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MNpepnoxeHa cuctema BbiIBOAA ONTUYECKOTO
M3/ly4eHus 1azepHOro Auoaa Ha ocHoBe
AUCKpeTHOM cpepryeckom NH3bl U BOIOKOHHOM
cepuyeckom MMH3bI. OnpepeneHa
YYBCTBUTEJIbHOCTb K OTKJIOHEHUIO 3/1EMEHTOB

OT ONTUMAJIbHOIO NMONIOXKEHUS ANS C/IeAY IO NX
cUCTeM BbiBOAA ONTUYECKOr0 U3JlyYeHus
NlasepHoro guopa: nasepHbiii AMofA — CKooToe
OMTOBOJIOKHO, J1a3epHbIi ANOJA — KOHUYeCcKoe
OMTOBOJIOKHO, J1a3epHbI ANOSA — ANCKPETHaSs
JIuTas IMH3a — CKOJI0TOE ONTOBOJIOKHO,
NasepHbI Anop, — puckpeTHas cpepuyeckas
JINH3a - BOJIOKOHHas cpepuyeckas nH3a. [laHbl
pekoMeHAaL MU No NPUMEHEHUI0 JaHHbIX CUcTeM
B KOpPNYyCUPOBaHUN PaanodOTOHHbIX MOAY e,
BK/1tOYaOLWMX POTOHHbIE MHTErpasibHbie CXeMbl
npounsseaeHHbie No InP-TexHosornu.

KnioueBble c/10Ba: BbIBOJ ONTUYECKOrO
n3nydyeHuns, ontnyeckmne cnMcteMbl, ontmyeckas
NTMH3a, KOHN4YeCKoe ONTOBOJIOKHO, q)OTOHHbIe
MHTEerpajabHbl€ CXEMDbI, pa,EI,VIOC]JOTOHVIKa
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BBEAEHWE

[Tpu cb6opKe JI0OBIX ITOTYIIPOBOAHUKOBBIX POTOHHBIX
HHTerpaipHeIX cxeM (OPMC) B Bume pamrodoTOHHBIX
MonysIel HeH30eXXHO BO3HHUKAIOT OTKJIOHEHHUS 31e-
MEHTOB OIITHYeCKOro TpPaKTa OT YCTaHOBIEHHOIO
IIOJIOKEeHMUSI, CBSI3aHHBIE C TeXHOJOTMYeCKMMH BO3-
MOKHOCTSIMU ITO3HIIMOHHPYIOIIero obopymoBaHuS,
yCaJKOM KJIeeBBIX QUKCHPYIOIIHMX COCTABOB U T. JI. Bce
3TO IPUBOAUT K HeXKelaTe/lbHBIM IIOTEPSM OITHUe-
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Study of the Systems
for Laser Diode
Radiation Output
Into a Single-Mode
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An optical radiation output system of a laser
diode based on a discrete ball lens and a fiber
ball lens is proposed. The sensitivity of the
following optical radiation output systems of

a laser diode to the deviation of elements from
the optimal position is determined: laser diode -
cleaved optical fiber, laser diode — tapered
optical fiber, laser diode — discrete molded lens -
cleaved optical fiber, laser diode - discrete ball
lens - fiber ball lens. The recommendations are
given for the use of these systems in packaging
the microwave-photonic modules including the
photonic integrated circuits produced with an
InP technology.
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INTRODUCTION

When assembling any semiconductor photonic
integrated circuits (PIC) in the form of microwave-
photonic modules, some deviations of the optical
path elements from the established position
inevitably occur due to the technological capabilities
of the positioning equipment, shrinkage of
adhesive compounds, etc. All these phenomena
lead to the unwanted optical power losses [1, 2].
In this regard, when selecting a radiation output
system, it is necessary to know and consider the
system sensitivity to the deviation of its elements
from the optimal position. The subject of study is
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CKOM MOIIHOCTH (1, 2]. B CBS3K ¢ 9TUM IIpHU BbIb6ope
CHUCTEMBl BBIBOIA M3JIyUYeHUsT HeoOXOOHMO 3HATh
U y4YUTBIBaTb UYBCTBUTEIBHOCTb CHCTEMBI K OTKJIO-
HEHMIO ee 3JIeMeHTOB OT OIITHUMAaJIbHOIO ITOJIOKeHUS.
IIpenMeTOoM HCCAeNOBAHUS CTajlla YYBCTBUTETBHOCTD
Pa3IMYHBIX CHUCTEM BBIBOJA H3/Iy4eHHS JIa3epHOIO
JHUO0Ja B OAHOMOJOBOE OITHYeCKOe BOTIOKHO K OTKJIO-
HeHHIO 3/IeMeHTOB OIITHYeCKOTo TPaKkTa OT OIITUMallb
HOTO I10JIO>KEeHHSI.

VI3BeCTHBI CHCTeMBl BBIBOJA OIITHYECKOIO H3/Iyde-
HHS, OCHOBAaHHBIE Ha ONTHYECKHUX BOJIOKHAX C JIHH-
308 ®peHens Ha Topue. JluH3a ®peHens obecreyu-
BaeT COIVIACOBAaHMeE YHCIOBBIX AIEePTyp HCTOYHHKA
H3/y4eHUs] U IIPUHUMAIOIIETr0 OIITOBOJIOKHA [3, 4].
Taxke [AJIs1 ONTUYECKOIO COeAHMHEHHS MCTOUYHHKA
HU3/1y4eHHs C IPUHHMAIOINM OIITOBOJIOKHOM MOXET
HCII0/Ib30BaThCSl LUIMHAPHUYeCKas INH3a Ha H3/Iy4a-
IOIIer [MOBEPXHOCTH HCTOYHHUKA [5, 6]. HemoctaTkoM
IOIOOHBIX CHCTEM SIBJISIETCS CTIOSKHOCTB ITpoLiecca $op-
MUPOBaHUS TUH3 PpeHess U UUIUHIPHUUECKUX JIHMH3,
OCHOBAaHHOIO Ha MeTO/le 3JIeKTPOHHO-JIy4eBOH JIUTO-
rpadyUu HIKM HOHHO-Iy4eBOro TpaBieHHs. K boiee
IIPOCTHIM B HCIIOJTHEHUM CHCTeMaM BBIBOJA OITH-
YeCKOr0 H3/Jy4eHHS OTHOCSTCS CHCTeMBl Ha OCHOBe
ONTHYEeCKHX BOJIOKOH C KOHYCHOH JTHMH30H, GOPMUPY-
eMOH IyTeM XUMHUYeCKOro TPaBaeHHUs U 3/IeKTPOAYTo-
BOTO OIlJIaB/IeHHS ONTOBOJIOKHA [6]. FI3BeCTHBI Takke
OIITUYecKHe CHCTeMBl Ha OCHOBE JTHUH3 C IPaJHeHTOM
II0KasaTess ITPeIOMJIEHHS (GRIN-nuu3) [7]. OmHako
H3-32 BBICOKOM CTOMMOCTH GRIN-TMH3 IIpeAIIouTeHHe
3a4acTyI0 OTAAEeTCAd AHCKPeTHBIM CPeprUYecKUM JIMH-
3am [8]. Hambosnee IIpoCTHIM METOLOM BBIBOZAA OITH-
YeCKOro H3/y4eHHUs] MCTOUHMKA SIBJSeTCSl CTBIKOBOE
coeIHEHHe CKOJIOTOr0 ONTOBOOKHA C MCTOYHHUKOM/
[IPHeMHHKOM H3/TydeHus [9].

TakuM o6paszom, IJ1sE AAHHOTO KCCIeIOBAHUS OBUTH
BbIOpaHBI Harbosiee IIPOCThIE B PeaIU3allMH CHCTEMBI
BBIBOJIA OIITHYECKOrO HU3JIy4eHHs JIa3epHOro AUOAA:
7la3epHBIN [IHOJ, — CKOJIOTOe OIITOBOJIOKHO, JIa3ePHBIH
IOHOA -~ KOHHUYeCcKoe OIITOBOJIOKHO, Ja3epHBIN OHOM —
JIMH3a — CKOJIOTOe OIITOBOJIOKHO, a TaIkoKe JIa3epHBIH
IOHOA — NHUCKpeTHast cepryecKast JIHMH3a — BOJIOKOH-
Has chepuyeckas JIMH3A.

B cBs3u c HeobXOAMMOCTBIO KOPIIYCHPOBAHHS
u cbopru B BuAe pamroPOTOHHBIX MOJYJEH UUIIOB
®HC 3/1eKTPOOIITHYECKOr0 MOAYIATOpa Ha InP, M3ro-
TOBJIEHHBIX KOJIIEKTMBOM aBTOpoB [10], BO3HHK/IA
HeoOXOAMMOCTb OIlpefie/leHHre ONTHMATIbHOIO U3
BapHaHTOB KOHCTPYKLUHH CHCTEMBI BBIBOJA OITHYe-
CKOTO M3/y4YeHMs Ja3epHOro Auofa. Beuin mccieno-
BaHBI Pa3/IMUHble KOHCTPYKLIMHK CHCTeM BBIBOJA U37TY-
YeHHsI JIa3epHOTO AHOo/a B OJHOMOJ0BOE OIITHYeCcKoe
BOJIOKHO (JIa3epHBIM AHOJ — CKOJIOTOe OITOBOJIOKHO;

the sensitivity of various systems for laser diode
radiation output into a single-mode optical fiber
to the deviation of optical path elements from the
optimal position.

There are well-known optical radiation output
systems based on the optical fibers with a Fresnel
lens at the end. The Fresnel lens ensures that
the numerical apertures of the radiation source
and the receiving optical fiber are matched [3, 4].
Moreover, a cylindrical lens on the emitting surface
of the source can be applied to optically connect the
radiation source to the receiving optical fiber [5,
6]. The disadvantage of such systems is complexity
of the formation process for Fresnel lenses and
cylindrical lenses, based on the electron beam
lithography method or ion beam etching method.
The simpler optical radiation output systems include
various systems based on the tapered optical fibers
made by chemical etching and electric arc melting
of the optical fiber [6]. Some optical systems based
on the lenses with a refractive index gradient (CRIN
lenses) are also well-known [7]. However, due to the
high cost of CRIN lenses, the discrete ball lenses
often become the preferred option [8]. The simplest
method for the optical radiation output from the
source is a butt joint between a cleaved optical fiber
with a radiation source/receiver [9].

