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NA3EPHDIE AUOAHBIE MOAY/IU:
BBOJ, U31YYEHUS B BOIOKHO
U QUKCALINS AETANEN
MOJVNEN

A.Andpuesckuii, 000 "Jlasepcrom”,
Jlamckuil mexnudeckuil yHusepcumen;
B.®.AHdpuesckuii, 000 "Jlasepcrom”

B cTaTbe pacCMOTpeHbl OCHOBHbIE TEXHO/I0rUK BBOAA
M3/ly4eHunsa U3 NoaynpoBOAHUKOBOIO J1a3epHOro
AVO0Aa B ONTUYECKOe BOJIOKHO U cnocobbl pukcauum
3/1eMEHTOB Jia3epHbIX ANOAHbIX MOAY/EN.

BBEAEHUE

[TonynpoBOOHUKOBBIM  J1a3ep H  OINTHYeCKoe
BOJIOKHO - Ba’KHeHINHe H300peTeHUs IIPOIIIOro
BeKa, MMeBIIHe KOJI0CCa/IbHOe BJIHSHHE Ha TeXHHU-
yecKkoe pa3BUTHe 0b6IIecTBa U 3aC/Iy>KeHHO OTMeueH-
Hble HobemeBCKUMU npemusmu 2000 1 2009 rogos,
COOTBETCTBEHHO.

IlepBble a3epHEle 06paslbl, CO3JaHHEIE B 1ab0-
patopuu P.H. Xoymza B 1962 romy, HpencTaBisiid
cobori TOMOCTPYKTYphl Ha ocHoBe GaAs U paboranu
IIpY KPHUOIeHHBIX TeMIlepaTypaxXx B HMIIYIbCHOM
pexuMe, ogHako yxe 1970 rony rpynmna JK. M. Ande-
poBa MpOJeMOHCTPHpOBaJia IONYIPOBOAHUKOBBIH
Ja3ep Ha reTepoCTPYKType, paboTarOmKMKI MPHU KOM-
HaTHOU TeMIlepaType B HeIpPephHIBHOM PeXKHMe.
Hanee, B 1970-x romax ImocjiegoBaa0 CTPeMHUTEIbHOe
PasBHUTHE U COBepLIEHCTBOBAHHe JIA3ePHBIX AHOI0B
1 OBLIM IIpe/iJIOKeHBl Y3KOUaCTOTHBIE Ja3epsl C pac-
IpefeneHHOM obpaTHOI cBsi3bio (DBR 1 DFB), 1a3epsl
Ha KBAaHTOBBIX SIMaX U JIa3ephl C BePTUKAJIbHBIM Pe30-
HaTopoMm (VCSEL). OgHako TolbKo B 1990-2000 romax
TeXHOJIOTHS IIPOM3BOACTBA II03BOJIMJIA CO3/aBaTh
HeJIOpOor'He ¥ HaJle>KHbIe J1a3epHble JHUOBL /1 LIHPO-
KOIO CIIeKTpa IPUMEeHeHUH B OITHYECKOM CBS3H,
OATUMKaX, OXPaHHBIX CHCTeMax MU OHOMegUIIMH-
ckux mpubopax. Ha cerogHsSImHUI JeHb Haubosee
IONYJASIPHBIMH THIIAMH JIa3ePOB SBJSIOTCS Jjasep-
Hble JHUOBI C pe3oHaTopoM Pabpu-Ilepo ¢ MIMPOKKUM
CIIEKTPOM, COCTOSLIMM K3 HECKOJIbKHUX MOJ, J1a3ephl
C pacrpezeneHHOHN obpaTHOM cBs3pio DFB, paboraro-
Iiye B OLHOYACTOTHOM peXHMe, U Jia3ephl C BepPTH-
KaJIbHBIM pe3oHaTopoM VCSEL (puc. 1).

IKCIIePHMEHTHI II0 Iepefaye ONTHYeCKOro H3JIy-
YeHHs II0 CTeKJISHHOMY BOJIOKHY IIPOBOJH/IMCH
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LASER DIODE MODULES:
OPTICAL COUPLING AND PARTS
BONDING

A.Andryieuski, LasersCom LLC and Technical
University of Denmark;
V.F.Andryieuski, LasersCom LLC

In this article we consider the main technologies of
optical coupling from semiconductor laser diode to
optical fiber and methods of module parts bonding.

INTRODUCTION

The semiconductor laser and optical fiber are
the ones of the most important discoveries of the
last century that had a great technical and societal
impact. That fact was recognized by Nobel prizes of
2000 and 2009, respectively.

