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FeHepauus Usny4yeHns B NOAYNpOBOAHUKOBbIX
Nasepax HeM3MeHHO COMpPOBOXXAAETCS Hexena-
Te/IbHbIMY TeM1006pasyloWmuMmn NnpoLeccamMmm,
YTO NPUBOAUT K HECTA6UNbHOCTU AJINHbI BOJIHbI.
BBegeHue B cxeMy TepMocTabuamnsaumum nase-
pOB C pacnpepeneHHon o6paTHom cea3bto (POC-
nasepos) (A=1550 HM), BbINO/IHEHHbIX B KOpnyce
Butterfly, usmeputenbHoro mocta c audpdepeH-
LUa/bHbIM YCUUTENEM NPUBENO K YMEHbLUEHUIO
HecTabunbHOCTU AJIMHbI BOJIHbI € 4 NM A,0 300 M.
M3yyeHa TepMoO3neKTpuyeckas nepegaTo4yHas
XapaKTepucTUKa BCTPOEHHOro KOHTypa oxaaxkae-
HUA AN onpeaeneHus oNnTUMabHOM NOA0ChI Npo-
nyckaHus snemMeHTa MenbTbe. MokasaHo, 4To AN
pas/IMYHbIX Na3epHbIX AnoaoB (A MHbI BoH 1550,
1310 1 980 HM) YacToTa cpe3a 3/1iemeHTa MenbTbe
NeXxuT B gnanasoHe 0,2-0,4'u.

BBEAEHUE

I[1o/1yITpOBOAHKKOBBIE JIa3epHbIe JHObl HALIUIU K PO-
KOe ITPMMeHeHHe B Pa3/IMYHBIX TeXHUYECKHX U Hay4-
HEIX chepax 61aromaps Leomy psifly IPeHMYyILecTB
nepes, APYrUMH UCTOUHHMKAMU MOHOXPOMaTHU4eCcKOro
u3nydeHHs:. OTHOCUTeNbHAS JellleBU3Ha K IIPOCTOTA
HaKaukH, CTABIIHE B CBOe BpPeMsI HACTOSIIIKM IIPOPbI-
BOM, — OCHOBHBIE [IPeHUMYIeCTBa 3THX JIa3epoB B CpPaB-
HEeHHH C IPyTUMH U371y9aTeNsIMH, IPU6aBUM K STOMY
KOMIIAaKTHOCTh KOHCTPYKLHMH HCTOYHHKOB. OJHAKO
psioM C APYTHMMH Ja3epaMH II01yIIPOBOJHUKOBBIE
Na3epHble AHOABI HMEIOT HHU3KYI0 KOTepeHTHOCTb
Iy4Kka. 3a IpolIefIIHe 10/IBeKa [I0TyIIPOBOLHHKOBbIE
Nasepsl IMPOLUIM JONTHH IyTh, UX TeXHHUKA IIpeTep-
Iejla MHOXKeCTBO M3MeHeHMH U YIydlleHHH. MoKHO
Pas/eNIuTh JIa3epbl HA MOLIHBIE JHUO/bI, [I03BO/ISIOIIHe
MIOIYYUTb IO HECKOJIBKUX JIeCSITKOB BaTT ONTHYECKOH
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Radiation generation in semiconductor lasers

is invariably accompanied by unwanted heat-
producing processes, which results in the wavelength
instability. Introduction of distributed feedback
(DFB) lasers (A=1550 nm) executed in Butterfly body
and measuring bridge with the differential amplifier
into the thermal stabilization circuit resulted in the
decrease of instability level of wavelength from 4

pm to 300 fm. Thermoelectric transfer characteristic
of built-in cooling circuit is studied for the
determination of optimal transmission band of Peltier
element. It is shown that for different laser diodes
(wavelengths of 1550, 1310 and 980 nm) the cutoff
frequency of Peltier Element lies within the range of
0.2-0.4 Hz.

INTRODUCTION

Semiconductor laser diodes found broad application
in various technical and scientific areas due to a
number of advantages in comparison with other
sources of monochromatic radiation. Relative low
cost and pumping simplicity, which have become
practical breakthrough at one time, refer to the
main advantages of these lasers in comparison with
other emitters; we should add here the compact size
of source construction. However, compared with
other lasers the semiconductor laser diodes have
low coherence of beam. For the last half a century,
semiconductor lasers have covered long way, and
their technology have had many modifications and
improvements. Lasers can be divided into high-
power diodes, which allow obtaining up to several
tens of Watts of optical power [1], and precision
diodes with the line width of 30 kHz to 2 MHz and
power up to 1 W [2]. The conditions for stabilization
of parameters of the second group are considered in
this article.
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MOIIHOCTH (1], ¥ IpelU3HOHHbIE AHOABL C IIHPHHON
JTUHUU oT 30 KI1I go 2 MI'IT ¥ MOIIHOCTBIO 0 1 BT [2].
B cTaTbe pacCMOTpeHBI YCIO0BHS CTabMIM3ALMHK I1apa-
MeTPOB BTOPOK I'PYIIIIHI.

Ob6nacTe DpPUMEHEHUH JIa3epHBIX AHOLOB BTO-
PO TpYIIIBl OYeHb INMPOKA. TaK, MeTOHbI Jasep-
HOM JUOAHOM CIeKTPOCKOIIMH, IIMPOKO IIpPHUMe-
HsieMble B MCCIe[OBAHUSIX I1apaMeTPOB TIa30BBIX
Cpei - COCTaBa, KOHIIEHTpPAaMH, TeMIIepaTypsl,
JOaBJIeHUSI, — HCIIONB3YIOT Bech Psifi CyIeCTBYIOIINX
IIOJIyIIPOBOAHHKOB I/ 0XBAaTa MaKCHMAaJIBHOIO CIIEK-
TPaJIPHOIO JHAIIA30Ha.

Braromapsi OTHOCUTENIBHO IIPOCTOM M HaJesKHOM
KOMIIOHOBKe Ja3epHBIX Mopayned (puc.l) co BCTpo-
€HHBIM KO/UIMMAaTOPOM H3/IyUYeHHSI B BOJIOKOHHOM
OIITHKe JIa3epHble JHOABI UCIIONB3yIOTCS B KadyecTBe
IepefaTYMKOB LIHUGPOBOr0 CHUTHaMA. TaKoe HKCIIONb
30BaHHUe JIa3epoB IOTPeboBaO0 BIOKEHHUS OONBLIMX
pecypcoB B COBepLIEHCTBOBAHHe TEeXHOJIOTHHU HX
K3roToBieHHsi. OZHAKO IJIaBHOE YCIOBHeE, Ipelb-
SBAsieMOe K XapaKTepPUCTHKAM JIa3epHOro OHOAA
B TaKOM CJIy4ae, ofHO — b6picTpomericTBre. COBpeMeH-
Hble AUOABl CIIOCOOHBI MeperaBaTh HAHHBIE C YaCTO-
Toi 40 T'6uTt/c u 6omee. CTabUIBHOCTD AJIUHBI BOTHEI,
IIHMPHUHBL II0JIOCHI U IPOYMe ITapaMeTpbl He OKa3bl-
BAIOT CYIIeCTBEHHOIO BJIMSHUSI Ha BHIIIOJHEHHE
nofobHBIX IlepefaToYHBIX GYHKUMHK. Ho Tpebosa-
HUS, IIpefAbsBIsieMble K OBICTPOIECTBHIO JIa3ePHBIX
IOy IIPOBOJHHUKOBBIX IHOAOB, paboTaromux B obna-
CTH BOJIOKOHHO-OIITUYECKOM CeHCOPUKH, HIHKe. 3aTo
BO3PACTAOT IIOTPeOHOCTH B CTAOMIM3allMHM MOIIHO-
CTH, IJIMHBI BOJIHBI, IIHPHHBI II0JIOCHl H3JIyYeHHUS,
IIOCKOJIBKY M3MeHeHH I 3HaUeHH I BCeX STUX BeTMUHUH
MOT'YT HeCTH Ha cebe M3MepHUTEeTbHYIO HHOOPMALIHIO.
U CBsI3b, U CEHCOPHBIE CHCTEMBI, IJIABHBIM 06pa3oM,
HCIIOIB3YIOT CTAaHAAPTHBIE TUIIBI BOJIOKOH U KOMMY-
TaLIMOHHBIX 3JIeMeHTOB. 9T0 U 06yc/I0BIHBaeT BbI6OP
JIJIMH BOJIH B COOTBETCTBHM C H3BECTHBHIMH OKHAMH
IIpo3pavyHoOCTH - 131020 HM M 1550420 HM U IIpo-
ure. Hafe>XHOCTh M IIPOCTOTA IIOCTPOEHUS CHUCTEM
Ha OCHOBE BOJIOKOHHBIX KOMIIOHEHTOB OOYCJIOBIH-
BAIOT KX UCII0/Ib30BaHUE B XKeCTKHX YCJIIOBUSX IKCILIY-
aTaluu [3], B TOM YHCJIe B KOCMHYECKOM TeXHHKe, Taxk,
HCIIOJIb30BAHUE H3/TyUYeHHUs JIa3ePHOIo JHOAA B Kade-
CTBe 3aJAI0LIero 15 HHQPaKpacHoro ¢pypre-CIrieKTpo-
MeTpa TpebyeT IOBBIIIEHHON CTAOHMJIBHOCTH [IJIWHBI
BOJIHBI BILJIOTH IO ee IIPUBSA3KH K BHEIIHEMY aTOM-
HOMY pe3oHaHCy [4]. TpeTbHMM K/IIOYeBBIM HaIlpaBiie-
HHEeM IIPHMeHEHHUS JIa3ePHBIX JHONOB B BOIOKOHHOM
OIITHKeE SIBJISIIOTCSI BOJIOKOHHBIE JIa3epEl, IJie Ta3epHble
IOHOJBI SIBISIIOTCS CAMBIM PaCIIpOCTPaHEeHHBIM UCTOY-
HMKOM HaKauKHU JIsT aKTUBHOTO BOJIOKHA. Tak, BOJIO-
KOHHBIH JIa3ep YIBTPAKOPOTKUX HMIIY/IbCOB SIB/ISETCS