Thus, for this study, the easiest systems for
optical radiation output from a laser diode have
been selected: laser diode - cleaved optical fiber,
laser diode - tapered optical fiber, laser diode - lens -
cleaved optical fiber, as well as laser diode - discrete
ball lens - ball fiber lens.

Due to the need to package and assemble the PIC
electrooptic modulator chips using InP produced by
a team of authors [10] in the form of microwave-
photonic modules, it has become necessary to
determine the optimal design option for the laser
diode optical radiation output system. Various
designs of the systems for laser diode radiation
output into a single-mode optical fiber were
investigated (laser diode - cleaved optical fiber; laser
diode - tapered optical fiber; laser diode - discrete
molded lens - cleaved optical fiber; laser diode -
discrete ball lens - fiber ball lens) following by the
development of requirements to the optical path
assembling process for the semiconductor photonic
integrated circuits when they were packaged in the
form of microwave-photonic modules.

To determine the sensitivity of laser diode optical
radiation output systems to the deviation of their
elements from the optimal position, the radiation
source (laser diode) and radiation receiving elements
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7a3epHBIM AMOJ - KOHHYeCcKoe OIITOBOJIOKHO; ja3ep-
HBIM OUOA - OUCKpeTHas JHTasl JIHMH3a - CKOJIOTOe
OIITOBOJIOKHO; Ja3epHBIM AWOA — AUCKpeTHas cde-
pHUecKas JIHMH3a - BOJIOKOHHAasi chepUdecKasi JIUH3)
Y BBIpaboTaHbI TpebOBaHMUS K IIpoLeccy COOPKU OITH-
YeCKOro TpaKTa II0JyIIPOBOAHUKOBBIX (OTOHHBIX
HHTeTpa/IbHBIX CXeM IIPH KX KOPIIYyCUPOBAaHUHU B BUJle
PanrodOTOHHBIX MOLY/IEH.

Jna oIpefeneHUs] UYYBCTBUTENIBHOCTH CHCTEM
BBIBOZIA OIITHUECKOr0 H3JIyueHHs Ja3epHOT0 AMOAA
K OTKJIOHEHHIO UX 3/1eMeHTOB OT OIITHMa/IbHOTO I10710-
>KEeHHU s UCTOUHHK H3/yuyeHus (1a3epHBII AHO0[) U 3/1e-
MEHTHI, IIPUHHMAIOIINe U3TyueHHe (CKOIO0TOe OITO-
BOJIOKHO, KOHMYeCKOoe OIITOBOJIOKHO, OIITOBOJIOKHO
C BOJIOKOHHOM CQepHyYecKOM JIMH30M), IIOMeIaIHch
Ha MHKpPOINO3HULHOHepbl. C IOMOILBI0O MHKPOIIO3H-
LIMOHEepPOB BapbHUPOBAJIOCh II0JIOKEHHE 3JIEMEHTOB II0
TpeM OCSIM K yIJIaM IIOBOPOTa. B Ka’KAOM IIOJIOXKe-
HUH U3MePs/Iach ONTHYecKasi MOUIHOCTb HU3/IyueHus,
CcoOpaHHOIO IMIPHHHUMAIIIUM 371eMeHToM. OITH-
MQJIBHBIM CYHUTIOCH IIOJIOKeHHe 37eMeHTOB, obe-
ClleynBaloNiee HauOONBIIYIO ONTHYECKYI0 MOIIHOCTB,
cobrpaeMyio IIPUHUMAIOIINM OIITOBOJIOKHOM. [lasee
oIlpefie/isiiach YyBCTBUTENIBHOCTh K OTKJIOHEHHIO 3Jle-
MEHTOB OT OITHMAaJIbHOTO IIOJIOKEHHs KaK Auara-
30H OTK/JIOHEHMS OIITHYeCKOIo 3/1eMeHTa, B IIpefe-
Jax KoToporo Habmromanock IajleHHe cobupaeMort
ONTHYECKOM MOIIHOCTH He bonee yeM Ha 50% oOT
MaKCHMaJIbHOH.

Bplna mpefjioskeHa CHCTeMa BBIBOJA OIITHYECKOIO
H3/1y4eHUs J1a3epHOro JHOfa Ha OCHOBe AHCKPeTHON
chepuyeckor JHH3B U BOJOKOHHOH chepHuecKOHn
MUH3Bl. OmpeneneHa YYBCTBUTENBHOCTb K OTKIOHE-
HHUIO 3JIeMEHTOB OT OITHMAaJIBHOIO IOJIOXKEHHUS AJIS
C/Ie[yIOIMUX CHUCTeM BBIBOAA OINTHUYECKOro H3jIyde-
HUS JIa3epHOT0 AHOJa: Ja3epHBbIM AHOI — CKOJIOTOe
OIITOBOJIOKHO, JIA3€PHBIN AHOM — KOHUYECKOe OIITOBO-
JIOKHO, JIa3epHBIN JUOJ, — AUCKPeTHas JIHTas JIMH3a -
CKOJIOTOE OITOBOJIOKHO, Ja3epHBIM AUOM — JHUCKPET-
Has chepuUeckas JIMH3a - BOIOKOHHas chepHUyecKas
JHH3A.

B KkadecTBe KpHUTepHs, OIIpele/sIOLIero ONTU-
Ma/lbHOe IIOJIOXKeHHe u3lydaTenss U IpHHHUMaAIo-
Iero YCTPOMCTBA, BBIOPAH MHAIla30H [AOIYCTHMOIO
OTK/IOHEHHUSI IIPUHUMAIOIIETo 3/eMeHTa. BelIo ycTa-
HOBJIEHO IPEeBOCXOJCTBO CHCTeMBI BBIBOJA OIITHUe-
CKOTO M3/Iy4eHHsI Ha OCHOBe JHUCKPETHOM cdepHye-
CKOU JTMH3Bl U BOJIOKOHHOM ChepHUYeCcKOr TMH3BI Hal,
MHBIMH MCCIef0BAaHHBIMH YCTPOHCTBAMU BBIBOJA
OITHYeCKOro U3/y4YeHHUs 110 BBIOpAaHHOMY KPHUTEPHUIO.
JaHbl peKOMeHJAIIMK II0 HKCIOAb30BaHHIO CHCTEM
BBIBOJA OIITHYECKOIO H3/Iy4eHHs JIa3epHOIo AHOAa
)11 MUHHMU3aLHHA [10Tepb ONTHYEeCKOM MOLIHOCTH
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(cleaved optical fiber, tapered optical fiber, optical
fiber with a fiber ball lens) were placed on the
micropositioners. The micropositioners were used
to change the position of elements along three axes
and rotation angles. At each position, the optical
radiation power obtained by the receiving element
was measured. The optimal position of the elements
was a position providing the greatest optical power
obtained by the receiving optical fiber. Further,
sensitivity to the deviation of elements from the
optimal position was determined as the range of
the optical element deviation within which there
was a drop in the obtained optical power by no more
than 50% of the maximum value.

A laser diode optical output system based on
a discrete ball lens and a fiber ball lens was proposed.
The sensitivity to the deviation of elements from the
optimal position was determined for the following
systems for optical radiation output from a laser
diode: laser diode - cleaved optical fiber, laser diode -
tapered optical fiber, laser diode - discrete molded
lens - cleaved optical fiber, laser diode - discrete ball
lens - fiber ball lens.

The range of permissible deviation of the receiving
element was selected as a criterion that determines
optimal position of the emitter and the receiving
device. The superiority of the optical radiation output
system based on a discrete ball lens and a fiber ball
lens over other optical radiation output devices
being studied according to the selected criterion
was established. The recommendations were given
on the use of systems for optical radiation output
from a laser diode to minimize the optical power
losses in the photonic integrated circuits during
their assembly in the form of microwave-photonic
modules and operation.

THE SYSTEMS FOR OPTICAL RADIATION
OUTPUT FROM A LASER DIODE

UNDER STUDY

The study was performed in relation to the following
optical output systems: laser diode - cleaved optical
fiber (Fig. 1a), laser diode - tapered optical fiber
(Fig. 1b), laser diode - discrete molded lens - cleaved
optical fiber (Fig. 1c) and laser diode - discrete ball
lens - fiber ball lens (Fig. 1d).

A semiconductor laser diode of the
OL3502M-2C1,2,3,4 series was selected as a source
of optical radiation (NeoPhotonics Corporation). Its
spot shape and the beam divergence angle met the
operating requirements of most PICs produced using
an InP technology. The laser diode applied had the
following specifications: optical output power of at
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B (I)OTOHHBIX HHTEIr'pa/JIbHBIX CXe€éMaX IIpH HX C60pK€
B BH e paLLI/IOCl)OTOHHbIX MOJ_IYJIQI;I H 3KCIJIyaTallhH.

NCCNEAYEMbIE CUCTEMDI

BbIBOAA ONTUYECKOTIO U3JTYHEHUSA
JNABEPHOIo AMOAA

VccnenoBaHue IIPOBOAMIIOCH [JISl CTIeAYIOIIMX CUCTeM
BBIBOJIA OITHYECKOrO HM3/y4eHHUsI: JIa3epHBIU OHOJ
CKOJIOTOe OIITOBOJIOKHO (pHC. 1a), Ja3sepHBIM AHOA —
KOHUYeCKoe OMTOBONIOKHO (puc. 1b), ma3epHsIil guof -
JUCKpeTHas JIMTas JIMH3a — CKOJIOTOe OIITOBOJIOKHO
(puc. 1c) 1 1a3epHBIH JUOA — AUCKPeTHas cheprdeckast
JIMH3a — BOJIOKOHHAs1 cpepryeckas 1uH3a (puc. 1d).

