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BO/IOKOHHO-ONTUYECKUE ATTEHIATOPbI
npefHasHayeHbl A9 YMeHbLIEHUS MOLLHOCTHU
M3/ly4yeHUus B ONTUYECKOM AuanasoHe 6e3 ero
MCKaXeHUs. DTN YCTPONCTBA NPUMEHSAIOTCS

B pa3/INYHbIX CETAX Nepeayun AaHHbIX

M B KOHTPO/IbHO-U3MepUTE/IbHbIX Npubopax.
KOHCTpYKLMSA aTTEeHI0AaTOPOB MeHAeTCs No XoAy
pa3sBUTMA MeTOAOB U3MEPEHUI XapaKTepuUcTmK
u3nyyeHus. B cTaTbe npeacraBaeHa uHpopmauus
0 MeTOoAMKaX CHUXEHUS NOrpeLwHoCTU ocsiabneHus
M3y4eHUs B ONTUYECKOM AManasoHe.

BBEAEHWE
BO3HUKHOBEHHE BOJOKOHHOM ONTHKH, 06YyC/IOB-
JeHHOe, B YaCTHOCTH, CO3[laHHEeM KOTepPeHTHBIX
HMCTOYHHKOB CBeTa, IIPUBeJIO K HeobX0AUMOCTH pas-
paboTKK H3MepHTe/NbHOM TeXHUKM, KOTOpas CMO-
KeT QYHKIMOHHUPOBATh aHAJIOTHYHO Ipubopam,
paboraomumM B panuomuarnas’oHe. Pedb uAeT
0 reHepaTopax, aTTeHI0ATOpax, BaITMeTpax U ApY-
THUX YCTPOMCTBAaX, IpefHa3HAaYeHHBIX IJIsI paboThl
C M3JIy4eHHeM ONTHYeCKOro AHalla3oHa.

ATTeHIOATOPBl HCIOJB3YIOTCS [/ H3MeHeHHS
YPOBHSI CBETOBOIO IIOTOKA IIepe], PerucTpHpYIO-
mum npubopom [1,2], M3MepeHHS] UYBCTBUTE/b-
HOCTH OIITHKO-3JeKTPOHHBIX IIPUOOPOB U yaydlle-
HUS paboThl NpHEeMHHKOB ( HaIlpUMep, IepeBO[
IeTeKTopa Ha TMHeMHBIN Y4aCTOK XapaKTepHUCTUKHU
[3]). OTMeuaroTcd ciaefyoLiHe MNPHUHIUIB OCIa-
61eHHUs CBeTa: MCIIONb30BaHHE PACXOLUMOCTH
Iy4uKa M371ydeHUs:, GoToMeTpHUUeCKHe CeTKH, AHa-
dparmsl, BpallalOUMHICA AHUCK C dYepefoBaHHeM
CeKTOPOB Pa3IM4YHON IIPO3PavyHOCTH, pacceuBa-
IOI[Me MM MOoIJoUalouke cpefbl, KOMOMHALIUU
NHWH3 U Auadparm, MHOTOKpaTHoe dpeHeeBCKoe
OTpa’keHHe.

B nmaHHOM paboTe OMHCHIBAIOTCS O0COGEHHOCTH
KOHCTPYKUHK U GyHKIHOHAJIbHbIE BO3MOXKHO-
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Fiber optic attenuators are intended for the
reduction of radiation power within optical range
without its distortion. These devices are used in
various data communication networks and control
and measuring instruments. Construction of
attenuators varies in the course of development of
measurement methods of radiation characteristics.
Information on the methods of reduction of
radiation attenuation error within optical range is
given below.

INTRODUCTION

Occurrence of fiber optics, which is stipulated by
the creation of coherent light sources, in particular,
resulted in the necessity of development of measur-
ing instruments capable to function similarly to
the instruments operating within radio-frequency
band. It is referred to the generators, attenuators,
watt-meters and other devices intended for the
operation with radiation within optical range.

Attenuators are used for the variation of light
flux level before recording device [1], measure-
ment of sensitivity of optoelectronic devices and
improvement of detector operation. For example,
detector transmission to linear characteristic sec-
tor [2]. The following principles of light attenuation
are observed: use of radiation beam divergence,
photometric grids, diaphragms, rotating disk with
the alteration of sectors with different transpar-
ency, scattering or absorbing media, combina-
tions of lenses and diaphragms, multiple Fresnel
reflection.

In this paper, the peculiarities of construction,
functional capabilities of fiber optic attenuators
produced by NRIEI "Kvarz" and methods of their
improvement are described.
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SN  OPTOELECTRONIC DEVICES [UBUMI

CTU BOJIOKOHHO-OIITHYECKUX aTTEHIOATOPOB IIPO-
n3poxcTBa HHUIIM "KBaprn', a Tak>Ke MeTOIBI KX
yCOBepILIEHCTBOBAHHS.

KOHCTPYKTUBHbIE OCOBEHHOCTHU

N ®oYHKLUMNOHAJ/IbHbLIE BO3MOXXHOCTU
BOJIOKOHHO-OMTUYECKUNX
ATTEHIOATOPOB

ITpu nepexofe K BOJTOKOHHOM OINTHKE LleJH U IIPUH-
LUIIBL OC/abeHUsl U3ydYeHHUs oCcTarTcsa 6e3 u3me-
HeHHs. OJHaKO KOHCTPYKTHBHOe MCIIOJIHEHUe
ATTEHIOATOPOB OCJIOKHSIETCSI TeM, YTO B GONBIIMH-
CTBe Cly4yaeB Ha HMX BXOJe U BBIXOJE CTOSIT BOJIO-
KOHHBIe COeUHUTEeNU. [I7s1 olpefe/leHHOCTH IIOf
ocnabutensimu panee Mbl OymeM IIOHMMATh 3Jie-
MEeHT, B KOTOPOM HeIIOCPeACTBEHHO I POUCXOLHUT
IIOIJIOIleHHe M3JIy4eHMs, a Iof, aTTeHIATOpOM -
YCTPOKCTBO, B KOTOPO€ BXOAUT Ha3BAaHHBIU 3/IeMeHT
C COIJIACYIOIIUMU U MeXaHHUYeCKUMH y3/aMHU.

Bo/lIOKOHHO-ONITUYeCKHe ATTeHIOATOPhl MOXKHO
KIaCCUULIMPOBATD 10 Pa3IUYHBIM IPHU3HAKaM.

ORWH U3 TAaKUX MPHU3HAKOB — XapakTep ocnabne-
HHAS H3nydeHHs. CYLIeCTBYIOT MOJeJH aTTeH0a-
TOPOB, KOTOPble MOTYT YMeHbIIaTh HUHTEHCUBHOCTb
H3/lydyeHUs Ha QUKCUPOBAHHYIO BeJIMUYKUHY. B Heko-
TOPBIX YCTPOMCTBaX peajH30BaHO IlepeK/IlovueHUe
OUCKPETHBIX 3HAaueHHUN ocnabmeHus. YacTp aTTe-
HIOATOPOB pa3paboTaHBl A/ HEIPephIBHOIO H3Me-
HeHHs WHTEeHCUBHOCTH. Kpome TOro, CyIIeCcTBYIOT
MoAUPUKALIMU, B KOTOPBIX COYeTaeTCsl CTyIeHYa-
Tasi 4 IIJIaBHAas PeryIHpoBKa ocableHUs CBeTa.

Hcxoms M3 Ha3HadeHMs, aTTeHIOATOPBHl MOTYT
BCTPaUBaTbCsl B M3MepHUTEeNbHBIE MOAYIH HIHU
BBIITYCKAThCSI KAK CAMOCTOSITEIbHEIE U3 e .

