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AHHOTaUMA

Beeoenue. B nocnenHee BpeMs OOJBIION HAYYIHBIH U MPAKTHUECKUI MHTEPEC BBI3BIBAET pa3paboTKa mepecTpanBac-
MbIX paanodoronubix CBU-dunbrpoB. Takue paguodoronnsie CBU-QuIbTPHI SBISIOTCS XOpOIIEH albTepHaTUBON
CYIIECTBYIOIIUM PaIMOYaCTOTHBIM PEIISHHSM, TaK KaK XapaKTepU3yIOTCS HU3KAMHU HOTEPSAMH, 001aJal0T ITHPOKIM
JMaMa30HOM PabOYMX YacTOT W MOTYT OBITH JIETKO MHTETPHPOBAHBI B Pa3iIMUHBIC TEJICKOMMYHHKAIIMOHHBIE CHCTe-
Mbl. Mcrionb30BaHNe alleTHIIEHOBOW ra30BOil SYEHKU U J1a3epa ¢ MepecTpanBaeMoi JJIMHOM BOJHBI U3TYUYEHUS M03-
BOJISICT CO3/IaTh MEPECTPANBACMBIi B IIMPOKOM JHana3oHe yacToT paguodoronnsid CBU-GuiasTp.

Ilenv pabomut. ViccnemoBanue XapakTepUCTHK mepecTpanBaeMoro paanodoronnoro CBU-dumsTpa Ha 0cHOBE arie-
TUJICHOBOM Ta30BOH SYCHKH, a TAaKXKe ONMpPECIICHHE CIIOCOOOB CHIDKCHHS MOTEPh B MOJIOCE MPOIYCKaHUs (PUIIBTPA;
YHCJIEHHOE MOJEIMPOBAHUE XapaKTepUCTHK panuopoTroHHoro CBU-¢puisTpa.

Mamepuanst u memoopl. DKCICPUMECHTAIBHOE HCCICAOBAaHUE IPOBOAWIOCH Ha IKCIIEPUMEHTAIEHOM MaKeTe Iepe-
ctpauBaemoro pamuodorornoro CBU-¢umsrpa. OUIBTp COCTOSAT U3 Jla3epa ¢ MEepecTpauBaeMON IJTUHON BOJIHEI
M3ITy4YeHHUs1, pa30BOr0 MOIYIATOpA, alleTUIICHOBOM ra30BOH YK, OITOBOJIOKHA, COCMHSIONIETO Ta30BYIO SUEHKY
¢ ¢oronerexkTopoM, u hoTomeTekTopa. TeopeTnueckoe NCCIeIOBaHNE TIPOBOAMIOCH IOCPEICTBOM MaTeMaTHIECKOTO
MOJIEITUPOBAHNS aMIUTUTYTHO-YaCTOTHBIX XapakTepucTuk pagnodoronHoro CBU-dumsrpa.

Pezynomamot. [lonydyeHsl 3KciepUMEHTaIbHbIE aMIUIMTYIHO-YaCTOTHBIE XapaKTEPUCTUKU IEpEeCcTpanuBaeMoro pa-
muoororHoro CBU-dunerpa. VccmenoBana mepecTpoiika MOJIOCH MPOITYCKaHHUs (PIIIBTpa MOCPENCTBOM H3MEHE-
HUS 9aCTOTHI M3ITydeHHs Jla3zepa. [IpuBeneHb! pe3yapTaThl TEOPETHIECKOTO pacyeTa aMIUIUTYIHO-9aCTOTHBIX Xapak-
TepucTHK QuibTpa. [Ipeaioxken MeTo1 CHUKEHHUS OTeph B Mojioce npomnyckanus paaunoporonnoro CBU-duibTpa.
3axnrouenue. [pennoxena koHpUTypanus nepecrpanBaeMoro paanoporonnoro CBU-puimsrpa ¢ uCnoabp30BaHHEM
aleTUIICHOBOM ra3oBoi siaeliku. [ToTepu B mooce npormyckanus ¢punsTpa coctaBmmm okoio —30 ab. TTokazaHo, 9To
JUTS. CHIDKCHHSI TTOTEPh B TOJOCE MPOMYCKaHUs (QUIBTPAa MOXKHO HCIOJIB30BaTh Ja3ep C MOBBIIICHHOW MOIIHOCTHIO
U3ITy4eHUS ¥ (POTONETEKTOP C BEICOKUM (POTOTOKOM.
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Abstract

Introduction. Recently, the development of tunable microwave photonic filters has attracted great scientific and
practical interest. Such microwave photonic filters are a good alternative to traditional electrical solutions, due to
low losses, wide operating frequency range and such filters can be easily integrated into various telecommunication
systems. By using an acetylene reference cell and a laser with tunable wavelength can make it possible to create
tunable microwave photonic filter with wide operating frequency range.

Aim. Investigation of the characteristic of a tunable microwave photonic filter based on an acetylene reference cell,
as well as research possible solution to reduce losses in filter bandwidth; numerical simulation of microwave pho-
tonic filter characteristics.

Materials and methods. Experimental study was carried out on an experimental prototype of a tunable microwave
photonic filter. The filter consisted of a laser with a tunable wavelength, a phase modulator, an acetylene reference
cell, an optical fiber connecting the gas cell with a photodetector, and a photodetector. Theoretical study was carried
out by modeling of the transmission characteristics of the microwave photonic filter.

Results. Experimental transmission characteristics of a tunable microwave photonic filter were obtained. The tuning
of the filter bandwidth by tuning laser wavelength was studied. Modeling of transmission characteristics of micro-
wave photonic filter was performed. Possible solution to reduce losses in filter bandwidth was proposed.
Conclusion. A tunable microwave photonic filter based on an acetylene reference cell is proposed. Losses in the
filter bandwidth was about —30 dB. Using high-power laser and a photodetector with a high photocurrent can reduce
losses in the filter bandwidth.
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BBenenmne. [locnennue 2 necaruneTusi paauo-
(hoTOHMKA SBISICTCS OAHMM W3 HamOOJIee MHTCH-
CHUBHO pPa3BUBAIOLIMXCA HAMpaBICHUN paguOTEX-
Hukd [1-7]. YcrpoiicTBa paanopOTOHUKH HCIIONb-
3yloTca ajs reHepanuu [8, 9], nepenauu [10-12] u
o0pabdotku CBU-curnanos [13—15] B pa3nuyHbIx
PaIUONIOKAIIMOHHBIX,  TEJICKOMMYHHUKAIIUIOHHBIX,
HaBUTAlIMOHHBIX CHUCTEMaX U B H3MEPUTEIHLHOM
obopynoBanuu. B uwacTHOCTH, GONBIION HHTEpec
BBI3BIBACT pa3paboOTKa M MccieqoBaHue paanodo-

toHHbIX CBUY-¢punsrpos [4, 16-21]. 3a cuer uc-
MOJB30BaHMS  ONTOIEKTPOHHOM KOMIIOHEHTHON
0a3pl kK TpeumymiecTBaM panuogpoToHHsix CBY-
(UIBTPOB MOXXHO OTHECTH HHU3KHE MOTEPH, IIUPO-
KyIO MOJIOCY PabdouMXx 4acToT, BOSMOXKHOCTH Tepe-
CTPOMKH TOJNOCHI MPOMYCKAaHHUs W HEBOCIIPUUMYH-
BOCTb K DJICKTPOMArHUTHBIM ITOMEXaM.