The first laser diode samples in 1962 by the
group of R.N.Hall were GaAs homostructures
and operated at cryogenic temperatures in pulse
mode. However, already in 1970 the group headed by
Zh.I. Alferov demonstrated a heterostructure-based
semiconductor laser working at room temperature in
CW mode. Further on in 1970-ies rapid development
and improvement occurred and new types of lasers
were suggested, including single-frequency lasers
with distributed feedback (DBR and DFB), quantum
wells lasers and vertical cavity surface emitting
lasers (VCSEL). However, only in the years 1990-2000
the manufacturing technology allowed to produce
cheap and reliable laser diodes for a broad range
of applications in telecommunication, sensors,
security systems and biomedical equipment.
Nowadays, the most popular types of laser diodes
are the lasers with a Fabry-Perot resonator with
a broad spectrum containing several modes, the
lasers with distributed feedback DFB working in
a single-mode regime and the lasers with vertical
resonator VCSEL (Fig. 1)

The experiments on optical radiation
transmission through a glass fiber started in the
beginning of XX century, but only by 1970 Corning
Inc. decreased optical losses to 17 dB/km that made
an optical fiber acceptable for communication.
The following technology development allowed
to decrease optical losses by a factor of 100.
Nowadays, multiple types of optical fibers on the
basis of quartz glass are used, namely, single
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C Hadajla XX BeKa, OJHaKo ToJbKO B 1970 r. KoMIIa-
Huu Corning ynasoch YMEHBUIUTh BeJIUUKUHY OITH-
YeCcKHX II0Teph 10 17 AB/KM, 4TO cLie/1ano oITHYecKoe
BOJIOKHO IIPHeMJIeMBIM [J14 Ilepefadd HHOOpMaLlUHU.
[Nocienyromee pasBUTHE TEXHOJOTHU II03BOJIMJIO
YMEHBIINUTh OIITHYECKHE IIOTepu mouTu B 100 pas.
B HacTosIIee BpeMs UCIIONb3YIOTCS pa3IMYHbIe THUIIBI
OIITHYEeCKUX BOJIOKOH Ha OCHOBE KBapLIeBOr'o CTeKJIa:
OIHOMOIOBBIE U MHOIOMOJOBEIE, BOJIOKHA C U De3
IOOMePKKH IONSpU3aALHU, CIelHalu3upOoBaHHBIE
$OTOHHOKpHCTA/IMYECKHEe BOJIOKHA, SPUn-BOJIOKHA,
BOJIOKHA C 3aIl0JIHeHHeM MeTaJlJIOM U IIp.

Ype3BBIHAlHO Ba>XHBIM C TOUKH 3peHUS IIpak-
THYeCKOIO HKCIIONb30BAHUS M3/y4YeHHS II0JIYIIPOBO-
JHUKOBOTO JIa3epHOIO AHOAA B TeXHHKe SABJISIeTCS
3a/jlaya BBOJA HM3JIYUYeHHS B ONTHYECKOEe BOJIOKHO.
Ecniu B CTAallMOHApHOM OITHYeCKOH saabopaTtopuu
CO CTabHJIBHBIM TeMIIepaTypPHBIM PEXHMOM MOXKHO
KCIIONb30BaTh CUCTEMY JIMH3 U MUKPOMeTPHYeCKHUX
IIOABMKEK [JIS1 KOJUIMMALIMM BBIXOAAINEro U3 ja3epa
IIy4yka M ero QOKYyCHPOBKH Ha TOpLie BOJIOKHA,
TO B COCTaBe IpPUOOPOB, IOABEP)KEHHBIX MeXaHH-
YeCKUM BHOpalMsIM U IlepelafiaM TeMIIepaTyp,
a TaKk>Ke IIPH HATMYHH SKeCTKUX TpeOOBaHUI 110 BeCy
U rabapurtaM, HCIIOTb30BAaHHE I'POMO3JIKHX H CIIOXK-
HBIX OIITHYEeCKHX CUCTeM COBepIIeHHO HeLOIIYCTUMO.
HIMeHHO I103TOMY BOJIOKHO M QOKYyCHpyIoLlas JIMH3a
TOYHO KOCTHUPYIOTCI U QUKCHPYIOTCS C JIa3epHBIM
OHUOIOM B ONHOM KopIyce, obpasys TeM CaMbIM
Jla3epHBIN JUOAHBIN MOAYIb. TaKOM MOAYIb YA06HO
KCII0/Ib30BaTh B COCTaBe amIapaTypbl, €ro MOXKHO
OBICTPO M MHOIOKPAaTHO MOHTHPOBAaTh M [J€eMOHTH-
poBaTh. K jla3epHBIM OUOLHBIM MOAYJISIM IIpelbsiB-
JAI0TCSL pa3HooOpa3Hble TpeGOBAaHHUS, B YACTHOCTH,
MaJIbli BeC, KOMIIAKTHOCTb, BbICOKas 30dPeKkTUn-
HOCTb BBOZIA HU3/Iy4eHHUSs, CTAOUIBHOCTh paboThl IIpHU
TPsCKe, BBICOKMX M HM3KHX TeMIlepaTypax. Bce 3To
obecrmeurBaeTCs KaK TOUHOCThIO ¥ 9O PEKTUBHOCTIO
ONITHYeCKOH IOCTUPOBKH, TaK M KOHCTPYKLIHEH KOp-
Iyca ¥ MeTOJaMH KpeIlIeHH s COCTAaBHBIX YacTeH.

