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OBbHAPYXEHME
CUHTNIETHOIO KUC/IOPOAA

B.Caudskunemmu, ®.Puyoy, C.Honeab, [1K. Boco,
ID Quantique, >Kenesa

OnucaHa npoueaypa AeTeKTUpPoOBaHUSA
¢nyopecueHLUU CUHTNIETHOI O KNcaopoaa

C NOMOLbIO fiIeTEKTOPA, U3SrOTOBJIEHHOI 0O
KoMnaHuew ID Quantique (IDQ). MokasaHo,

Kak 6n1arogaps COBMeCTHOMY A,eACTBUIO
petekTopa ID230 u nornyeckoro snemeHTa ID800O,
npeo6pasoBbiBatoLLero BpemMs B undposom

KOpA, YAAeTCs NOBbICUTb YYBCTBUTE/IbHOCTb
[eTeKTUPOBaHUA.

O3MMeTPHYeCKHe H3MepeHHUs CHUHIJIeTHOTO
KHCI0pOJa MIpPH IIOMOILU AeTeKTUPOBAHUA
ero JIOMHHECUEHIHWH Ha [OAHHEe BOJIHEI

1270 HM mpeACTaBIAIOT AOBOIBHO CIOKHYIO 3a1a4y.

Bo-mepBEIX, 3TOT IIpOLleCC MMeeT KpaHHe HH3KYIO

3 EeKTUBHOCTD M, CIeJ0BaTeJIbHO, MHTeHCUBHOCTD

CBETOBOIO U3/ly4deHHUs oueHb caabas. [s momo6HeIx

3a/a4y TPAJULIMOHHO MCIIOAb30BANH HOTOYMHONKHU-

tenu (P3Y). OmHaKo, 3THU YCTPOMCTBA HMMEIOT HH3-

Ky 30 QeKTHBHOCTD U BBICOKHU I YPOBEHB IIyMa, OHHU

YYBCTBUTEIBHBI K OHOBOM 3aCBeTKe U He paboTaioT

C OIITOBOJIOKHOM, YTO OrpaHHMYHMBaeT HX IIpUMe-

HeHHe B HeKOTOPhIX KOHCTPYKLHMAX. B mocimenHee

BpeMs CO3[JaHBbl CBEPXIIPOBOAAIIKE HAaHOIIPOBOZA-

Hble TeTEeKTOPhI, B KOTOPHIX AOCTHUIHYT JOCTATOYHO

HH3KHH YpOBeHb IIyMa IPHU HEINOCPeACTBEHHOM

obHapy>KeHUH JTIOMHHECLEHIMH CHHIJIETHOTO KHC-

nopoza. Ho U oHM MMeIOT CBOM HeJOCTAaTKHU, 3aKJIIO-
yaloumuecss B HeoOXOOHMOCTHU IIpeJBapUTeTbHOIO

KPHUOT@HHOI0 OX/JaK[IeHHUs U oblafaHueM, K COXa-

NeHHIo, Hebo/NbLION AaKTHBHOM IJIOIMIAfbI0 pa3Me-

pom oxosio 100 MKM?2 (OLHOMOZOBOE OIITOBOJIOKHO).

C Opyrom CTOPOHBI, CO3MAHHBIA HAT4YHUK D230 obe-

CIleYKBaeT TaKOM >Ke HU3KUM YpOBeHb IlIyMa, UMeeT

KIIJ nmoutu 30%, He TpebyeT KPHOTeHHOIO OXJIaKIe-

HUS U paboTaeT C MHOTOMOJOBBIM OIITOBOJIOKHOM,

II03TOMY IIJIOIIA[b YYaCTKa PeruCTPALMKi GOTOHOBI

10000 mxkMm?. To eCTh IPUHUMAEMBIF CUTHAJ OKAa3bI-

BaeTcs B 100 pas cuIbHee, YeM B CJIy4Yae KCII0b30Ba-

HUs HAHOIIPOBOJOB B KaueCTBe JeTeKTOPOa CUHIJIeT-

HOI'0 KMCJIOpoJa.