Puc.1. /lazepHeili duod 8 kopnyce Butterfly
Fig.1. Standard laser diode module in "Butterfly" case

Application range of laser diodes of the second
group is very broad. Thus, the methods of laser diode
spectroscopy, which are broadly used in the studies
of parameters of gas media (structure, concentration,
temperature, pressure) use the whole number of
existing semiconductors in order to cover maximum
spectral range.

Due to relatively simple and reliable arrangement
of laser modules (Fig. 1) with built-in radiation
collimator, in fiber optics the laser diodes are used in
the capacity of digital signal transmitters. Such use of
lasers required contribution of vast resources into the
improvement of their fabrication method. However,
there is only one main condition made in relation
to the characteristics of laser diode in such case -
high-speed operation. Modern diodes are capable
to transmit data with the frequency of 40 Gbit/s
and higher. Stability of wavelength, band width
and other parameters do not have significant effect
when fulfilling the similar transmission functions.
But the requirements specified in relation to high-
speed operation of laser semiconductor diodes, which
operate in the area fiber optic sensory, are lower.
But on the other hand, the needs in stabilization of
power, wavelength and radiation band width grow
because the variations of all these values can carry
the measurement information. Communication and
sensor-based systems mainly use the standard types of
fibers and switching elements. This fact stipulates the
selection of wavelengths in accordance with known
transmission windows - 1310+20 nm and 1550+20 nm
and others. Reliability and simplicity of arrangement
of the systems based on fiber components stipulate
their use in stringent operating conditions [3], as
well as in space engineering. Thus, use of radiation
of laser diode in the capacity of driving diode for
infrared Fourier spectrometer requires higher level of
wavelength stability to the extent of its connection
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K/IIOYEeBbIM 3JIeMeHTOM IIpPU CBSI3LIBAHHH OITHYE-

CKOT0 U Pafiu0-AHAIa30HOB [5, 6]. [JJIMHEL BOIH H3/y-

YeHHM s HaKa4KHU IIPH 3TOM JO/IKHEL B IIEPBYIO O4epeab

COOTBETCTBOBATh JIMHUSAM IIOIJIOIEHUS aKTHBAaTOpa

BOJIOKOHHOT0 J1a3epa, s 3pbus (Er) u uttepbus (Yb)

UCI0/b3yIoTCsa 980 HM M 960 HM COOTBETCTBEHHO.

CepHITHO HM3rOTOB/IsSIeMBble Ja3epHble MOAYIH Ha 3TH

OIHUHBL BOJIH HOEHTUYHBI CBOUM TeJIeKOMMYHHKA-

LIMOHHBIM aHaJoraM. B maHHON paboTe /IS OLleHKU

ONTHYECKUX XapaKTePUCTUK HCII0Tb30BAJIKCh JJIMHbI

BOJIH B6mM3u 1550 HM U 1310 HM, a /1 OLIEHKH Xapak-

TePUCTHUK 3/IeMeHTOB [leibThe JOIIOIHUTE/IBHO pac-

CMOTPEH JIa3epHBIH MOAY/b Ha 980 HM.

B cooTBeTCTBUU C TpebOBaHUSIMHU IOAOHPAETCS
HY>KHBIM THII II0JYIPOBOJAHHKOBOIO H3jydaTess,
HanpuMep DEB, ECL vnu FP, rae:

« FP - na3epHble quonsl ¢ pesoHatopom dabpu-Tlepo
(Fabry-Perot), xoTopsll 0bpa3yeTcsi TOpPLIEBBIMH
[I0BEPXHOCTSMH, OKPY>KAIOIIMMH TeTepOreHHBIN
nepexosi. OnHa M3 IOBepXHOCTeH MPaKTH4YeCKHU
IIOJIHOCTBIO OTPa’kaeT M3/IyueHHe, Apyras sBiis-
eTCsl MOJNYIIPO3PAuHOM, CIIOCOGCTBYSI €ro BBIXOMY
HapyKy. H3ny4aTens obr1agaeT HAMIy4IIHM COOT-
HOLIeHHEeM LeHa-KayecTBO, HO IIPH 3TOM TeHepH-
pyeT MHOTOMOJOBOE H3/1y4yeHHe;

o DFB - a3epHble JHOABL C paclipefe/eHHOM obpat-
Hou cBs3bro (Distributed Feedback), pe3sonartops
KOTOPBIX IIPeACTaBISIOT C060M MOAHGUKAILIHIO
pesoHaropa ®abpu-llepo c mobaBieHHEM MEPHO-
JUYeCKOM IMPOCTPAHCTBEHHON MOIY/ISLIMOHHOMU
CTPYKTYphL. JJaHHas CTPYKTYypa BAMAET Ha Xapak-
TePUCTHUKU HU3/1y4YeHH s U YCIIOBHU S ero pacpocTpa-
HeHH . [IpeMMyIeCTBOM 3THX JIa3€POB I10 CPaBHe-
HUIO C FP 4B/IseTCS MeHbIIAS 3aBUCUMOCTD [T HBI
BOJIHBI JIa3epa OT TOKA MHKeKIIUH U TeMIIepaTyphbl
Y BBICOKASI CTAOMIBHOCTD OTHOMO/IOBOCTH;

* ECL - nasepel C BHeIIHeM Pe30HATOPHOM II0JIO-
creio (External Cavity Laser). Mcromns3ys DaHHYIO
II0JIOCTh, MOKHO MeXaHUYeCKH OCYIeCTBIATh
IIOACTPOMKY JJIMHBI BOTHBI, 3 TAK)Ke KCII0/Ib30BaTh
B KayeCTBe 3epKajla Pe30HaTopa Y3KOIIOJIOCHBIe
GunbTphl (HampuMep, 6PerTOBCKYIO pelleTKy), TeM
caMbIM obecrieqrBasi OLHOMOIOBOCTb.

TEMIMEPATYPHDbDIE NMPOLLECCDI
[IpaKTH4YecKH BCe BbILIeNlepedyHC/AeHHble I1apamMe-
TPBI JIa3€PHBIX AHUOJOB UMEIOT Ty /AU UHYIO 3aBHUCHU-
MOCTb OT TeMIIepaTypsl KpucTa/ia [7]. IIpoaHanu-
3UpyeM ee BIHSHHe Ha CTabMIBHOCTD AJIMHBI BOTHBI
M3Jly4yeHHu .

B m1r060M J1asepe IONYIIPOBOAHKKOBOIO THIIA
reHepalMsl HM3/lyYeHHs HeH3MEeHHO COIIPOBOXKAAeTCs
He>Ke/laTe/IbHBIMHU TeIl/1006pa3y oMU IIPOLIeCCaMU,
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with external nuclear resonance [4]. The third key

area of application of laser diodes in fiber optics

includes the fiber lasers where the laser diodes are the
most common pumping source for active fiber. Thus,
fiber laser of ultra-short pulses is the key element

when connecting the optical and radio ranges [5, 6].

