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2. HoBble BONMOKOHHbIE CBETOBOAbI U X CBOUCTBA

2.1. MukpocmpyKkmypupoeaHHbie (ObipYyambie) eosiokHa (MCB)
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MuUKpoCTpPYKTYpUpOBaHHbIN (OblpYaTbiW) CBETOBOA C NOJSIOU cepALeBUHOM KakK
fiYeuKa Ansa yaaneHHoOro rasoaHanuvsa B NIMHUK (KBa3upacnpeneneHHoro)

H.Lehmann, S.Bruckner, J.Kobelke, G.Schwotzer, K.Schuster, R.Willsch.

Toward photonic crystal fiber based distributed chemosensor.
— 17-th Int. Conf. on Optical Fiber Sensors, Bruges, Belgium, 2005; Proc. SPIE Vol. 5855,

419 — 422 (2005).

LT

a) PCF micrograph b) calculated honevcomb lattice pattern c) field distribution around a cladding hole

Fig. 5: Field calculation for an isolated hole in the cladding structure of a hollow core fiber.



gas exhausting
r. 6 PCF based quasi-distributed gas sensor (schematically)

nsidering the small diameter of fiber and the brittleness of the fragile PC-structure, the application of gas inlet holes
ly appear by laser drilling only. Laser drilling attempts on PCF has been performed to several fiber samples using an
F-laser (193 nm) with a repetition rate of 50 Hz. The aperture of the laser was masked with a pinhole of 0.4 mm
imeter. Fig. 8 shows an example of a laser- drilled radial hole in a hollow core fiber cladded with PDMS
slydimethoxysilane), drilled with 10° laser pulses of 1.98 J/cm?, each.

a) cladding view b) fiber cross section c) capillary structure cross section
1 7: Laser- drilled hole through a hollow-core PCF structure
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Fig. 4: Methane spectrum, measured by a 1.8 m PCF gas
sensor

Fig. 3: Fiber/fiber coupling between PCF and launching fiber



[a3oaHanu3 ¢ ncnonb3oBaHMEM MUKPOCTPYKTYPUPOBAHHbIX
(Ablp4YaTbiX) ONTUYECKMX BOJSIOKOH — HOBbIW NOAXO0A4;:

- reHepaumst LUMPOKOMNOSIOCHOIO MU3My4YeHUs1 B BOMOKHE - CYNepKOHTUHYYMa
(Ge3 ucnonb3oBaHUsa NepecTpanBaemblx 04HOYACTOTHbLIX Na3epoB)

- BaKyyMHO€ 3arnoriHeHue Ablpok nccrenyemMbiM rasom (npumep — aueTuneH)

- ONTUMM3aLMS NEePEKPLITUS CBETOBOIO NOJISI B BOMOKHE C Ablpkamu

- MONyY€eHne CrNeKTPOB BbICOKOro paspeLleHunst

G.Genty, T.Ritari, H.Ludvigsen. Supercontinuum and Gas Cell in a Single Microstructured Fiber.
— OFC, 2006, paper OThQ6.

Vacuum chamber
MF for gas filling MMF

| SMF 1 O
Nd:YAG laser 1 = —: OSA
Splice

Fig. 1. Experimental setup. SMF: single-mode fiber, MF: microstructured fibers MMF: multi-mode fiber and OSA: optical
spectrum analyzer.



Table 1. Characteristics of fiber samples.
Azp: zero-dispersion wavelength,
d: air-hole diameter and A: pitch

MF-2.0 MF-3.2
Core size [um] 2 3.2
diA 0.65 0.45
Azp[nm] 750 & 1670 945
Length [m] 15 19
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Fig. 2. Percentage of the modal power located in the holes for MF-2.0 and MF-3.2.
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Fig. 3 Supercontinuum generated in MF-2.0 (a) without and (b) with acetylene.
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Fig. 4. High-resolution spectrum of the P- and R-branches of '?C;H, at 1260 mbar in MF-2.