OO6mmit mpuHIMI paboThl  PagroPOTOHHBIX
CBY-¢dunsrpoB 3akmouaercs B nepenoce CBU-
CUTHaJIa Ha ONTHUYECKYI0 HECYIIYIO0 C IOCJIEAyIo-
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meil ¢unsTpauueir CBY-curHana B ontuueckont
obnactu yactot. @unsrpanms CBY-curnana mero-
JaM# PaUo(OTOHUKH MOXKET OBITh OCYIIECTBICHA
3a CYET MCIOJIB30BAHUS BOJIOKOHHBIX OP3ITOBCKUX
pemeTok [22-24], OpWLIFO3HOBCKOTO pacCesHUs
[25-27] 1 MUKPOKOJIBIIEBBIX Pe30HATOPOB [28-32].

Lenbto JaHHOH CTaThU SIBJISIETCS] UCCIIEA0OBAHUE
XapaKTePUCTHK MEPEeCTPanBacMoro paano(oTOHHO-
ro CBU-}unbrpa Ha OCHOBE allETHJICHOBOW TIa30-
BOH sSIUEHKH, a TakKe OIpeeIeHHe CIIOCO00B CHH-
YKEHUS TIOTEPh B TIOJIOCE MTPOMYCKaHUs (PUIBTPA.

JKCNepUMeHTAJILHOEe HCC/IeloBaHne  Tepe-
crpausaemoro pagnogoronHoro CBY-¢umiabrpa.
CrpykTypHast cxeMa 3KCHEepPHMEHTAIFHOTO MaKeTa
niepectpanBaemoro paanodororroro CBU-duisTpa
TpefcTaBiIeHa Ha puc. 1. Maker cocTouT u3 J1azepa ¢
MepecTpanBaeMON JITIMHOW BOJIHBI M3Ty4CHHS B JI1a-
nazone 1527.6...1565.5 HM; BIEKTPOONTUYECKOTO
dazoBoro momymatopa PM ¢ TONTYBOIHOBBIM
HanpspkeHueM S B 1 onTHUYecKkuMy MOTepsIMU OKOJIO
5 nb B guanazone 0...12 I'T1; aneTuieHOBOM ra3o-
BoW suedkn [ ¢ MakcMMyMOM TMOIVIOLIEHMS Ha
nimuHe BojHbl 1530.37 HM; ONTOBOJIOKHA, COEIMHS-
OIIETO Ta30BYyIO sSTIEHKY ¢ QoTomeTekropom, U (ho-
tonetektopa ®JI ¢ uysctBUTENbHOCTHIO 0.8 A/BT B
nuanazone 0...12 I'T'n 1 conpoTUBIEHUEM HATPy3KU
50 Om. Ha puc. 1 crutonrHpIMu JTUHASIME 0003Haue-
HO OIITOBOJIOKHO, & IITPUXOBBIMU JINHASAMH — KOAK-
CHaJIbHBIE KaOenw. AMIUIMTYIHO-9aCTOTHBIE Xapak-
tepuctuku (AUX) pamgmodporonHoro CBY-¢unbrpa
M3MEPSUIUCH ¢ MOMOIIBI0 BEKTOPHOTO aHAIM3aTOpa
nerreit Rhode&Schwarz ZVA40.

Orntryeckast 2

Hecy1ast

PaccmoTpum npuHImn paboThl UCCIETyeMOro
¢unbTpa. Ha BXon ¢azoBoro Momymnstopa momaet-
Csl ONTHYECKOE M3ITy4YeHHE MOIIHOCTBIO 8.45 nbm
(7 MBT), Tne oHO Monynupyetcsi CBU-curnanom c
BEKTOPHOTO aHanu3aropa neneil. Ha Bwixome da-
30BOr0 MOAYASATOPA MOSBISIOTCS JIBE MOJIOCHI OI-
TUYECKUX YacCTOT OTHOCHUTEIBHO HECyIeH, KOTO-
peie HaxonsaTcs B mpotuBodaze. Ecimu Takoit da-
30MOAYIUPOBAHHBIN CHTHAN momarh Ha (oTome-
TEKTOp, TO Ha €T0 BBIXOAE He OyleT HaOmomaThCs
CBY-curnani, Tak kak OueHrne OOKOBBIX TapMOHHK
C Hecymel OyaeT KOMITEHCHpOBaTh APYT Ipyra.
HemaBHo ObLIO MpemIoXKeHO WCTONB30BAThH AIleTH-
JICHOBYIO Ta30BYI0 SAYEWKY IJIsl IEMOIYIsnuu ¢a-
30MOAYIUPOBAHHBIX CHUTHAJIOB TIPH HACTPOWKE da-
CTOTBI ONTUYECKOM HECYyLIEH Ha CKJIOH JIMHUM IIO0-
miomenust anetwieHa [33]. B manHo# pabote mms
CO3IaHMs TIepecTpanBaeMoro (UIBTpa YacToTa Ofl-
TUYECKOM HECYyILEH HAaCTpauBAETCsl BHE JIMHUU I10-
IVIOIIEHNS, a STYEHKA MCTIONB3yeTCs TS TIO/IaBJICHUS
OIHOU M3 OOKOBBIX ONTHYECKUX TAPMOHHK HA YacTo-

Te fc—fGC, THE fc — 9acToTa ONTUYECKON HECyIIeH;

fGC — 1eHTpanbHas 4acToTa TONIOIICHHS alleThIIe-
HOBOW ra3oBoi sueWku. B pesymsrare Ha BbIXOnE
ra30BOM SMMEHKH BO3HHKAET OMEeHHE MHTEHCUBHOCTH

OIITUYECKOTO M3IYUCHHUSI ¢ YacTOTOH fc— fGC, KOTO-
poe Ha BbIXOZIe (hoTOIETEKTOpa Tpeodpasyercs B

CBY-curnan, HMEIOITHA TaKyro K€ 9acToTy fo— fGC.
Takum 00pa3oM, cxemMa WMeeT MaKCUMyM TMepeia-

TOYHOW XapaKTEPUCTHUKH Ha YacToTe fc—fGC, 4TO

OnTOBOJIOKHO

Jlazep oM —m/2

ra 5

(.

Cnektp
CBY-
CHTHala

e il =

L

—

BexropHsblit ananuzarop
nenen

Puc. 1. CTpykTypHas cxema 3KCIEpPUMEHTAIBHOIO MaKeTa nepectpanBaeMoro paauoporonHoro CBU-¢unbtpa.
Ha BcTaBKkax 1mokasaHbl CIIEKTPHI CHTHAJIA Ha COOTBETCTBYIOINX yJacTkax paguodorornHoro CBU-dunstpa

Fig. 1. Scheme for measurements of tunable microwave photonic filter. The insets show the signal spectra
in the corresponding sections of the microwave photonic filter
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COOTBETCTBYET TOJIOCE TpoITyckaHus ¢uisrpa. W3-
MEHSISl 4aCTOTy OTCTPOMKH JIa3€PHOTO M3TYyYEHHS OT
LEHTPAIBHON YacTOThI TOTIONICHUS AllCTUIICHOBOM
ra30BOM SYCHKH, MOXHO W3MCHSTH IIEHTPAJIBHYIO
YacTOTy TIOJIOCHI TIPOITYCKaHUS PagrO(OTOHHOIO
CBUY-¢dunsrpa.