CUHIIETHDbIN KUCI0OPOA4
CHUHIJIETHBIM KHUCJIOPOJ IIPeJCTaBiIseT
BBICOKO aKTHBHBle GOPMBI KHCIOpOAA

coboit
(puc.l)
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SINGLET OXYGEN
DETECTION
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This Paper describes how singlet oxygen fluorescence
can be observed and quantified using an 1D230
detector, made by ID Quantique, together with an
ID800 time-to-digital converter.

he dosimetry of singlet-oxygen, through its

luminescence at 1270nm, is a challenging

task due to the low efficiency of the process
and consequently extremely low light emission
levels. Photomultipliers have traditionally been
used for this purpose but these devices have
low efficiencies, high noise and are sensitive to
ambient light and are not fiber-coupled, precluding
their use in some scenarios. More recently, super-
conducting nanowire detectors have achieved
sufficiently low noise to directly detect singlet-
oxygen luminescence, but have the disadvantage of
requiring advanced cryogenic cooling and having a
small active area of approximately 100pm2 (single-
mode fibre). On the other hand, the ID230 offers
the same low noise, efficiencies of up to 30%, does
not require cryogenic cooling and works with
multimode fibers, resulting in a collection area of
10°000pm2, and therefore a 100x stronger observed
signal.

SINGLET OXYGEN

Singlet oxygen is a highly reactive oxygen species
(Fig.1), and plays an important role in several fields:
physics, chemistry, biology, atmospheric science
and medicine, and in particular in photo-dynamic
therapy [1]. Direct detection of singlet-oxygen is done
through its phosphorescence, although this emission
is extremely weak, it remains the preferred method of
detection, as it provides artifact-free data and instant
results.

THE ID230 DETECTOR

Until recently, near infrared (NIR) single photon
avalanche photodiodes have had noise levels of several
thousand counts per second (cps) for single-mode
(9um) fiber detectors, and more for devices with
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Puc.1. Cxema monekyasipHbix opbumaneti uau mpu 3neKmpoHHble KOHGU2ypauuu mMonekyaspHozo kucaopoda, O,. Cnesa Hanpaso:
8036Y»KdeHHOe COCMOsIHUE CUH2AemH020 KUCAopoda a'Ag, 8036Y»kdeHHOe COCMOsIHUE CUH2AemHO020 Kucaopodad b'>g*, mpunaem-
HOoe 0CHOBHOe cocmosiHue X3Xg™. MonekyAsipHas opbumanb 1s onyuieHa das npocmomel. O6pamume 6HUMAHUE, 4Mo COCMOSIHUS
O0MAUYAKMCs MOAbKO CNUHOM U pa3mell,eHuem 08yX 8bIpOXKOEHHbIX AHMUCBS3bI8AOLUX Tg-0pbumanel KucAopodd. VIcmoyHuK:

Fig. 1. Molecular orbital scheme or the three electronic configurations of molecular oxygen, O2. Shown from left to right are: The
singlet oxygen a'Ag excited state, the singlet oxygen b'~g+ excited state, and the triplet ground state X*3g-. The 1s molecular
orbital is omitted for simplicity. Note that the states only differ in the spin and the occupancy of oxygen's two degenerate

Molecular orbital
MonekynspHas opoutans

M HUIrpaeT BaKHYIO POJIb B HCCIeOBAHUSIX, IIPO-
BOOUMBIX B 0bmacTu QU3UKU, XMUMHHU, OHOTIOTHH,
HayKax ob aTmocdepe, B MegUIIMHe, B YaCTHOCTHU
B doToguMHaMHUUeCKOH Tepamuu. MeTonrsl $oTo-
OUHAMHUYEeCKOM TepallMM ONMpanTcid Ha POTOaAK-
THUBAlLIMI0O CBETOYYBCTBUTE/IbHBIX JeKapCTBEHHBIX
CPeACTB A/ CeIeKTHUBHOIO Je4eHHUS HeKOTOPBIX
TUIIOB IIaTOJIOTHH, CBSI3AHHBIX C OIIYXOJSIMH, KOXK-
HBIMU K COCYAUCTBIMM 3aboneBaHHUSIMH U baKkTe-
pUaNbHBIMHU HHPeKIUIMU [1]. IIpsimoe obHapysKe-
HHe CHHIJIETHOT0 KHC/IOPOJa OCYIeCTB/SIeTCs IpHU
oMoy ero pochopecueHIHU. XOTS Takoe U3JIyUe-
HUe SIBJIsIeTCsI BeCbMa C/1abpIM, 3TOMY criocoby obHa-
PY>KeHHUS CHHIJIETHOTO KHCJIOPOAA OTHAeTCS IIpef-
[IOUTeHHUe, II0CKOJIBKY Pe3yIbTaT IIpefoCTaBIISeTCs
MT'HOBEHHO U JAaHHBIE He 3aBUCSIT OT NPUCYTCTBUS
HMHBIX apTedaKTOB.