2.2. OdHomMmodoeble D-eosiokHa ¢ HyecmeumersibHbIM 351emeHmom (BBP)

AHanus cogepxaHua sogopoda - H2 — H+ (?):

- NNeHka nannagnsa 2 — 12 MkMm Ha nnockom cpese D - BonokHa

- BBP B cepaueBuHe D-BonokHa

-pacTBOpeEHME Bogopoaa — aedopmMauusa nneHkn nannagusa — gedoopmMmaumns BOsiokHa
n BBP

- perncTpaumna casura bparrosckon anuHel BosHbl BBP, kannbposka

Palladium foil, thickness, 4, =2, 12um, + 831,00
width 800um, length 10mm

o

Bragg wavelength [nm]
&

d,=2um
T=80°C

0 200 400 600 800 1000 1200
Time [s]

hGeometrical scheme of the micro o Fig. 5. Bragg wavelength vs. time, stepwise increase
g beam hydrogen sensor and decrease of hydrogen concentration, dpg=2pm,
poss section, Right: side view T=80°C

|.Latka, W.Ecke, B.Hofer, T.Frangen, R.Willsch, A.Reutlinger.
Micro bending beam based optical fiber grating sensors for physical and chemical measurands.
- 17-th Int. Conf. on Optical Fiber Sensors, Bruges, Belgium, 2005; Proc. SPIE Vol. 5855, 91-97 (2005).



3. HoBble ogHOYaCTOTHLIE NepecTpanBaemMble nasepbl

3.1. POC-na3epbI ¢ noebiweHHOU MowHocmbro (=50 mBm)

PACKAGE DIMENSIONS (UNIT:mm)
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KoHCTpyKuMsa moayns nasepHoOro Auoga ¢ BOSIOKOHHbLIM BbIXO40M U
BCTPOEHHLIM (boTOAMOA0M 0OpaTHOM CBA3KN (6e3 ONTUYECKOrOo N30NATOpPa).



Light output vs. Forward current

Scan time=3 min. 13 sec. |
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BatT-amnepHas xapakrepuctuka Pf(JH) nasepHoro mogyna Ne 6692
C BOJIOKOHHbIM BbIXOAOM U 3aBUCUMOCTb TOKa BCTPOEHHOIO
KOHTPOSbHOro gootoauoga Im.
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Pf=10 mW , lop=39,12ZmA

CnekTp nanydeHuns nasepHoro gnoaa Ne 6692 ¢ BONOKOHHbIM BbIXO40M,
3anucaHHbIn npu BbixogHow mowHocTtu Pf = 10 mBT 1 Toke Hakaukn JH = 39,12 MA.

LLInpnHa cnekTpa no yposHto -3 Ab paBHdaeTcs 0,21 HM (cMm. Tabnnuy 1).



Tabnuua 1. [NapameTpbl NaszepHon reHepaumn (NacrnopTHble AaHHbIE)
nasepHoro moayna Ne 6692 ¢ BONTOKOHHbIM BbIXO4OM Ha O4HOMOLOBOM CBETOBOJE.

Date: 10.05.06

Ambient-temp.,t=22 C

Symbol| Parameter Test data Unit

current
Light output

Pf from fiber 10 20 30 38,8 mW

lop |OPerating 13995 175 11584 | 160 | mA
current |
Monitor )99/

m | Monitc 306 | 1714|2499 | 2499 |uA
Slope 03 |0289 [0,2725 | 0,2515 mW/mA

H efficiency
efficient 1309,13 | 1309,53|1309,98 | 1310,13

A wavelength ’ ’ ’ e
band width at

AL rate of -3dB 0,21 0,21 0,21 0,21 nm
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OnTn4yeckas cxema 04HOYaCTOTHOro fa3epHoro mMoaysns Ha 1,3 MKM 1 cxema
ero noakoyeHnsa ang namepeHns BbIxogHONM ONTUYECKON MOLLIHOCTM C NOMOLLIbIO
nameputena AQ2150 (Ando), aHanmsa crnekTpanbHOro coctaBa MU3fyyYeHus
c paspeweHuem 0,1 HM c nomoLLbio aHanusaTopa cnektpa MS96A (Anritsu) wn
aHanusaTtopa TOHKOU CTPYKTYpbl U pOpMbI NMUHUM OQHOHACTOTHOW reHepaumn
C NOMOLLIbIO KOHJOOKarbHOro ckaHupytowero nutepdgepomeTtpa KCU
CO crekTparibHbIM paspewieHmnem oi~ 10-4 HMm.
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BaTtT-amnepHble XxapakTepucTukm ncxogHoro nasepHoro moaynsa ¢ POC 1 BONOKOHHbIM
Bbixogom PJ1[, BbIXOQHOW MOLLHOCTU NOCSIE CTLIKOBKM OMNTUYECKOro N30naTopa
PNNA+N301,3 1 BbIxOgHOW ONTUYECKOW MOLLHOCTM PMoaynb Ha BbIxoge Moaysis
nocrie moaynsaropa.
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CneKkTp m3nyveHunsa nasepHoro guoga
npu Toke nHxekuum JH = 5 MA (Hmxe nopora).

SPECTRELUM
B B e 1esnrenanagrasasises ......... ......... .........