B maHHOM CTaTbe MBI PAaCCMOTPUM JBa Ba’KHBIX
acmeKkTa M3TOTOBJIEHHS JIa3€PHBIX AHOLHBIX MOAY-
7Iey - BBOJ, OIITUUYECKOro H3/1y4YeHHs B OITHUYecKoe
BOJIOKHO M QHUKCALIMIO 3JIEMEHTOB JIa3epPHOr0 IHOMI-
HOI'0 MOZYJIS B eI HOe LieJioe,

BBO4 OMTUYECKOIO U3NTYYEHUSA

B BOJIOKHO

He Bce n31ydeHHe, BBIXOASIIEE M3 JIa3epHOIO U0,
morajiaeT B Befyuyrocs moay (puc. 2a). 4acTp U3Iy-
YeHHs IIpojeTaeT MHKMO BOJIOKHA, 4YacTh IIOMa-
naeT B 060JIOUKY M fAajee BbITeKaeT HAPYXy, 4acTh
oTpaskaeTcsi OoT Topua. OCHOBHAasl XapaKTepHUCTHKA

Fabry-Perot DFB VCSEL

= m——— ]

a) b) 9)

Puc.1. Haubonee pacnpocmpaHeHHble 8 NpOMBbILUAEHHOM
UCNOAb308AHUU MUNbI NOAYNPOBOOHUKOBbIX Ad3ePpHbIX 0U0008:
a) nasep ¢ pesoHamopom ®@a6pu-Tlepo, b) Aazep ¢ pacnpe-
deneHHoll 06pamHoli ces3bto DFB, ¢) Ad3ep ¢ 8epmUKAAb-

Hbim pezoHamopom VCSEL. KpacHblM nokazaHa akmusHas
06nacmb na3epHO20 0U0AA, pa3AU4HbIe UBemad CXeMamu4Ho
UAAKOCMPUPYOM 8apuayuto NoKasameAsi NpeAoMAEHUS

8 CMpyKmype, a CmpeAKU noKasblédtom HanpasneHue pacnpo-
CMpAaHeHus ONMUYecKo20 U3AY4eHUs 8 CmpyKkmype

Fig. 1. Types of semiconductor laser diodes most widely used
forindustrial applications: (a) a laser with the Fabry-Perot
resonator, (b) a laser with distributed feedback DFB, (c) a laser
with vertical resonator VCSEL. Red region represents an active
region of a laser diode. Different colors schematically show
the variation of a refractive index in the structure. The arrows
indicate the direction of light propagation in the structure

and multi-mode fibers, polarization maintaining
fibers, photonic crystal fibers, spun-fibers, fibers
with metal filler etc.

Coupling light from semiconductor laser diode
to optical fiber is the task of extreme importance
for practical applications of laser diodes. Even
though it is possible to use a system of lenses
and micromanipulators in an optical lab for light
collimation and focusing of the fiber end, usage
of bulky optical systems is unacceptable in the
equipment subject to mechanical vibrations
and temperature variations and under strict
constraints on weight and size. This is the main
reason why a fiber, a focusing lens and a laser
diode have to be carefully aligned and fastened,
thus making a laser diode module. Such module
is convenient to be used in an equipment, it
can be quickly installed and removed multiple
times. Laser diode modules are subject to
various requirements, including small weight,
compactness, large optical coupling efficiency,
stability of work under vibrations, high and
low temperatures. All these can be ensured
by accuracy of optical alignment as well as by
construction of package and methods of bonding
the modules parts.