OETEKTOP ID230

Jlo HemaBHero BpeMeHHU OIHOQPOTOHHBIE JIABUH-
Hble doTomuoAsl B OnuskHeM MHK-muamasoHe
HMelld ypoBeHb IIyMa BeJHYHMHOM HECKOJBbKHUX
THICSIY KMMIIY/IbCOB B CeKyHAY (MMII/C) OISl eTek-
TOPOB C OJHOMOZOBBIM (9 MKM) OIITOBOJIOKHOM.
JJIS. yCTPOMCTB C OITOBOJIOKHOM, MMEIOUMUM Cepl-
LleBUHY O0O0JBIIOTO [JUaMeTpa, IIyM JOCTHUrAl

large-core fibers. The ID230 is a breakthrough
in detector technology, with <20 Hz cps noise in
the ULN version, and fibers with a core diameter
of up to 100pm. Fiber detectors are practical for
several reasons: they allow to eliminate noise
by having well-defined acceptance angles and
positions and offer superior flexibility in the
experimental layout, allowing the fiber to be
moved freely for in-vivo experiments. An optical
fiber can also collect light efficiently by being
placed inside a sample.

Singlet-oxygen fluorescence is often detected
after an excitation by a strong laser pulse, which
can "blind" the detector for a few microseconds. To
prevent the "blinding" from the excitation pulse,
it is possible to modify the ID230 to accept a
Gate signal, which ensures that the detector is
off during the excitation pulse, and that it is
turned on shortly (few hundred ns) after. This
modification can be done on customer request.

The ID230 detector takes a single or multimode
fiber as input, with an FC/PC connector. It outputs
an electrical signal (LVTTL) over an SMA connector.
An optional gate input may be added on special
request, allowing the detector to be turned off
during laser excitation [2].
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eme 6Gonbller BelHYHHBI. [leTekTop ID230 - 3TO
HACTOSIIIMI IIPOPLIB B TeXHOJOTHMH H3TOTOBJIEHUS
IeTeKTOpoB, 61aromapsi TOMy, 4TO ypoBeHb IIyMa
B HeM CHIMJKeH /0 BeJTHYHUH, MeHbIIUX 20 MMII/C
(BapHaHT KOHCTPYKLHHU JATUHUKA C OIITOBOJIOKHOM,
oUaMeTp CepAlLIeBUHBI KOTOPOTO He IIpeBBILIAET
100 MkM) [2]. O TOBOJIOKOHHBIE AETeKTOPBI AOCTa-
TOYHO IPAaKTHUYHBl I10 HECKOJIbBKHM IPHUYHHAM:
OHHU TI03BOJSIIOT YCTPAaHUTDH IIYyM IPU HaJIUYHUHU
TOYHO OIlpe/le/IeHHON BXOALHOM yIJIOBOW aIlepTypHl
M H3BEeCTHOTO IIOJIOKeHHSI M 0becredMBAIOT IIpe-
BOCXOIHYI0O TMOKOCTb IIPU yCTaHOBKE B 3KCIIEPHU-
MeHTa/JIbHOM CHcTeMe. OITHYeCKOe BOJOKHO
MOXXeT TakKXe 3PPeKTHBHO cOOUPATh H3JydeHHe
naxe, Oyoydu IOMeIleHHBIM BHYTPH HCCIefye-
moro obpasua.