At the same time, firstly, the wavelengths of pumping

radiation must correspond to the absorption lines of

actuator of fiber laser; for erbium (Er) and ytterbium

(Yb) 980 nm and 960 nm are used respectively.

Commercially produced laser modules for these

wavelengths are identical to their telecommunication

analogs. In the paper in order to evaluate the optical
characteristics, the wavelengths near 1550 nm and

1310 nm were used, and in order to evaluate the

characteristics of Peltier elements the laser module

with 980 nm was additionally considered.

In accordance with the requirements, the needed
type of semiconductor emitter is selected, for example,
DEB, ECL or FP where:

e FP - laser diodes with Fabry-Perot resonator,
which is formed by the end surfaces surrounding
the heterogeneous junction. One of the surfaces
practically completely reflects the radiation, and
the other one is semitransparent and promotes its
output. It has the best ratio of price-quality but at
the same time it generates multimodal radiation;

e DFB - laser diodes with distributed feedback,
resonators of which are represented by the
modification of Fabry-Perot resonator with the
addition of periodic spatial modulation structure.
This structure influences on the radiation
characteristics and conditions of radiation
propagation. Advantage of these lasers in
comparison with FP includes lower dependence
of laser wavelength on injection current and
temperature, high level of stability of single mode;

e ECL - external cavity lasers. Using this cavity
it is possible to perform wavelength adjustment
and use narrow-band filters (for example, Bragg
grating) in the capacity of resonator mirror; it
ensures the single mode.

TEMPERATURE PROCESSES
Practically all above-listed parameters of laser
diodes have one or another dependence on crystal
temperature [7]. Let us analyze its influence on the
stability of radiation wavelength.

In any laser of semiconductor type, the radiation
generation is invariably accompanied by unwanted
heat-producing processes, such as nonradiative
recombination, Auger effect or surface recombination.
Even in high-efficiency radiators the major part of
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TaKUMHK Kak Oe3bI3jydaTesnbHass peKOMOHUHAIMS,
3pdexT Oske, M/IM IIOBEPXHOCTHAsl peKOMOMHAIIUS.
Jllasxe B BBICOKO3)PEKTHUBHBIX H3/ydaTensx 00sb-
mas 4acTh 371eKTPUYeCKOM SHePruy IIpeBpallaeTcs
B TeIJIOBYIO. II0BBIIIEHHe TeMIIepaTyphl BefleT K YXyI-
IIeHHI0 OCHOBHBIX XapaKTePUCTUK j1a3epa, TAKHUX Kak
[IOPOTOBBIM TOK, BBIXOAHAS MOIIHOCTb, B TOM YMCIIe
CIIeKTpaJ/ibHble XapaKTePHUCTUKHU, M B HTOre MOXET
IIPUBECTH K IT0JIOMKe [8].

B pabote [9] moKa3aHbI OCHOBHBIE IPHIHHBI CMellle-
HUSI JJIMHBI BOJIHBI JIa3€PHOT0 AMOAA IIPH H3MeHeHHUH
ero TeMIlepaTyphl, NPHUBOASAIIHEe K QYHKLUHH BUOA
A(T)~(1-aT), roe a - TeMIepaTypHbIN KO3QOULIEHT
M3MeHeHHUs IIHMPHHBI 3allpellleHHON 30HBbI IIOIYIIPO-
BOAHMKA. Ha NIpakTHKe pabo4yMM TeMIlepaTypHBIH
I YaIla30H OXBAThIBAET TOJIBKO HEOOJIBINYIO YaCTh KPH-
BOM, KOTOPYIO B 3KCIIepUMEHTa/IbHBIX HCCIeJOBAaHU X
ANNpoKCUMUPYIOT KaK JIMHeNHOH [10], Tak 1 KBagpa-
TUYHOH [11] 3aBUCUMOCTSIMHU:

A(T)=xT2+B(0)T+A,,

rae X — Ko3pPULIHeHT HeTMHEMHOCTH, KMeIOI I pas-
MepHOCTb HM/°C2, B(0) - K03bPULIHEHT 3aBUCIMOCTH
JJIMHBL BOJIHBL OT TeMIlepatypel nipu T=0°C HM/°C,
A\, — HEKOTOpOe HOMHHAJIbHOE (ITaCIIOPTHOE) 3HAUEHHe
JJIUHBI BOJTHBL U3/TyYeHH S, HM.

CpenHee 3HaueHHe K03QPUIIMEHTA HeIHHEHHO-
CTH ) IJISI Pa3/IMYHBIX JIA3€PHBIX JHOJOB KoJebeTcs
okoJjio 3HaueHus -0,0002 HM/°C2, mjisa Ko3ddUIlHeHTa
B (0) 3To0 3Hauenue paBHO 0,1 HM/°C. MOXKXHO BBIYHC-
JIUTH, 4TO IpU pasbpoce Temreparyp ot 0 mo 40°C
M3MeHeHHe [AHHBl BOJAHBl COCTABUT BeIUYHHY
10 3 HM. 9TO CBOMCTBO MOKET OBITh UCITOJIb30BAHO /IS
OpraHM3allM{ YMBIIJIEHHOM IIepeCTPOMKH MJIHHBI
BOMHBL [12]. IJIaBHBIM OrpaHHYeHHeM TeMIIepaTyp-
HOr0 OHaIlla3oHa C CTOPOHBI BBICOKHMX TeMIIepaTyp
SIBJISIeTCS OIACHOCTDb pa3pylleHHs JIa3epHOro AHOAA
13-32 BBITOPAHUS ONTHYECKHUX ITOKPHITHIH, obpasyro-
IIMX pe3oHaTop. OmHAKO ¢ 06erX CTOPOH JHaIa3oHa
IeHCTByeT ApPyroe orpaHHYeHHe - HM3MeHeHHe IIepe-
IOATOYHBIX QYHKI[UH 97IeMEeHTOB, 06pa3yIOLIHNX KOHTYP
CTabunu3anuu TeMIlepaTyphl U IIPUBOASINEe K CHU-
SKEHUIO CTAabHMJIBHOCTH IIOAAEeP>KaHUS TeMIIepaTyphl.
Bo-miepBBIX, HeJIHHeHHas XapaKTepUCTHKa TepMH-
CTOpa IIPH BBICOKHX TeMIIepaTypax TepsieT KpPyTHU3HY,
YTO IIPUBOAUT K 0C/Ia6/IeHUIO CUTHAJIA TeMIIEPATyPHL.
Bo-BTOpBIX, IIpHU YBeIHMYEHHUHU MOAY/ISL Pa3sHOCTHU
TeMIIepaTyp MeXKAy BHEIIHUM PaaHaTopoM (KOPpIIyC
7Ia3epHOr0 MOAYIS) K Ja3epHoro Axona 3odeKkTHUB-
HOCTh TEIIOOTBOAA Yepe3 3yieMeHT IlebThe CHHXKA-
eTCsl, YTO C TOUYKH 3PeHUS KOHTYpa peryJIrpoBaHUs
IIOHMMAETCS KaK CHIDKeHHe Ko3QPHUIlMeHTa yCuiie-

i1

electric energy is transformed into the heat energy.
Temperature growth results in the deterioration of
laser basic characteristics, such as threshold current
and output power, as well as spectral characteristics,
and as a result it can cause the breakdown [8].

In the paper [9], the main reasons for displacement
of laser diode wavelength are shown in case of
variation of its temperature; it results in the function
of the following type: A(T)~(1-aT)?, where a is the
temperature coefficient of alteration of width of
semiconductor band gap. In practice, the operating
temperature range covers only small part of the curve,
which is approximated by linear [10] and quadratic [11]
dependences in experimental studies:

A(T)=xT2+B(0)T+A,

where y is nonlinearity coefficient having the
dimensionality of nm/°C?, B(0) is coefficient of
dependence of wavelength on temperature at
T=0 °C nm/°C, A, is some nominal (certified) value of
radiation wavelength, nm.

The average value of nonlinearity coefficient x
for different laser diodes varies around the value
of -0.0002 nm/°C?, for coefficient B (0) such value is
equal to 0.1 nm/°C. It is possible to calculate that at
the temperature spread from 0 to 40 °C the variation of
wavelength will be equal to 3 nm. This property can be
used for the organization of deliberate adjustment of
wavelength [12]. The main restriction of temperature
range from the side of high temperatures is the
danger of damage of laser diode due to burning-out of
optical coatings, which form the resonator. However,
from both sides of the range the other restriction is in
effect: alteration of transfer functions of the elements
forming the circuit of temperature stabilization
and causing the decrease of stability of temperature
maintenance. Firstly, nonlinear characteristic of
thermistor at high temperatures loses the steepness,
which causes the temperature signal attenuation.
Secondly, when increasing the module of temperature
difference between the external radiator (body of
laser module) and laser diode, the efficiency of heat
removal through Peltier element is reduced, and this
fact is understood as the decrease of amplification
coefficient from the point of view of regulation
circuit. Influence of both processes results in the fact
that the circuit, which is optimally tuned up to the
operation at room temperature, at the margins of the
range demonstrates significantly lower stability of
wavelength.