In this article we consider two important
aspects of laser diode modules assembly: coupling
to an optical fiber and bonding the parts of a laser
diode module.
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BBOZIA M3/1y4eHUs - KO3PPUIIHEeHT BBOAA 1), KOTOPBIH
oIpenesnseTcs OTHOUIEHHEeM MOIIHOCTH, IIOIIaBIIeH
B BeIYIIYIOCSI MOAY, K IIaJaION[eH MOIIHOCTH:

Puc.
P.

mc

B 1990-x romax HCIIOJAb30Bajach MOOCTAaTOYHO
CJIIO’KHAs TeXHOJIOTHSI BBOAA OIITHUYECKOIO H3JIyde-
HUs, Tpebylomas IpeaBapUTENbHOTO ITOKPHITHS
OIITHUYEeCKOr0 BOJIOKHA 30JI0TOM, a JaJiee OCTUPOBKHU
[10 OTHOIIEHMIO K JIa3€pPHOMY [OHOAY B pacCIljiaBjIeH-
HOM IpHUIoe U QUKCALUU [0 OCTBIBAHUS IPUIIOS
(puc.2b). Jlun3a npu 3ToM GOpMHUpPOBaIacCh Ha TOpLe
OIITUYECKOr0 BOJIOKHA 4Yallle BCero OIlJIaBJIeHUeM
B 3JIeKTPHUYECKOM Ayre. [I7g yHOpOLIeHUS LeHTPH-
POBAHUS IIPUIION HAaXOAHUJCS B TPybKe, Kynda maiee
IIOMEIIIAJIOCh BOJIOKHO [1]. TUIMUYHBIN KO3PPUIIUEHT
BBOZA H3/Iy4eHUs IPH [OMOILM AAHHOIO METOHd —
30-40%. JlaHHBIH CIIocOD OKa3aJcs JOPOroCTOSAIIM
U CJIOKHBIM, OLHAKO MMeeT OTPaHHUYEHHOe IIpHMe-
HeHMe U B HaCTosIlee BpeMs.

B koHIIe 1990-X TOI0B MaCCOBO CTAJIX BBHIITYCKAThCS
Ja3epHBIe JUOAKBI C TMH30H, IPeCTABISIONMEH o601
MaJIeHbKU M MapHUK, BMOHTHPOBAHHBIM B 3aIlUTHBIN
KROJIA4oK (2] (puc.2c). TakUM 06pa3oM MOKHO 6BIIO
BBOIHUTDb TOJIBKO OK0JIO 10-20% H3/1yd4eHUs B BOJIOKHO,
OJHAKO HEeCOMHEHHBIM JOCTOMHCTBOM JaHHOM Tex-
HOJIOTH U OBljIa ee [elleBU3Ha.,

DKCIIepDUMEHTHI [10 BBOJLY H3JIyUYeHHS B ONTHYe-
CKOe BOJIOKHO ITpH IIOMOIIM T'PafUeHTHON JHH3BI
(rpazmaHa) MIpoBOLUIUCH ellle B 1980-e rozel (3], omHAKO
TOJIBKO B Havasie 2000-x ja3epHBble AHOABL C I'paja-
HaMM BMeCTO MIAPHUKOBBIX JIMH3 CTA/IM KOMMepYeCcKHU
nocTynHeIMU (puc.2d). HecMoTps Ha To, 4TO ja3ep-
Hble QUOABl C TAKMMH JIMH3aMHU OBUIM U [IOPOKeE,
K03 PUILIMEHT BBojma OBUI BBIIIE M AOCTHUTaN 30%.
HenmocTaTkoM 3Ke 6bl1a paboTocrioco6HOCTH TaKOHM
cucTeMBl B boJiee y3KOM [HAIIa30He TeMIIEPATYP.

ITpumepHO B 2010 rogy Ha MacCOBOM PBIHKE II0S-
BHUJIKCh JIa3epHble OUOABl C achepHvecKOM JTHH30H
6osee CJIIOKHON reoMeTpPHUUECKON GOPMBI M C aHTHOT-
PASKAIMIUMU MOKPBHITUSMU (puc.2e). Takue JTHH3BI
HCIIONB3yIOTCSL U B HACToOfllee BpeMs B KadeCTBeH-
HBIX JIa3epHBIX AHO0NaX U 0becrieuuBaOT KO3PPUIIn-
eHT BBoza 40 40%.