I[Io MeToAy BHeCeHHS IIOTePb aATTEeHIOATOPHI
IO pa3fie/siloTCs Ha II0C/IeloBaTeNbHble M Iapaj-
7enbHBle. B IepBoM ciydae IPOHUCXOLUT IOCie-
JoBaTe/lbHOE IepeKIloueHHe HEeCKOJIbKHUX 3JeMeH-
TOB C Pa3JIUYHBIMH 3HAUYeHUSMH OCIabIeHUs .
Bo BTOpOM — OLHOBpeMeHHOE BKJIIOUEHHE HeCKONIb-
KHX D3JIeMEHTOB C Pa3JIUYHBIMHU BeJIHWUYHUHAMHU
ocnabneHus,

YopaBieHHe aTTEHIATOPAMK MOXKeT OBITh Kak
MexaHH4YeCKHUM, Tak U IPOTPaMMHBIM.

Pa3paboTka BOJIOKOHHO-OITHYECKHUX ATTeHI0A-
TopoB B HHUIIM "KBapu' Hauanace B 80-X romax
IIPOILJIIOTO CTONeTHS. IIpU CO3MaHUU IIePBBIX OTe-
YeCTBEHHBIX BOJIOKOHHO-OIITUYECKHX TeHepaTopoB
OrI'4-162 u OI'4-163 BO3HMKJ/Ia HEOOXOOUMOCTEL BKIIIO-
YeHMSI B HHUX aTTeHIoAaTopa C IlepeMeHHBIM 3Haue-
HueMm ociabnenus [4]. OcnabneHHe OIITHYECKOTO
HM3/JIy4eHHSs] OCYIIeCTB/ISIOCh 3a CcYeT AUPPaKLIH-
OHHBIX IIOTePb HpPH Iepefade H3Ay4YeHHUS MeXIy
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STRUCTURAL PECULIARITIES AND
FUNCTIONAL CAPABILITIES OF FIBER
OPTIC ATTENUATORS

When transiting to fiber optics, the objectives and
principles of radiation attenuation remain the
same; however, the structural design of attenua-
tors becomes more complex due to the fact that in
most cases the fiber couplers are present at their
entry and exit. To be more definite, hereinafter the
dampers mean elements, in which the radiation
absorption takes place, and attenuator is the device,
in which this element is placed with matching and
mechanical units.

Fiber optic attenuators can be classified on the
basis of different features.

One of such features consists in the character of
radiation attenuation. There are models of attenu-
ators which can reduce the radiation intensity by
fixed value. The switch of discrete values of attenua-
tion is implemented in some devices. Some attenua-
tors are developed for continuous variation of inten-
sity. In addition, there are modifications, in which
step and smooth adjustments of light attenuation
are combined.

Based on the intended purpose, attenuators can
be built into more complex units or produced as
independent items.

Based on the method of loss introduction, atten-
uators are divided into sequential and concurrent
attenuators. In the first case, the sequential switch
of several elements with different values of attenua-
tion takes place. In the second case, there is simul-
taneous switching-on of several elements with dif-
ferent values of attenuation.

Attenuator control can be mechanical and
programmable.

Development of fiber optic attenuators at NRIEI

"Kvarz" started in the 80s of last century. When cre-
ating the first domestic fiber optic generators OG4-
162 and 0OG4-163, the necessity of inclusion of atten-
uator with variable attenuation value into them
occurred [3]. Attenuation of optical radiation was
performed at the expense of diffraction losses dur-
ing the radiation transmission between the ends of
optically connected light guides. Change of attenu-
ation value within the range 0-25 dB was performed
by the variation of distance L between the ends of
light guides (Fig. 1). At the same time, during the
adjustment of attenuation value the resolution was
not worse than 0.1 dB, error was not less than 0.5 dB,
and initial losses did not exceed 0.8 dB.

Structurally the attenuator consists of the guide,
in which the heads with accurately centered light
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TOPLIAMH OINTHYeCKH CBSA3aHHBIX CBETOBOJOB.
Vi3MeHeHHe 3Ha4eHHUS OCHablIeHHs H3IydeHHUS 2
(pnc.l) B n1uamnasoHe 0-25 b mpoM3BOOUIOCh IIyTEM
BapbUPOBAHUS PACCTOSIHHUS L MeXay TOpLLaMHU CBe-
ToBOZOB 1 u 3. IIpu 3TOM paspelleHHe IIPHU yCTa-
HOBKe 3HaueHHUs ocnabneHus 6p1o He Xyxe 0,1 0B,
IIOTpelIHOCTh — MeHee 0,5 nb, Hava/lbHEBEIE IIOTEPU
He npesblmany 0,8 ob.

KOHCTPYKTUBHO aTTeHATOP COCTOHT
M3 HaIpaBIsgOIleH, B KOTOPOM pacCIOJI0XKeHE
HAaKOHEYHHUKH C TOYHO LEHTPUPOBAHHBIMU CBe-
TOBOOAMHU. YCTaHOBKAa HeoOXOOZMMOILO 3HadeHUS
ocnabneHUss MPOM3BOAUTCS PYUKOM, CBSI3aHHOMU
C MeXaHH3MOM IIepeMeIlleHHsI OJHOr0 U3 HaKOHeY-
HHUKOB U OTCYETHBIM YCTPOHMCTBOM (PHC.2).

Bonee BBICOKOM BOCIPOM3BOOHUMOCTH IIapaMe-
TPOB OCIableHHsT MOXHO AOCTHYb IBYMS MeETO-
oaMu: IIpu paboTe ¢ mapaselbHBIMH IIYyUYKaMU
UIKM IIyTeM pas’pbliBa BOJIOKOHHO-OINTHYECKOr0
TpaKTa M YCTAHOBKH Ha ero BXOJe U BBIXOZe JIMH30-
BBIX COIVIACYIOLIMX 3JIeMeHTOB. MUKPOIHMH3EI COT/Ia-
CYIOIIUX 3JI€MEeHTOB IOCTHUPYIOTCS OTHOCHUTEJIBHO
TOPLIOB BOJIOKHA M JApyr [Apyra II0 MHHHMAJIb-
HOMY 3HAYeHMIO HadajbHBIX BHOCHMBIX IIOTEpb.
TOYHOCTP YCTAaHOBKM TOpIla BOJIOKHA [OJIXKHA
66ITh He Xyke 0,5 MKM B IIOIIEpEYHOM CeUeHHH
U 5 MKM - B IIPOJOJIBHOM.

OcnabneHne ONTHYECKOTO H3Ty4YeHHUS] AOCTH-
raeTcsi MyTeM BBeJeHHS B IMapa/UIeJbHBIM IIYy4OK
OJHOT'O MJIHU HECKOJIBKUX LUCKPETHBIX 0CIabuTenen
(puc.3).

OcnabneHHe Ha AJIMHE BOJHBI U3Jy4eHUs IIPU
BBOJIe B KaHaJ/I Nl 0cjabuTe/er COCTaBaseT

A(3B)=101g|T [p,())exp(-k()> L)), o)

i=1 i=1

IZle N - YKCJI0 BKIIIOUEHHBIX JUCKPeTHBIX 0c/1abuTe-
JIeH,
p; (A) - oTpaskeHUe OT ITIOBEPXHOCTH i-TO MOIJIOTH-
Teus,
L; - TOJNIIMHA i-TO IIOTJIOTUTEIS.

TouHasi BelHMYMHA OClablieHUS [OCTHUraeTCs
IIOCPe/ICTBOM BBeZleHHS IIepeMeHHOro ocaabuTerns,
KOTOPBIM HM3MeHseT HHTeHCHBHOCTb H3IyYeHUS
IIyTeM BapbHPOBAHUS yIJIa [IOBOPOTA JUCKA C HaHe-
CeHHBIM IIOIJIOTUTEIEM:

AB) = 0y (1) exp(-K(E(w) +
+101g|[p,(Jexp(-k()SL,) @

1
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Puc.1. Onmuueckas cxema ammeHtamopa
Fig. 1. Optical layout of attenuator

guides are located. Regulation of required value of
attenuation is performed by the handle connected
with displacement mechanism of one of the heads
and indicating device (Fig. 2).