It should be noted that the wavelength of
semiconductor laser has strong dependence not
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HUS. [JlelicTBHe 0b6OHX IPOLIECCOB IIPUBOAUT K TOMY,
YTO KOHTYP, ONTHMaJIbHO HAaCTPOEHHBIN Ha paboTy
IIpM KOMHATHOM TeMIlepaType, Ha IPaHHLAX AHa-
I1a30Ha JeMOHCTPHUPYeT 3HAUUTE/NIbHO boee HHU3KYIO
CTabUIBHOCTD JIJTMHBI BOJTHBI.

CrefyeT OTMETHUTb, YTO JJIMHA BOJIHBI IIOJTYIIPO-
BOAHKKOBOIO jla3epa KMMeeT CH/IBHYIO 3aBUCHMOCTb
He TOJIbKO OT TeMIlepaTypbl, HO KM OT TOKa HHYKeK-
nuu (11]. B maHHOM paboTe MmoApasyMeBaeTCs, UTO
B IIPUMEHEHHSX, KOTOpble TPeOyIT MaKCHMAaJIbHO
BO3MOKHOM [JIs JAHHOIO THIIA Jla3epa CTabHJIBHO-
CTH YaCTOTBI, HCIIONB3YeTCs HeIIPepBIBHBIN PeXXKUM
paboThl - OITHYeCKasi MOLIHOCTb IIOCTOSIHHA. JTOrO
MOXHO HOOUTBCS COUYeTaHHEM IIOCTOSSHHOIO TOKa
MH>XKeKI[UH (4TO SB/ISIeTCSl JOCTAaTOYHO TPUBHA/IBHOM
3a/iayeri) M IOCTOSIHHOHM TeMIIepPaTyphl H3/ydaTers.
3ajada aHaaM3a CTAabHMJIBHOCTH YacTOTHI M TeMIIepa-
TYPBI B YCTIOBUSX, K IIPHMepY, IIPSIMOH TOKOBOI MOZY-
JSILUK ONTHUYECKONM MOIIHOCTH BBIXOAUT 33 PaMKHU
DAHHOU paboThl.

Takke MMeeT MeCTO U obpaTHasi cuTyanus. Ocy-
IIEeCTB/SSL IIPOLeCC CTAabMIM3allMM TeMIIepaTypsl
B QUKCHPOBAHHOM pabodell TOouKke IpPH HeHU3MeH-
HOM TOKe MH’KeKLHH, OITHYeCKasi MOIIHOCTb OymeT
IIOCTOSIHHOM. OJJHAaKO IIPU CMeIleHUH pabouell TOUKHU
II0 TeMIlepaType IpeskHee 3HAaueHHe TOKa HHXKeK-
UK OyIeT COOTBETCTBOBAThH y>Ke HOBOMY 3HAaueHHUIO
ONTHYeCKON MOINHOCTH [l1]. B maHHOM paborte 3TOT
BOITPOC He PaCCMOTPeH, TakK KaK MaKCHMaJIbHBIH yPo-
BeHb CTAbMJIBHOCTH IO JJIMHE BOJIHBI, KaK ITPAaBHUIIO,
BocTpeboBaH B mpubopax M MeTonax, paboTaromiux
He II0 CJIeKeHHI0 33 aMIUIMTYAOHN WIKM HMHTeHCUBHO-
CTBIO, a [10 YACTOTe. B TaKoM C/y4ae cMellleHHe B Cpef-
HeM YpOBHe MOIIHOCTH He CKa3blBaeTcsl Ha paboTe
CUCTEM.

KOHCTPYKLUUA TEMNOOTBOAA NA3EPHDIX
ANOAN0B B KOPIMYCE TUMA BUTTERFLY
N CTABUJIbHOCTb AJINHbI BOJIHbI
Ba3oBas cxema TeIIOOTBOJA JIa3€PHBIX SHOMOB B KOP-
mycax Tuna Butterfly nnm B aHamOru4yHbBIX Kopriycax
IpefcTaB/leHa Ha puc.2. H3-3a IIJIOXOM TeIJIONpo-
BOAHOCTH IIOJYIIPOBOJHMUKA MJISI Ja3epHBIX JHOMOB
MOIIHOCTBIO Ooslee 5 MBT IACCHBHOIO TeIJIOOTBOAA
He/IOCTAaTOYHO — CHJIbHBle TeMIlepaTypHble QIyKTy-
aAllMM YXy[UIA0T Bce MapaMeTpsl u3nydeHHs. Ilos-
TOMY YacTO H3/JyYalOIIUM KPUCTA/JI PacIloyaraercs
Ha aKTHUBHOM TeIlJIOOTBOASIIEM 37IeMeHTe (3IeMeHTe
[TenbTbe), KOTOPHIK B CBOIO Odepelb IIPHUCOeJHHEH
K paZyaTopy C AOCTATOUHOM TEeIJIOeMKOCTBIO U ILIO-
I1a/1bI0 TIOBEPXHOCTH TeIJIO0TBO/A.

CaM 3nemeHT IlebThe (MM TEPMO3IEKTPHUUECKHUH
MOZly/Ib) IIPeACTaBisieT CO60M COBOKYITHOCTb TePMO-
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only on the temperature but also on the injection
current [11]. In this paper it is assumed that in
the application ranges, which require maximum
possible frequency stability for certain type of laser,
continuous operation mode is used, in other words,
the optical power is constant. This condition can be
fulfilled by the combination of constant injection
current (which is quite trivial task) and constant
radiator temperature. The task of analysis of frequency
and temperature stability under conditions of direct
current modulation of optical power, for example,
goes beyond the scope of this paper.

Also, thereisreversed situation as well. Performing
the process of temperature stabilization in fixed
operating point at invariable injection current, the
optical power will be constant. However, in case of
displacement of operating point by the temperature
the prior value of injection current will correspond to
the new value of optical power [11]. In this paper this
matter is not considered because the maximum level
of stability by wavelength, as a rule, is needed in the
devices and methods operating not by the tracking of
amplitude or intensity but by frequency. In such case,
the displacement in the average level of power does
not have influence on the operation of systems.

CONSTRUCTION OF HEAT SINK OF LASER
DIODES IN BUTTERFLY BODY AND
WAVELENGTH STABILITY

The basic layout of heat sink of laser diodes in Butterfly
bodies or analogs is shown in Fig. 2. Due to poor heat
conduction of semiconductor, the passive heat sink
is not sufficient for the laser diodes with the power
of more than 5 mW, strong temperature fluctuations
deteriorate all radiation parameters. Therefore, often
the radiating crystal is located on active heat-sinking
element (Peltier element), which in turn is connected
to radiator with sufficient heat capacity and area of
heat sink surface.

M3nyyatowmim kpuctann
Active

AKTVBHbIA TENTO0TBOASLWMNIA INEMEHT
Active heat removal element

e

Paagnatop
Radiator

Puc.2. Cxema mennoomeoda nazepHo20 duoda
Fig.2. Laser diode heatflow scheme
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Ilap, WU3MEHSONIYI0 Pa3HOCTh TeMIIepaTtyp Ha cob-
CTBEHHBIX paboumx IIOBEPXHOCTSIX B 3aBHUCHMOCTH
OT HaIIpaBJIeHHS W BeJIMYMHBI IIPOTEKAIIIEro TOKa.
OCHOBHBIMM IIapaMeTpaMHU 3JI€MEHTOB SBISIOTCS
paboyMil TOK U HANPsSSKEHHE, a TaKKe MaKCHMaJlb-
Hasl XOJI0fOIIPOU3BOAUTENIBHOCTD B BaTTaX, COCTAB/IS-
I0Iasi, KaK IIPaBHIIO, 55-60% moTpebisieMON 31eKTpH-
YeCKOH MOIIHOCTH.