Kommanus "Jlazepckom” BeIOpana APyror MeTox,
BBOJIa M3/Iy4eHU s, IIPH KOTOPOM MCIIO/Ib3yeTCs IMH3a,
cGOpMHPOBaHHAS IPSIMO Ha TOpLe BOJOKHA IIPHU
IIOMOIIH CeJIeKTUBHOIO TPaBJeHHS. ITO I103BOJISET
BBOAUTE 10 80% OMTHUYECKOM MOIIHOCTH B CEPUMHO
BBIIIyCKae€MBIX HU3LeNusiX. [IpU 3TOM OTCYTCTBYIOT
JIMH3bI KaK OTAeJbHbIe OIITHYECKHE 3JIeMeHThI, YTO
JlejlaeT IOCTHUPOBKY OIITHMYeCKOrOo BOJIOKHA IIpoIle
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Puc.2. V3nyveHue naszepa 8600Umcsl 8 8e0yLLyHOCs MOy
80/0KHA AULWb YacmuyHo (a). TexHoAOz2uU 8800a U3Ay4eHUS

8 80/10KHO NPU NOMOLLU: b) AUH3bI HA MOPUE 80AOKHA U PUK-
cayuu 80A0KHA NpUNoem, ¢) Wapukoeol AUH3bI, d) 2padaHd, e)
acoepuyeckoli AUH3bI, f) AUH3bI HA MOpLe BOAOKHA NO MeXHO-
nozuu "Jlasepckom”

Fig. 2. (a) The radiation coming out of a laser diode is

only partially coupled to the waveguided mode. Various
technologies of optical coupling with the help of: (b) lens of the
fiber end and bonding the fiber with a solder, (c) ball lens, (d)
graded-index lens, (e) aspheric lens, (f) lens on the end of the
fiber by technology of LasersCom

COUPLING TO AN OPTICAL FIBER

Not all the radiation coming out of a laser diode
couples to a guided mode (Fig. 2a). A part of it goes
outside of the fiber, a part enters the cladding and
is coupled out further on, a part is reflected from
the end. The main characteristic of coupling is
the coupling efficiency n that is the ratio of power
coupled to the waveguided mode to an incident
power

In 1990-ies a complicated technology of optical
alignment was used. It required covering the fiber
with a layer of gold and then alignment in a melted
solder and then fixation until the solder is cooled
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U HajgexkHee, TakoM Ko3pPUIH-
eHT BBOJla B JiBa pas3a BbIlle, UeM
y TUIOMHYHBIX Ja3epPHBIX [AHOM-
HBIX MOAYJIeH, IMIpHUMeHSIeMBbIX -
IS TIPOM3BOACTBA OITHYECKUX
pebnekToMeTpoB, U B HIATHh pas i
BbIIIe, YeM Yy THUIHYHBIX MOIY- a)

ey, NpPUMeHsIeMBIX MOJs1 OITH-
YeCcKOM CBsI3U. BBICOKHUN K03)PHU-
LIMeHT BBOJA I103BOJISET MONIy4aTh
BaTT-aMIIepHble XapaKTePUCTUKU
c bonblier KpPyTH3HOM U pabo-
TaTh NPU MEHBIIMX 3HAUEHHUSIX
CHUJIBl TOKa, UYTO CYILIeCTBEHHO
Ba)KHO [JISI CHUSKEHUSI I10Tpebiie-

“Jlazepckom”
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Puc.3. dukcauus cocmasHblx 31eMeHmMo8 Aa3epHbix OUOOHbIX ModyAel npu
NOMOLLU: a) 3NoKCUAHO20 KAes, b) rasepHoli ceapku, ¢) cneuuaapbHo20 Komna-
YHOd C HU3KUM KO3 GUUUEHMOM MepmMu4ecko20 pacluupenusi No mexHonoz2uu

Fig. 3. Laser diode module parts bonding with the help of (a) epoxy glue, (b) laser
beam welding, (c) special compound with a small thermal expansion coefficient,
the technology by LasersCom LLC
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b) 9]

HHUS 3JIEKTPOSHEPIruH B CHCTEMaXx
CBS3H.