The best reproducibility of attenuation param-
eters can be achieved on the basis of operation with
parallel beams and via the interruption of fiber
optic path and installation of lens matching ele-
ments at its entry and exit. Microlenses of matching
elements are adjusted relatively to fiber ends and
each other by minimum value of initial introduced
losses. The accuracy of installation of fiber end must
not be worse than 0.5 pm in cross-section and 5 pm
in longitudinal section.

Attenuation of optical radiation is achieved by
the introduction of one or several discrete dampers
(Fig. 3).

Puc.2. AmmeHoamop ¢ nAagHbiM U3MeHeHUuem 8eAU4UHbI
ocnabneHus
Fig. 2. Attenuator with smooth variation of attenuation value

CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
ONTO3/IEKTPOHHbIE MPUBOPDLI I—
CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

I OPTOELECTRONIC DEVICES

IZie o — YTOJI II0OBOPOTa JAHCKa,
f(a) - 3aBHCHMOCTB TONIIMHEL IIJIEHKHU OT yTI/Ia
II0BOPOTA,

Prep (@, A) ~ KOIQPULIMEHT yMEeHbIIEHUS

MHT@HCUBHOCTHY HU3/yUYeHUS IJIs IJIABHOIO

ocnabuTesns, onpesensieMbll KaK OTHOIIe-

HMe MHTeHCUBHOCTH M3/Iy4YeHU s [IocjIe

ocnabuTensi K MHTeHCUBHOCTH M3/IyUYeHHU s

o ocinaburens.

BcTpanBaeMBbIM aTTeHIOATOP C MeTOJOM BHe-
CeHHs II0Teph IIOC/Ie0BATE/IBHOTO THIIA II0Ka3aH
Ha puc.4. [IaTh IUCKPETHBIX ocnaburesnei ¢ GUKCHU-
POBaHHBIMH 3HAUEHUSAMU ocinabnedud ot 1 1o 30 ob
pacmosio’keHbl Ha [JHCKe KW IIPpU ero BpalleHUHU
MOIYT IOC/Te[0BaTeIbHO BBOJUTLCS B OITHYECKHH
KaHa/l. [JUCK CBSI3aH C Py4YKOM yIpaBleHHUS CHUCTe-
MoH mecTepeH. OH PacCIHoNIOKeH MeXAY BXOLHBIM
Y BBIXOAHBIM COIJIACYIOIIMMH 371eMeHTaMH. Pabo-
YyMe OJUHBI BOJIH cocTaBiasoT 0,85; 1,3; 1,55 MKM.

BcTpanBaeMble aTT@HIATOPHl HHTETPUPYIOTCSA
M B BOJIOKOHHO-OIITHYeCKHe reHepatoprl OI'4-181
u Or4-182 [5]. B omTuyeckux OJI0Kax 3THUX TeHe-
patopoB cOOpMHPOBAH KaHa/J C Iapajjie/IbHBIM
IIy4YKOM H3JIy4eHUs, B KOTOPOM II0C/IeJ0BaTe/NbHO
pacIo/nokeHbl: OTBeTBHUTe/b, IIJIaBHBIK ATTeHIO-
aTop, HOMOJHHUTeNbHBIH OTBETBHUTEeNb, NUCKPeT-
Hble aTTeHIOATOPHI C 3aTyxaHuem 20 u 40 gb, BBO-
JUMBIE B KaHaj C IOMOIIBIO peje. Perucrpauus
CUTHAJIOB C OTBeTBHTEJIeH C IOMOILbI POTOLHO-
ZI0B I103BOJISeT KOHTPOJAHPOBATh MOILHOCTb H3J1y-
YeHHS Ha BXOfe W IIOC/e IJIAaBHOrO ocnaburens.
Kpome ToOro, BHeIpeHHe B KOHCTPYKUHIO Ilepe-
KJII04YaTeis IPUBOJUT K BOSMOKHOCTHU IIOJTHOCTHIO
IepeKphIBaTh IapaJljIeIbHBIM IIY4OK.

Bce paspaboTaHHBle aTTEHIOATOPB, KpoMe
Mojnesel, BCTPOEHHBIX B TreHepaTopbl OI4-162
U OT'4-163, 11oCTpOeHBl HA OCHOBE BHECEHH II0Tephb
B IapaJlle/IbHBIH MYYOK MeXAY ABYMS COIJIACyIo-
IKUMHU y37aMHu. MCIonb3yeTcs Kak IOC/Ie0BaTe/ b

OnTuyeckne ocnabutenm
Optical dampers

BxonHom BbIxoaHOM
CBETOBOJ CBETOBO[
Input light Output light

guide 7\ N guide

onTuyeckne
ocnaburtenmn
Optical dampers

JIH3a BXO4HOrO
cornacyouiero
3neMeHTa

Lens of input
matching element

JIH3a BbIXOAHOTO
cornacytouero
3neMeHTa

Lens of output
matching element

Puc.3. Onmuyeckas cxema ammeHroamopa
Fig. 3 Optical layout of attenuator

Attenuation at the radiation wavelength at the
entry to channel n of reducers is equal to

n

A(9B) =101g T [p, (1)exp(-k()3 L) <1>

i=1

where n is the number of introduced discrete
dampers,
p; ) is the reflection from surface of ith
absorber,
L; is the thickness of it absorber.

The accurate value of attenuation is achieved by
the introduction of variable damper, which changes
radiation intensity through the variation of rotation
angle of disk with applied absorber.

A(3B) = p (1) exp(~k(1)f(c) +
+101g| [p,(exp(-k()SL,) @

1
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Puc.4. AmmeHoamop nocanedo8amenpH020 mund co cmynex-
YamblM U3MeHeHUEeM 8eAU4UHbI 0cAabAeHus!

Fig. 4. Attenuator of sequential type with stage variation of
attenuation value

Puc.5. AmmeHtoamop napanneAbHo20 muna co cmyneH4a-
MblM U3MEHeHUeM 8eAUYUHbl 0CAdBAEHUS

Fig. 5. Attenuator of parallel type with stage variation of
attenuation value

HBIM, TaK WU IapajjIeJbHBIN CIIOCOOBI BHECEHHS
IoTeps. IIpenMyIIecTBOM IIapasjiebHOro crocoba,
KOTOPBIM pealhu30BaH BO BCeX IIPOrpPaMMHUHPYeMBIX
aTTEHI0ATOpaX, SBSeTCSI BO3MOXHOCTb JOCTHUXe-
HUS IIpeie/IbHBIX BeJIMUKH 0ClableHus IpU CpaB-
HUTEeJIbHO HebONBIINX XapaKTepHUCTHUKaX ociabie-
HUS COCTABISIOIIHUX 3JeMeHTOB. K HemocTaTKaM
ClelyeT OTHeCTH IIOBBILIeHHEe Ha4daJIbHBIX IIOTepPb
M3-3a yBeJIMYeHUs PACCTOSHHS MeXJAYy COracyro-
IIMUMH 3JIeMeHTaMU.

B HHMUIIM "KBapu" paspaboraHa nHHeEHKa
ATTEeHIOATOPOB, IIPeACTaBISIOMUX 060K camo-
CTOSITe/IbHBIE YCTPOMCTBA, obecleumnBalollye pas-
JTUYHYIO CTelleHb ocnabneHusi. Cpelu HHUX MOKHO
BBIJIEJIUTh ATTEHIOATOP C IlapajlIeIbHBIM CIIOCO-
6om BBemeHUs ociabneHus (pucC.5), COCTOSLIUH
M3 COOCHO PAaCIIOJIOKeHHBIX 0CaabuTenen ¢ 3aLaH-
HBIMHU 3HA4YeHHUSIMH 3aTyXaHus. [Ipubop mo3so-
JsieT KCII0Ib30BaTh 100y KoMOHMHAIHIO ocnabu-
TeseH B guamnas3oHe 0-80 nb c marom 3-4 gb.