Ha pwuc.3 mpencrasieHa 3jleMeHTapHasl CXema
npariBepa [lenbrbe. Ero pabota ocHOBaHA Ha HATUYUH
B CHCTeMe OOPaTHOM CBSI3M IIO TeMIlepaType — pa3o-
rpeB KPUCTa/Ia IPUBOAUT K M3MEHEHHIO COIPOTHUB-
JIeHUSI BCTPOEHHOI'O B HEIIOCpPeICTBeHHON O1r30CTH
OT H3/Iy4aTesisi TepMHUCTOPa, KOTOPBII B CBOIO OUepeb
BIHSeT Ha YCUIHUTe/NbHBIN KacKaj, 371eMeHTa [lebThe.
Tox 4epe3 sneMeHT IlenbTbe M3MEHSIETCSI B CTOPOHY,
IIO3BOJISIIOIIYI0O €My CKOMIIEHCHPOBaTh TeMIlepaTyp-
Hble Koje6aHu sl KPUCTAILIA.

Jlns aHauM3a CyIeCcTByIoUeld CTabUIbPHOCTH
[0 [JIMHe BOJHBI IIPOM3BefileM H3MepeHHe [JIUHEIL
BOJIHBl B peaJIbHOM BpeMeHH [JIS JIa3epPHOro AHOAa,
IpalBep KOTOPOrO0 OPraHH30BaH IIO CXeMe, IIOKa-
3aHHOM Ha PHC.3, C IOMOIUBIO H3MEepHUTeNIs! AJTHHBI
Bo/HBI Angstrom WSU-2 [12]. OcHoBy mpubopa cocTas-
JISIIOT HEeCKOJIbKO HHTepdepomeTpoB PH30, Ompallu-
BaeMbIX QOTOAMONHBIMH MacCHUBaMH. H3iydeHHe
II0fAeTCs Ha KIIMHOBUAHYIO IIPU3MY, AeIAILyI0 II0TOK
Ha [iBe COCTAB/ISIOIINX, KOTOpble HUHTepOepUpPYIOT
B IIOCKOCTH IIPHUeMHHKa H3/1ydeHHs. Pe3ynbTHpY-
Iolasi JAJIMHA BOJHA SIBJISETCS Pe3yabIaToOM Ipeob-
pasoBaHusl QPyphe OT paclpele/eHHs MHTeHCHBHO-
CTU HUHTepdepeHIIMOHHOM KapTUHBl B IIJIOCKOCTH
doTonprieMHuKa. IIpefen OOMycKaeMOH IOIPeIIHO-
CTH IO JJIMHe BOJNHBI [/IS AaHHOTO Ipubopa Ipu
KPaTKOBPeMEeHHOM H3MepeHHHU cOoCTaBasieT 30 M
(mo yactote - 4 MI1). IIpu [IOJTOBpEMEHHOM 3KC-
IIyaTaluK IIpefel MOXKeT Bo3pacTaTh o 150 mm
(B 3aBUCHMOCTH OT II€PHUOJUYHOCTH KaIHUOPOBOK
nipubopa), UTo He CKa3bIBAETCS HA KPATKOBPeMEHHBIX
M3MepeHUsIX CTabMIBHOCTH [JIMHBI BOJIHBI. Pabo-
YUU CIEKTPaJbHBIN AHamna3oH mpubopa - or 1300
001650 HM.

KakBUJHO 13 Pe3y1bTaToB U3MepeHUH (pucC.4), yxon
IJIMHBI BOMHBEL 32 5 MUH paboThl mpubopa cocTaBUI
6oree 10 M (1,3 I'T1L1), YTO COOTBETCTBYET OTHOCHTEJIb-
HOU CTabMIBHOCTH 6,6-107°. DTOT pe3ynbTaTr OLEeHHU-
BAeTCs KaK IOCPeACTBeHHBIN U He IOAXOAUT, HAIlPU-
Mep, O/ NPHUMeHeHHSI B KauecTBe pedepeHTHOrO
KaHasna uHdpakpacHoro oypre-criekTpoMmeTpa [13].

Jla>ke IIpH BU3ya/IbHOM aHaJ/IM3e [10J1y4eHHOIo I'pa-
dHKa MOKHO C/leIaTh BEIBOZ, O TOM, YTO Hab/l0iae MBI
IIYM MMeeT LIMPOKHUHU CIIeKTP — OT SBHO BBIPaKeHHOM
HH3KOYaCTOTHOM COCTaB/ISIOIIEH, [0 YCIOBHO BBICO-

Ycunutens + | MenbTbe | — Ycunutens E
Amplifier Peltier Amplifier !
TepMucTop i

Thermistor OC no TemnepaType
l Temperature feedback

Puc.3. CmaHdapmHubili dpatigep Menbmpe
Fig. 3. Standard Peltier control circuit.

Peltier element itself (or thermal electrical module)
is represented by the set of thermocouples, changing
the temperature difference on its operating surfaces
depending on the direction and value of flowing
current. The main parameters of the elements
include operating current and voltage, maximum
refrigeration capacity in Watts, which is equal to
55-60% of electrical power consumption, as a rule.

The elementary scheme of Peltier driver is shown
in Fig. 3. Its operation is based on the presence
of feedback by temperature in the system - crystal
heating results in variation of the resistance of
thermistor, which is built in close proximity from
radiator and influences on the amplification stage of
Peltier element. Through Peltier element the current is

1561,422

1561,420

1561,418

1561,416

1561,414

[lnvHa BoNHbI, HM / Wavelength, nm

1561,412 L L L L .
0 1 2 3 4 5 6
Puc.4. CmabunbHOCMb 0AUHbI 80AHbI AG3€PH020 0U0OA
co cmaHdapmHbim Opatisepom eabmbe
Fig. 4. Laser diode wavelength stability with standard Peltier
control circuit.

PHOoTONICS N24/58/2016 &7



i g

KOYaCTOTHBIX BBIOPOCOB, IIpHUYeM IIOCTeJHHE BHOCST

3aMeTHO OOJIBIIHN I BRI B pa3bpoc 3HAaUeHH .
JlaHHBIe BEICOKOYACTOTHBIE IIYMBI MOT'YT OBITB CIIefI-

CTBHEM Pa3/JIMYHBIX PaJHO03IeKTPOHHBIX IIOMeX, Kjac-

CHYeCKHUM pelleHHeM I10 60pbbe ¢ KOTOPBIMH SIBJISIETCS

BBeJleHHe H3MePHUTEIbHOI0 MOCTa C AuddepeHLIualb-

HBIM YCHIKUTeNIeM. MoIepHH3MPOBaHHAs pean3alys

npariBepa IlesbThe MpeficTaBIeHa Ha pHC.5. TepMHUCTOP

BBICTYIIA€T B POJIM HHKHErO Ijleya HM3MepHTeIbHOIo

MOCTa, IIOAK/IIOYEHHOTO K OOHOMY H3 BXOHOB HWHCTPY-

MEeHTAJIbHOTO YCHIMTelsd. B ciydae, Korga TeMiIie-

paTypa IIOCTOSIHHA, Pa3HOCTh HAIPSKeHHS Ha BXO-

Jax yCHIHTe/lsl PaBHA [OCTOSIHHOI BeJIHYHHe, X TOT

II0/IaeT IIOCTOSIHHBII CUTHaJl, TpebyeMbIH 7151 paboThl

[lenbThe B peXXKHMe 6asaHCca MEXY MTPOLlecCaMH CaMo-

pasorpeBa KpHCTa/l/Ia BO BpeMs M3JIyYeHHSI U OXJIaXK-

neHus. Korma 6aysaHC cMeInaeTcst B OOHY WK JPYIYIO

CTOPOHY, TeMIlepaTypa HauyMHaeT H3MEHSThCS, KaK

M3MeHSeTCS W COIPOTHB/IIEHHE TePMHUCTOpA. YCHIIH-

Te/Ib HAa4YMHaeT II0AaBaTh CUTHAJ, PAaBHBIM Pa3sHOCTHU

BXOLHBIX HAIPSDKEHHI, IIOMHOXEeHHBIX Ha Ko3ddu-

LIMeHT YCHJIGHMS. DTOT CMIHAJ IIOCTYIaeT Ha BXO[

CHJIOBOT'O BBIXOAHOIO KacKazja Ile/isThe Ha OCHOBE OIle-

PALIMOHHBIX YCH/IMTesel, IIOBTOPHO YCH/IHBAeTCs,

U B KOHEYHOM 3Talle M3MeHseT ToK IlensTbe. Bropou

BXOJ, MHCTPYMEHTAJIBHOIO YCHUIMTes CBi3aH ¢ 1JAIL

YIIpaB/IAOIIero MUKPOKOHTPOJIJIEPA K IIO3BOJISIET OCY-

IECTBIATh YCTAaHOBKY pabouelr TeMIlepaTyphl, KOTO-

pyIo OyZeT cTapaThCsi MOAIEP>KUBATD CUCTEMA.