OUKCALUUNSA SNTEMEHTOB JIA3EPHOIO
ANOoAHOIro Moavnsd

He MeHee BaskHYIO PO/ib B IIPOM3BOAICTBe JIa3epPHBIX
OUONHBIX MOAY/IeH UrpaeT MeTol GUKCAIMH COCTaB-
HBIX 3JIEMEHTOB. IMEHHO 3TOT acIeKT obecrieurBaeT
HaJIe>KHOCTD, JOJITOBEUHOCTh paboThl U TeMIIepaTyp-
HYI0 CTaOHMJIBHOCTD [1aPaMeTPOB MOAYJIEH.

oo 2000 roma OCHOBHBIM MeTOAOM (QHKCa-
IIUN 3JIeMeHTOB Monyned Obla QUKCALUS IIpHU
IIOMOIIM KJIeeB Ha OCHOBEe J3IIOKCHUIHBIX CMOJ [4]
(puc.3a). HecMoTps Ha TO, 4TO paboTaTh C 3MOKCU]-
HBIMHU KJI€SIMH AOCTATOYHO yI06HO, mocye c6opKuU
MO ysi Heo6XOLHMMO IIPOBOAUTH TEPMOLIKKIHPO-
BaHHeE U YCKOPeHHble UCIIBITAHUS. ITO IIPUBOLUT
K TOMY, YTO 3HA4YHTe/lIbHAs A0S U3LOENHUHN YXOOUT
B Opak.

HaunHasg ¢ 2000 roma B Ipou3BOACTBE CTajla BHe-
IPSThCSI TEXHOJIOTHU S JTa3epHOM cBapku [5] (puc.3b).
[Ipou3BOLUTENN Ja3epPHBIX [OUOLHBIX MOIYIeH
B peK/IaMe H3[le/IMI CTapaIKCh IOAYEPKHYTH, UYTO
MOZ YU He COOep>KaT 3MOKCHUAHOIM cMoibl. OZHAKO
Ja3epHas CBapKa He JNHIIeHa HeJOCTAaTKOB. OCHOB-
HBIM K3 HUX SBJSIeTCSI He06XOOUMOCTDb HaZesKHOH
bUKCALIMY COCTABHBIX 3IeMeHTOB BO BpeMs CBapKU
Bo u3bekaHMe MexXaHHUYeCKHX mebopmanuu [6]
M TIIATeJbHOr0 KOHTPOJS BO3LEHCTBHUS CBAapPKH
Ha ONTUYeCcKHe [TIapaMeTpbl MOAYJIS.

TexHOJIOTHUSI KOMIIAHHUU 'Jla3epckoM" HMeeT
CyllecCTBeHHOe OT/JIMYMe OT BhlllellepedHC/IeHHbIX
TeXHOJIOTUHM. OHa 3aKJII0YaeTCsl B UCIIOAb30BAHUU
B KauecTBe CBS3YyIOIIero MaTepHaja CIelHalbHO
pa3paboTaHHOro KOMIIAyHIA C HHU3KUM Ko3ddu-
LIMeHTOM TepMHUYecKoro pacmupeHus (puc.3c).
910 obecreynBaeT KaK BBICOKYIO IIPOYHOCTB, TaK
Y OTJIMYHYIO TeMIIEPATYPHYIO CTAaOUIBHOCTS.

down (Fig. 2b). The lens was most commonly formed
on the fiber end by an electric arc discharge. In
order to simplify the alignment the solder was pre-
deposited into a tube where the fiber was then
placed [1]. A typical coupling efficiency by this
method was 30-40%. This method was, however,
expensive and difficult to implement. Nevertheless,
it has a limited employment up to nowadays.

In the end 0f 1990-ies the laser diodes with a small
ball lens in a protective cap started to be produced [2]
(Fig. 2c). This way allowed to couple only 10-20% of
radiation in a fiber, but the main advantage of this
technology was cheapness.

The experiment on light coupling with the
help of a graded-index (CRIN) lens were conducted
already in 1980-ies [3], but only in the beginning
of the XXI century the laser diodes with the GRIN
lenses became commercially available (Fig. 2d). Even
though the laser diodes with such lenses were more
expensive, the coupling efficiency was larger and
reached 30%. As for a disadvantage, such systems
could work in a narrower temperature range.

In 2010 the laser diodes in aspherical lenses of
more complicated shape and with antireflection
coatings appeared on the market (Fig. 2e). Such
lenses are used nowadays in quality laser diodes
and provide coupling efficiency up to 40% in the
modules.