B arTeHl0aTope, MOKa3aHHOM Ha PHC.6, pea-
JTU30BaH KOMOHMHUPOBAaHHBIN CIIoco6 BHeCeHUS
noreps. JJUCKpPeTHBIe 3JIeMEHTEI C 3aJlaHHBIMU 3Ha-
yeHUIMU ocnabnenud ot 3 mo 30 nb yCTaHOBJIEHBI
Ha [JHCKe W II004YepeJHO BBOASTCSA B IIy4YOK H3JIy-
deHHs. [loc/ieqoBaTebHO C JHMCKOM, I[Zie PacIloyo-
SKeHbl OUCKPeTHBIe 0C/labuTenu, MmoMelleH AHCK
IJIABHOTO 0CAabuTens, OpU IOBOPOTE KOTOPOTO
M3MeHIeTCs oIIomeH e u3nydyeHus ot 0 go 20 ab.
OTU [ABa AMCKA CBSI3aHBl C PY4YKaMH YIIpaBile-
HHUS CHCTeMOI IlleCTepeHOK. B oKHe Ha IepefHeH
IIaHeJIH aTTeHI0ATOpa PacCIoloXKeHBl JUMOBI, IIpo-
rpagydpoBaHHBEIE B efUHHUIIAX OB.
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where a is the disk rotation angle,
f(a) is the dependence of film thickness on
rotation angle,
Prep (@, M) is the coefficient of decrease of
radiation intensity for smooth damper deter-
mined by the reflection on surface with
applied absorber.

Built-in attenuator with the method of loss intro-
duction of sequential type is shown in Fig. 4. Five
discrete dampers with fixed values of attenuation
from 1 to 30 dB are located on the disk and upon its
rotation they can be sequentially introduced into
optical channel. The disk is connected with control
knob by the train of gears. It is located between the
entry and exit matching elements. Operating wave-
lengths are 0.85; 1.3; 1.55 pm.

Built-in attenuators can be integrated into fiber
optic generators OGC4-181 and OG4-182 as well [4].
The channel with parallel radiation beam is formed
in optical blocks of these generators; this channel
contains the following components located sequen-
tially: coupler, smooth attenuator, additional cou-
pler, discrete attenuators with the attenuation of 20
and 40 dB introduced into the channel with the help
of relay. Signal recording from the couplers using
photodiodes allow controlling the radiation power
at the entry and after smooth damper. In addi-
tion, the introduction of switch into the structure
results in the capability to cut off the parallel beam
completely.

All developed attenuators, except for the models
built into the generators 0OG4-162 and OG4-163, are
constructed on the basis of loss introduction into
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KpoMme [HCKOB B IIy4OK H3JIy4eHUs B ob1acTu
3aJlHeH MaHe/MH C IOMOLIBI 3JIeKTPOJBHUIATeNs
BBOAMTCS IJIACTHHA, MMeEWINas TPU IIOJIOKEHHS:
OTKPBITO, 3aKPBITO U IOIIOJTHUTE/IBHBII 0CIabUTeb
¢ saryxanueMm B 20 wmau 30 gb. O6mUHA qUamnasoH
H3MeHeHHSs 3HaueHUs oc/abieHUs cocTaBasieT oT 0
no 80 nb. CrmenuanbHO paspaboTaHHBIe COIIacCyo-
IIHMe Y3/l YCTPOEHBI TaK, YTO M3JyYeHHe IIOCpen-
CTBOM MCIIO/Ib30BaHMS MHKPOJIMH3 QOKYCHPYETCS
Ha TOPLBl BHEIIHHUX COeJHHHUTeNel, IOAK/IIYae-
MBIX K aTTeHI0ATOpy. Belna paspaboraHa Momudu-
Kalusg aTTeHIATopa, Yy KOTOPOro Ha BXO/Je U BEIXO/e
yCTAHOBJIEHBl CTaHAApTHBIE PO3eTKH, CBI3aHHBbIE
C COIMTaCYIOIMMHU y31aMH C [IOMOIIbI0O BHYTPEHHUX
CTaHJAPTHBIX COeIMHHUTeNeH (PUC.7).

Hamubonee TeXHOTOTMYECKMM METOAOM H3rO-
TOBJIEHUS ocnabuTener SABIsSeTCS HAIblIeHHe
MeTa//IMYeCKOM IIJIeHKH Ha IIPOo3pavyHyl0 IOf-
noxkky. OcHOBHOe TpeboBaHUe, IpelbsBIsieMoe
K MaTepHasly IOKPBITHS - MHHHMAajbHas 3aBU-
CHMOCTb KO3QPUIIHMeHTa ocaabraeHHsT OT AJHHBEI
BOJIHBI. DTOMY acIeKTy B Haubo/lbIIeHN CTeleHHU
YOOBJIETBOPSAIOT IIJIEHKHM M3 THUTaHAa M HUKeEJs.
HanMeHbIIeH CeJIeKTUBHOCTBIO 06/1a1al0T IIJIEHKHU
13 HHUKeJIsl, O HaKO OHU XapaKTepHU3yIOTCsl HU3KOHU
ajaresuer K CTekay. IloaTomy gA/st ocnabutenen
6oJsiee MOAXOAAT IJIEHKM Ha OCHOBe TUTaHa.

Kpome MOIVIOMIAOIMX IIOKPHITHH B H3TOTOBJIE-
HHM aTTeHI0ATOPOB MCIIONB3YIOTCS CIeIIHaJIbHO
pa3paboTaHHBIe IPOCBeTIASIONIMEe IOKPHITHS
(MgF,-Al,05-ZrO,-ZnS) A yMeHBbIIEHHUsS OTpaske-
HHS OT JIMH3 B COIVIACYIOIIMX 3JIeMeHTaX U yCTpa-
HeHUsI HHTepdepeHIIUH B ocnabuTtensx (puc.8).

[lepcmeKTHBHBIM HalpaB/JeHHEM [JIs1 aBTOMa-
TU3alUU PabOTHl AaTTEHIOATOPOB B KOHTPOJIBHO-
H3MepUTeNbHON ammapaTrype BOJIC sBasieTcs
IpHMeHeHHe Ibe303/IeKTPUUYeCKUX [BHUTIaTesel.
Bubpoasuratenu ob61amaioT psAgoM clenudude-
CKHX CBOMCTB: BBICOKOM YYBCTBHUTEJBHOCTBIO -
B npefenax 0,9-0,1 MKM, Majo¥ IOCTOSSHHOM Bpe-
MeHH - nopsaka 0,1 Mc, U3MeHeHHeM YI/IOBOU
CKOPOCTH B IWIHMPOKHUX IIpefenax, MIHOBeHHOH
duKcal el oa0KeHUsI poTopa 61arogaps CyxoMmy
TPeHMUI0, MHUHHATIOPHBIM rabapuTaM H IIPOCTO-
TOM KOHCTPYKLHH. Bce 3TH 0c06eHHOCTH II03BO-
JTUJIN CO3[aTh 3JIeKTPOYIIPABIseMbI KOMOUHHUPO-
BaHHBIM aTTEHIOATOP C IUIABHOM M CTYIEHYaTOH
PeryJlHupOBKOM IIOTJIOIIEHUSI KOJJIMMHPOBAHHOTO
Iy4uKa u3ay4deHus (puc.9).