PesyabTarel. Ha puc. 2 crutomHbeiMu JIMHUS-
MH TIpEICTaBIIEHBI dKCIepuMeHTanbHbie AUX pa-
muodororHoro CBY-bunerpa, momydeHHBIE MPH
Pa3IMYHBIX OTCTPOWKAaX YAacCTOTHI (B JIUAma3oHe
4...12 I'Tm) mazepa OT IEHTPATBLHON YacTOTHI TI0-
[JIOLIECHUS AaLlCTHJIEHOBOW ras3oBoi sueiiku. Hc-
MOJTb30BAIaCh HamOoJiee WHTCHCHUBHAS JIMHUS TI0-
momeHus P9 ¢ 1ieHTpaibHON 9acTOTOH IOTIToNIe-
Husa 195.895 TI'nm (1530.37 vM). U3 rpaduxon
BHHO, YTO IIEHTPaJbHAas YacTOTa IPOITYCKAHHS
pamnodorornoro CBUY-pumsrpa cooTBeTCTBYET
OTCTpPOWKE YacCTOTHl M3ITydeHHs Ja3epa OT IIeH-
TPaJbHON YacTOTHl NONIOLICHUS AaLETHIECHOBOU
ra3oBoit sueiiku. [lomoca mpomyckanust paguodo-
torHOoro CBY-dunerpa ompenensiercs MHAPHUHON
JINHUY TIOTJIOIIECHUSI alleTUIEHOBOM T'a30BOM sSUeii-
ku (oxoo 500 MI't) mpu maBnennu raza 1066 Ila.
Koadpumment mepemaun pamnodoronnoro CBU-
¢unsTpa cocrasun npumepao —30 ab.

Oocy:xxnenue. Teopermueckuii pacuer AUX
paauodoronnoro CBU-duisrpa mpoBoguiics cie-
JOYIOIIM 00pa3oM. AMIUIMTYJa ONTUYECKOTO CHT-
HaJa Ha BbIXoze (ha30BOTO MOIYJISITOPA BBIPAKALT-
cs hopmyIioi

EM ()= P, exp(ioet ){Jo (m) +
+1iJj (m)exp(immt)—iJ_l (m)exp(—i(omt)},
TJ€ 1 — ONTHYECKUE TTOTEPH B (pa30BOM MOAYISTO-
pe; Pyyr — MOLIHOCTB ONTHYECKOTO U3Iy4eHUs Ha
BXo1e (ha30BOTO MOMYIATOPA; O, M M, — LHHUKJIH-
YECKHUE YaCTOThl ONTUYECKON HECYIed U MOIYJIU-
pytomero CBY-curnana; m=nVy, /Vy;Vy — aM-
IUIUTYy/la MOIYJIUPYIOIIEro CUrHana; Vp — mnomy-
BOJIHOBOE HampsbkeHue (asoBoro momynsropa; J, —

¢dyukims beccens n-ro mopsaka. Kak ObLio omu-
caHO panee, mocie ¢$azoBOH MOAYISAINH ONTHYE-
CKOM HeCyIIeH MOSBISAIOTCS ABE OOKOBBIC ONTHYC-

CKME€ TapMOHHMKM Ha 4YacTOTax O, +®y, U
O, — ®y, ¢ Gda3oBbiM caBurom m/2. CTOMT OTMe-
THTh, YTO B Cy4ae MaJOCHUTHAIBHOIO IPHOIMKE-
HUS (Vm < Vn) BIIMSIHUEM TapMOHMK Ooiee BBbI-

COKOTO TIOpsZIKa MOXKHO mpeHedpeds [25-27]. Ilo-
CJIe ATOTO ONTHUYECKHUH CHTHANl TPOXOJWT dYepe3
aIleTUIICHOBYIO Ta30BYIO SIUCHKY, CUTHA Ha BBIXO-
Jie KOTOPOU MOYKHO 3aIHcarh B BUJIE

EP (1) = Py exp(imct){g((oc )Jo (m) +
+ ig(oac +com).]1 (m)exp(ioamt)—
- ig(ooc - mm)J_l (m)exp(—ioamt)},

e g(®) — xoMmIeKcHbI Kod(UITHEHT Nepenadn

S21, b
10 ——fnag:fm+4lTu ——ﬁm3:fl"}{+10rru
—— —fus=fiat 6T —— —fias= fra+ 12T
-20 _ *.ﬁ1a3=,frﬂ+ 8ITy ---- —MOAEIUPOBaHUE

90

L

-100, 2 4 6

10 12 14 £TTu

Puc. 2. AMIIIMTYIHO-4aCTOTHBIE XapaKTepUCTHKHU pagrodoTorHoro CBU-duisTpa npu pa3nuuHbIX OTCTPOHKax
YacCTOTHI JIa3epa OT LEHTPAJIIbHOW 4aCTOTHI MOTJIOIEHHSI alleTUIICHOBOM ra30BOM STYEHKH

Fig. 2. Transmission characteristics of a tunable microwave photonic filter for different laser detunings
from the absorption line center
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alleTUICHOBOI ra30BOM SYEWKH Ha 4acToTe . Ya-
CTOTHas 3aBUCHUMOCTH Kod(durmeHta mepenadn
g(m) onpenensercss OMIEPOBCKUM yIIMPEHHEM H
Xopomo anmpokcuMupyercst ¢pynkumert [aycca. U3
pHc. 2 BHIHO, 4TO (hOpMa IKCIICPUMEHTAIBHO TIOITY-
yeHHBIX AUX He MoXoka Ha rayCCOBCKYI0. MOXKHO
MIPEATIONOXNTE, YTO B TpeoOpa3oBaHuM (PazoBoit
MOAYJISIIUKM B aMIUTUTYTHYIO y4acTBYeT TaKXKe JIU-
HUS AUCTIEPCUH, KOTOPAs IIUPE JTUHUU MOMIOIICHUSL.
C yuerom 3t0ro 3ddeKra JTMHUS TOTIOIIEHHUS C IeH-
TPaJbHOM YaCTOTOM () M MAaKCHMaJIbHOM Ppe30-

HAHCHOM ONTUYECKOH IIOTHOCTBIO Ol OIHMCHIBA-

CTCA BBIPAXKCHHUCM

apL 10
2
2 1+(w—wo)
om

rae 0 — NONyIIMpUHA JUHUM nontomeHus. [Ipu

g(o)=expl-

monenupoBanun  AUX  ogL=3, a

dw =250 MI'w.
Ucxons u3 Toro, uro ¢ynkmus beccens obna-

3HAUYCHUC

JIa€T CBOMCTBOM J| =—J_{, TOIy4UM BBIPAKEHHE

JUIS pacyeTa MOIIHOCTH ONTHYECKOr0 CHTrHAsa,
MOCTYTAIONIET0 B (DOTOJCTEKTOP:

Pc%%[(t):TnPonT‘Jo(m)g(mc)‘*'
+ Jlg(mc +(om)exp(i(omt)+
2
; (D

rae 7' — MpoIyCKaHWe ONTOBOJIOKHA, CKJIa/IbIBAO-
eecsl U3 MOTeph Ha CTHIKOBKY C BOJIOKHOM H OII-
TUYECKOTO TOmIoNeHnss. KoMInoHeHTa MOITHOCTH
ONTHYECKOTO M3IYYCHHS, TPOMOAYINPOBAaHHAS HA

+ iJlg((oC - Oy )exp(—immt)

4acTOTC MOAYJISIIUN (4, , UMCCT aMIUTUTYy

Pl Om _ornp Jo (m)Jy (m)x

X

2(0c )¢ (0c +0m) ~ g () g(0c + o )|

Ha Boixome dotomerekropa Qopmupyercs
CBY-curnan, mnpomoOpLUOHAIBHBIA — MOIIHOCTH
MaJAr0IIEro ONTHYECKOro M3JIydeHus. MoIHOoCTh

BeixogHoro CBY-curnama Ha 4acTore O, pac-

CUHUTBIBACTCA CICAYIOIIUM 06p330MI

By = R[ 28T Py Jo (m).Jy (m) x

— -
x g((DC)g((’)C +(’)m)_g(°)c)g(°)c+03m)u )

rae S — YyBCTBUTEILHOCTh (DOTOAETEKTOPa; R — CO-
MpOTHUBJICHUE Harpy3ku Qotomerekropa. Koaddu-
nueHt nepefaun pamuodoronHoro CBY-¢pumsrpa
S21 =10 lg(})BLIX/BBX )’ e %X

CBY-curnama, nomaBaemoro Ha CBY-Bxon snek-

MOII[HOCTb

TPOONTUYECKOro (ha30BOro MOIymsATOpa, a Fy iy —

MomrHocTh CBY-curaana Ha BbIxozie (hOTOACTEKTO-
pa, paccuntanHas 1o (1).