I1OBTOpPHO IIpOBeAeHbl U3MePeHU s AJIMHBL BOIHEI
O/ MOIepHH3UPOBAaHHOIO ApakBepa (puc.6). B3a-
MMOBBIYMTAHHE ONMHAKOBBIX IIYMOB Ha BXOJax
IuQPepeHIINATIBHOIO YCHINTeNs. N0 3aMeTHBIN
pesynbTaT - yMeHblleHHe pa3bpoca o TpexcoT dpem-
TOMETPOB, T.e B 3-12 pa3. HarmiaaHoe mpeacTaBieHue
0 CHHJKeHHH YPOBHS IIIYMOB MOXKET JaTh CPAaBHUTE/Ib"
HBIA Qypbe-aHA/U3 Pe3yl1bTaToB [BYyX H3MepeHMH,
[IOKa3aHHBIM Ha pHUC.7. Pabouasi ToUKa IO TeMIlepa-
Type [JIsl JIa3ePHOro JKoa paBHAa KOMHATHOM (25°C) -
B 9THX yCJIOBHSIX PaboTa snemeHTa IlensThe Hanbosee
3¢ deKTUBHA.

JUIs manpHEHIIero IIOBBINIEHUS CTabHJIBHOCTH
TeMIIepaTyphbl, KaK OCHOBHOI0 $aKTOpa, BIHAIOLIETO
Ha IIapaMeTphl AHOAA, HeoOXOMHMO ITPOaHAIU3UPO-
BaTh AHMHaMHYeCKHe XapaKTePHUCTHUKU HCIIO/Ib3ye-
MBIX 3/1eMeHTOB Ile/IbThe K 0CO6eHHOCTH IIOCTPOeHHU S
KOHTYpa OXJIa>kIeHH S Ha ero OCHOBe.

[Ipu aHanu3e OBIIM HCIIONB30BAHBI CJIEAYIOLIHe
MOZIe/IH JIa3ePHBIX JHO/OB:

« EP1310-ADF-B, mpousBogutens - "EBLANA PHO-
TONICS", Mpnanaus. CorlacHo NOKYMeHTHPOBaH-
HBIM IIapaMeTpaM, MaKCHMaJbHBIH TOK 4epes
3nmeMeHT [lenbThe cocTaBiseT 1,8A.

58 ®OTOHMUKA N24/58/2016

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
m NA3EPDbI U TA3EPHbIE CACTEMbI| I—
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

Ycnnurteno + MenbTbe - Ycnnurteno
Amplifier Peltier Amplifier
+2,5B

R1 10K oP2

{1 +
+2,5B

:

R2 10K O6paTHas cBsi3b MO TemnepaType

Temperature feedback

6 R3 :
10K

Puc.5. ¢pyHKuuoHanbHas cxema moOepHU3UPOBAHHO20 dpali-
sepa Menbmope
Fig. 6. Functional scheme of improved Pelitier control circuit.

altered towards the side, which allows compensating
the temperature fluctuations of crystal.

In order to analyze existing stability by
wavelength, let us measure the wavelength on a
real-time basis in relation to the laser diode, driver
of which is arranged in accordance with the scheme
(see Fig.3), using the wavelength meter Angstrom
WSU-2 [12]. The instrument is based on several Fizeau
interferometers examined by photodiode arrays. The
radiation is supplied to wedge prism dividing the flux
into two components, which interfere in radiation
detector plane. Resultant wavelength is the result of
Fourier transformation from intensity distribution

1541,83290

1541,83285 s BT { -k o

1541,83280

1541,83275

1541,83270

1541,83265

[OnvHa BOMHbI, HM / Wavelenth, nm

1541,83260

1541,83255

1,4-10° 1,5-10° 1,6:10° 1,7-100

Bpems, MuH. / Time, min.

1,8:10° 1,9-10°

Puc.6. CmabunbHocmb 0AUHbI B0AHbI AA3ePHO20 U00d

€ M0OepHU3UPOoB8AHHbIM dpalisepom

Fig.6. Laser diode wavelength stability with improved Peltier
control circuit
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+ LDIH-DFB(CWDM)-1550-30P-T2-SM-FC/APC, mpous-
BoAUTeNb - "Laserscom", Benopyccusi. MakcHMasb-
HBIM TOK 4epes 3/leMeHT IlenbThe — 1,5A.

» LC96, mpousBomutens - "Oclaro”, CIIA. Tok yepe3s
anemeHT IlensThe 1,8A, HanpssKkeHue Ilenbrne 3B,
XOJIOLOIIPOM3BOAUTENBHOCTD — 3,3 BT.

KoHTyp ymnpaBileHHS], He ONTHMHU3HPOBAHHBIM
B COOTBETCTBUM C JHHAMHUYeCKHMH CBOHCTBAMH
3/1eMeHTa IlesibThe, He I[I03BOJIMT peajar30BaTh 3aJI0-
SKeHHBIe B TAHHBIH JIa3€PHBIN AHUOJ XapaKTepHUCTUKH.
Jlyist Toro 4TOOBI OIpelleIuTh, KaKHe Mephl HYKHEI
[l TIOBBHIIIEHUS 3bOeKTUBHOCTU CXeMbl, HeobXo-
JUMO KaueCTBEHHO H3yYHTb IlepeJaTO4YHble Xapak-
TEePUCTHUKH TepMO3IeKTPHYECKOH LlelIh TePMHUCTOP -
3/1eMeHT [le/ibThe.

BBemeM NOHATHe TepMO3TeKTPHYECKOH Iepefa-
TOYHOM XapaKTepPHUCTHKM, OIMCBHIBAIOIIee OTKJIHK
CUCTeMBI, OXBAaYeHHOM OOPAaTHOM CBSI3bI0 IO TeMIIe-
paType, Ha BXOAHOK CUTHAJ OIpefie/leHHOM YacTOTHI.
s ompene/eHHsT TePMO3/IeKTPUUECKUX XapaKTepu-
CTHK 3/IeMeHTOB [le/ibThe pa3IUYHbIX Ja3ePHBIX JHO-
noB 6bl71a cobpaHa cnenyomas cxema (puc.8).

[TomaBaeMBIM CHHYCOMIAJIBHBIM CHUTHAI Ha BXOZ,
[lesibThe IPHUBOAUT K I€PHOAUYECKOMY H3MeHEeHHIO
TeMIIepaTypbl B CHCTeMe. TepMHCTOpP IOAKJIIOYeH
K OIHOMY M3 BXOJI0B HUHCTPYMEHTAJIbHOI'O YCH/IUTeJIs.
Vi3MeHeHMe COIPOTUBJIIEHHS TEePMHCTOPa CKa3blBa-
eTCs Ha BBIXOOHOM CHI'HaJsle K1Y.

ComocTaBngsl BXOGHOM CHUTHAl M OTKIHK TePMH-
CcTOpa, MOXHO chopmupoBarh AUX u OUX KOHTypa
obpaTHOI CBSA3U IO TeMIlepaType (puc.9 u 10). AHa-
JIM3UPYs [I0JIy4eHHble 3aBUCHMMOCTH, MOXKHO CZe/aTh
HeCKOJIBKO BBIBOZOB. BO-TIepBBIX, KaK U IIpeAlioa-
rajgoch, C yBeJIMYeHHEeM YacTOThl TePMMCTOp Ilepe-
CTaet "ycreBaTh' 32 M3MeHEeHHUSIMH TeMIIepaTyphl. ITO
BH/IHO I10 CHMKEHUIO aMIUTUTY/bI KOle6aHUM BBIXOA-
HOIO CUTHaJIa U IIOCTeIleHHO BO3pacTalolllell pa3Ho-
CTH MeXKAY Ppa3aMU BEIXOJHOI'O K BXOAHOI'O CUTHAJIOB.
Bo-BTOpBIX, OMHAMHYeCKHe XapaKTepPUCTHUKH pas-
JTMYHBIX CEPHUIHO HCIIONb3yeMbIX 37IeMeHTOB Ile/IbThe
KaueCTBEHHO CXOXH M MOTYT OOCITy>KHBaThCSl yHHU-
BepCaJbHOU CXeMOH. TeM He MeHee, IJIS1 LOCTHKe-
HUS HAKUBBICIINX XapaKTepUCTUK CXeMa JOJI’KHA OBITh
JOIIOJIHUTENBHO cornacoBaHa ¢ AYX/@UX KoHKpert-
HOTO MCIIO/Ib3yeMOI0 H3/e/H .

