particle laser module was investigated at
the Fiber Technology Research Center at the GPI of RAS
using a Mach-Zehnder fiber interferometer. [9]

Fig. 7 shows the dependence of the wavelength of
the laser module on the voltage on the piezoelectric
ceramics (FBG stretching). Since the dependence of the
stretching of the piezoelectric ceramics on the voltage
applied to it is a hesteresis loop, the dependence of
the shift of the lasing wavelength on the stretching
of the piezoelectric ceramics also has a hesteresis loop.
The tuning step is 0.04 nm, which is the intermode
distance for the external cavity formed by the FBG
and a two-pass amplifier. There is no influence of the
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JIa3epHOr0 MOJYJISL MCC/Ie[0BAJICA B HAay4YHOM LIeHTpe
BOJIOKOHHOHM TeXHUKU pu MO® PAH ¢ IOMOIIIBIO BOJIO-
KOHHOro uHTepdepoMeTpa Maxa-Llangepa [9].

Ha puc. 7 npencrasieHa 3aBUCUMOCTD JJIMHBI BOJTHEI
JIa3epHOr0 MOIYJISl OT HAIIPsDKeHM s Ha IIbe30KepaMUKe
(pactsoreHus BBP). Tak Kak 3aBUCUMOCTD PaCTSDKeHHS
[1be30KePAMHUKHU OT I10IaBa€MOI0 Ha Hee HaIlpsUKeHUS
IIpefiCTaB/sgeT IIeT/II0 recrepesrca, TO M 3aBHCHMOCTb
CMeIlleHHUs [JIMHBl BOJIHBI TeHepallkiu OT pacTsDKe-
HUS [Ibe30KepaMUKH TOKe MMeeT IIeT/II0 recTepesuca.
Iar mepecTporky cocTabisieT 0,04 HM, UTO SIBISIeTCS
MEKMOJOBBIM PACCTOSIHHEM [IJI1 BHeIIHero pe3oHa-
TOpa, 06pa3oBaHHBIM BEP U BYXITPOXOLHBIM yCHIIHTE"
7eM. BivsHHe BHYTpPeHHero pe3oHATOpa Ha KadecTBO
IepecTpPOeYHOM KPHBOM OTCYTCTBYeT. IlepecTporika
IUIMHBI BOJIHBI IIPOMCXOOMT II0 KPAaCHOMY H CHHEMY
rpagpukam.

I1aBHYyIO0 I1epecTpPOMKY [IJIHMHBL BOJIHEL JIa3€pHOIO
MOZYJISL MOXKHO OCYLIeCTBHTL C IIOMOIIBIO MOAYJIS-
LIMA TOKA HaKa4YKHU WK TeMIIepaTypbl aKTHBHOIO 3jie-
MeHTa [10]. ITpy 3TOM [AHAaMa30H MEePeCTPOHKU CTPOIo
OrpaHHYeH CeJIeKTHBHOCTRIO0 BEP 0,08 HM.

BbIBO/1bl
Takum obpa3oM, 6bIT CO3aH IepecTpalBaeMBbIH OHO-
YACTOTHBIM II0/1yIIPOBOJAHUKOBBLIM J1a3epHBIM MOZY/b

i g

1551,0 -
1550,8 -
1550,6 -
1550,4 -
1550,2 -
1550,0 |
1549,8 -

1549,6 -

Jl1MHa BOJIHBI, HM | Wavelength, nm

1549,4 S S S R S R S R
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HamnpsbkeHue, B | Voltage, V

Puc. 7. 3asucumocms 0AUHbI B0AHbI AA3EPHO20 MOOYAS!

O HANPSIXKeHUS! HA Nbe3oKepamuKe

Fig. 7. Dependence of the wavelength of the laser module on
the voltage on the piezoceramic

internal resonator on the quality of the tuning curve.
Wavelength tuning occurs according to the red and
blue graphs.

Continuous tuning of the laser module wavelength
can be performed by modulating the pump current or

www.nolatech.ru

AO uHOAATEXn — pu;puﬁprblBGéT

ECTPAME
"fp".l*\.'-"'| DFEJ /

[oAYNPOBOAHWKOBEIS ONTHYE

POTOAMOAHBIE MOAYAM
KOMINOKTHLIE AQIEPHBIE MOAYAM

nolatech@mail.ru

HMAHTEAM

+7(495)333-93-01

MEFIrOTaBAMBAET NOAYNPOBOAHWMKDBLIE ACBEPHl (B TAM YMCAE
THbIE W NEPECTPAMBAEMBIERE BOACKOHH ;

eLueTkol Ak DFB), cyn

+7(495)335-32-25

PHOTONICs vOL. 15 Ne5 2021 417



NRRRN CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e ey
NA3EPbI N TIA3BEPHbBIE CUCTEMbI I—

=

Ha 6a3e ABYXIIPOXOLHOIO YCHINTeNs, K3nydaroimui || the temperature of the active element [10]. In this case,
Ha JUTHHe BOTHBI 1550 HM. IIpencTaBieHbl MX OCcHOB- || the tuning range is strictly limited by the FBG selectiv-
Hble KOHCTPYKTHBHBIE U 3KCIUTyaTallMOHHBIe XapakTe- || ity of 0.08 nm.

PUCTHUKHU. MOIIHOCTh M3/Iy4eHHUs Ha BBIXOJE OITHYe-
CKOTo BOJIOKHA — 35 MBT. Illupuna nunHuu usnyderus || CONCLUSIONS

JIa3epPHOT0 MOZYJISI B OIHOYACTHOM peskuMe cocTanseT || Thus, a tunable single-frequency semiconductor laser
100-500 k1 ¥ IepecTpamBaeTcs B mpemenax 1-1,5 Hm. || module based on a two-pass amplifier, emitting at

Pecypc paboTer 100 ThICSIY 4acoB.
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a wavelength of 1550 nm, was created. Their main
design and operational characteristics are presented.
The radiation power at the output of the optical fiber is
35mW. The linewidth of the laser module in the single-
particle mode is 100-500 kHz and is tunable in the
range of 1-1.5 nm. The operational life is 100 thousand
hours.
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