LasersCom LLC chose another method of optical
coupling that uses a lens formed on the end of
an optical fiber by selective etching. This allows
to couple up to 80% of optical power in the mass-
produced modules. This technology does not use
a lens as a separate optical element that makes
optical alignment simpler and more reliable. The
achieved coupling efficiency is 2 time larger than for
typical laser diode modules for optical time-domain
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3AKJIFOYEHUE

CoBMellleHHe TeXHOJOTMH (GOPMUPOBAHUS JTHH3BI
Ha TOpLie BOJIOKHA C TeXHOJOTHeH (UKCALUH 3e-
MEeHTOB Mopys 1mo3Bonser OOO "JlazepckoM” co3na-
BaThb Jia3epHble AHOAHbIE MOAY/IH C IIPEBOCXOAHBIMHU
XapaKTepUCTUKaMH. K mpuMepy, CTabHIBHOCTb
MOIIHOCTH P H371y4YeHHUs NpH BapHallU{ TeMIlepa-
Typbl T XapaKTepH3yeTcs BeJHUYMHON MaKCHMaJlb-
HOT'O OTKJIOHEHHSI MOITHOCTH OT OIIOPHOM, TaK Has3bl-
BaeMoH tracking error

T,

max

P(T)
P(T,)

’

T=T,

= ‘min

E, =max|10lg

roge T, = 25 °C - omopHasg TeMmmeparypa, a T,
u T, ~ MUHUMaJIbHAasS U MaKCHUMaJIbHas TeMIle-
paTypbl, COOTBETCTBEHHO. Bce Monayniu IIpoH3BOA-
ctBa OOO ‘"JlazepckoM" IIPOXOLST TeMIIepaTyp-
HBIM KOHTPOJIb B AHala3oHe TemIepaTryp oT -20 °C
mo 50 °C, a TakXe IPOBOOUTCS KM3b6HpaTenbHBIN
KOHTPOJIb B AHamasoHe oT -60 mo 80 °C, U MaKCH-
MaJIbHOe OTKJIOHeHHe MOLIHOCTHU E, He IpeBBIIIaeT
0,04 nb. Monynu "/lazepckoM" YCIIEIIHO ITPOXOAST
HCIOBITAHUS HAa BUOpPALIMM U PafHALIMOHHYIO CTOH-
KOCTb. Masible rabapruTHEIe pa3Mephl U HU3KOe SHep-
roroTpebiieHMe fenaloT a3epHble AUOJHbIe MOLYIH
MepPCIIeKTUBHBIMU [J1s IOPTATUBHBIX HpPUOOPOB
M anmnapatypsl, K KOTOPOH MPeabsBISIIOTCS CTPO-
rue TpeboBaHHUS IO pasMepy U Becy. Bbicokast Kpy-
TH3HA BaTT-aMIIEPHBIX XapaKTePUCTHUK U BBICOKAS
3Hepro3PpPeKTHUBHOCTD HaeT pa3paboTUMKaM IOIOJ-
HUTe/bHble IIPeMMYINecTBa IIPH CO3JaHUH KOHKY-
PEeHTOCIIOCOOHON ammapartypsl. Elle ogHOM BasKHOM
0co6eHHOCTBIO J1a3epHBIX Mopynern OOO "Jlazep-
CKOM" SIBJISIeTCSI BBICOKAS CTAOMJIBHOCTD OITHUYECKOM
MOIIHOCTH B IIHMPOKOM TeMIIepaTypHOM JHalIla30He
[ HU3KUHN YpPOBeHb HH3KOYACTOTHBIX IIYMOB, YTO
II03BOJIsSIeT NPHUMeHSTh HAHHBIe MOAYIH ISl H3rO0-
TOBJIEHUSI BBICOKOCTAOUJIBHBIX HUCTOUHHKOB OINTHYe-
CKOTO0 U3/Iy4eHUs.

Kpome 5a3sepHBIX AHUOLHBIX MOAYIeH C [AJIH-
HaMH BOJH B IIMPOKOM CIIEKTPQIBHOM AHAIla30He
oT 400 HM 10 1650 HM OOO "JlazepckoM’ MPOHU3BO-
IOUT CyIlepJIIOMHHeCIeHTHbIe CBeTOL O HbIe MOLY/IH,
PIN u naBuHHBIe QOTOOHOAHBIE MOAYIH, GOTOAU-
OfHBle MOAYIH C TPAaHCUMIIELAHCHBIM YCHUIHUTe-
JIleM M aBTOMAaTHYeCKOM PeryJIMpOBKON YCHJIEHHS,
a Takke THMOpPUIHBIe MOAYIH, BKIOYAIONIHNE TAKKe
B COCTaB Pa3BeTBHUTENH, H30ISTOPBI, MYIBTHUILIIEK-
COPBI U ITpPOYKe [IAaCCHBHBIe KOMIIOHEHTHI [7].