B KayecTBe KMCTOYHHKA OIITHYECKOTO H3JIyYeHHs
61 BBIOpAH IOJNYIIPOBOJHUKOBBIN JIa3epHBIN JHOL
cepun OL3502M-2C1,2,3,4 (NeoPhotonics Corporation),
dopma IIATHA U YToJl PaCXOAMMOCTH JIy4er KOTOPOro
COOTBETCTBYIOT TPeOOBAaHMSIM 3KCILIyaTalMK 00Jb-
muHCcTBa OHC, mpor3BefeHHBIX 10 INP-TexXHOIOTHH.
HMcrmonp3yeMblll J1a3epHBIM IHOA obnamaeT ciemyro-
IIMMH XapaKTepUCTHUKAMHK: BBIXOAHAas MOILIHOCTh
OIITHYECKOro M3JIyYeHHs He MeHee 13 MBT, mauHa
BOJIHBI HM371y4yeHHs - 1310 HM, yron pacxoxkpeHHs
ny4eH 20° 110 ogHOM ocH 1 40°mo Apyrou. Bo Bcex pac-
CMaTpHUBaeMBbIX CHCTeMax HKCII0/Ib30BaJIOCh OIITOBO-
JIOKHO Mapku SMF-28.

Cucrema na3epr||7| aunoa — cKosoTtoe
ONTOBOJZIOKHO

B cucTteMe na3sepHBIN AMOA — CKOJIOTOE OIITOBOJIOKHO
OIITHYeCKoe H3JIyYeHHe M3 JIa3epHOro OHOLA BBIBO-
JUTCS HeIlOCPeACTBeHHO B CKOJIOTOE OIITOBOJIOKHO.
JaHHas cucTeMa sIB/sieTcs Haubosee IIPOCTOM C TOUKH
3peHHs peaik3aliiy [11]. Ilom CKOJIOTBIM OIITOBOJIOK-
HOM ITOApa3yMeBaeTCs OJHOMOIOBOE, CKOJIOTOe IIOf
IIPSIMBIM YIJIOM, OIITOBOJIOKHO C IJIAIKUM TopLioM 6e3
AHTHUOTpPaKAIOIero MOKPBITHS. HelocTaTKOM JAaHHOM
CHUCTEMBI SIBJISIIOTCS OOJIBIIHE IOTEPH OIITHYeCKOH
MOIITHOCTH IIPH BBIBOJE H3/1yYeHMs JIa3ePHOIo AHUO0AA.
JTO CBS3aHO C OTCYTCTBHEM COIJIACOBAHHS YHCIOBBIX
arepTyp CKOJIOTOrO OIITOBOJIOKHA M II0JIYIIPOBOJHMKO-
BOT0 JIa3epHOTO Auoza [12].

Cuctema nasepHbii AUOp[, — KOHMYecKoe
ONTOBOJIOKHO

KoHM4YecKkoe OIITOBOJIOKHO ITPe/CTaBIsieT cobok OITo-
BOJIOKHO C KOHMYeCKHM ITPOKCHUMA/IbHBIM (BXO/I[HBIM)
KoHIIoM. Konndeckas ¢popma IIpOKCHUMaIbHOIO KOHIIA
obecrieunBaeT COIr/llacOBaHHe 3HA4YeHUI YHC/IO0BOM
amnepTyphl UCTOYHMKA H3/IyYeHUS U IIPUHKMMAIOIIEro
OITOBOJNIOKHA [13]. B maHHOM C/lydae HCCIe0BAIOCH
KOHHYeCKoe OIITOBOJIOKHO Raysung Photonics Inc
C yIJIOM BEepIIMHEI KOHYyca 90°.

least 13 mW, radiation wavelength of 1310 nm, beam
divergence angle of 20° along one axis and 40° along
the other one. All systems under consideration used
SMF-28 optical fiber.

Laser diode - cleaved optical fiber system

In the laser diode - cleaved optical fiber system,
optical radiation from the laser diode is transferred
directly into the cleaved optical fiber. This system
is the simplest one in terms of implementation [11].
The cleaved optical fiber means a single-mode,
normally cleaved, smooth-end optical fiber without
any antireflection coating. The disadvantage of this
system includes the large loss of optical power when
outputting laser diode radiation. This is due to the
lack of matching between the numerical apertures
of the cleaved optical fiber and the semiconductor
laser diode [12].

] /

OIITOBOJIOKHO
Optical fiber

VICTOYHUK U3TYUeHUS
a) Radiation sources

P,

KOHHYeCKoe OIITHBOIOKHO
b) Tapered optical fiber

o 0
P,

JYCKpeTHAs TUTasl TUH3A
c) Discrete molded lens

BonokoHHas
cbepuyeckas THMH3a
d) Fiber ball lens

JuckpeTHas cbepryecKas IMH3a
Discrete ball lens

Puc. 1. Cxema peaausauuu uccaedyempix cucmem
Fig.1. Implementation diagram of the systems under
consideration
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CucTtema nasepHbin guop, — oUCKpeTHas
nTad JInH3a — CKOJ1oTOoe ONTOBOJIOKHO
JUCKpeTHBIe JTHUH3BL MCIIONb3YIOTCS [JIs IIOBBIIIEHMS
3¢ beKTUBHOCTH BBIBOZA H3/IyYeHHUS 3a CUeT ero Gpoky-
CUPOBKM KM Ko/UIMMauuu [14]. B JaHHOM ciydae
HCII0/Ib30BJIACh IUTAas JMH3a LightPath ¢ uyncnoson
areprypor 0,5. Ha nuH3y 6bUI0 HaHeCeHO aHTHOTPa-
JKarolllee ITOKPBITHE, CHMKAIOLIee OIITUYeCKUe [I0OTepHU
B AMaria3oHe AJHH BoaH 1100-1600 HM.

Cuctema na3epr||7| aunopa — AoncKkpetHas
chepunyeckas IMH3a — BOJIOKOHHas
chepunyeckas nnH3a

B cucTeMe na3epHBIN AHOJ, ~ AMCKPeTHas cheprdecKast
JHMH3a — BOJIOKOHHAas chepuyecKkas IHMH3a HCIIOJb-
30Ba/JIMCh BOJIOKOHHBIe cpepHUecKHe JHH3BI, H3IO0-
TOB/IEHHBle METOAOM [YyIOBOTO OILIABJIeHUS TOpLa
OITOBOJIOKHA. JIMCKpeTHas cpepruecKas THH3a OblIa
YCTAaHOBJIEHA B OIITUYECKOM CHCTeMe TaKHUM 00pas3oM,
YTO OCTaBLIMMCS IOC/Ie OIlIaBJIeHHUSI CeTMEHT OIITO-
BOJIOKHA, IIPeACTABISIOMMUN CO60M CIUTHYIO KOH-
CTPYKLIHIO C JIMH30M, He y4acTBOBA/I B PaclpoCcTpaHe-
HUH H3/1y4eHUs], a SIBJISVICS 3/leMeHTOM KpeIlleHHsI
JMHH3bL. JUaMeTp OUCKPeTHOH chepHuecKOH JIMH3BL
cocTaBsul 250 MKM, AHaMeTp BOJOKOHHOM chepude-
CKOM JIMH3BI ~ 300 MKM.

METOANKA UCCTIEAOBAHUA CUCTEM
BbIBOAA N3NTYYEHUSA NASEPHOIO ANOOA
OrmpeneneHye ONTHMAIBHOIO ITOJIOSKEHUSI IeMEeHTOB
HCCIeyeMBbIX CHCTEM ITPOM3BOJKIJIOCH Ha 3SKCIIEPH-
MeHTAJIBHOM YyCTaHOBKe (PHC. 2), pa3MeIlleHHOH Ha
omrtHuyeckoM ctojie Thorlabs ¢ cucTeMor akTUBHOM
BHUOPOM30JISALIMH.

JlazepHBIM [HWOA U 3IeMEHThI, IPUHHUMAIOIIKE
H3IydeHHe (CKOJIOTOe BOJIOKHO, KOHHYeCKoe BOJIOKHO),
IIOMeMA/TIUCh Ha MUMKPOMNO3ULHOHepsl MAXG607/M
U MAXG609/M (Thorlabs), mosBonsioniye U3MeHSITh UX
IIOJIO’KEHHSI II0 OCSIM X, Y M Z, & TaKoKe PeryarnpoBaTh
UX Y7l 110BOpoTa. CTOMT OTMETHUTb, UYTO MHKPOIIO-
3sunuoHep MAXG6G09/M [/ TOYHOIO IepeMelleHHs
KKIOKM K3 HCIIONb3yeMBIX OCell HMeeT BCTPOeHHbIe
I1be30[BUTaTeNIN. TOYHOCTH IlepeMelleHHUsl 110 060k
U3 ocell MHUKpomosulroHepa MAX609/M He xyxe 10
HM. [lajiee OIlpefe/isiyioch ONTHMAJIbHOE IIOTIOKEHHSI
37IeMeHTOB OTHOCHUTE/IBHO APYr Apyra. It 3Toro Iojo-
>KeHHe 3JIeMeHTOB II0 BCeM OCSIM U yIJIaM II0BOpOTa
BapbUPOBAJIOCH C IIOMOLIBIO MHKPOIIO3ULIMOHEPOB,
M B KOKIOM IIOJIOSKEHUM H3MEPUTeTIeM OIITHYeCKOH
MouiHoctr PM20CH (Thorlabs) m3mepsiacek ontude-
CKasi MOIIHOCTh H3/yueHMs, COOpaHHOIo0 MNpHHHMA-
IOIIUM 3IeMeHTOM. IlonoskeHMe, obecrieunBaroliee
HaKO6O/BIIYI0 MOIIHOCTh, CUUTAIOCh ONTHMAJIBHBIM.
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Laser diode - tapered fiber system

A tapered optical fiber is an optical fiber with a tapered
proximal (input) end. The tapered shape of the
proximal end ensures that the numerical aperture of
the radiation source and the receiving optical fiber are
matched [13]. In this case, the tapered fiber (Raysung
Photonic Inc) with a 90° cone vertex angle has been
studied.