R e e e e s e e e
1.3a4 1.389 1-.314
Wi 1-3I8e525 WZ2 1.389
RES A 1 W2—uW1 2-F7oOnm 1rnm-cdivs

CneKkTp pa3BnTom 0gHOYaCTOTHOM Na3epHOmn
reHepauum npn JH = 10 MA.
Hebonbloe npesbiweHne nopora (~ B 1,5 pasa),

cTeneHb nogasneHnsa 6okosbix moa 30 ab.
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CneKkTp 04HO4YaCTOTHOM reHepauum nasepHoro moayns Ha 1,3 MKm
npu Toke nuxekunn JH = 110 MA. Nogasnenne 6okoBbix moa > 30 ab
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OQHO4YaCTOTHBLIW CMEKTP reHepaunn rnasepHoro moayns Ha 163 MK,
3apernctpupoBaHHbin ¢ nomouibio KCU ¢ obnacteio cBobogHon aucnepeun 1,5 My
(MacwTab paccTostHUA MeXxay ABYMS1 pe30HaHCaMM Ha 3KpaHe).
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dopma NnHUK reHepaumm o4HOYACTOTHOrO fasepHoro moayna Ha 1,3 MK,
3apernctpupoBaHHasg ¢ nomoubio KCU. MacwTtab passepTkm no Yactote — 15 MITu/aoen.
JlopeHueBckaa doopma nuHUK, nonywmpuHa dvmam = 15 Ml u.



3.2. CnekmpoCKonu4yecKu cesieKmueHblie 0OHO4YaCcMOMHbIe
nepecmpausaemslie 1/1-®I+BBP Ons 2azoaHanu3a
(HUBO, LEHWU, HOJNNTATEX , 2002 — 2005 rr.)
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KoHcTpykumsi pesoHaTopa J1A-dM ¢ BBP. CrekmparbHas 3a6ucumocme
[10p0208020 KoaghuyueHma
ycuneHus J1 ¢ BBP

npu r2=0, r3(A6p)=0,7, AMABEP=0,5 Hm



OnTuMmmsaums no KoaPUUNEHTY OTpaKeHUs nepenHero 3epkana R2
(npocBeTneHne nepeaHen rpaHn pesoHaTtopa Oll)
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3asucumocmsb pa3Hocmu KoaghuuueHmos ycurneHuUsi OCHO8HOU
u 6okosoli modb! J1[J ¢ BBP om koaghpuyueHma
ompaxeHusi (R2=r22) nepednel epaHu Ji/.



Perucrtpauma ammmnaka Ha 1,52 mkm ¢ nomouwbio MJ1-®r+B6P

Intensity, a.u.

0,0
40 60 80 100 120 140 160

Injection current, mA

KOoHTYyp cnekTpanbHOW NUHUM aMMuaka Ha afinHe BosHbl 1,52 MKM,
pPerncTpupyemMoiv C MOMOLLIbIO NepecTpanBaemMoro Anoa4Horo fasepa

C rMOpUaHbLIM PE30HAaTOPOM Ha BONTOKOHHOW BParroBCKOW peLueTke.

A.B. Napbiwes, M./. benososnos, C.A. Bacunobes, B.I1. Oypaes, O.N. Megseakos, A.. HagexanHckum,
E.T. HegenuH, A.A. NoHyposckun, “HenpepbiBHO NnepecTpanBaeMbi OAHOYACTOTHbLIN ANOAHbIN Nasep
Ha ANWHY BOJIHbI OKOJ10 A= 1,52 MKM AnA ueneu rasoaHanusa’.

KBaHTOBasi anekTtpoHuka, 2005, 1.35, Ne3, cTp.241-242



NMpumep pernctpauum metaHa Ha 1,65 MKM ¢ nomoLbiO
nepectpauBaemoro ogHo4dactotHoro [J1-Plr+BBP
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A.V.Gladyshev, M.l.Belovolov, S.A.Vasiliev, E.M.Dianov, O.I.Medvedkov, A.l.Nadezhdinskii,

O.V.Ershov, A.G.Beresin, V.P.Duraev, E.T.Nedelin.

Tunable single-frequency diode laser at wavelength A = 1,65 um for methane concentration measurements.
— Spectrochimica Acta Part A, 2004, vol.60 , 14, p.3337 — 3340,.



3.3. OgHo4yacToTHble J1-PMN+Yb/Er-OBC+BBP
C BbICOKOU CTAaOUINTIbHOCTbLIO YacTOThblI

W.H.Loh, R.l.Laming, M.N.Zervas, M.C.Farries, U.Koren.