Haubonee coBepumeHHBIMH Inpubopamu,
HCIIONIB3yeMBIMHU [JISI OC/NabIeHUs] OINTHYeCKOIro
M3JIyUYeHHUs, ABAAIOTCI MIporpaMMHpyeMBble
aTTeHIOATOPHL.
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Puc.6. KombuHupo8aHHbIl ammeHoamop
Fig. 6. Combined attenuator

parallel beam between two matching units. The
sequential and concurrent methods of loss introduc-
tion are used. The advantage of concurrent method,
which is implemented in all programmable attenu-
ators, includes the capability of obtainment of limit
values of attenuation upon comparably low char-
acteristics of attenuation of constituent elements.
Among the disadvantages, the increase of initial
losses should be noted; it occurs due to the increase
of distance between matching elements.

The range of attenuators, which represent inde-
pendent devices providing the different degree of
attenuation, is developed at NRIEI "Kvarz". The
attenuator with concurrent method of attenuation

Puc.7. KombuHuposaHHbIl ammeHamop co CcmaHoapmHbimu
BX00HBIM U 8bIXOOHbIM COEOUHUMeAsIMU

Fig. 7. Combined attenuator with standard input and output
couplers

PHOTONICS N2G/60/2016 g9



i g

IlepBBIM OTeUeCTBEHHBIHM IIPOrpaMMUPyeMBbIH
aTTeHI0aTop VM 1602 nmpenHa3HaueH AJs ocnabie-
HH S CUTHAJIOB B OIITUYECKOM JHalla30He B COCTaBe
MOJY/JIBHOH KOHTPOJBHO-U3MEPUTe/JbHOM alapa-
Typhl ¢ HHTepdercHoN muHOM VXI (puc.10). Oua-
[1a30H M3MeHeHMs 3Ha4eHHUM ocaableHUs COCTaB-
nsgetr 0-60 nb C MOrpemrHOCTRIO €ro yCTaHOBKH
0,2 nB. Pabouas mjaKHA BOIHBI M3JIy4YeHUS COOT-
BeTcTByeT 1,3+0,05 MKM. ATTeHIOATOp BKIIOYaeT
B cebs onTHYeCKUM 670K, MUKPOKOHTPOJLJIEPHOE
YCTPOHCTBO YIIpaBleHUd U UHTepderic VXI.

YrpaBjeHKe aTTEeHI0ATOPOM OCYLIeCTB/ISETCS
C IIOMOIIBIO TPadpHUUeCKOro HHTepderca I0Ib30Ba-
Tessl, pa3paboTaHHOIO Ha OCHOBE COBPEeMEHHBIX
MEeTOZ0B BHM3yaJIbHOTO IIPOEKTHPOBaHHUA. Bumeo-
IaHe/lb MHTEPAKTHUBHOIO yIIpaBjeHHUs IpUbopoM,
peanu3oBaHHAsA B BHJE ABTOHOMHOIO IIPHJIOXKE-
HHS, II03BOJISeT HCIIOJIb30BaTh aTTeHaTop ¢ OC
Windows 2000/XP/7 (puc.11).

MUKDOKOHTpOJIJIepHOe YCTPOHMCTBO YyIPaB-
JTeHUs BKI0OYaeT B cebs y3/lbl yHOpaBleHUS
OUCKPeTHBIMU U IUIABHBIM ocnaburensimu,
a Takke y3/1bl GQOPMHUPOBAHHUS CHUIHAIOB 06 HX
cpabaTBIBaHUH.

[IporpaMMHpyeMBIH BOJIOKOHHO-OITHYe-
ckUH artTeHloatop O[1-28 (pmc.12), paspaboran-
HBIH [IJIS1 aBTOMaTHU3HUPOBAHHOTO pabouero mecra
OK6-13 [6], sBAsieTCS CAMOCTOSTeNbHBIM IpubO-
POM C MeTPOJIOTHYeCKMMHM I1apaMeTpaMU U 3aHe-
ceH B [oCylapCTBeHHBIH peecTp U3MepHUTeIbHBIX
cpenctTs PO.

Puc.8. Snemernmei ocnabumeneti
Fig. 8. Elements of dampers

introduction should be marked out among them
(Fig. 5); it consists of coaxially arranged dampers
with the set values of attenuation. The device allows
using any combination of dampers within the range
0-80 dB with the step 3-4 dB.

In the attenuator showed in Fig. 6, the combined
method of loss introduction is implemented. Dis-
crete elements with set attenuation values from 3
to 30 dB are installed on the disk and serially intro-
duced into radiation beam. Sequentially with the
disk where the discrete dampers are arranged, the
disk of smooth damper is located; during its rota-

Puc.9. 2nexmpoynpasensiemblli KOMOUHUPOBAHHBIL amme-
HKAMOp C NAABHBIM U OUCKPEMHbIM U3MEHEHUEM 8eAUYUHbI
ocnabneHus

Fig. 9. Electrically controlled combined attenuator with
smooth and discrete variation of attenuation value

Puc.10. Mpozpammupyemblli ammeHtoamop VIM 1602
Fig. 10. Programmable attenuator VM 1602
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Puc.11. BudeonaHenb ynpasneHusi ammeHwoamopom VM 1602
Fig. 1. Video panel of VM 1602 attenuator control

ATTeHI0ATOp BKIOYaeT B cebst 6a30BbIi 670K
U TPU CMEHHBIX 6/10Ka, KasKABIH U3 KOTOPHIX MIpex-
Ha3HaueH /[ COOTBeTCTBYIOLIeMN AJHHBI BOJIHBI
(puc.13).

B cmeHHOM 6710Ke pacIlONOKeHBl ONTHYEeCKUI
670K ¢ IpUBOJAMH ocjabuTened U yCTPOHCTBOM
UX ymnpaBieHHs (puc.14).

Ontuueckuy 60K mpencTaBiseT coboll oTpe-
30K BOJIOKOHHO-OIITHYECKOr0 TpaKTa C Pa3pblBOM
AUHKWU. Ha BXoze U BbIXO/e pa3phiBa yCTAHOBIEHBI
JIMH30BBle COTNacymoomue 31eMeHTH. OcnabneHue
CHTHaJjia IPOM3BOAUTCA B JHaIla3oHe oT 0 g0 90 nb.
Paboune AJIKMHB BOJIH CcooTBeTcTBYIOT 0,85, 1,31
U 1,55 Mrkm. [Insg ocnabneHus MCII0/Ib3YeTCSI BBe-
JeHHe B OINTHYeCKOM KaHaJle CeMH AHUCKPEeTHBIX
ocsabuTened ¢ BeIMYHMHAMHU 3aTyxaHusg 2, 3, 4,
8, 16, 30, 32 nb u omHOro ociaaburens c IepeMeH-
HBIM 3HauveHueM oT 0 mo 3 nb. Ocnaburenu pac-
[10JIATAIOTCA MeXKIY COIVIACYIIIMMH JTHH30BEIMHU
3JIeMeHTaMH.

[TorpemHOCTh YCTAHOBKHU OCIableHUs aTTeHIo-
aTtopa cooTBeTcTBYeT AA=(0,2+0,013A) gB, rae A -
HOMHHAJIbHOE 3HayeHHe BOCIPOMU3BOLHUMOIO
3aTryxaHus (nB). HayanbHble IOTEPH COCTABISIOT
He 6osee 3 1b.

BBemeHHe B OINTHYECKHMN KaHal JUCKpeT-
HBIX OCJabHTesell OCYLIeCTB/SIETCS C IIOMOILBIO
3/IeKTPOMAarHMTHLIX I[PUBOLOB, a yIpaBie-
HUe IIepeMeHHBIM ocnabuTesneM - MOCPeLCTBOM
371eKTpOoABUraTe/isd C peayKTOpoM. [ljig IOIHOTO
IIepeKphITUSL OINTHYECKOro KaHajia YCTaHaBJIMBa-
eTCS 3IeKTPOMATrHUTHBIN [IPUBOJ, CO IITOPKOH.
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tion the radiation absorption varies from 0 to 20 dB.
These two disks are connected with control knobs by
the train of gears. The limbs calibrated in the units
dB are located on the front panel of attenuator.