Laser diode - discrete molded lens - cleaved
optical fiber system

The discrete lenses are used to increase the radiation
output efficiency by its focusing or collimation [14]. In
this case, a molded LightPath lens with a numerical
aperture of 0.5 has been used. An antireflection
coating has been applied to the lens to reduce optical
loss within the wavelength range of 1100-1600 nm.

Laser diode — discrete ball lens - fiber ball
lens system

In the laser diode - discrete ball lens - fiber ball lens
system, the fiber ball lenses were used made by the
arc melting method of the optical fiber end. A discrete
ball lens was installed in the optical system in such
a way that the optical fiber segment remaining after
such melting being a solid structure with the lens,
did not participate in the radiation propagation, but
was a lens clamping device. The discrete ball lens
diameter was 250 pm, the fiber ball lens diameter was
300 pm.

Study methodology for the laser diode
radiation output systems

The optimal position of the system elements under
study was determined using a test setup (Fig. 2),
placed on a Thorlabs optical table with an active
vibration isolation system.

The laser diode and radiation receiving elements
(cleaved fiber, tapered fiber) were placed on the
micropositioners MAX607/M and MAX609/M
(Thorlabs), allowing their positions to be changed
along the x, y and z axes, with simultaneous
adjustment of their rotation angles. It was worth
noting that the MAX609/M micropositioner included
the built-in ultrasonic motors for precise movement of
each of the axes used. The movement accuracy along
any of the axes of the MAX609/M micropositioner was
no less than 10 nm. Further, the optimal position
of elements relative to each other was determined.
For this purpose, the position of elements along all
axes and rotation angles was subject to variation
using the micropositioners. At each position the
optical power of radiation obtained by the receiving
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UL MCCIemoBaHUS CHUCTEM Jiasep-
HBIM [HMOA - IHMCKPeTHAas JIHTas
JIMH3a - CKOJIOTOE OIITOBOJIOKHO
Y JIa3epHBIH [HOA — JHCKpeTHas
cdepuyeckast TMH3a — BOJIOKOHHAS
cdepuyeckast TUH32 MPUMEHSIACH
IIOXO’Kasi METOOUKA. [MCKpeTHas
nrH3a (IUTas WIK chepryecKas)

S/IeMeHT CUCTeMBI
[IPUHHUMAIOITHH U3Ty4eHHe
Radiation receiving

element of the system

ONTHYeCKUN MHUKPOCKOII
Optical microscope

/A
/
(
T10/1yIIPOBOSHHKOBBII
JIa3epHBIN JUOT,

Semiconductor laser diode

7 =

IIoMeniajiach Ha Hpe,Z[MeTHbeI CTO- o S
nuK MBT616D/M (Thorlabs), a mpu- — g & REM R
HHMAaIOIIUH 3JIeMEeHT (ckomoToe .
TIpegMeTHBIM CTOTHK
OIITOBOJIOKHO HJIK BOJIOKOHHAs c¢)e- Object table
puyeckas J'II/IH3a) Hu na3eprn71 AHOM, Vi3sMepHUTeNlb HCTOYHUK
OIITUYEeCKOM MOIIHOCTH MHUKPOIIO3U1IOHEePhl HaIpsKeHUs

3aKpeIUISUINCh Ha MHUKPOIIO3HIINO-
Hepax. TakuM 06pa3om yaaBanoch
OT/IeIBHO HACTPOUTb ONTHMallb-
Hoe TIOJIOKeHHe JIa3epHoro JHofa
OTHOCHUTE/IbHO JUCKPETHOM JIHH3BI

Optical power meter

Puc. 2. Cxema uccnedosamenbckoll ycmaHosKu
Fig.2. Test setup layout

Micropositioners Voltage source

U IIPUHHUMAIOIIEro IeMeHTa OTHO-
CHUTEJIbHO IUCKPETHOM JIMH3HL.

[Tocse ompeneneHUs] ONTHMAIIb-
HOTO IIOJIOKEHHUSI 3/IeMeHTOB HCCIelyeMBbIX CHCTeM
HCC/IefloBaIach UYBCTBHUTENBHOCTh K OTKJIOHEHHIO KX
OTZAEeNbHBIX 371eMEeHTOB. B JAaHHOM c/lydae IIOf, 4yB-
CTBUTE/IBHOCTBIO CHCTEMBI K OTK/IIOHEHHIO ee 3JIeMeH-
TOB II0JIpa3yMeBaeTcsi 3aBUCHUMOCTb 3P eKTUBHOCTU
BBIBOZIA M3/TyUeHHUSI 0T U3MeHEeHHUsI [10JI0SKeH s IIPUHU-
MaloIllero UaH Mepefalollero y1eMeHTa CUCTeMBI.

IIpy HCCIeNOBAaHUM YYBCTBUTEIBHOCTH OCYILECT-
BJISUIOCH IIepeMellleHHe C OIlpefie/IeHHBIM IIarom 3je-
MeHTa, NPUHHUMAIOLIET0 H3JyueHHe OTHOCHUTEIbHO
HEITOABIDKHOIO JIa3epHOro auona ambo, Haobopor,
JIa3epHOr0 JHUOJA OTHOCHUTENBHO HEIOIBIKHOIO IIpH-
HHMaIoILlero 37eMeHTa. IIpH CMeIlleHUH 37eMeHTa I10
OZTHOJ OCH ero II0JIOKeHHe I10 PYTUM OCSIM OCTaBaIoCh
HeM3MeHHBIM M HaxOJW/IOCh B OINTHMAIBHON TOYKe,
oIIpefie/ieHHOM paHee. [IpU KKAOM IIepeMelleHUH
Ha OOMH IIar C IIOMOIIBI0 K3MEPUTENs OITHYeCKOH
MOIIHOCTH PeruCTPHPOBAIACH MOIIHOCTh OIITHYECKOT0
HU3IydeHUs], CcOOpaHHAasT NIPUHUMAONIUM 3eMeH-
TOM. MOIIIHOCTb U3/Ty4eHHs Ja3epHOro AHUoJa C ITOMO-
IO CHICTEMBI KOHTPOJISL MOILTHOCTH ITOAJEPKHBAJIACh
IIOCTOSTHHOM .

PE3YJIbTATbI NCCJIEAOBAHWUA

Cucrema na3epr||71 aunoa — cKoaoToe
ONTOBOJZIOKHO

B cucTteMe nasepHBIN AMOA — CKOJIOTOE OIITOBOJIOKHO
OIITUMAaJIbHOE IIOJIO}KeHHE 3JIEMEHTOB OBLIIO JOCTHUI-
HYTO IPU PacCTOSHUHU 10 MKM MeKAY J1a3epHBIH AHO0-
JOOM H OIITOBOJIOKHOM II0 OCH X. ONTHYecKas MOII-
HOCTbh, COBIpaeMas OITOBOJIOKHOM IIPH OLITUMATbHOM
IIOJIOKEHUH 3JIeMeHTOB, coctaBuia 1,87 mBt. Ciemo-

element was measured by a PM20CH optical power
meter (Thorlabs). The position providing the highest
power was considered optimal. A similar method
was applied to study the following systems: laser
diode - discrete molded lens - cleaved optical fiber and
laser diode - discrete ball lens - fiber ball lens. The
discrete lens (molded or ball one) was placed on the
MBT616D/M object table (Thorlabs), and the receiving
element (cleaved fiber or fiber ball lens) and laser
diode were mounted on the micropositioners. Thus,
it was possible to separately adjust the laser diode’s
optimal position relative to the discrete lens and the
receiving element’s optimal position relative to the
discrete lens.

After determining the optimal position of the system
elements under study, sensitivity to the deviation
of their individual elements was investigated. In
this case, the system sensitivity to deviation of its
elements meant dependence of the radiation output
efficiency on any changes in the position of the
system’s receiving or transmitting element.

During the sensitivity study, the radiation receiving
element was moved at a certain pitch relative to
a fixed laser diode or, conversely, a laser diode was
moved relative to a fixed receiving element. When an
element was shifted along one axis, its position along
the other axes remained unchanged and was located
at the optimal point determined earlier. With each
movement at one pitch, the optical power obtained by
the receiving element was recorded using an optical
power meter. The radiation power of the laser diode
was kept constant using a power control system.
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BaTe/IbHO, 3¢ eKTUBHOCTD BHIBOZA U3/IYYeHU S B OIITO-
BOJIOKHO (1) cocTaBuia 0,144 OTHOCUTEIBHO OIITHYE-
CKOM MOIHOCTH Ha BBIXOJEe Ja3epHOro JHOJA.
B maHHOM TOUKe IIPOBeIEHO KCCIef0BaHUE BAMUSHUS
OTKJIOHEHHSI CKOJIOTOIO BOJIOKHA OT ONTHMAJIbHOI'O
IOJIOKeHHS Ha 3QGeKTHBHOCTh BBIBOAA H3/IYyYEeHHUS
B OIITOBOJIOKHO. [lasee ObUIKM BBHIOPAHBI ABa IIOJIOXKE-
HHS CKOJIOTOr'O OIITOBOJIOKHA IO OCH X, IIPH KOTOPBIX
ONTUYEeCKAsT MOIIHOCTh CHHKaeTcs He bosee 4yem
Ha 20% I10 CPAaBHEHMIO C MOIIHOCTBIO B ONTUMJIBHOM
IOJIOKeHUH. IlepBas BeIOpaHHAs TOUKa pacIojara-
jack Ha 10 MKM Jajaplle HaHAeHHOH TOYKH OIITH-
MAJIBHOI'O IIOJIO’KeHHS II0 OCH X, BTOpasl TOYKa — Ha
20 MKM [gajiblie. B JaHHBIX TOYKaX TakK ke Oblaa ucciae-
IloBaHAa YyBCTBUTEJBHOCTb pacCMaTpUBaeMOM
CHUCTEMBl K OTKJIOHEHHIO IIPUHHMAIOIIEro J1eMeHTa
(CKOJIOTOTrO OTITOBOIOKHA).