KoMIIaKTHBIE OIITO3JIEKTPOHHBIE MOAYIH HaXO-
IOST TIPUMeHeHHe B M3MepPHUTeNbHBIX U 3TAJIOH-
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reflectometry and 5 times larger than for the typical
modules for optical communication. Large coupling
efficiency results in a large slope of the PI-curve and
allows for using smaller currents that is of extreme
importance for reducing power consumption in
communication systems.

MODULE PARTS BONDING

As important as optical coupling is the technology
of the laser diode module parts bonding. This factor
ensures reliability, durability and thermal stability
of the modules parameters.

Up to 2000 the main method of module parts
bonding was employment of epoxy glues [4] (Fig. 3a).
Even though working with epoxy glues is convenient,
after module assembly one needs to perform thermal
cycling and accelerated aging tests. A considerable
part of the devices is rejected due to parameters
worsening.

Starting from 2000 the technology of laser beam
welding was introduced into laser diode modules
assembly [5] (Fig. 3b). The manufacturers of the
laser diode modules even tried to emphasize in
advertisements that the modules did not contain
epoxy glue. Even though laser beam welding
increased modules yield, it also has some constraints.
The most important is that the welded parts have to
be firmly fixed during welding in order to avoid
mechanical deformations [6] and the influence
of laser welding on optical parameters has to be
thoroughly controlled.

The technology by LasersCom LLC has a significant
advantage the essence of which is to use instead
of glue a special compound with a low thermal
expansion coefficient (Fig. 3c). This ensures high
strength as well as excellent thermal stability.

CONCLUSIONS

Combining together the technology of lens formation
on the end of the fiber with the technology of
parts bonding allows LasersCom LLC manufacturing
laser diode modules with excellent parameters.
For example, stability of the optical power P under
temperature T variation is characterized by the value
of maximal deviation of the power from the reference
value, the so-called tracking error

T,

max

P(T)
P(T,)

E, =max|10lg

’

T=Twin
where T, = 25 °C is the reference temperature, T

min
and T,,, are the minimal and maximal temperatures,
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HbBIX IIpubopax BOJIC, cucTemMax ONTHYECKOH CBSI3H,
Ja7TbHOMETPHMH, ONTHYECKHUX OXPAaHHBIX CHCTeMax,
CBY-dpoToHMKe, OMOMeAULIMHE U Hay4YHBIX HCCIeJ0Ba-
HHUAX. JlaJIbHeHIIee pa3BUTHE TeXHOJIOTHH J1a3epPHBIX
OHUOMHBIX MOAYJIeH HaIlpaB/IeHO KaK Ha pacIIHpeHHe
JHara3oHa MCIO0Ib3yeMbIX JJIMHbI BOJIH, B YaCTHOCTH,
B CpeIHHH MHOPaKPaCHBIN JHAIa30H, TaK U Ha II0BBI-
meHHe 3PeKTUBHOCTH, HAJEKHOCTH H YCTOHMYHBO-
CTH K 3KCTPEMasbHbIM YCIOBHSIM PabOoTEL.
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respectively. All the modules produced by LasersCom
LLC pass the thermal control in the temperature
range from -20 °C to +50 °C, and some modules
are also controlled in the range from -60 °C to
+80 °C. The maximal tracking error E, does not
exceed 0.04 dB. The LasersCom modules successfully
pass the vibration tests as well as confirm ionizing
radiation resistance tests. Small size and low power
consumption make the laser diode modules suitable
for portable devices and equipment, for which
strict size and weight requirements are imposed.
An additional feature of the LasersCom modules
is the high stability of optical power in a broad
temperature range and small level of low-frequency
noise that allows to use the modules for optical
radiation sources with high stability.

Except for the laser diode modules at the
wavelengths in a broad spectral range from 400 to
1650 nm, LasersCom LLC produces superluminescent
LED modules, PIN and avalanche photodiode
modules, photodiode modules with transimpedance
amplifiers and automatic gain control, as well as
hybrid modules including optical splitters, isolators,
multiplexors and other passive components [7].

Compact optoelectronic modules find multiple
applications in fiber optical measurement and
communication systems, metrology, range finding,
security systems, microwave photonics, medicine,
life science and scientific research. The following
development of technology of the laser diode modules
is targeted to broadening the spectral range, for
example, to mid-infrared, as well as to increasing
the power efficiency, reliability and resistance to
extreme conditions.
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