Ha puc. 2 mTpuxoBBIMH JHHUSMH MPEACTaB-
JIEHBl pe3yNbTaThl YHCIECHHOTO MOJEINPOBAHUS
nepeaTOYHbIX XapaKTepUCTUK panno(OTOHHOTO
CBY-¢punsrpa. U3 rpadukoB BUAHO, YTO pe3yibrar
YHUCJIEHHOTO MOJEIHUPOBAHUS JOCTATOYHO XOPOIIO
COIIACYEeTCsI C IKCIEPUMEHTAIBHBIMU PE3YJIbTaTaMu.
[IpencraBneHHas MaremaTHyeckas MOZAEb TO3BOJISA-
er paccuuteiBath AUX pamnodoronnoro CBU-
(unsTpa ¥ OLIEHWBATH TIOTEPH, BHOCUMBIE (PHITETPOM
B 110JI0CE MPOITYCKaHMS.

[TomyueHHble pe3ynbTaThl MOKA3BIBAIOT, YTO
UCCIIeIOBaHHBIA (WIBTP HMEET CPaBHUTEIHHO
BBICOKHE MOTEpU B MONOCE Mpomyckanus. UToObl
UX CHHU3UTb, MOXHO NPEAJIOKHUTH, HAIIPUMEp, UC-
MOJIB30BaTh Jiazep ¢ 0ojee BBICOKOW MOIIHOCTBIO
n3nydyenus. Ha puc. 3 moxazaHbl pe3ynasraTsl Ma-
TeMaThdyeckoro Monenuponanus AUX nepectpau-
Baemoro pamanodoronHoro CBU-dumbTpa npu wc-
MONB30BAaHUK  Ja3epoB MomHOocTMH 100 m
300 MBT. MonenupoBaHre MOKa3bIBa€T, YTO YBe-
mudeHue MorrHocTy sazepa 1o 100 MBT cHmkaeT
IOTepU B TIOJIOCE MPOMYyCKaHWs (uiasTpa 10

S21, 1b
-10

— P =100 MBT
— Pra; =300 MBT

|
3
(e
T

_ | | | |
80, 2 4 6 8  fIIn

Puc. 3. Pesynprat monenmupoBanust AUX pagnodoToHHOTO
(GuUIBTpa MpHU MOBBIIIEHHOH MOIITHOCTH H3JIy4eHHs Jla3epa

Fig. 3. Theoretical transmission characteristics
of a microwave photonic filter with increased laser power
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—10 nb. VYBenuuenwe MOIIHOCTH Jlazepa MO
300 MBt cHmkaer norepu 10 ypoBHs 0 nb B 10-
nmoce mporyckanus ¢wisrpa. OmHako, 9TOOBI MC-
10JIB30BATh TAKOH J1a3ep C OTHOCUTENBHO BBICOKOU
MOIIHOCTBIO U3YUECHHS B CXeMe paarno(OTOHHOTO
¢dbuneTpa, HEOOXOMMM (HOTONETEKTOP C BBICOKHM
¢ororokom. I[lomyueHHBIE pe3yIBTaTHl MOAEITUPO-
BaHUS JIOCTATOYHO XOPOIIO COTIIACYIOTCS C JKCIIe-
PUMEHTANBHBIMA PE3YyJIbTaTaM, MOJTYYSHHBIMH B
[12], rme mMpOAEMOHCTPUPOBAHO YBEITHUYECHHE KO-
s dunmenTa mepenadn ONTOBOJOKOHHOW JIMHUN
riepenadn 10 —10 1b Mpu MOBBIMIEHUH MOIITHOCTH
nazepa g0 100 mBT.

3akiaouenne u BbIBOABI. [IpemiokeHa KoH-
¢durypanus nepecTpanBaeMoro paauophoTOHHOTO

CBY-dunbrpa Ha OCHOBE AlETHICHOBOM ra3oBOH
sauekiku. IlepecTpoiika 4YacTOTBI IIPOIYCKaHUS
TaKoro (UIBTPa OCYIIECTBISAETCS 3a CUET H3Me-
HEHHUS 9acTOTHl HECYIEro ONTHUYECKOTO H3Iyde-
HUSA. OKCHEPUMEHTAIBHO MPOAEMOHCTPHUPOBAaHA
BO3MOYKHOCTh TEPECTPONKH YacTOTHI MpOITycKa-
HUS Takoro ¢uubTpa. OmnucaH MeToJ pacdera
AUX pamnodporonnoro CBY-dunsrpa. Munm-
MaJIbHbIE IIOTEPH B II0JIOCE MPOIMYyCKaHWUS (HUIIb-
Tpa coctaBuiau okoio —30 ab B monoce mnepe-
CTPOMKH HeHTpanbHON JacToThl 4...12 I'T. Ypo-
BEHb IIOTEPH B MOJIOCE MPOMYCKAHNUS MOXKHO CHH-
3UTh 3@ CUET HCIIOJIB30BAHMS Ja3epa ¢ MOBBIIICH-
HOW MOIIHOCTBIO M3Iy4YeHHS U (OTOAETEKTOpa C
BBICOKHUM (DOTOTOKOM.

ABTOpCKHIT BKJIaJ

Tanenko UBan FOpbeBHY — TOATOTOBKA CTATHH, MPOBEJACHUE IKCIIEPUMEHTAIBHBIX U TEOpETHYE-

CKHMX HUCCIIEIOBAaHUM.

Hlampaii Asexcanap BajnepbeBud — aHamm3 JTUTEpaTyphl 10 TEME UCCIIEIOBAHUS; pa3paboTka Me-
TOIUK TIPOBEICHNUS IKCTIEPIMEHTOB; OOCYKICHHE PE3YIbTaTOB.

CrenanoB Cepreii UBaHOBHY — aHATN3 JIUTEPATYPHI TI0 TEME HCCIEAOBaHUS; pa3paboTKa METONNK
MIPOBEICHUS SKCIICPUMEHTOB; O0CYXJICHUE PE3yIbTaTOB.

YeruHoB Anexceli BopucoBHY — TOCTaHOBKA 3a/laud; OOCYKICHHE PE3yJIbTAaTOB; PYKOBOACTBO

HAy4YHbIMHA UCCJIICJOBAHUAMMU, IMTOATOTOBKA CTATbU.

Author’s contribution

Ivan Yu. Tatsenko, preparation of the paper text; carrying out measurements and calculations.
Aleksandr V. Shamrai, literature review; development of research methods; discussion of the results.
Sergey 1. Stepanov, literature review; development of research methods; discussion of the results.
Alexey B. Ustinov, definition of research scopes; discussion of the results; management of the work;

preparation of the paper text.