Ipaduku 3aBUCHMOCTeN 3PPeKTHBHOCTH BBIBOAA
M3/Iy4eHHs OT CMeIIeHUs OIITOBOJIOKHA OTHOCUTE/ILHO
OIITUMAJIBHOTO IIOJIOKEHUS [0 OCSIM Yy U Z /IS TpeX
Pa3THYHBIX IOJIOKEHHUM II0 OCH X IpefCTaBlIeHHl Ha
puc.3u 4.

[To mpuBefeHHBIM 3aBUCHUMOCTSIM JISI KaOKIOHU
BBIOPAaHHOM TOUKH II0 OCH X OBUI OIpelesieH AHara-
30H BO3MO>KHOI'O OTKJIOHEHHS CKOJIOTOr'O OIITOBOJIOKHA,
COOTBETCTBYIOIIME JOIYCTHMOMY YMeHBIIEHHUIO COOU-
PpaeMoli OITHYeCKON MOIITHOCTH B 2 pa3a OTHOCHUTETIbHO
MaKCHMaJIbHOH [JIS1 JAHHOM CHCTeMBI (Tabi. 1),

AHaNIHU3Upys PacCMaTpUBAaeMYIO CUCTEMY, MOXKHO
CoenaTbh BBIBOJZ, 4YTO BIAHSHHE OTKJIOHEHHUS II0
OCH y U IIO OCH Z PaBHO3HA4yHO, a CMeIlleHHe CKO-
JIOTOTO OIITOBOJIOKHA OT OITHUMAJIBHOTO I10JIOKeHUS
II0 OCH X He IIPHUBOAUT K CYILECTBeHHOMY CHIKe-
HUIO YYBCTBUTEIBHOCTH CHCTEMBI, OOHAKO IIPUBOIUT
K IIaJeHHUI0 MOLIHOCTH IPUHKMaeMOro OITHYeCKOro
HU3JTydeHHUs .

Cuctema nasepHbivi AUop[, — KOHMYecKoe
OMNMTOBOJ/IOKHO

B cucreme ya3epHBIM AMOM — KOHHUYeCKOe OINTOBO-
JIOKHO TaK >Ke OIIpefessiioCh OIITUMAaJIbHOe II0JI0XKe-
HHe KOHMYeCKOro OIITOBOJIOKHA OTHOCHUTEJILHO Jla3ep-
HOTO [IHMOZA, IIoCjae 4ero ObUIM HCCIENOBAHBI IBe
IpyTHe TOYKH I10 OCH X, JJjIs KOTOPBIX CHMXKeHMe MOIII-
HOCTH He IIpeBbIano 20% OTHOCUTEIbHO MaKCHMaJlb-
HOM )15 JAHHOro c1ydasi. OfHa U3 HUX PacIoosKeHa
Ha 2 MKM 6/IKe K UCTOYHUKY U3/Iy4eHHUs, a BTopas
OTAa/ieHa OT HMCTOYHMKA H3JIy4YeHHS Ha 2,5 MKM
Janpuie. ONTHMaJIbHOE IIOJIOKEHHE 3JIeMeHTOB
CUCTeMBl 6BUIO LOCTUTHYTO IIPHU PACCTOSIHUU MEKAIY
JIa3epHBIM JHOJOM U KOHHUUYECKHUM OIITOBOIOKHOM IIO0
oCcU X paBHBIM 20 MKM. CobupaeMass KOHHYECKUM
OIITOBOJIOKHOM OIITHYeCKasi MOIIHOCTh B OITHMaslb-
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RESULTS

Laser diode - cleaved optical fiber system

In the laser diode - cleaved optical fiber system, the
optimal position of the elements was achieved at
a distance of 10 pm between the laser diode and the
optical fiber along the x axis. The optical power
obtained by the optical fiber at the optimal position of
the elements was 1.87 mW. Consequently, the
radiation output efficiency into the optical fiber (n)
was equal to 0.144 relative to the optical power at the
laser diode output. At this point, the study was
performed in relation to the effect of the cleaved fiber
deviation from the optimal position on the radiation
output efficiency into the optical fiber. Further, two
positions of the cleaved optical fiber along the x axis
were selected at which the optical power was decreased
by no more than 20% compared to the power in the
optimal position. The first selected point was located
10 pm further than the obtained point of the optimal
position along the x axis, the second point was 20 pm
further. At these points, sensitivity of the system
under consideration to the receiving element deviation
(cleaved optical fiber) was also investigated.

0,12

1, OTH. ef.
P
o
[ee]

0,04

Puc. 3. 3asucumocms usmeHeHus cobupaemoti CKoAomeoim
0NMOB0AOKHOM ONMUYECKOU MOWHOCMU OM B8eAUYUHbI €20
CMelleHus no ocu y: 1- 05 ONMUMAAbHO20 NOAOXKEHUS NO
0CU X; 2 — 0A81 N0AOXKEHUS No ocu X Ha 10 MKm daablue onmu-
MANbHO20 NONOXKEHUS; 3 — 04 NOAOXKEHUS no ocu X Ha 20
MKM 0anblie onMuMdanbHO20 NOAOXKEHUS]

Fig.3. Dependence of changes in the optical power obtained
by the cleaved optical fiber on its displacement value along
they axis: 1~ for the optimal position along the x axis; 2 - for
a position along the x axis 10 pm further than the optimal
position; 3 - for a position along the x axis 20 pm further
than the optimal position
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HOM IIOJIOKEHHH cocTaBuiaa 12,95 MBT, ciemoBa-
TelnbHO, N =0,996. Biir3koe 3HaueHU s 3GGeKTUBHOCTU
BBIBOJIA  HM3JIyYeHHSI KOHHYECKHMM  BOJIOKHOM
(n=1) mpexncraBneHo B pabore [15].

brula ompepeeHa 4yBCTBUTEIbHOCTb pacCMaTpH-
BaeMOI CHCTeMBbl II0 YPOBHIO IaJeHUs 3$PeKTHUBHO-
CTH BBIBOZA H3/IYYE€HHUS B 2 Pa3a OTHOCUTEIBHO MaKCH-
MaJIPHOTO 3HaUeHHUS ISl AAHHOTO ciydas (Tabi. 2).

Hcxonst ¥3 pe3y/IbTaToOB IIPOBELEeHHOI0 MCCIeL0Ba-
HHS, CHCTeMa JIa3epHBIM OHOJ — KOHHYeCKOe OIITO-
BOJIOKHO II03BOJISIeT COOHMPATh IOCTATOYHO BBICOKYIO
ONTHUYECKYI0 MOLIHOCTb, OIM3KyI0 K MaKCHMAalbHO
BO3MOKHO¥. OmHaKo OaHHas cucTemMa obnagaeT
BBICOKOM YYBCTBHUTEIBHOCTBIO K CMEIEeHHIO I10I0Ke-
HUS IIPUHUMAIOLIEro 3jIeMeHTa OTHOCUTeIBHO OIITH-
ManbpHOro, CMeljeHHe KOHUYEeCKOTO OIITOBOJIOKHA II0
OCH X OTHOCUTEJIBHO ONTHUMAaJbHOU TOUYKH He IPHUBO-
JHUT K U3MEHEeHHIO YYBCTBUTEIbHOCTH PacCMaTpHUBae-
MO¥ cucTeMbl. KpoMe Toro, crcTeMa J1a3epHbIH AHO[ —
KOHHYeCcKoe OIITOBOJIOKHO 0ojiee YyBCTBHTeNbHA
K CMeIIeHHIO I10 OCH Z, YeM I10 OCH , YTO MOKeT OBITh
CBSI3aHO C JUIMIOTHYeCKOM GOpPMOK CBETOBOIO IIy4Ka,
BBIXOJSALIEr0 C MCTOYHHKA U3/TyYeHHs .

0,12

0,08

n, OTH. ef.

0,04

| !
-6 0 6
Az, MKM

Puc. 4. 3asucumocms usmeHeHus cobupaemoli CKoAombim
0NMOB0AOKHOM ONMUYecKol MOLWHOCMU 0m 8eAUYLHbI

€20 CMeLeHUs no ocu z: 1 A5 oNMUMAAbHO20 NOAOXKEHUS]
no ocu X; 2 = 03 NOAOXKEHUS NO ocu X Ha 10 MKM OdanbLue
ONMUMANbHO20 NOAOXKEHUSI; 3 — 0AS NOAOXKEHUSI NO OCU X HA
20 MKM 0dnblie ONMUMAAbHO20 NOAOXKEHUSI

Fig.4. Dependence of changes in the optical power obtained
by the cleaved optical fiber on its displacement value along
the z axis: 1~ for the optimal position along the x axis; 2 - for
a position along the x axis 10 ym further than the optimal
position; 3 - for a position along the x axis 20 ym further
than the optimal position

i g

Ta6nuua 1. Pe3ynbTaTbl UCCIeA0BaHUS CUCTEMbI 1a3ePHLIN
AMo[ — CKONOTOe ONTOBOJIOKHO

Table 1. Study results related to the laser diode — cleaved
optical fiber system

CMmelleHne ONTOBOJIOKHA

MO OCK X OTHOCUTEJIbHO OMNTU-
Ma/IbHOrO MOI0XKEHWNS
Optical fiber displacement

along the x axis relative to
the optimal position

-10 MKM = =20 MKM
=10 pm =20 um
[onycTUMbIZ AnanasoH
OTKJ/IOHEHWSA M0 OCK Y, MKM
Permissible deviation range 6.1 6.4 6
along theyaxis, um
JonycTUMbIZ AnanasoH
OTKJIOHEHWNS MO OCU Z, MKM 57 6 6
Permissible deviation range '
along the zaxis, pm
,OTH.e
Tl ',q . 0,145 0,144 0,125
1, relative units

The diagrams of radiation output efficiency
versus the optical fiber displacement relative to the
optimal position along the y and z axes for three
various positions along the x axis are given in Fig. 3
and 4.