Besides the disks, the plate, which has 3 posi-
tions (opened, closed and additional damper with
attenuation of 20 or 30 dB) is introduced into radia-
tion beam in the area of back panel using the
electric motor. The total range of variation of atten-
uation values is from 0 to 80 dB. Specifically devel-
oped matching units are arranged in such manner
that the radiation using microlenses is focused on
the ends of outer couplers connected to attenuator.
Attenuator modification, in which the standard
sockets are arranged at entry and exit, is developed;
these sockets are connected with matching units
using internal standard couplers (Fig. 7).

The most technological method of damper pro-
duction consists in the film deposition on transpar-
ent substrate. The main requirement specified in
relation to the deposition material, is minimum
dependence of attenuation coefficient on wave-
length. This aspect is primarily met by the films of
titanium and nickel. The films of nickel have the
lowest selectivity; however, they are characterized
by low adhesion to glass. Therefore, the dampers are
made on the basis of titanium films.

In addition to absorbing coatings, specifically
developed antireflection coatings (MgF,-Al,05-ZrO,-
ZnS) were used for the production of attenuators
in order to decrease the reflection from lenses in
matching elements and eliminate the interference
in dampers (Fig. 8).

Use of piezoelectric motors is the prospective
area for automation of attenuator operation in con-
trol and measuring equipment of fiber optic com-
munication lines (FOCL). Vibration motors have

Puc.12. Mpozpammupyembili 60A0KOHHO-ONmMuU4eckul amme-
Hioamop O/1-28
Fig. 12. Programmable fiber optic attenuator ODI-28
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ATTeHtoatop 0,85MKM MM CMeHHbI 610K

ATTeHtoaTop 1,3 MKkM OM CMeHHbI 610K

ATTeHtoaTop 1,55 MkM OM CMeHHbI 610K

Bxog, MpwuBoAbI Mpueos, Bbixoa
CTyNeHYaTbIx NepemMeHHoro BOJIOKOHHO-
ocnabutenen ocnaburtens onTUYeCcKuit

BO/IOKOHHO-
ONTUYECKNI

YcTpomncTBo
— | ynpaBneHus ——
aTTeHIaToOpPOM

basoBbIn 610K

YCTponCcTBO YCTpOMCTBO WHTepdencobl
ynpasneHns un ynpasnennsa MK KOnM, usB
NHAMKaumMm RS232

bnok nutaHusa

Puc.13. 2nekmpoonmuyeckas QyHKULUOHAAbHAS CXema npo-
2pamMmupyemo20 80A0KOHHO-0NMUYEcK020 ammeHtoamopa
oA1-28

Fig. 13. Electrooptical functional layout of programmable fiber
optic attenuator OD1-28

YrpaBlieHUEe CHUCTEMOHN 31eKTPOMAarHUTHBIX
IIPUBOMIOB K 3JIEKTPOABUIATENIEM OCYIeCTBISIeTCs
MHUKPOKOHTPOJIZIEPOM, PpacIolokeHHOM B 6a3so-
BoM 6/10Ke. YPOBHHU YIpaB/ISIOMINX CUTHAIOB dop-
MHUPYIOTCS B YCTPOMCTBAaxX YIIPaBIeHHs, HaXOZs-
IUXCS B CMEHHBIX 670Kax mpubopa. ATTeHI0ATOP
obecreunBaeT paboTy KaK B py4HOM, TaK M B JHC-
TAaHIJMOHHOM peXXHMe yIIPaBJIeHUs 4depe3 HHTep-
dericet KOII, USB unu RS 232,

Hcronp30BaHUE TOHKOIIEHOYHBIX JIHUCKPeT-
HBIX ocjabuTesnen c 60MbIIKMM 3HaUeHHeM ociabie-
Husg (16-32 ob) B IIMPOKOM CIIeKTPa/JIbHOM JHalia-
30He (1300-1700 HM) IPUBOAUT K CYILIeCTBEHHOMY
YBEeJIHUYEHHUIO CIIeKTPaJbHO 3aBUCHMOM COCTaB-
JSOIEeN IMOTPemIHOCTH ociabneHus. IlomobHas
[IOrPENIHOCTh MOXKeT LOCTUTATh eJUHHUL Heluben
Ha KpasiX CIeKTPaJIbHOIO JHAIla30Ha U II03TOMY,
B psde Cay4yaeB, He KOMIIEHCHPYeTCs IlepeMeH-
HBIM ocjabuTenem.
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a number of specific properties: high sensitivity -
within the limits 0.9-0.1 pm, low time constant -
about 0.1 ms, variation of angular velocity within
wide range, instant fixation of rotor position at the
expense of dry friction, miniature dimensions and
simple structure. All these peculiarities allow creat-
ing electrically operated combined attenuator with
smooth and stage adjustment of absorption of col-
limated radiation beam (Fig. 9).

Programmable attenuators are the most perfect
devices, which are used for attenuation of optical
radiation.

The first domestic programmable attenuator VM
1602 was intended for the attenuation of signals
within optical range in the structure of module con-
trol and measuring instrumentation with interface
bus VXI (Fig. 10). The range of variation of attenu-
ation values is 0-60 dB with the error of its adjust-
ment of 0.2 dB. Operating radiation wavelength cor-
responds to 1.3+0.05 pm. Attenuator contains optical
block, micro-controller and interface VXI.

Attenuator control is performed using the user
graphic interface developed on the basis of modern
methods of visual design. Videowall for device inter-
active control executed in the form of autonomous
application allows using the attenuator with OS
Windows 2000/XP/7 (Fig. 11).

Microcontroller consists of the units for control
of discrete and smooth dampers and units for signal
generation in case of their actuation.

The programmable fiber optic attenuator OD1-28
(Fig. 12) developed for automated workplace OK6-13
[5] is independent device with metrological param-
eters, and it is entered into the State Register of
Measuring Devices of the Russian Federation.

Puc.14. CmeHHbIl 610K ammeHtoamopa O/1-28
Fig. 14. Replaceable module of attenuator OD1-28
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Puc.15. BonoKoHHO-onmu4ecKkuli ammeHoamop Ha mpu
OAUHbI 80/HbI
Fig. 15. Fiber optic attenuator rated at three wavelengths
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Puc.16. BonokoHHO-onmuyeckul ammeHamop Ha 00HY
OAUHY 80AHbI
Fig. 16. Fiber optic attenuator rated at one wavelength

HemocpencrBeHHoe yBeJlHYeHHEe 3HayeHUs
IlepeMeHHOro ocnabutens mo 5-7 4B IPUBOAUT
K YMEeHBIIEHHUIO TOYHOCTH OCJableHHsI aTTeHIoa-
TOPA Y IOSIBJI€HUIO JOIIOJTHUTeIbHOU CIIeKTPAJIbHO
3aBUCHMMOM IIOTPEIIHOCTH, BHOCHMOM CaMHUM
IepeMeHHBIM OcIabuTeneM.

Attenuator consists of the base block and three
replaceable modules, each one of which is designed
for the corresponding wavelength (Fig. 13).