CnMcoK JIMTepaTyphbl

1. Seeds A. J., Williams K. J. Microwave photonics
/I'J. of Lightwave Technology. 2006. Vol. 24, Ne 12.
P. 4628-4641. doi: 10.1109/JLT.2006.885787

2. Capmany J., Novak D. Microwave photonics
combines two worlds // Nature photonics. 2007. Vol. 1,
Ne 6. P. 319-330. doi: 10.1038/nphoton.2007.89

3. Yao J. Microwave photonics // J. of Lightwave
Technology. 2009. Vol. 27, Ne 3. P. 314-335. doi:
10.1109/JLT.2008.2009551

4. Yao J. Photonics to the rescue: A fresh look at
microwave photonic filters / IEEE Microwave Maga-
zine. 2015. Vol. 16, Ne 8. P. 46-60. doi:
10.1109/MMM.2015.2441594

5. A fully photonics-based coherent radar system /
P. Ghelfi, F. Laghezza, F. Scotti, G. Serafino, A. Capria,
S.Pinna, D. Onori, C. Porzi, M. Scaffardi,
A. Malacarne, V. Vercesi, E. Lazzeri, F. Berrizzi,

A. Bogoni // Nature. 2014. Vol. 507, Ne 7492. P. 341-
345. doi: 10.1038/nature13078

6. All-optical RF amplification toward Gpbs com-
munications and millimeter-waves applications /
A. L. M. Muniz, D. F. Noque, R. M. Borges, A. Bogo-
ni, M. Hirano, A. S. Jr. Cerqueira / Microwave and
Optical Technology Let. 2017. Vol. 59, Ne 9. P. 2185—
2189. doi: 10.1002/mop.30704

7. Thermal and dynamic range characterization of a
photonics-based RF amplifier / D. F. Noque, R. M. Borges,
A. L. M. Muniz, A. Bogoni, A.S. Jr. Cerqueira / Optics
Communications. 2018. Vol.414. P. 191-194. doi:
10.1016/j.optcom.2018.01.015

8. Yao X. S., Maleki L. Optoelectronic microwave
oscillator // J. of the Optical Society of America B.
1996. Vol. 13, Ne 8. P. 1725-1735. doi: 10.1364/
JOSAB.13.001725

Hccaenopanne nepecrpanBaemoro paguoporonsoro CBU-puastpa 73

Ha OCHOBE alleTHJIEHOBOI ra30BoM TYeHKH

Investigation of a Tunable Microwave Photonic Filter Based on an Acetylene Reference Cell



H3Bectus By3os Poccun. Paguosnexrponuka. 2023. T. 26, Ne 1. C. 68-77
Journal of the Russian Universities. Radioelectronics. 2023, vol. 26, no. 1, pp. 68-77

9. A tunable spin wave photonic generator with
improved phase noise characteristics / A. B. Ustinov,
A. V. Kondrashov, A. A. Nikitin, V. V. Lebedeyv,
A.N. Petrov, A. V. Shamrai, B. A. Kalinikos // J. of
Physics: Conf. Ser. 2019. Vol. 1326, Ne 1. P. 012015.
doi: 10.1088/1742-6596/1326/1/012015

10. Li W,, Yao J. Dynamic range improvement of a
microwave photonic link based on bi-directional use of
a polarization modulator in a Sagnac loop // Optics
Express. 2013. Vol. 21, Ne 13. P. 15692-15697. doi:
10.1364/0OE.21.015692

11. Signal-to-noise performance of two analog
photonic links using different noise reduction tech-
niques / E. Ackerman, G. Betts, W. Burns, J. Campbell,
C. Cox, N. Duan, J. Prince, M. Regan, M. H. Roussell //
IEEE MTT-S Int. Microwave Symp. Piscataway: IEEE,
2007. P. 51-54. doi: 10.1109/MWSYM.2007.380216

12. MccnenoBanue xapakTepucTHK (oTomerekropa
¢ BBICOKUM (DOTOTOKOM IIpH Mepeade CBEpXBBICOKOYA-
CTOTHOTO pajuocurHaia mo onrtoonokny / W. FO. Ta-
nenko, T. K. Jlerkoa, A. B. lBanos, A. b. YctuHOB //
N3B. By30B Poccun. Pammoanexrponnka. 2020. T. 23, No 4.
C. 48-56. doi: 10.32603/1993-8985-2020-23-4-48-56

13. Microwave photonic signal processing /
J. Capmany, J. Mora, 1. Gasulla, J. Sancho, J. Lloret,
S. Sales // J. of Lightwave Technology. 2012. Vol. 31,
Ne 4. P. 571-586. doi: 10.1109/JLT.2012.2222348

14. Marpaung D., Yao J., Capmany J. Integrated
microwave photonics // Nature photonics. 2019.
Vol. 13, Ne 2. P. 80-90. doi: 10.1038/s41566-018-0310-5

15.Yi X., Huang T. X. H., Minasian R. A. Tunable
and reconfigurable photonic signal processor with pro-
grammable all-optical complex coefficients // IEEE
Transactions on Microwave Theory and Techniques.
2010. Vol. 58, Ne 11. P. 3088-3093. doi: 10.1109/
TMTT.2010.2076931

16. Widely tunable microwave photonic notch filter
based on slow and fast light effects / W. Xue, S. Sales,
J. Mork, J. Capmany // IEEE Photonics Technology
Let. 2009. Vol. 21, Ne 3. P. 167-169. doi: 10.1109/
LPT.2008.2009468

17. Yan Y., Yao J. P. A tunable photonic microwave
filter with a complex coefficient using an optical RF
phase shifter / IEEE Photonics Technology Let. 2007.
Vol. 19, Ne 19. P. 1472-1474. doi: 10.1109/
LPT.2007.903753

18. Zeng F., Wang J., Yao J. P. All-optical micro-
wave bandpass filter with negative coefficients based
on a phase modulator and linearly chirped fiber Bragg
gratings // Optics Let. 2005. Vol. 30, Ne 17. P. 2203—
2205. doi: 10.1364/01.30.002203

19. Wang J., Zeng F., Yao J. P. All-optical micro-
wave bandpass filter with negative coefficients based
on PM-IM conversion // IEEE Photonics Technology

Let. 2005. Vol. 17, Ne 10. P. 2176-2178. doi: 10.1109/
LPT.2005.852323

20. Novel technique for implementing incoherent
microwave photonic filters with negative coefficients
using phase modulation and single sideband selection /
J. Mora, J. Capmany, A. Loayssa, D. Pastor // IEEE
Photonics Technology Let. 2006. Vol. 18, Ne 18.
P. 1943-1945. doi: 10.1109/LPT.2006.879950

21. Yao J. P., Wang Q. Photonic microwave band-
pass filter with negative coefficients using a polariza-
tion modulator / IEEE Photonics Technology Let.
2007. Vol.19, Ne 9. P. 644-646. doi: 10.1109/
LPT.2007.894942

22. Li W.,, Li M., Yao J. A narrow-passband and
frequency-tunable microwave photonic filter based on
phase-modulation to intensity-modulation conversion
using a phase-shifted fiber Bragg grating // IEEE
Transactions on Microwave Theory and Techniques.
2012. Vol. 60, Ne 5. P. 1287-1296. doi: 10.1109/
TMTT.2012.2187678

23. Microwave photonic filter with two inde-
pendently tunable passbands using a phase modulator
and an equivalent phase-shifted fiber Bragg grating /
L. Gao, J. Zhang, X. Chen, J. Yao // IEEE Transactions
on Microwave Theory and Techniques. 2014. Vol. 62,
Ne 2. P. 380-387. doi: 10.1109/TMTT.2013.2294601

24. Han X., Yao J. Bandstop-to-bandpass micro-
wave photonic filter using a phase-shifted fiber Bragg
grating // J. of Lightwave Technology. 2015. Vol. 33,
Ne 24. P. 5133-5139. doi: 10.1109/JLT.2015.2492818

25. Zhang W., Minasian R. A. Widely tunable sin-
gle-passband microwave photonic filter based on
stimulated Brillouin scattering // IEEE Photonics Tech-
nology Let. 2011. Vol. 23, Ne 23. P. 1775-1777. doi:
10.1109/LPT.2011.2169242