Single frequency erbium fiber external cavity semiconductor laser.
— Appl.Phys.Lett., 66 (25), 3422-3424 (1995).
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FIG. 1. Schematic of external cavity laser configuration.
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FIG. 2. Light-current characteristic of 3 m long Ec’*-fiber external cavity
laser.
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FIG. 3. Optical spectrum of laser at maximum bias.

(dBm)

FIG. 4. Delayed self-heterodyned beat spectrum of 3 m long Er**-fiber
external cavity semiconductor laser. (Horizontal axis is 10 kHz/div, centre
frequency 100 MHz.)

Av ~ 1 kHz



(dBm)

-110

FIG. 5. Delayed self-heterodyned beat spectrum of 0.43 m long extem_a]
cavity laser with 17 cm length Er't fiber. (Horizontal axis is 50 kHz/div,
centre frequency 100 MHz.)

YKopoyeHne anuHbl pesoHatopa 4o 0,4 m mn 17 cm Er3+
- BOJIOKHA NpuBENO K yWUpeHUto nnHum 0o Av ~ 8 kl'u,
HecTabunbHOCTb 1 apend B npegenax ~ 100 Ml u.



OpHo4yacToTHbIe BONOKOHHblIe POC-nasepbl
C BbICOKOM CTabUNMbHOCTbLIO YacTOTbl reHepauuu

FLEXCORE Yb-doped fiber FLEXCORE
A ~ A ~ A
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Fig. 3. SDL-2 spectra as a function of drive current with the Yb:doped fiber as an intra-cavity
element. The inset shows the cavity design.
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F.N.Timofeev, R.Kashyap. High-power, ultra-stable, single-frequency operation of a long,
doped-fiber external-cavity, grating-semiconductor laser. — Optic Express, Vol.11, No 6, 515-520 (2003).



Table 1: Summary data on lasers with an external cavity used in experiments

Laser SDL1 SDL2

Semiconductor chip FP mode spacing, nm 0.086 0.085
Doped fiber type YbH YbL

Doper Fiber length, cm 12.2 63

Doped fiber absorption bandwidth (FWHM), nm | ~4 ~1.9

Doped fiber absorption, dB/cm 3.3 0.23

FG bandwidth (FWHM), nm 0.21 0.2

FG reflectivity, % 75 80

Bragg wavelength, nm 976.55 976.6

Two cavities were fabricated for these experiments, each with similar Bragg grating, but
different absorption and length of Yb doped fiber, as described in Table 1.
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Fig. 6. Long term operating wavelength stability of SDL2 external resonator laser measured
with a wavelength meter,



3.4. OgHoyYacToTHbIe BOJNIOKOHHble POC-na3epbl C LULWPOKOU HeNnpepbIBHOU
nepecTtpomkon 4actotbl(~40 HM)

M.lbsen, S.Y.Set, G.S.Goh, K.Kikuchi. Broad-Band Continuously Tunable All-Fiber DFB Lasers.
— IEEE Photonics Technology Letters, Vol.14, No 1, 21-23 (2002).

Er/Yb — ogHOMO40OBOE BOMNOKHO C DOMbLUMMKM KOHLEHTPAUUSAMU, 4 CM,

B cepaueBuHe 3anucaHbl BEP co caBurom no case Ha nt (244 HM)
Hakayka Ha 976 HM mowHocTbio 70 MBT,

[eHepauunss 10 mBT B obnactun 1,55 MKm.

[lepecTponka — n3arnbom HecyLen NNacTUHKM C BOSTOKOHHbLIM f1a3epoM —
cxaTtue unm pactskeHne BBP.

Fig. 1. Schematic principle of beam-tuning technique with indication 9f the
bending arc radius R and the positioning d of the device under test relative to

the neutral axis.



LLinpokasa nepectponka 4acToTbl reHepaunm — 27 HM.

- CTabunbHOCTb BbIXOAHOWN MOLLHOCTH.
- KoMnakTHOCTb KOHCTPYKLUUN.
-IpegnoyTnTenbHO CcXxXaTune.

40 -
304 -22.5nm +4.5nm
20- e o Em e e o o e o ww w | -
10+

1
-40 4

23 wm !U& I\
70— S

1520 1525 1530 1535 1540 1545 1550 1585
Wavelength [nm]

Power [dBm}]

I Fig.3. 27-nm continuous tuning (22.5-nm compression + 4.5-nm extension)

characteristics of 4-cm-long fiber DFB-laser.