Optical module with the actuators of dampers
and control device is located in replaceable block
(Fig. 14).
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METOAbl YMEHbLUEHUA NOIMPELLHOCTU
OCJ/IABJIEHUA ATTEHIOATOPA

[IppuMeHeHUe CIOKHBIX KOHCTPYKTHBHO-TEXHOJIO-
TMYeCKHMX METOAOB yMeHBbIIE€HHS IIOIPEIIHOCTH
ocnabneHusT GUCKPeTHBIX ocinabuTenell He Bcerga
obecrieurBaeT skelaeMBIH Ppe3yabTaT. B IepByIo
ouyepelb 3TO  OIpefefseTcsi KOHEYHON TOYHO-
CTBIO H3IOTOBJIEHHS TOHKOIIJIEHOUYHBIX OITHYe-
CKUX ocnabuteneii. CTOUT OTMETHUTh, YTO pasbpoc
I[IOTPEIIHOCTHU HAIIblJIEHUS IIOKPBITHSA OOCTUTAeT
eIUHHUIL U JeCATKOB IIPOoLeHTOB. Kpome TOro, mpo-
LIeCC IIPOMU3BOACTBA TOHKOIIJIEHOYHBIX ociaburenen
CBSI3aH C 60JBIIMMHU 3KOHOMHUYECKUMHU 3aTPAaTaAMH.
IInoc Ko BceMy, HapaMeTphl ONTHYECKHX OcCjla-
buTeslert 3aBUCAT OT TeMIIepaTypbl OKPY>KaloIleHr
cpensl.

CylecTBeHHOe IIOBBIIIEHHE MEeTPOJIOTHYECKUX
XadPaKTEepPHUCTHUK BOJIOKOHHO-OIITHMYE€CKHUX aTTeHI0A~
TOPOB C AUCKPETHBIMHU OCAAOUTENSIMU MOXKHO OCY-
IIeCTBUTSD 3a CUeT IIPUMeHeHHs aJITOPUTMHYECKUX

Optical module represents the segment of fiber
optic path with line interruption. Lens matching
elements are installed at the entry and exit of inter-
ruption. Signal attenuation is performed within
the range from 0 to 90 dB. Operating wavelengths
correspond to 0.85, 1.31 and 1.55 pm. Introduction of
seven discrete dampers with the attenuation values
of 2, 3, 4, 8, 16, 30 and 32 dB and one damper with
variable value from 0 to 3 dB is used for attenuation
in optical channel. The dampers are located between
the lens matching elements.

The error of adjustment of attenuator damping
corresponds to AA = (0.2+0.013A) dB, where A is the
nominal value of reproduced damping (dB). The ini-
tial losses are not more than 3 dB.

Introduction of discrete dampers into the
optical channel is performed using the elec-
tromagnetic actuators, and control of variable
damper is performed via the electric motor with
reducer. Electromagnetic actuator with cur-

MapaMeTpbl aTTEHKATOPOB, NPEACTABNEHHbLIX HA PUCYHKAX K CTaTbe
Main parameters of attenuators

JAnana3oH ocna- CneKTDaNbHbIA Ana- HayanbHble PasMeD. MM Macca,
Ocnabutennb 6nenHus, ob P A nortepu, ab X p., Kr YnpaBsneHune
. NMna3oH, MKM S DImenSIOnS, .
Damper Attenuation Initial Weight, Type of control
Spectral range, um mm
range, dB losses, dB kg
Puc.2 / Fig. 2 0-25 0,85:1,3 <0,8 175x70x100 11 Mexanuueckoe
Mechanical
Puc.4 / Fig. 4 0-30 0,85:1,3;1,55 <25 31x40x40 0,07 M EGIREEEE
Mechanical
Puc.5/Fig. 5 0-60 0,85;1,3:1,55 2,5 100x40x40 0,37 Mexanmueckoe
Mechanical
Puc.6 / Fig. 6 0-70 0,85:1,3:1,55 2,5 115x67x68 0,8 L ELIRHENS
Mechanical
Puc.7/Fig. 7 0-70 0,85:1,3;1,55 <3 115x110x68 1,22 Mexanuueckoe
Mechanical
Puc.9/ Fig. 9 0-50 0,85:1,3; <3 110x50% 60 g | TEOYMEEERRE
Electric
Puc.10/ Fig. 10 0-60 1.3 <3 61x233x340 2,2 fiporpammupyembii
Programmable
Puc.12/Fig. 12 0-90 0,85-1,6 <3 368x130x 392 15 NIRRT
Programmable
Puc.15/Fig. 15 0-90 0,85-1,6 2,5 213x129x443 8 fporpammupyemsin
Programmable
Puc.16 / Fig. 16 0-90 0,85:1,3-1,6 2,5 180%150x90 2,3 PSRN R 5
Programmable
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MeTOJI0B KOPPeKI MK YCTaHABJINBAeMOro 3HaAUeHHU I
ocnabnenus, 6a3UpyOUIUXCS HA MaTeMaTHYeCKOMH
obpaboTke MHPOPMALIMU O PeajbHEIX MlapaMeTpax
KaK JUCKPeTHBIX, TaK M IepeMeHHO-OITHYeCKUX
ocnaburenen.

PemreHue 3ala4y KOPPeKL MU IIOTPEeIIHOCTH JAHC-
KPeTHBIX 0CJIabuTeNel B MIMPOKOM CIEKTPAJIBHOM
AYaIa3oHe IIPOBOAMIIOCH B [1BA 3TAIA.

Ha mepBoM 3Tame MeTogoM 06pasILoBBIX Mep
Ioay4aJu HHAUBHAYaJbHEIE T'PaJyHPOBOUHBIE
XapaKTepUCTUKU ocnabuTenerl KakK OQYHKIHUHU
OT IJIMHBI BOJHBI HU3n1y4deHHs a;(A). Pa3HOCTh 3Ha-
YeHU I T'PaJyHpPOBOYHON XapaKTepUCTHUKU U 0bpa3s-
LIOBEIX ME€p B BHJe MAacCHBa IIONPABOK, 3aIHChI-
BaJach B MaMsiTh mpubopa. 3HadeHHe IOIIPABOK
Ha JUIMHAX BOJIH, OTJIMYHBIX OT JJIMH BOJH KaJlH-
O6pOBKH, MOJNy4YalHd METOAOM KYCOUHO-TMHEMHOM
ANNpOKCUMAaLUK. JIAaHHBIHM MeTOJ HCIIONIb30BAIU
B LleJIIX YMeHbIIeHHUs 06beMa BHYTPeHHeH MaMSITH
BCTPOEHHBIX BBIYMCIHTENBHBIX CPeNCTB, COKpa-
IeHHs KOIHW4YecTBAa 06pa3IoBBIX Mep K BpPeMeHHU
KaTHOPOBKHU.

OmHAKO KOPPeKIMs IOTpellHOCTH ocaabie-
HUS aTTEHI0ATOPa C IIOMOIIBI0 MAaCCHBa IIOIIPaBOK
ISl BCeX KOMOMHALIUKM NUCKPeTHBIX OClabuTernen
He I103BOJIsIeT 06ecreYUTh HeOOXOAHUMYIO TOYHOCTD
YCTaHOBKH OC/abneHus.

[To3TOMy [OOIOMHHUTeNbHO OBl paspaboTaH
MeTOf, ONTHMM3AIUKU KOMOMHALIUN BK/IIOYEHHUS
OUCKPETHBIX 0CabuTeNel Ha OCHOBE XPAaHSIIHUXCS
B IIaMSITH IIOIIPaBOK.

CyTh MeTOZa B TOM, UTO IIPH YCTaHOBKe 3aJaH-
HOTO 3HAaueHHs ocaableHUs C IIOMOIIBIO BCTPOEH-
HBIX BBIUHC/IHUTENBHBIX CPeJCTB IpHbopa ocyImect-
BJISIETCSI TAaKOM BHIOOP BKIIOYEHHUS AHUCKPETHBIX
ocnabutener, 4To6bl UX CyMMapHas IIOIPEeIIHOCTh
AJ1s1 BBIOPAHHOM JJIMHBI BOJTHBI 6blIa MeHbIIe 3Ha-
YeHHs IepeMeHHOro ocnaburens. Takum obpasom,
BBIIIOJIHSIETCSI HEPABEHCTBO

tain is installed for complete cut off of optical
channel.

Control of the system of electromagnetic actua-
tors and electric motor is performed by microcon-
troller located in base block. The levels of controlling
signals are generated in control devices located in
the device replaceable modules. Attenuator works
in manual and remote mode of control through the
interfaces CUC, USB or RS 232.