26. Low-power, chip-based stimulated Brillouin
scattering microwave photonic filter with ultrahigh
selectivity / D. Marpaung, B. Morrison, M. Pagani,
R. Pant, D. Y. Choi, B. Luther-Davies, S. J. Madden,
B. J. Eggleton // Optica. 2015. Vol. 2, Ne 2. P. 76-83.
doi: 10.1364/OPTICA.2.000076

27. Photonic chip based tunable and reconfigurable
narrowband microwave photonic filter using stimulated
Brillouin scattering / A. Byrnes, R. Pant, E. Li,
D. Y. Choi, C. G. Poulton, S. Fan, S. Madden, B. Lu-
ther-Davies, B. J. Eggleton // Optics Express. 2012.
Vol. 20, Ne 17. P. 18836-18845. doi: 10.1364/
OE.20.018836

28. Single bandpass photonic microwave filter
based on a notch ring resonator / J. Palaci, G. E. Vil-
lanueva, J. V. Galan, J. Marti, B. Vidal B. // IEEE Pho-
tonics Technology Let. 2010. Vol. 22, Ne 17. P. 1276—
1278. doi: 10.1109/LPT.2010.2053527

74 HccnenoBanue nepecrpauBaemoro paanogoronnoro CBU-puastpa

HA OCHOBE alleTHJIEHOBOI ra30Boi TUYeKn

Investigation of a Tunable Microwave Photonic Filter Based on an Acetylene Reference Cell


https://doi.org/10.1364/OE.20.018836
https://doi.org/10.1364/OE.20.018836
https://doi.org/10.1109/LPT.2010.2053527

H3Bectus By3oB Poccun. Pagunosnexrponuka. 2023. T. 26, Ne 1. C. 68-77
Journal of the Russian Universities. Radioelectronics. 2023, vol. 26, no. 1, pp. 68-77

29. Zeng F., Yao J. Frequency domain analysis of fi-
ber Bragg grating based phase modulation to intensity
modulation conversion // Photonic Applications in Non-
linear Optics, Nanophotonics, and Microwave Photonics.
2005. Vol. 5971. P. 594-601. doi: 10.1117/12.628628

30. Optical generation and distribution of continu-
ously tunable millimeter-wave signals using an optical
phase modulator / G. Q4i, J. Yao, J. Seregelyi, S. Paquet,
C. Bélisle // J. of Lightwave technology. 2005. Vol. 23,
Ne 9. P. 2687.

31. Carrier-induced optical bistability in the silicon
micro-ring resonators under continuous wave pumping
/ A. A. Nikitin, A. V. Kondrashov, V. V. Vitko,
I. A. Ryabcev, G. A. Zaretskaya, N. A. Cheplagin,

D. A. Konkin, A. A. Kokolov, L. I. Babak., A. B. Usti-
nov, B. A. Kalinikos // Optics Communications. 2021,
Vol. 480. P. 126456. doi: 10.1016/j.0ptcom.2020.126456
32. Optical bistable SOI micro-ring resonators for
memory applications / A. A. Nikitin, I. A. Ryabcev,
A. A. Nikitin, A. V. Kondrashov, A. A. Semenov,
D. A. Konkin, A. A. Kokolov, F. 1. Sheyerman,
L. I. Babak, A. B. Ustinov // Optics Communications. 2022.
Vol. 511. P. 127929. doi: 10.1016/j.optcom.2022.127929
33. Self-reference shot-noise-limited phase demod-
ulator with 1530 nm acetylene absorption line / J. Diaz,
S. Stepanov, N. Casillas, M. Ocegueda, E. Hernandez,
V. Lebedev, P. Agruzov, A. Shamrai / Results in Optics.
2022. Vol. 9. P. 100316. doi: 10.1016/j.ri0.2022.100316

HNnudopmanms 006 apTopax

Tauenko WBan IOpbeBuu — acrmpant 3-ro romga xadenpsl GU3NIECKON DIIEKTPOHUKH M TeXHOIOTHH CaHKT-
[etepOyprckoro rocymapCTBEHHOTO 3JekTpoTexHndeckoro yauBepcutera "JIOTU" mm. B. M. Vibsmosa (JlenmHa).
Coepa HaydHBIX MHTEPECOB — Paano(OTOHHKA; onTodIeKTpoHHbIe CBYU-reHeparopsl.

Anpec: Cankr-IleTepOyprckuii rocyiapcTBeHHbIH aekTpoTexHndeckuit yausepcurer "JIDTU" num. B. Y. YipsHosa
(Jlenuna), yn. ITpodeccopa Ilonoga, 1. 5 @, Caunkr-IletepoOypr, 197022, Poccus

E-mail: abitur.tatsenko@mail.ru
https://orcid.org/0000-0001-6320-9352

Hlampaii Anexcanap BajepseBnu — nokrop dusuko-matemaTndeckux Hayk (2010), rnaBHBIH Hay4HBIH CO-
TPYIHHK, 3aBenylomuil 1aboparopueii kBanToBol 3iekrponnkn ®TU um. A. ®@. Hodde. Arop 6onee 100 Hayu-
HBIX paboT. Cdepa HaydHBIX MHTEPECOB — MHTErpalibHasl ONTHKA; HEJIWHEWHas ONTHKA; BOJOKOHHO-ONTHYECKHE
JIATYMKU; KBAHTOBbIE HH()OPMALIMOHHBIE CUCTEMBI; paInO0(OTOHHUKA.

Anpec: ®TU nm. A. @. Uodde, yi. [Tonurexnuueckas, 1. 26, Cankr-Iletepoypr, 194021, Poccust

E-mail: achamrai@mail.ioffe.ru
https://orcid.org/0000-0003-0292-8673

CrenanoB Cepreii UBanoBu4 — 10kT0op Qusnko-maremarnueckux Hayk (1988), unen Onruueckoro oOriecTsa
Awmepuxku, naypeat rocyaapcrseHHol npemun CCCP (1985), rnaBHblil Hay4HbI coTpyaHuK L{eHTpa HayuHBIX HC-
clIeJoBaHUi 1 BBICIIEro oOpa3oBanus DHceHanpl. ABTop Oonee 200 HaydHbIX padot. Chepa HAyIHBIX HHTEPECOB —
¢doTopedpakTUBHBIE MaTepHalbl; TUHAMUYECKHE IU(PPAKIMOHHBIC PEIICTKH; HEIMHEHHAs ONTHKA; BOJIOKOHHO-
ONITHYECKHE TATIUKH.

Anpec: LleHTp HaydYHBIX WCCIENOBAaHWU W BBICIIETO oOpa3oBaHWs JHceHansl, Kapperepa DHceHama — TuxyaHa
Ne 3918, 3ona IInatintac, DHceHana, 22860, Mekcnka

E-mail: steps@cicese.mx

https://orcid.org/0000-0001-7094-3061

YcrunoB AJjiekceii BopucoBuy — 10kTOp Pusmko-maremarndeckux Hayk (2012), moment (2010) kadenpsr dpu-
3UUECKOI! ANEKTPOHMKH U TexHonoruu CaHkT-IleTepOyprekoro rocyjapcTBEHHOTO 37€KTPOTEXHUYECKOTO YHUBEPCUTETA
"JIOTU" nm. B. U. Yibsinosa (Jlennna). Aprop 6osnee 200 HayuHbIX padoT. Chepa HayuHBIX UHTEPECOB — JIMHEWHBIE
W HeJIMHEHHbIe KoJeOaHus W BOJIHBI B MAarHUTHBIX IUIEHKaX U CIOMCTBHIX CTpyKTypax; CBY-asexTpoHuka; uHTeE-
rpajibHasi ONTHKA; pafuo(OTOHHKA.