Based on the given dependencies, for each
selected point along the x axis, the range of possible
deviation of the cleaved optical fiber was determined
relevant to the permissible halving of the obtained
optical power relative to the maximum value for
a given system (Table 1).

Having analyzed the system under consideration,
it is possible to conclude that the influence of
deviation along the y axis and along the z axis is
equivalent. Moreover, displacement of the cleaved
optical fiber from the optimal position along the x
axis does not lead to a significant decrease in the
system sensitivity, but it does lead to a power drop
of the received optical radiation.

Laser diode - tapered fiber system

Optimal position of the tapered optical fiber relative
to the laser diode was also determined in the laser
diode - tapered fiber system, followed by the study of
two other points along the x axis, for which the
power reduction did not exceed 20% of the maximum
value for this case. One of them is located 2 pm closer
to the radiation source, and the second one is located
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CucTtema nasepHbin guop, — oUCKpeTHas
NNTad JINH3a — CKOJ1IOTOE ONTOBOJIOKHO

B TpeTheH mccienyeMoM CHCTeMe HeoOXOAMMO COrJia-
coBaTh Meny cob6OM TpPHU 37eMeHTa — JIa3epHBIN IHOL,
JIMH3y MW CKOJIOTOE OIITOBOJIOKHO, IIPHHHMalolee
usnydeHHe. TakuM 06pa3oM JaHHYIO CUCTEMY MOXKHO
paccMaTpHUBaTh KaK /[Be IOACHCTEMBI: Ja3epHBIH
JHOJ — JIMH3A U JIMH3a ~ CKOJIOTOe OIITOBOJIOKHO.

OnTuManbpHOE II0JIOKEHHEe 3/IeMeHTOB CHCTEMBI
6BIIO MOCTUTHYTO IIPU CIeAYIOUIMX ITapaMeTpax: pac-
CTOSIHHe MeXKIy Ja3epHBIM OHOOOM K IHUCKPeTHOH
JIUTOM JIMH30MU I10 OCH X COCTaBisuo 200 MKM, PaccTo-
SIHHe MeXXIy JIMH30M M CKOJIOTBIM ONTOBOJIOKHOM -
3 MM. DPPeKTUBHOCTb BBIBOJA H3/1y4YeHHUs IIPU OIITH-
MaJIbBHOM pa3MellleHHUH 3JIeMeHTOB CUCTeMBl COCTaB-
nsna 12 mBt, 10 ecth N=0,923. B M3BEeCTHHIX pa60Tax,
OITMCBhIBAIOIIMX aHAJIOTHYHbIe HCCIeJO0BaHHAI, OBLIH
[IpeACTaBIeHbl CXOXHe pe3ylbTaTbl, a HMEHHO
n=0,929 [16] un=0,9 [17].

TexHo/MOrM4YeCKHe BO3MOXHOCTH COBMeEIIEHUS
JTMH3BL U JIa3epHOr0 AHOAA 00eCrieYHBaIOT TOYHOCTh
YCTAaHOBKHU He XyKe *15 MKM OTHOCHTENIBHO Tpeby-
e€MOTro IIOJNIOKEHUS. B CBA3M ¢ 3TUM 6bUI IpOBeleH
3KCIIEPUMEHT, B KOTOPOM OIIpeie/isiach 3aBUCUMOCTD
M3MeHeHUsI MOIIHOCTH ONTHUYeCKOro CHUrHajaa IMpHU
HM3MeHeHUH I10JIOKeHU s IMH3bl OTHOCUTEJILHO JIa3ep-
HOro Juofa. M3smeHeHMe I10JI0KeHH s OCYLeCTBIISI/IOCh
B JHaIla30Hax *15 MKM OT OINTHMAaJBHOIO II0 BCEM
HCCIefyeMBIM OCSM. lM3MeHeHHe ONTHYeCKOH MOII-
HOCTH 10 KKAOM M3 OCel OLIeHHBAJIOCh ITPU HAXOXK-
JleHHUH B OIITHUMAaJIbHOM I10JI0’KeHHH JIa3ePHOTO0 AHO0Aa
OTHOCHUTEJIbHO JIMH3EL 110 IBYM APYIUM OCSIM. CTOUT
OTMeTHTb, YTO IIPU HM3MEHEHHUH IIOJIOKeHHS JIMH3a-
JIa3epHBIN [KO0J cobUpalolee CKOJIOTOE OIITOBOIOKHO
Ka>KIOBIM Pa3 MOACTPAMBAJIOCh B TOUYKY C MaKCHMaslb-
HOI cOobMpaeMON OITHYECKON MOIIHOCTBIO [IJIs JaH-
HOTO II0JIO>KEHUS.

BBUIO yCTaHOB/IEHO, YTO IIPHU UCIIOJIb30BAHUH HMe-
IOIIUXCST TeXHOJIOTHUUEeCKUX BO3MOXKHOCTEM COBMe-
IIeHHsl MOACHUCTEMBI JIa3epHBIM AHOA-JIMH3a, Iaje-
HHe 3pPeXTHBHOCTH BBIBOAA M3/IYUYeHHS COCTAB/ISeT
He bomee 4% OT MaKCHMaJIbHO Bo3MoykHoHn (c 0,791
10 0,75).

JanpHeMIIMe UCCIeJOBAaHHUS HallpaBaeHBbl Ha oIpe-
JlejleHre 4YyBCTBHUTEIBHOCTH CHCTEMBI K CMeIleHHIO
OIITOBOJIOKHA OTHOCHTE/IBHO IIpelBaPUTEIbHO 3aKpe-
IVIEHHBIX B OIITHMAJIBHBIX IIOJIOOKEHHUAX OHCKPeT-
HOI JIMTOM JIMH3BL U JIa3epHOT0 AH0Aa. AHQJIOTHYHO
HCCIeNOBAaHUSM BBIBOJA H3J1yYeHUs, IIPOBelJeHHBIM
IJISL CHCTeMBI Ja3epHBIM AHOJ - KOHUYeCKOe OIITOBO-
JIOKHO, I10 OCH X OBUIH BBIOPaHBI JOIIOTHUTEIBHO [1Be
TOYKH, B KOTOPBIX 3)GeKTHBHOCTH BBIBOJA H3JIy4de-
HUSI CHMDKAeTCA I10 CpaBHEHMIO C 3QeKTHBHOCTHIO
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2.5 pm further away from the radiation source. The
optimal position of the system elements was achieved
with a distance between the laser diode and the
tapered optical fiber along the x axis being equal to 20
pm. The optical power obtained by the tapered optical
fiber at the optimal position was 12.95 mW, therefore,
n=0.996. A similar value for the radiation output
efficiency of a taoered fiber (n=1) is given in the
paper [15].

The system sensitivity under consideration was
determined by the radiation output efficiency dropout
level decreased by 2 times relative to the maximum
value for this case (Table 2).

Based on the study results, the laser diode -
tapered optical fiber system allows to gain the
sufficiently high optical power being close to the
maximum possible value. However, this system
is highly sensitive to the displacement of the
receiving element position relative to the optimal
one. Displacement of the tapered optical fiber along
the x axis relative to the optimal point does not
lead to any changes in the system sensitivity under
consideration. In addition, the laser diode - tapered
fiber system is more sensitive to the displacement
along the z axis than along the y axis that may be due
to the elliptical shape of the light beam emerging
from the radiation source.

Tabnnua 2. Pe3ynbTaTbl NCCIEA0BAHMS CUCTEMDI Ta3ep-
HbIX 4104 — KOHWYECKOEe ONTOBO/IOKHO

Table 2. Study results related to the laser diode — tapered
optical fiber system

CmeLleHne onToBOIOKHA

M0 OCU X OTHOCUTENLHO ONTU-
MaJ/IbHOTO NOIOXKEHMUS
Optical fiber displacement

along the x axis relative to
the optimal position

+2MKM | -2,5MKM
+2 um -2.5pm
[onyCcTUMbIV AManasoH
OTKJ/IOHEHMA M0 OCU Y, MKM
Permissible deviation range 1.8 1.95 1.8
along theyaxis, pm
[lonyCTUMbIV AManasoH
OTKNOHEHMS N0 OCU Z, MKM
Permissible deviation range 1.48 1.48 1.6
along the zaxis, pm
,0TH.e
1 ,ﬂ' . 0,996 0,808 0,812
1, relative units
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BBIBOJIA B OIITHMAa/IbHOM IIOJIOKEHUH He bojlee yeM
Ha 20%. JJaHHBIe TOYKH PACIIOIaTa/IMCh Ha PacCTOs-
HHAX £27 MKM OT OIITUMAJIbHOIO II0JIOKEHH .

Hs KaskIoro HCCIenyeMoro II0JIOKeHHMS OIITOBO-
JokHa 6blIa oIpefiesieHa YyBCTBUTENBHOCTh PaccMa-
TPUBAaeMOK CUCTeMBI I10 YPOBHIO MaJeHUs 3dPeKTUB-
HOCTH BBIBOJA M3/y4eHMs Ha 50% OT MaKCHMMa/bHON
(tabim. 3).

Hcxoms M3 pesynbTaToB IIPOBEAEHHOT0 KMCCIeoBa-
HMSI, CUCTeMa JIa3epHBIM JHUOZ, ~ TUTas TMH3A ~ CKOJIO-
TOe OIITOBOJIOKHO I103BO/IsIeT COOMPATh 3HAUUTEIBHYIO
YacTh ONTHYECKOM MOIIHOCTH, HCIIYCKaeMOI Jasep-
HBIM JHOIOM, IIPH 3TOM YYyBCTBHUTEIBHOCTH CCTEMBI
110 /11060 U3 HCCIIelyeMbIX OCeH He XysKe 7 MKM.