KonbueBon 04HO4YaCTOTHbLIN BOSTIOKOHHbLIU Nnasep
C LULNPOKON NepecTpPoOnuKOn 4YacToThbl
(AL =40 Hm, A =1522 — 1562 HM, Av ~ 750 lu)

Standing Wave Widely-Tunable
. gpg 980 nm Pump FBG
J Unpumped EDF -
\ (Saturable Absorber) Stretching
Device
Circulator
PC 7Y
i —> —» QOutput

Isolator

Fig. 1. Fiber ring laser configuration using a widely tunable FBG along with
a saturable absorber to provide stable single-mode operation.
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shifted laser output peaks with a 5% outcoupling fraction.
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Fig. 5. Delayed self-heterodyne interferometer output power spectrum
(100-km delay), indicating a linewidth of less than 1 kHz.



MNMpeaBapuTtenbHble pe3ynbTaTthl HUBO PAH
Nazep @M + BBP Ha A =1,06 MKM ,
nepecTtpouka Ha A\ ~ 4 HM MexaHn4eckum pactsxeHmem BBP

O6wwuir Bng makeTa onbITHOro obpasua ogHOYaCTOTHOro NepecTpamMBaemMoro
NosynpoBOAHNKOBOIO Nasepa (y3en BBogda B 04HOMOOOBOE BOJSIOKHO Ha TPEXKOOPAMHATHOM
CTOSINKEe — CrneBa) C BOSTOKOHHOM BParroBCKOM peLLETKOM Ha MexaHn3Me pacTshkeHnsa (cnpasa)
N BONOKOHHbIM BbIXO40M Ha FC — HaKkoHEeYHUKe.
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YCTPONCTBO AJ19 paCTKeHUs CMelLeHMe MexaHU3Ma pacTsaXKeHUs:

BOJTOKOHHON AN PaAKLMOHHON peLLEeTKN AL = 0 MKM.
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CmelleHne, MKM

,D,nlea BOJIHbI reHepauun, HM

3aBUCUMOCTb ASTUHbI BOSHbI re[epauumn otT cMeLleHund AL yCTpOIZCTBa
a4 pacTaXeHn4A BOJIOKOHHOM 6p3FFOBCKOI7I pPeELLETKHN
B MaKeTe nepecrtpanBaemMoro oaHo4actoTHOro nosiynpoBOAHMKOBOIO J1a3epa.

lNMepectpouka pactsaxkeHnem BBP coctaBnsaet A\ ~ 4 HM.

[OnwvHa sBonokHa ¢ BbP, nogseprHytas pactaxeHunio - 50 mm.
BenuunHa pactskeHna AL ~ 1,3 mm (2,6 % - 6e3onacHOe pacTaXeHue).



4. 3aKkno4vyeHme.

lMepcnekmueHbie HanpaessieHuUs1 uccsedosaHul u papabomok onsi 3aday [J1C
no pesynbmamam 0aHHO20 ob30pa

1. MuKpOCTPYKTypUpOBaHHbIE (AblpYyaTbie) ONTUYECKUe BONOKHaA
MOryT UCNOJNIb30BaThLCS ANS NPOoBeAeHUA razoaHarnm3a B BOJIOKOHHOM FIMHUM
N 06pa3oBbIBaTb KBasupacnpeaeneHHble CUCTEMbI AAaTYUKOB

- BCaCbIBaHMe rasa B AblPKU cepaueBUHbI N 000STOUKM,

- bonbluana AonnHa B3auMoAeucTBUA U3NyYeHUSA C rasom,

- TMOKOCTb U yAaneHHbIN AO0CTYn,

- CONpPSAraeMocThb C nepecrpamBaeMbiMu ogHo4YacToTHbiMu POC- nasepamu ¢
BOJIOKOHHbLIM BbIXOA4O0M.

2.B MUKPOCTPYKTYPUPOBAHHbLIX ONTUYECKUX BOJIOKHax BO3MOXHa reHepauusa LUNMpPoOKoro
CneKTpa niny4vyeHus — CynepkoHTuHyyma u npoeegeHme ra3oaHasnnm3a € BbiCOKUM
pa3peweHmemMm B CaMmomM Abip4YaTOM BOJIOKHE (693 ncnoJsib3oBaHuUsA nNepecTpanBaeMbiX
OAHOYAaCTOTHbLIX ANOAHbIX na3epOB).

3. Bo3MOXHO co3aHue KOMNAaKTHbIX O4HOYAaCTOTHbIX BONMOKOHHbIX
M NOosynpoBOAHUNKOBLIX Jla3epoB C OPIrroBCKUMMU BOSIOKOHHbIMU pelueTkaMmu
MU LULUPOKON NepecTPOMKOMN YacToTbl reHepaumm ~ 20 — 40 HMm.



	Новое в волоконной оптике для диодной лазерной спектроскопии