Anpec: Cankr-IleTepOyprckuii rocyiapcTBeHHbIH 3nekTpoTexundeckuit yausepcurer "JIDTU" num. B. Y. Ynpsnosa
(Jlennna), yin. IIpodeccopa Ilonoga, 1. 5 @, Cankr-IletepOypr, 197022, Poccus

E-mail: Ustinov_rus@yahoo.com

https://orcid.org/0000-0002-7382-9210

References

1. Seeds A. J., Williams K. J. Microwave Photonics.
J. of Lightwave Technology. 2006, vol. 24, no. 12,
pp. 4628—4641. doi: 10.1109/JLT.2006.885787

2. Capmany J., Novak D. Microwave Photonics
Combines Two Worlds. Nature Photonics. 2007, vol. 1,
no. 6, pp. 319-330. doi: 10.1038/nphoton.2007.89

3. Yao J. Microwave Photonics. J. of Lightwave
Technology. 2009, vol. 27, no. 3, pp. 314-335. doi:
10.1109/JLT.2008.2009551

4. Yao J. Photonics to the Rescue: A Fresh Look at
Microwave Photonic Filters. IEEE Microwave Maga-
zine. 2015, vol. 16, no. 8, pp. 46-60. doi: 10.1109/
MMM.2015.2441594

Hccaenopanne nepecrpanBaemoro paguoporonsoro CBU-puastpa 75
Ha OCHOBE alleTHJICHOBOM ra3oBoi siYeKH
Investigation of a Tunable Microwave Photonic Filter Based on an Acetylene Reference Cell


https://doi.org/10.1016/j.rio.2022.100316
mailto:abitur.tatsenko@mail.ru

H3Bectus By3os Poccun. Paguosnexrponuka. 2023. T. 26, Ne 1. C. 68-77
Journal of the Russian Universities. Radioelectronics. 2023, vol. 26, no. 1, pp. 68-77

5. Ghelfi P, Laghezza F., Scotti F., Serafino G.,
Capria A., Pinna S., Onori D., Porzi C., Scaffardi M.,
Malacarne A., Vercesi V., Lazzeri E., Berrizzi F., Bogo-
ni A. A Fully Photonics-Based Coherent Radar System.
Nature. 2014, vol. 507, no. 7492, pp. 341-345. doi:
10.1038/nature13078

6. Muniz A. L. M., Noque D. F., Borges R. M., Bo-
goni A., Hirano M., A. Cerqueira S. Jr. All-Optical RF
Amplification Toward Gpbs Communications and Mil-
limeter-Waves Applications. Microwave and Optical
Technology Let. 2017, vol. 59, no. 9, pp. 2185-2189.
doi: 10.1002/mop.30704

7. Noque D. F., Borges R. M., Muniz A. L. M., Bo-
goni A., A. Cerqueira S. Jr. Thermal and Dynamic Range
Characterization of a Photonics-Based RF Amplifier.
Optics Communications. 2018, vol. 414, pp. 191-194.
doi: 10.1016/j.0ptcom.2018.01.015

8. Yao X. S., Maleki L. Optoelectronic Microwave
Oscillator. J. of the Optical Society of America B.
1996, vol. 13, no. 8, pp. 1725-1735. doi: 10.1364/
JOSAB.13.001725

9. Ustinov A. B., Kondrashov A. V., Nikitin A. A.,
Lebedev V. V., Petrov A. N., Shamrai A. V., Kalini-
kos B. A. A Tunable Spin Wave Photonic Generator with
Improved Phase Noise Characteristics. J. of Physics:
Conf. Ser. 2019, vol. 1326, no. 1, p. 012015. doi:
10.1088/1742-6596/1326/1/012015

10. Li W., Yao J. Dynamic Range Improvement of a
Microwave Photonic Link Based on Bi-Directional Use
of a Polarization Modulator in a Sagnac Loop. Optics
Express. 2013, vol. 21, no. 13, pp. 15692—-15697. doi:
10.1364/0OE.21.015692

11. Ackerman E., Betts G., Burns W., Campbell J.,
Cox C., Duan N., Prince J., Regan M., Roussell M. H.
Signal-to-Noise Performance of Two Analog Photonic
Links Using Different Noise Reduction Techniques.
IEEE MTT-S Int. Microwave Symp. Piscataway, IEEE,
2007, pp. 51-54. doi: 10.1109/MWSYM.2007.380216

12. Tatsenko I. Yu., Legkova T. K., Ivanov A. V., Us-
tinov A. B. Investigation of the Characteristics of a Pho-
todetector with a High Photocurrent when Transmitting
Microwave Radio Signals Through an Optical Fiber.
J. of the Russian Universities. Radioelectronics. 2020,
vol. 23, no. 4, pp. 48-56. doi: 10.32603/1993-8985-
2020-23-4-48-56 (In Russ.)

13. Capmany J., Mora J., Gasulla I., Sancho J., Llo-
ret J., Sales S. Microwave Photonic Signal Processing. J.
of Lightwave Technology. 2012, vol. 31, no. 4, pp. 571—
586. doi: 10.1109/JLT.2012.2222348

14. Marpaung D., Yao J., Capmany J. Integrated Mi-
crowave Photonics. Nature Photonics. 2019, vol. 13,
no. 2, pp. 80-90. doi: 10.1038/s41566-018-0310-5

15. Yi X., Huang T. X. H., Minasian R. A. Tunable
and Reconfigurable Photonic Signal Processor with Pro-
grammable All-Optical Complex Coefficients. IEEE
Transactions on Microwave Theory and Techniques.
2010, vol. 58, no. 11. pp. 3088-3093. doi: 10.1109/
TMTT.2010.2076931

16. Xue W., Sales S., Mork J., Capmany J. Widely
Tunable Microwave Photonic Notch Filter Based on
Slow and Fast Light Effects. IEEE Photonics Technolo-
gy Let. 2009, vol. 21, no. 3, pp. 167-169. doi:
10.1109/LPT.2008.2009468

17. Yan Y., Yao J. P. A Tunable Photonic Micro-
wave Filter with a Complex Coefficient Using an Opti-
cal RF Phase Shifter. IEEE Photonics Technology Let.
2007, vol. 19, no. 19, pp. 1472-1474. doi: 10.1109/
LPT.2007.903753

18. Zeng F., Wang J., Yao J. P. All-Optical Micro-
wave Bandpass Filter with Negative Coefficients Based
on a Phase Modulator and Linearly Chirped Fiber Bragg
Gratings. Optics Let. 2005, vol. 30, no. 17, pp. 2203—
2205. doi: 10.1364/0L.30.002203

19. Wang J., Zeng F., Yao J. P. All-Optical Micro-
wave Bandpass Filter with Negative Coefficients Based
on PM-IM Conversion. IEEE Photonics Technology Let.
2005, vol. 17, no. 10, pp. 2176-2178. doi: 10.1109/
LPT.2005.852323

20. Mora J., Capmany J., Loayssa A., Pastor D.
Novel Technique for Implementing Incoherent Micro-
wave Photonic Filters with Negative Coefficients Using
Phase Modulation and Single Sideband Selection. IEEE
Photonics Technology Let. 2006, vol. 18, no. 18,
pp. 1943-1945. doi: 10.1109/LPT.2006.879950

21. Yao J. P., Wang Q. Photonic Microwave Band-
pass Filter with Negative Coefficients Using a Polariza-
tion Modulator. IEEE Photonics Technology Let. 2007,
vol. 19, no. 9, pp. 644-646. doi: 10.1109/LPT.2007.894942

22. Li W., Li M., Yao J. A Narrow-Passband and
Frequency-Tunable Microwave Photonic Filter Based
on Phase-Modulation to Intensity-Modulation Conver-
sion Using a Phase-Shifted Fiber Bragg Grating. IEEE
Transactions on Microwave Theory and Techniques.
2012, vol. 60, no. 5, pp. 1287-1296. doi: 10.1109/
TMTT.2012.2187678