MPOBEPKA AYX 2JIEMEHTA MNEJIbTbE YEPE3
MoAavasauno AJIMHbl BOJTHbI

Cnaj aMIJIHUTYAHO-YAaCTOTHOM XapaKTepPUCTHUKH
Halllel CcUCTeMBl B obmactu 0,5-1,0 ITj 06yCHOB—
JIeH MHePTHOCTBIO COIepsKAllUXCS B CXeMe TeIJio-
BBIX 3JIEMEHTOB — TePMHUCTOpA, 3jJeMeHTa IlenbThe,
a TaKkXe UX TeMIIepaTypHOM CBs3bI0. UTOOBI oOlie-

£ 2000 H
_g— |
2 = CTaHAapTHbIN Apansep / Standard diver
5 | —*— MogepHu13npoBaHHbIN / Improved driver
T |
=
= .
© 1000 |+
o i
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> I|
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=
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< "'_.'_
Faat s s o "
0 Less A ;.;.1.:;ﬁh:..I.EI‘!:!I':-IEI'I'-{‘IE'-I' 1]
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YacroTa, 'y / Frequency, Hz

Puc.7. CpasHeHue 8pemMeHH020 chekmpa 0AUHb! 80AHbI Ad3ep-
HO020 0u0da (NYHKMUPHASAUHUS — cmaHdapmHbiii dpaiieep,
CNAOWHAS — MOJepHU3UPOBAHHBILI)

Fig. 7. Temporal spectra comparison of laser diode
wavelength.

of interference pattern in photodetector plane. The
margin of permissible error by the wavelength
for this device upon short-term measurement is
equal to 30 pm (by frequency - 4 mHz). In case of
long-term operation, the margin can grow to 150
pm (depending on the periodicity of instrument
calibrations), and this fact does not have impact on
short-term measurements of wavelength stability.
Operating spectral range of the instrument is from
1300 to 1650 nm.

UBx OP3 '
+ + | MenbTbe '

_ Peltier !

+2,5B ,

|E|j R3 .

10K !

R110K oP2
UBbIX '

+2,5B * :
1t P -
R2 10K 0 O6paTHas cBS3b No TemnepaType |

t Temperature feedback ;

NTC1
10K % """""""""""""""""""""""""

Puc.8. Vi3mepumenbHas cxema 0As noAy4eHust mepmosneKk-
mpuyeckol xapakmepucmuku 3nemeHma MNeabmbe

Fig. 8. Measurement circuit for thermo-electric Peltier function
acquisition
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Fig.9. Temperature feedback loop amplitude-frequency
response
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Fig. 10. Temperature feedback loop amplitude-frequency
response

HUTb OTAEJbHBIM BKJIAJ 37leMeHTa [le/IbThe B TEpMO-
3/IeKTPUUECKYI0 XapaKTepUCTHUKY, HAaMH 6bLI opra-
HH30BaH C/eyOIINHN 5KCIIePUMeHT.

Bbl/10 peann30BaHO MPOrpaMMHOe yIIpaBIeHHe
IOparBepoM Ja3epa dyepe3 UART-uHTepdenc, ¢ IoMo-
mpio KoToporo Ha LIAIl KoHTposiepa 6bIT MOLAH
CHHYCOUJA/IBHBIN CUTHAJ, U3MeHSIOMUN pabouyio
TOUKY TeMIIepaTypbl CHCTeMBl TepMOCTabHIM3a-
LHH. Pearupys Ha Ilepenaj, TeMIlepaTyp, H3/yde-
HHe 110/la OKa3bIBaeTCs IIPOMOJYyIHPOBAHHEIM.

1541,55

1541,50

[nvHa BOMHbI, HM / Wavelength, nm

1541,45
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Bpems, c/Time, s

Puc.11. Modyasuus 0AUHbI 80AHbI Ad3epHO20 dU00a
(yacmoma 800 MI'u)

Fig. T1. Laser diode wavelength modulation (frequency
800 MHz)
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As it is seen from the measurement results (Fig. 4),
the drift of wavelength in 5 minutes of operation was
more than 10 pm (1.3 CHz), and this value corresponds
to the relative stability 6.6-107°. This result is
estimated as moderate result and it is not suitable
for the application as reference channel of infrared
Fourier spectrometer, for example [13].

Even during the visual analysis of obtained plot,
the conclusion can be drawn that the observed noise
has broad spectrum - from pronounced low-frequency
component to conventionally high-frequency
spikes, whereas the latter have noticeably greater
contribution into spread of values.

These high-frequency noises can be result of
various radioelectronic disturbances, which can be
controlled in a classical way by the introduction
of measuring bridge with differential amplifier.
Modernized implementation of Peltier driver is
shown in Fig. 5. Thermistor plays the role of lower
arm of measuring bridge connected to one of the
inputs of instrumental amplifier. In case when the
temperature is constant, the voltage difference at
amplifier inputs is equal to the constant value, and
the amplifier sets the constant signal, which is
required for Peltier operation under the conditions of
balance between the processes of crystal self-heating
during radiation and cooling. When the balance is
shifted to one or another side, the temperature starts
changing, the thermistor resistance is changed and
the amplifier starts setting the signal, which is
equal to the difference of input voltages multiplied
by amplification coefficient. This signal gets at the
input of power output Peltier stage on the basis of
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Fig. 12. Optical amplitude-frequency response

PerucTpupys pasmax KojaebaHHUM YaCTOTHl U3y~
YeHHsI, MOCTelleHHO yBeJIHMuYMBas YacTOTy Koseba-
HUU, MBI IOJIy4YUIH AYX OIITHYECKOro OTKJIMKA.

Kak BugHO u3 rpaduka Ha puc.12, AUYX
ONTHUYeCKOTro OTKAMKa mogobHa AYX Tepmos-
NeKTpuYeckor ob6paTHOM CBS3M, 4YTO elle pas
MOATBepXKAaeT HMHEPTHOCTb TEIJIOOTBOIS-
mero 3n1eMeHTa. MeHbmlee ocnabneHue ONTH-
YeCKOTO OTKJHKa MNPH MOBBIIIEHHH YaCTOTHI
MOXHO OOBSCHHUTb TeM, YTO H3Ay4alomHH
KpucTann 6ojsee UyBCTBUTeNeH K Ilepemagam
TeMIepaTyphl, 4eM obpaTHas CBA3b CHUCTEMBI
TepMOCTabuIM3alHH.

BbIBOAbl

Pe3ynbTaThl HCC/IEAOBAHMUH II0KA3aMM, UTO MAJIS
OOCTHSKEHHUSI HAUBBICIIEH CTabUIBHOCTH [JIUHBI
BOJIHBl H3/Iy4YeHHUS II0TyIIPOBOAHUKOBBIX JIa3epOB
HeobXOOHMMO IIPOBECTH OITHMHM3AI[UI0 [polecca
TEePMOCTAOUIU3AIHUH.

i

operational amplifiers, then it is repeatedly amplified
and at the final stage it changes Peltier current. The
second input of instrumental amplifier is connected
with digital-to-analog converter of microcontroller
and allows setting the operating temperature, which
the system will try to maintain.

The measurements of the wavelength of
modernized driver are repeatedly given (Fig. 6).
Mutual subtraction of identical noises at the
inputs of differential amplifier gave the noticeable
result - decrease of spread to three hundred
femtometers, in other words, by 3-12 times. The
visual presentation of decrease of noise level can
be obtained from the comparative Fourier analysis
of the results of two measurements shown in Fig. 7.
The operating point by temperature for laser diode
is equal to room temperature (25 ¢C), and in this
conditions the operation of Peltier element is the
most efficient.

For the further increase of temperature stability as
the main factor influencing on diode parameters, it
is necessary to analyze the dynamic characteristics of
used Peltier elements and peculiarities of formation
of cooling circuit on its basis.

During the analysis the following models of laser
diodes were used: - EP1310-ADF-B, manufactured
by EBLANA PHOTONICS, Ireland. According to
documented parameters, the maximum current
through Peltier element is 1.8 A; - LDIH-DFB (CWDM)-
1550-30P-T2-SM-FC/APC, manufactured by Laserscom,
Belarus. Maximum current through Peltier element is
1.5 A; - LC96, manufactured by Oclaro, USA. Current
through Peltier element is 1.8 A, Peltier voltage 3 V,
refrigeration capacity - 3.3 W.