Cucrtema na3epru7| anoa — ANCKpeTHas
cpepuyeckas 1MH3a — BOJIOKOHHAas
chepunyeckas nnHsa

B maHHOM HCCIelyeMoOM cHCTeMe HeoOXOAHMO CoIJia-
COBaThb MKy CODOM TPH 37eMeHTa - JIa3epPHbIN JHOL,
JOUCKPeTHYI C)epHUYecKyl JIMH3Y M OITOBOJIOKHO
C BOJIOKOHHOH CpepHUYeCcKOM JIMH30K, IPUHHMaloIIee
u3nydeHue. Takum 06pa3om, JAHHYIO CHCTEMY MOXKHO
paccMaTpHUBaTh KaK [iBe [TOJCUCTeMBI: Ta3ePHBIL A1O0, ~
OHCKpeTHas chepUdecKas JIHMH3a U JUCKpeTHas chepu-
4ecKasi THH3a - BOJIOKOHHAs cpepHyecKas JIMH3a.

OnTuMasnpHOe IIONOKeHHe 3JIeMeHTOB CHCTeMBI
6BUIO OCTUTHYTO IIPU CIeAYIOIIHX [1apaMeTpax: pac-
CTOSIHHe MeXKIy Ja3epHBIM AHOIOM M IHCKPETHOM
JIUH30M [0 OCH X COCTaBIsUIO 56,9 MKM. DddHeRTUB-
HOCTb BBIBOZIA H3/y4eHHUsI IPHU ONTHMAJIBHOM pasMe-
LIeHUH 3JIeMeHTOB CUCTeMBI cocTaBisia 3,89 MBT, To
ectbn=0,3.

CMelleHHe NPHHHUMAMPIIEro JIeMeHTa II0 OCH X
B mpefenax oT -50 m;o 50 MKM He IIPUBEJIO K ITaJeHHI0
3bPeKTHUBHOCTH BBIBOJA H3/yueHHUs, a bombliee cMe-
IeHHe MNPUHHMAIOUEN BOJOKOHHOM ChepHuecKomn
JIHMH3BI 110 OCH X He IIpeflyCMOTPEeHO YCIIOBHSMHU 3KC-
IJTyaTalluKd JAHHOM ONTHYeCKOM CHCTeMbl (CMcTeMa
IO/KHA 6BITH KOMITIAKTHOR).

Brlla ompeneneHa 4yBCTBUTEIBHOCTb PaCCMaTpH-
BaeMOH CHCTeMBbl K OTKJIOHEHHIO BOJIOKOHHOH cde-
PHUEeCKOM JIHMH3BL 110 YPOBHIO IaJleHUsI cobHpaeMol
MOIIHOCTH Ha 1 MBT 0T MaKCHMMasbHOM (Tabi1. 4).

HMcxonms W3 pe3ylbTaToB IIPOBeleHHOIO KCCIefo-
BaHM, CHCTeMa JIa3epHBIM JUOJ — JHUCKpeTHas che-
pHUecKas JIMH3a - BOJIOKOHHad cpepHdyecKkas IHH3a
obramaeT AUAINa30HOM JMAOIMYCTHMOIO OTKIOHEHUS
BOJIOKOHHOI cpepHUueCKOU JTHUH3bl He MeHee 7,9 MKM.
3Ha4YMTe/lbHOE PasIMyKe MeXIy AHalla3oHaMHU JO0Iy-
CTUMOIO OTK/IOHEHHS II0 OCSM Y M zZ TOBOPHUT O BBIpa-
SKeHHOM 3/UIMINTHYecKoM GopMe Iydka. B pmambpHen-
meM pa3paboTaHHYI U HCCIeSOBAHHYIO B JAaHHOM
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Laser diode - discrete molded lens - cleaved
optical fiber system

In the third system under study, it is necessary to
coordinate three elements with each other, namely
a laser diode, a lens and a cleaved optical fiber
that receives radiation. Thus, this system can be
considered as two subsystems: laser diode - lens and
lens - cleaved optical fiber.

The optimal position of the system elements was
achieved using the following parameters: the
distance between the laser diode and the discrete
molded lens along the x axis was 200 pm, the distance
between the lens and the cleaved optical fiber was
3 mm. The radiation output efficiency with the
optimal placement of system elements was 12 mW,
that is, n=0.923. The well-known papers describing
similar studies have shown the similar results,
namely n=0.929 [16] and n=0.9 [17].

The technological capabilities of the lens and
laser diode combination ensure the installation
accuracy of not less than + 15 microns relative to the
required position. In this regard, an experiment was
performed during which the dependence of changes
in the optical signal power upon changing the lens
position relative to the laser diode was determined.
The position was changed in the range of +15 pm from
the optimal one along all axes under consideration.
Change in the optical power along each of the axes

Tabnuua 3. Pe3ynbTaThl CC/IE[0BAHNS CUCTEMbI Na3ep-
HbI AMO4 — NMH3A — CKOJI0TOE OMTOBONOKHO

Table 3. Study results related to the laser diode — lens —
cleaved optical fiber system

CMmeLleHne onTOBOJIOKHA

M0 OCW X OTHOCUTENLHO ONTU-
MaJ/IbHOTO NOJIOXKEHUS
Optical fiber displacement

along the x axis relative to
the optimal position

+27 MKM | =27 MKM
+27 um =27 pm
[onyCcTUMbIV AManasoH
OTKJ/IOHEHWSA M0 OCK Y, MKM
Permissible deviation range 10 7 7.2
along theyaxis, pm
[lonyCTUMbIV AManasoH
OTK/IOHEHMS M0 0CU Z, MKM 15,5 _ 175
Permissible deviation range
along the zaxis, pm
,OTH.e,
nLoTHeA 0,923 — 0,762
1, relative units
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paboTe cHCTeMy BBIBOJA OITHYECKOTO M3Iy4eHHSs
7a3epHOro Axofa IUIAHKPYeTCS NPHUMEeHSTh C HCTOY-
HHKOM H3/Iy4eHHs C UHTeIPaJbHEIM PACIIMpPHTe/IeM
nyuyka. HHTerpajpHBIN pacUIMPUTeNb IIy4Kka IIpe-
obpasyeT 3/UIMITHYECKYyI0 $OpMy IIyuKa B cheprie-
CKYIO, UTO J0JIKHO MOBBICUTD 3QPeKTHUBHOCTb BHIBOAA.
Taxke 30PeKTHBHOCTb BBIBOAA H3/1yueHHS B ONTOBO-
JIOKHO M YYyBCTBHTE/IBHOCTb CHCTEMBI K OTKJIOHEHHIO
ee 3/IeMeHTOB I10 OCH y MOKET OBITh IIOBBIIIEHA ITyTeM
3aMeHbl JUCKPEeTHOM chepHuecKOM JIMH3BL U IIyTeM
yBeJIMYeHUs AHaMeTpa oberX THH3 CUCTEMBI.

CPABHUTEJIbHbI AHA/IU3 CUCTEM
BbIBOAA U3NTYHEHWNA NTASEPHOIO ANOAA
Ha puc. 5 1 6 Ay1g pacCcMaTpuBaeMbIX CHCTeM BBIBOZA
U3Iy4YeHHs JIa3epHOr0 AHOAA IIPe[CTaB/IeHbl 3aBHU-
CUMOCTH 3QPeKTHBHOCTH BBIBOJA H3/Iy4eHHUS IIPH
OTK/IOHeHHUHM IIPUHHMAMIIUX 3J1eMeHTOB OT OIITH-
MaJIbHOTO II0JIOKeHHU . I[lo/okeHHe OIITOBOJIOKHA II0
ocH X Op1710 BEIOpaHO ONTHUMAJIBHBIM /ST K&KIOM pac-
CMaTpHUBaeMOU CHUCTEMEL.

C TOYKM 3peHHs MHHHMH3ALUMH OINTHYECKHX
[IOTePb IIPH BBIBOLE H3/yYeHHS! M3 IONYyIIPOBOSHH-
KOBBIX BOJIHOBOJOB (QOTOHHBIX HHTErPa/JIbHEIX CXeM
Ha ocHoBe InP Haubonee 3pPeKTUBHBIM SIBIISETCS
KCIIO/Ib30BaHHUE CHUCTeMBbl C KOHHYECKUM OIITOBOJIOK-
HoM. CHCTeMa C JIMH30M B CBOIO ouepefib obinafaer
HaVMeHbIlIeH YyBCTBUTEIbHOCTBIO K OTK/IOHEHHIM U3
BCeX PaCCMOTPEHHBIX.

O PeXTUBHOCTL BBHIBOJA M3/Yy4YeHHS J1a3epHOTO
JHOZA B OIITOBOJIOKHO C IIOMOIIBIO CUCTEMBI Ha OCHOBE
OHCKPeTHOM cepHyecKol THH3BI U BOJIOKOHHOH cde-
PpHUecKoM JTHH3BI cocTaBuua 0,3. MOXXHO IIPeAIIono-
SKUTb, YTO IIPU MCII0/Ib30BAHHMH HHTEIPAILHOTO IIpe-
obpasoBaTesisl Iy4Ka, NPHUBOASIIETO JUIUIITHYECKYIO
dopmMy mydka K chepHUecKoH, ONTHYeCKas CHCTeMa

Tabnuua 4. Pe3ynbTaThl UCCEA0BAHUS CUCTEMbI 1a3ep-
HbIV Anoa — AUCKpeTHas chepmnyeckas MH3a — BOIOKOH-
Hasa chepuryeckas MH3a

Table 4. Study results related to the laser diode — discrete
ball lens — fiber ball lens system

[MapameTp 3HayeHune

Parameter Value

[onycTUMbIN AnanasoH OTKI0HEHMS MO OCU Y, MKM 79

Permissible deviation range along the y axis, pm '

[onycTUMbIN AnanasoH OTK/IOHEHMS MO OCU Z, MKM 286

Permissible deviation range along the zaxis, pm !
,0TH.e[

rleE 0.3

1, relative units
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was assessed when the laser diode was located in the
optimal position relative to the lens along the other
two axes. It was worth noting that when the lens
and laser diode position was changed, the collecting
cleaved optical fiber was adjusted each time to the
point with the maximum obtained optical power for
a given position.