Use of thin-film discrete dampers with high
value of attenuation (16-32 dB) within wide spectral
range (1300-1700 nm) causes the significant increase
of spectrally-dependent component of attenuation
error. Such error can reach units of dB at the bound-
aries of spectral range, and therefore in many cases
it is not compensated by variable damper.

Direct increase of the value of variable damper
by 5-7 dB results in the decrease of precision of
attenuator dampening and occurrence of additional
spectrally-dependent error introduced by the vari-
able damper.

METHODS OF DECREASE OF ATTENUATOR
DAMPENING ERROR

Use of complex structurally-technological methods
for decrease of dampening error of discrete dampers
does not always provide desired result. First of all, it
is determined by the final precision of production of
thin-film optical dampers. It should be noted that
the error dispersion of coating sputtering reaches
units and tens percent. Besides, the process of
production of thin-film dampers is associated with
high economic costs. In addition, the parameters
of optical dampers depend on the ambient
temperature.

The significant increase of metrological char-
acteristics of fiber optic attenuators with discrete
dampers can be performed at the expense of the
use of algorithmic methods of correction of set
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AyCT(aB)_ga‘i <dg, (3)

rae Ayer — ocnabneHue, yCTAHOBIEHHOE Ha IIepe/i-
Hel I1aHeJH,
a; - peaspHBle 3HAYeHU 1 0CIablleHUN JUCKPeT-
HBIX ocJiabuTesel C y4eToM IIOIIPaBOK,
a,, - peanbHoe ocnabieHKe TIepeMeHHOI0
ocnaburens.

HabpaHHoe Ha mepemHel [IaHETH 3HAYeHHe OCIa-
6nenus (Hampumep, 29 0B) B c/ly4yae UJIeaIbHO TOYHBIX
IOUCKPETHBIX 0C/IabuTesierl MosKeT ObITh peasH30BaHO
Ha60p0M 16 b +8 nb +4 1B OHCKpPeTHBIX ocyiabure-
jmerl ¥ +l b m1aBHoro ocinaburens. OmHAKO JHCKpeT-
Hble OCTIabHTeNTH H3TOTaBIHBAIOTCS C OIIpele/leHHON
IIOTPeNIHOCTEI0. KOHKpeTHble 3HAa4YeHHUs 0C/l1ablneHus
3aHOCSATCS B IaMsTh IIpubopa. Tyma ke BXOAST OTKIIO-
HEHHUSs 3HaYeHHUs 0C/1ableHUs] JUCKPETHHIX ociabure-
JIeHl B 3aBHCHUMOCTH OT JIJIMHBI BOIHBL, TaKUM 06pa3om,
ONTHUMAaIBHBIM HAOOPOM [I/I51 PeaTN3alliy ocIabIeH s
29 1B MOsKeT 0Ka3aThCsi COBCEM JIPYTroM Habop, KOTOPBIH
OIpefenseTcs BBIYUCIUTEeIbHBIMU CPeCTBAMHU.

[lprMeHeHHe MOROGHOro pelIeHHs] B BOJOKOHHO-
OIITUYECKOM aTTeHaTope O[1-28 II03BOIHJIO CHH-
3UTb YPOBEHb IIOTPELIHOCTH YCTAaHOBKU OC/IabneHMs
[0 0,2 1B B IIMPOKOM CIIeKTPa/IbHOM U JHHAMUYECKOM
JHara3’oHax.

Mopudukauusamu npubopa O[1-28 SBISIOTCS aTTe-
HIOATOp Ha 3 [JIMHBI BOJTHBI, BBIIIOTHEHHBIH B €TUHOM
xopmyce (puc.15) [7], © aTTeHATOp Ha OJHY [JIHMHY
BOJTHEI (pHC.16).

OCHOBHBIe ITapaMeTpPbl PaCCMOTPEHHBIX aTTeHIoA-
TOPOB IIpeJICTaB/IeHBI B TabIuIIe.

3AK/TIOYEHUE

B Hacrosimee BpeMsi B HHUIIM "KBapw' IpoBOAUTCS
onpefiesieHHe ONTHMAaJbHOM HOMEHKJ/ATYyphl BOJIO-
KOHHO-OIITUYeCKUX aTTeHI0aTOPOB pPa3HbIX BH/IOB
Y Ha3HaueHHM: OT CIelUasIbHBIX MeTPOJIOrHYeCcKHX
CHCTEM [0 IOPTAaTHUBHBIX ATTEHIOATOPOB TECTEPHOIO
THIA. YTOYHSIOTCS MX TeXHUYecKHe, QYHKI[HOHAJIb
Hble M 9KCIUTyaTal[MOHHBIE XapaKTePUCTHUKH, I103BO-
JNSIOLIYe YOOBIETBOPSITh LIMPOKUE KPyr TpeboBaHUM
I10/1b30BaTesIel B PAa3/IMYHBIX HAyYHBIX U MeTPOJIOTH-
YeCKMX OPTaHM3alMgX U MNPOMBIIUIEHHBIX HPeAIpH-
SITHUSIX HallleK CTPAHBI.
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dampening value, which are based on mathemati-
cal processing of information in relation to the
actual parameters of discrete and variable-optical
dampers.

Solution of the task of error correction of discrete
dampers within wide spectral range was performed
in two stages.

At the first stage using the method of standard
gages, the individual calibration characteristics of
dampers as the functions of the wavelength a; (A)
were obtained. The difference of values of calibra-
tion characteristic and standard gages was recorded
in device memory in the form of array. The values
of corrections at the wavelengths, which differ
from calibration wavelengths, were obtained using
the method of piecewise-linear approximation. This
method was used for the purposes of decrease of the
volume of internal memory of built-in computing
instruments, reduction of the number of standard
gages and calibration time.

However, the error correction of attenuator damp-
ening using the array of corrections for all combina-
tions of discrete dampers does not allow providing
the required precision of attenuation adjustment.

Therefore, the method of optimization of combi-
nations of discrete damper introduction was addi-
tionally developed on the basis of corrections stored
in memory.

The method consists in the fact that during
adjustment of set dampening value using built-in
computing instruments of device such selection of
introduction of discrete dampers is performed so
that their total error for chosen wavelength would
be lower than the value of variable damper. Thus,
the following inequality is observed:

AyCT(aB)_ga‘i =dg, (3)

where Ay ; is the dampening set on front panel,
a; are the actual values of dampening of dis-
crete dampers taking into account the correc-
tions,
a,, is the actual dampening of variable
damper.

In case of perfectly precise discrete dampers, the
value of dampening typed on the front panel (for
example, 29 dB) can be implemented by the set of 16
dB + 8 dB + 4 dB discrete dampers and +1 dB smooth
damper. However, the discrete dampers are made
with certain error. Specific values of attenuation are
entered into the device memory. The deviations of
attenuation value of discrete dampers depending on
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wavelength are also included there. Thus, the opti-
mal set for implementation of attenuation of 29 dB
can be represented by totally different set, which is
determined by computing instruments.

Use of such solution in fiber optic attenuator
OD1-28 allowed decreasing the error level of attenu-
ation device to 0.2 dB within wide spectral and
dynamic ranges.

Modifications of the device ODI1-28 include the
attenuator rated at 3 wavelengths executed in one
case (Fig. 15) [6] and attenuator rated at one wave-
length (Fig. 16). The main parameters of abovemen-
tioned attenuators are given in Table.

CONCLUSION

Currently, the optimal nomenclature of fiber
optic attenuators of different types and with
different purposes, from special metrological
systems to portable attenuators of tester type, is
being determined at our institute. Their technical,
functional and operational characteristics, which
allow meeting the wide range of user requirements
in various scientific and metrological organizations
and industrial enterprises of our country, are being
defined.
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