Control circuit, which is not optimized in
accordance with the dynamic properties of Peltier
element, will not allow fulfilling the characteristics
set for certain laser diode. In order to determine
which actions are needed for the enhancement of
circuit efficiency, it is required to study qualitatively
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Jns mopaBiaeHUs CMHQa3HBIX IIOMeX CXeMa Tep-
MOCTabUIM3aLMHU J0/KHA BK/IOYATh B cebs M3MepHU-
TeJIBHBI MOCT B COYeTaHHHU C AHbdepeHIIHaTIbHEIM
YCHUIHUTEJIEM.

JuHaMH4YeCKHe XapaKTePHCTHUKH Pa3JTIHYHBIX
CepUHHO HCIIONb3yeMBbIX 37IeMeHTOB Ile/bThe Kaye-
CTBEHHO CXOXXH U MOTYT 06C/Ty>KMBaThCS YHHUBEPCAJIb-
HOM CXEeMOH.

Hnst HOCTHU KeHMS HAMBBICIIMX XapaKTePUCTHUK
cXeMa MOJIKHa OBITh JOIOTHHMTENIBHO COITaCOBaHA
¢ AUX/PYX KOHKPEeTHOTr0 MCII0/Ib3yeMOr0 U3/Ie/H .

JINTEPATYPA

1. ChiM,, Jensen O. B., Erbert G., Sumpf B.,
Petersen P. M. Tunable high-power narrow-
spectrum external-cavity diode laser at 675 nmas a
pump source for UV generation. - Applied Optics,
2011, v.50 (1), p.90-94.

2. Wicht A., Strauss N., Ernsting ., Chepurov S.,
Schiller S., Huke P., Rinkleff R., Danzmann K.
Widely Tunable, Narrow Linewidth Diode Laser
for Precision Spectroscopy. - Conference on Lasers
and Electro-Optics/Quantum Electronics and Laser
Science Conference and Photonic Applications
Systems Technologies, Technical Digest (Optical
Society of America, 2006).

3. AyotteS., Faucher D., Babin A., Costin F.,
Latrasse C., Poulin M., DeschenesE. G., Pelletier
F., Laliberte M. Silicon photonics-based laser
system for high performance fiber sensing. - 24th
International Conference on Optical Fibre Sensors,
SPIE Proceedings, 2015. v.9634.

4. 3aBeneBu4 P.C., T'onoBuH I0.M., lecsiTtoB A.B.,
Mauunkui 10.I1., Hukynus A.T'., PoMaHOB-
ckui A.C., TopbyHoB I.I'., Topomeuxui A K.,
BopoHkeBHY A.B. ®ypre-CIIeKTPOMET] JJIs1 K C-
TaHI[MOHHOTO 30HIUPOBAHHUS ATMOCPEPBI 3eMITH. —
CoBpeMeHHBIe ITPo6IeMBI AU CTAaHLIMOHHOIO 30H-
IOUPOBAHUS 3eM/IH U3 KocMoca. — M. : MTHCTHTYT
KOCMHMYECKHUX HUccIenoBadun PAH, 2006. 1.3 (1).
€.224-230.

5. Hansch T.W. Nobel Lecture: Passion for precision. -
Rev. Mod. Phys., 2006, v.78 (4), p.1297-1309.

6. Lazarev V.A., Sazonkin S.S., Pniov A.B.,
Tsapenko K.P., Krylov A.A., Obraztsova E.D.
Hybrid mode-locked ultrashort-pulse erbium-doped
fiber laser. - Journal of Physics: Conference Series,
2004, v.486 (1).

7. Adams A.R., Asada M., Suematsu Y., Arai S. The
Temperature Dependance of the Efficiency and
Threshold Current of In; ,Ga,As,P, , Lasers Related
to Intervalence Band Absorption - Japanese Journal
of Applied Physics, 1980, v.19 (10), p.L621 -L624.

62 ®oToHMKA N°4/58/2016

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
NA3EPDbI U TA3EPHbIE CACTEMbI| I—
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

the transmission characteristics of thermoelectric
circuit of thermistor - Peltier.

Let us introduce the concept of thermoelectric
transmission characteristic describing response of
the system, which is covered by feedback by the
temperature, to the input signal with certain
frequency. In order to determine thermoelectric
characteristics of Peltier elements of various laser
diodes, the following circuit was assembled (Fig. 8).

Supplied sinusoidal signal at Peltier input
results in the periodic temperature variation in the
system. Thermistor is connected to one of the inputs
of instrumental amplifier. Variation of thermistor
resistance has impact at the output signal of
operational unit.

On the basis of comparison between the input
signal and thermistor response, the amplitude-
frequency characteristic (AFC) and phase-frequency
characteristic (PFC) of the feedback circuit can be
formed by the temperature (Fig. 9 and 10). Several
conclusions can be drawn on the basis of analysis
of obtained dependences. Firstly, as it was assumed,
with the growth of frequency thermistor "does not
keep pace" with temperature changes. It is seen from
thedecrease of amplitude of outputsignal fluctuations
and gradually growing difference between the
phases of output and input signals. Secondly, the
dynamic characteristics of various batch-wise used
Peltier elements are qualitatively similar and can
be maintained by universal circuit. Nevertheless, in
order to reach the highest characteristics the circuit
must be additionally coordinated with AFC/PFC of
the specific used product.

CHECK OF AFC OF PELTIER ELEMENT
THROUGH WAVELENGTH MODULATION
Roll-off of amplitude-frequency characteristic of
our system in the area of 0.5-1.0 Hz is stipulated
by inertness of thermal elements contained in
the circuit: thermistor, Peltier element and their
temperature connection. In order to evaluate
individual contribution of Peltier element into
thermoelectric characteristic, we organized the
following experiment.

The software-based control of laser driver was
executed through UART interface, using which the
sinusoidal signal altering the operating point of
temperature of thermal stabilization system was
given at controller digital-to-analog converter.
Responding to the temperature difference the diode
radiation turns out to be modulated.

Recording the spread of radiation frequency
fluctuations, gradually increasing the oscillation



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
NN LASERS AND LASER SYSTEMS
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

10

11.

12.

13.

Szymanski M. Mathematical Models of Heat Flow
in Edge-Emitting Semiconductor Lasers. - Heat
Transfer - Engineering Applications: InTech, 2011,
p-3-28.

Bartl J., Fira R., Jacko V. Tuning of laser diode. -
Measurement Science Review, 2002, v.2 (3), p.9-
15.

. Kondow M., Kitatani T., Nakahara K., Tanaka T.

Temperature dependence of lasing wavelength in a
GaInNAs laser diode. - IEEE Photonics Technology
Letters, 2000, v.12 (7), p.777-779.

Betpos A.A., lanunos JI.A., Ecunios C.C.,
Komuccapos C.C., Ceprymmuyes A.H. CpaBHeHHe
TeMIIepaTyPHBIX U 37IeKTPUUeCKUX METOZ0B yIIpaB-
JIeHM I ITTMHOK BOJTHBI U3/Ty4eHHU s II0/TyIIPOBOJHU-
KOBBIX JIa3epoB. —~ ONTUYeCKUM XypHasI, 2009, T.76
(8), c.94.

Compact wavelength meters with a large spectral
range for high speed measurement of lasers [9nek-
TpoHHBIH pecypc] // URL: http://www.highfinesse.
com/en/wavelengthmeter (gata obpamieHus:
20.06.2016).

KomreneB K. Y. CTabunu3sanus napaMeTpoB a3ep-
HOT'O UCTOYHMKA U3Ty4YeHHUs B YCIOBHSX KOCMOCA. —
MornozmexXHBIN HayYHO-TeXHUUeCKU I BECTHUK,
2014, Nel0.

i1

frequency, we obtained AFC of optical response. As
it is seen from the plot in Fig. 12, AFC of optical
response is similar to AFC of thermoelectric
feedback, and this fact proves the inertness of
heat-sinking element one more time. The lower
attenuation of optical response at the frequency
increase can be explained by the fact that radiating
crystal is more sensitive to temperature difference
than the feedback of thermal stabilization
system.

CONCLUSIONS

Results of the studies showed that in order to reach
the highest stability of wavelength semiconductor
laser radiation it is necessary to perform the
optimization of thermal stabilization process.

In order to suppress the common-mode
interference, the circuit of thermal stabilization
must include the measuring bridge in combination
with differential amplifier.

Dynamic characteristics of different batch-wise
used Peltier elements are qualitatively similar and
can be maintained by the universal circuit.

In order to reach the highest characteristics, the
circuit must be additionally coordinated with AFC/
PEC of the specific used product.
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