23. Gao L., Zhang J., Chen X., Yao J. Microwave
Photonic Filter with Two Independently Tunable Pass-
bands Using a Phase Modulator and an Equivalent
Phase-Shifted Fiber Bragg Grating. IEEE Transactions
on Microwave Theory and Techniques. 2014, vol. 62,
no. 2, pp. 380-387. doi: 10.1109/TMTT.2013.2294601

24. Han X., Yao J. Bandstop-to-Bandpass Micro-
wave Photonic Filter Using a Phase-Shifted Fiber Bragg
Grating. J. of Lightwave Technology. 2015, vol. 33,
no. 24, pp. 5133-5139. doi: 10.1109/JLT.2015.2492818

25. Zhang W., Minasian R. A. Widely Tunable Sin-
gle-Passband Microwave Photonic Filter Based on Stim-
ulated Brillouin Scattering. IEEE Photonics Technology
Let. 2011, vol. 23, no. 23, pp. 1775-1777. doi:
10.1109/LPT.2011.2169242

26. Marpaung D., Morrison B., Pagani M., Pant R.,
Choi D. Y., Luther-Davies B., Madden S. J, Eggle-
ton B. J. Low-Power, Chip-Based Stimulated Brillouin
Scattering Microwave Photonic Filter with Ultrahigh
Selectivity. Optica. 2015, vol. 2, no. 2, pp. 76-83. doi:
10.1364/0OPTICA.2.000076

76 HccnenoBanue nepecrpauBaemoro paanogoronnoro CBU-puastpa

HA OCHOBE alleTHJIEHOBOI ra30Boi TUYeKn

Investigation of a Tunable Microwave Photonic Filter Based on an Acetylene Reference Cell



H3Bectus By3oB Poccun. Pagunosnexrponuka. 2023. T. 26, Ne 1. C. 68-77
Journal of the Russian Universities. Radioelectronics. 2023, vol. 26, no. 1, pp. 68-77

27. Byrnes A., Pant R., Li. E. Choi D. Y., Poul-
ton C. G., Fan S., Madden S., Luther-Davies B., Eggle-
ton B. J. Photonic Chip Based Tunable and Reconfigu-
rable Narrowband Microwave Photonic Filter Using
Stimulated Brillouin Scattering. Optics Express. 2012,
vol. 20, no. 17, pp. 18836-18845. doi: 10.1364/
OE.20.018836

28. Palaci J., Villanueva G. E., Galan J. V., Marti J.,
Vidal B. Single Bandpass Photonic Microwave Filter
Based on a Notch Ring Resonator. IEEE Photonics
Technology Let. 2010, vol. 22, no. 17, pp. 1276-1278.
doi: 10.1109/LPT.2010.2053527

29. Zeng F., Yao J. Frequency Domain Analysis of
Fiber Bragg Grating Based Phase Modulation to Intensi-
ty Modulation Conversion. Photonic Applications in
Nonlinear Optics, Nanophotonics, and Microwave Pho-
tonics. 2005, vol. 5971, pp. 594-601. doi: 10.1117/
12.628628

30. Qi G,, Yao J., Seregelyi J., Paquet S., Bélisle C.
Optical Generation and Distribution of Continuously
Tunable Millimeter-Wave Signals Using an Optical

Phase Modulator. J. of Lightwave technology. 2005,
vol. 23, no. 9, p. 2687.

31. Nikitin A. A., Kondrashov A. V., Vitko V. V,,
Ryabcev 1. A., Zaretskaya G. A., Cheplagin N. A., Kon-
kin D. A., Kokolov A. A., Babak. L. 1., Ustinov A. B.,
Kalinikos B. A. Carrier-Induced Optical Bistability in the
Silicon Micro-Ring Resonators Under Continuous Wave
Pumping. Optics Communications. 2021, vol. 480,
p. 126456. doi: 10.1016/j.optcom.2020.126456

32. Nikitin A. A., Ryabcev 1. A., Nikitin A. A,
Kondrashov A. V., Semenov A. A., Konkin D. A., Ko-
kolov A. A., Sheyerman F. 1., Babak L. I., Ustinov A.
B. Optical Bistable SOI Micro-Ring Resonators For
Memory Applications. Optics Communications. 2022,
vol. 511, p. 127929. doi 10.1016/j.optcom.2022.127929

33. Diaz J., Stepanov S. , Casillas N., Ocegueda M.,
Hernandez E., Lebedev V., Agruzov P., Shamrai A. Self-
Reference Shot-Noise-Limited Phase Demodulator with
1530 nm Acetylene Absorption Line. Results in Optics.
2022, vol. 9, p. 100316. doi: 10.1016/j.110.2022.100316

Information about the authors

Ivan Yu. Tatsenko, Postgraduate Student at the Department of Physical Electronics and Technologies of Saint
Petersburg Electrotechnical University. Area of expertise: microwave photonics; optoelectronic oscillators.
Address: Saint Petersburg Electrotechnical University, 5 F, Professor Popov St., St Petersburg 197022, Russia

E-mail: abitur.tatsenko@mail.ru
https://orcid.org/0000-0001-6320-9352

Aleksandr V. Shamrai, Dr Sci. (Phys.-Math.) (2010), Chief Researcher, Head of the Laboratory of Quantum
Electronics of loffe Institute. The author of more than 100 scientific publications. Area of expertise: integrated op-
tics, non-linear optics; fiber optic sensors; quantum information systems; microwave photonics.

Address: loffe Institute, 26, Politekhnicheskaya St., St Petersburg 194021, Russia

E-mail: achamrai@mail.ioffe.ru
https://orcid.org/0000-0003-0292-8673

Sergey 1. Stepanov, Dr Sci. (Phys.-Math.) (1988), Docent (2013), Member of Optical Society of America, Lau-
reate of the USSR State Prize (1985), Chief Researcher at the Ensenada Center for Scientific Research and Higher
Education. The author of 3 monographs and more than 200 scientific publications. Area of expertise: photorefractive
materials; dynamic diffraction gratings; non-linear optics; fiber optic sensors.

Address: Carretera Ensenada — Tijuana No. 3918, Zona Playitas, Ensenada 22860, Mexico

E-mail: steps@cicese.mx
https://orcid.org/0000-0001-7094-3061

Alexey B. Ustinov, Dr Sci. (Phys.-Math.) (2012), Docent (2010), Associate Professor at the Department of

Physical Electronics and Technologies of Saint Petersburg Electrotechnical University. The author of more than 200
scientific publications. Area of expertise: linear and non-linear properties of magnetic oscillations and waves in fer-
ro-magnetic films and layered structures on their basis; microwave devices; integrated optics; microwave photonics.
Address: Saint Petersburg Electrotechnical University, 5 F, Professor Popov St., St Petersburg 197022, Russia
E-mail: Ustinov_rus@yahoo.com

https://orcid.org/0000-0002-7382-9210

Hccaenopanne nepecrpanBaemoro paguoporonsoro CBU-puastpa 77
Ha OCHOBE alleTHJICHOBOM ra3oBoi siYeKH
Investigation of a Tunable Microwave Photonic Filter Based on an Acetylene Reference Cell


https://doi.org/10.1364/OE.20.018836
https://doi.org/10.1364/OE.20.018836
https://doi.org/10.1109/LPT.2010.2053527
https://doi.org/10.1016/j.rio.2022.100316
mailto:abitur.tatsenko@mail.ru

	Исследование перестраиваемого радиофотонного СВЧ-фильтра  на основе ацетиленовой газовой ячейки
	Investigation of a Tunable Microwave Photonic Filter  Based on an Acetylene Reference Cell