It was found that when using the available
technological capabilities of the laser diode and lens
subsystem, the dropout radiation output efficiency
was no more than 4% of the maximum possible value
(from 0.791 to 0.75).

Further studies are aimed at determining the
system sensitivity to the optical fiber displacement
relative to the discrete molded lens and laser diode
pre-fixed in the optimal positions. Similar to the
radiation output studies performed for the laser
diode - tapered optical fiber system, two additional
points were selected along the x axis where the
radiation output efficiency was decreased compared
to the output efficiency in the optimal position by
no more than 20%. These points were located at the
distances of +27 pm from the optimal position.

For each optical fiber position under consideration,
the system sensitivity was determined by the dropout
level of radiation output efficiency by 50% from the
maximum value (Table 3).

Based on the study results, the laser diode -
molded lens - cleaved optical fiber system allows to
obtain a significant part of the optical power emitted
by the laser diode, while the system sensitivity
along any of the considered axes is not less than 7
microns.

Laser diode - discrete ball lens - fiber ball
lens system

In this system under study, it is necessary to
coordinate three elements with each other, namely
a laser diode, a discrete ball lens and an optical fiber
with a fiber ball lens that receives radiation. Thus,
this system can be considered as two subsystems:
laser diode - discrete ball lens and discrete ball
lens - fiber ball lens.

The optimal position of the system elements was
achieved using the following parameters: the
distance between the laser diode and the discrete
lens along the x axis was 56.9 pm. The radiation
output efficiency with the optimal placement of
system elements was 3.89 mW, thatis, n=0.3.

The receiving element displacement along the x
axis in the range from -50 to 50 pm did not lead to
a drop in the radiation output efficiency. However,
a larger displacement of the receiving fiber ball
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Ha OCHOBE JUCKPETHOM ChepHYecKOM JIHH3BI U BOJIO-
KOHHOM cdepryueckoy JIMH3bI MOXKeT 0becrieduTb
3¢ PeKTUBHOCTD BBIBOJA H3TydeHUs 6oiee 0,9.

3AKJTKOYEHUE

[IpoBefeHHBIe UCCIeLOBAHMS IIOKA3a/IM, YTO KOHHUYe-
CKOe OIITOBOJIOKHO obecIieunBaeT BBICOKYIO 3bdeKkTHB-
HOCTb BBIBOJA M3/yUeHUsI IIPU BBICOKOM UyBCTBUTEIb
HOCTH K OTKJIOHEHHIO M MOXKeT IIPUMEHSThCSA IIpHU
TeCTHPOBAHUH OINTO3/IeKTPOHHBIX YCTPOKCTB. IIpHMe-
HeHHe KOHHYeCKOro OITOBOJIOKHA HellerecoobpasHo
IIpYU KOPIYCHPOBAaHUM (QOTOHHBIX HMHTETPaJIbHBIX
CXeM U peajM3alli{ TeXHOJIOTHH THOpHUIHON HHTe-
rpauuy. IIprMeHeHHe CHCTeMBl Ja3epPHBIH IHOA, -
JUCKpeTHas JIUTasl JIMH3A — OITOBOJIOKHO PeKOMeH/Y-
eTcsl B CJIy4ae, KOrja MpHU cO0pKe HIIM 3KCIUTYaTalluU
OITO3/IEKTPOHHEIX YCTPOMCTB BO3MOXKHOE CMellleHMe
I10 JII0OOOKM U3 OCell COCTaBisieT OO 2,85 MKM. IIpensio-
sKeHHass HaMM CHCTeMa JIa3epHBIN AUOI - JUCKpeT-
Hasg chepHyecKas JTHMH3a — BOJIOKOHHAs chepuyecKkas
JIMH3a IIPeBOCXOAUT BCe MCC/IeOBAaHHbBIe OIITHYECKHE
CHUCTEMBI II0 OHAIla30HYy JOIIYCTHMMOTO OTK/JIOHEHMS.
CucteMa Ja3epHBIM OHOM — CKOJIOTOe OIITOBOJIOKHO
B CBOIO OYepe[b He PeKOMEHIYETCS K IMPUMEHEeHHIO,
Tak Kak JJIsl JaHHOM CHUCTeMBbl XapaKTepHBI 3HAuM-
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lens along the x axis was not provided for by the
operating conditions of this optical system (the
system must be compact).

The system sensitivity under consideration to
the deviation of the fiber ball lens in terms of the
dropout level of power obtained by 1 mW from the
maximum value was determined (Table 4).

Based on the study results, the laser diode -
discrete ball lens - fiber ball lens system has
a permissible deviation range of the fiber ball
lens of at least 7.9 pm. The significant difference
between the allowable deviation ranges along
the y and z axes indicates a significant elliptical
beam shape. In the future, the laser diode optical
radiation output system developed and studied in
this paper is planned to be used with a radiation
source and an integral beam expander. The integral
beam expander converts the elliptical beam shape
into a ball one that should increase the output
efficiency. Moreover, the efficiency of radiation
output into the optical fiber and the system
sensitivity to deviation of its elements along the y
axis can be increased by replacing the discrete ball
lens and by increasing the diameter of both lenses
in the system.
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Puc. 5. 3asucumocmp uzmeHeHus cobupaemoli 0NMosooK-
HOM OnMUYecKol MOLWHOCMU 0m 8eAUH4UHbI €20 CMeLLeHUs
no ocu y:1- Aa3epHbili AU0O — KOHUHYECKOE ONMOBONOKHO;

2 - nazepHbill 0U00 — dUCKpemHas AUMasi AUH3a — cKoAomoe
0NMoB80AOKHO; 3 — Aa3epHbill 0U00d — dUucKpemHas cepuye-
CKasl AUH3a — B0AOKOHHAS CepuHecKas AUH3a; 4 — Aa3epHbil
0u0d - CKOAOMOe ONMOB0AOKHO

Fig.5. Dependence of changes in the optical power obtained
by the optical fiber on its displacement value along they axis:
1-laser diode - tapered optical fiber; 2 - laser diode - discrete
molded lens - cleaved optical fiber; 3 - laser diode - discrete
ball lens - fiber ball lens; 4 - laser diode - cleaved optical fiber

n, OTH. ef.

Puc. 6. 3asucumocmb usmeHeHuUs cobupaemoli 0nmosonoK-
HOM 0nmu4ecKol MOWHOCMU OM 8eAUYUHbI €20 CMeleHUs!
no ocu z:1- nazepHbili U0 — KOHUYECKOe ONMOBONOKHO;

2 - na3zepHblli 0U00 — QUCKPeMHAs AUMAs AUH3A — CKOAOMOoe
0NMOB0AOKHO; 3 = Aa3epHbili Au0d — duCKpemHas cepuye-
CKas AUH3a — 80AOKOHHAS cepuyeckast AuH3a, 4 — Ad3epHbil
0u00 - cKoA0Moe 0NMOoB0AOKHO

Fig.6. Dependence of changes in the optical power obtained
by the optical fiber on its displacement value along the z axis:
1-laser diode - tapered optical fiber; 2 - laser diode - discrete
molded lens - cleaved optical fiber; 3 - laser diode - discrete
ball lens - fiber ball lens; 4 - laser diode - cleaved optical fiber

TeJIbHble IIOTEPH ONTHYECKOM MOLIHOCTH M BBICOKAs
YYBCTBUTETBHOCTb K OTKJIOHEHHIO ee 37IeMeHTOB.

[TonyueHHBle Ppe3yabTaThl MCCIeJOBaHUS OymyT
HCII0/Ib30BaHBl B AAJIbHEHIIeN paboTe aBTOPOB IpHU
ITPOeKTHPOBAHUHU U COOpKe GOTOHHBIX HHTEIPATIBHBIX
CxXeM B KOPIIycax pafHodOTOHHBIX MOIYIEH.
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COMPARATIVE ANALYSIS OF LASER DIODE
RADIATION OUTPUT SYSTEMS

Figures 5 and 6 show dependences of the radiation
output efficiency for the laser diode radiation output
systems under consideration when the receiving
elements deviate from the optimal position. The
optical fiber position along the x axis was selected to
be optimal for each system under study.

In terms of minimizing optical losses when the
radiation is transferred from the semiconductor
waveguides of the InP-based photonic integrated
circuits, the most efficient method is to use the system
with a tapered optical fiber. In turn, the system with
a lens has the least sensitivity to deviations among all
considered systems.

The output efficiency of laser diode radiation into
an optical fiber using a system based on a discrete ball
lens and a fiber ball lens was equal to 0.3. It can be
assumed that when using an integral beam converter
that converts an elliptical beam shape to a ball one, an
optical system based on a discrete ball lens and a fiber
ball lens can provide a radiation output efficiency of
more than 0.9.
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CONCLUSION

The studies performed have shown that the tapered
optical fiber provides high radiation output
efficiency with the high sensitivity to deviation
and can be used for testing the optoelectronic
devices. The application of tapered optical fiber is
impractical for packaging the photonic integrated
circuits and implementing the hybrid integration
technology. The use of a laser diode - discrete
molded lens - optical fiber system is recommended
when a possible displacement along any of the axes
is up to 2.85 microns during assembly or operation
of the optoelectronic devices. Our proposed laser
diode - discrete ball lens - fiber ball lens system
dominates over all studied optical systems in terms
of the permissible deviation range. In turn, the
laser diode - cleaved optical fiber system is not
recommended for application, since this system
is specified by significant losses of the optical
power and high sensitivity to the deviation of its
elements.

The obtained study results will be used in the
further work for design and assembly of the photonic
integrated circuits in the microwave-photonic module
packages.
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