dryopecLieHLIMSI CHHIJIETHOIO KMCJIOPOAA 4acTo
obHapyskHBaeTcs Iocae Bo36ykmeHHUs obpasua
CUJIBHBIM JIa3epHBIM HMMIIYJIbCOM, KOTOPBIFL MOXKET
"OC/IenUTh' [eTeKTOpP Ha HeCKOJIbKO MHUKPOCEKYH.
Jly1s1 TOro, 4YTOOBI IIPEIOTBPATUTh 'OC/IeIIeHHe" H3-3a
NeHCTBUSL MMIIy/Ibca BO3OYyXKAeHHUS, MOXHO MOLH-
déunmposats getextop ID230 gjis mpuema CHUrHala,
IOIIONTHUB ero JOTMYeCcKUM 37eMeHTOM. JTOT 3Je-
MeHT TapaHTHUPYeT, YTO HeTeKTOp OymeT BBIKJIIO-
YyeH B MOMEHT [eHCTBHUS MMIIylIbca BO30OyKIe-
HUS 1, HaobopoT, - bymeT 6GpICTpO BKIIOUeH (depes3
HEeCKOJIBKO COTeH HaHOCeKyH/) II0C/Ie UMITy/IbCa BO3-
bysxkmeHusi. Takas JONOTHHUTeNIbHAS MOAUPHUKAIIMS
(puc.2) maTYMKA MOKET OBITH BHIIIONTHEHA I10 3aIIPOCy
3aKa34yHKa.

CpaBHeHMVe napamMeTpoB AEeTeKTOpOB
HasBaHue
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CurHan nornyeckoro
3/IeMeHTa

Gatesignal ~ ------ > BbixoaHble
1D230 —— [aHHble
MHoromogoBoe —_— Output

OMTOBO/IOKHO
Multimode fibre

Puc.2. lemexkmop ID230 coeduHsiemcsl ¢ 00HOMOO08bIM UAU
MHO020M0008bIM 0NMOBOAOKHOM € nomouibto FC/PC -pasesema
Fig. 2 The ID230 detector takes a single or multimode fiber as
input, with an FC/PC connector.

ID220 AND ID210 DETECTORS

For experiments where the extreme low noise of
the ID230 is not necessary, two other IDQ detectors
are suitable: the 1D220. which is similar to the

DOTOYMHOXUTENb

Photomultiplier

MHoromoa0B0€e ONTOBO/IOKHO

MHOromogoBoe OnNToBO-

Dark countrate

CoefunHeHune (NA=0,275) nokHo (NA=0,275) CBo60HOE MPOCTPAHCTBO

Coupling Multimode fiber Multimode fiber Free-space
(NA=0.275) (NA=0.275)

SGPeKTNBHOCTL O6HapyKeHus 525% 520% 1%

Detection efficiency

TemHoBas ckopocTb cueta <25/c <1000/c 25000—250000/c

[vameTp aKTUBHOW MjoLaan

65 MKM (ONTOBOIOKHO)

65 MKM (ONTOBOMOKHO)

Timing resolution

Diameter of active area 65 um (fiber) 65 um (fiber) Ll
MakcumanbHas ckopocts c4era 100000/c 100000/c 25000000/c
Maximum count rate

PaspelaroLias cnocobHOCTb

BO BpEMEHMU 150 nc 200 nc 350 nc
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OETEKTOPDI ID220 1 1D210

U1 SKCIIePHMEHTOB, IIPOBeJeHHe KOTOPBIX He Tpe-
OyeT KCIIONB30BAHHUS [eTeKTOpa C KpaHHe HHU3KHUM
IIyMOM, KOTOPBIH obecrieyrBaeT AaT4YUK 1D230, KoM-
nauHusg IDQ BRIITYCKaeT ABa THIIA APYTHX HeTEeKTOPOB.
9t10 meTekTop ID220, KOTOPBIX ITOX0K Ha ID230, 04HAKO,
obnmanmaer ypoBHeM myMa 1000 umrr/c (OH IOAXOLUT
IJ1s1 KOMIIAaHUM-U3TOTOBUTeeN KOMIIJIEKCHOTo 060-
pyZOBaHUS), U AeTeKTop ID210, KOTOPBIH TaAKKe KMeeT
bonee BBICOKMI ypOBEeHb LIYMa, HO CIIOCOOEH OYeHb
OBICTPO OTKJIMKATBCS Ha HMITYIbCHOE YIIpaBeHMUe
(BpeMst HApacTaHHS 110 IOTUUECKOMY 3/IeMeHTY <1 HC).
TaKol JOrMYeCKUH 37IeMeHT MOXKET OBITb HCIIOIB30-
BaH /1S BRIK/IIOYEHHUS AeTeKTOpPa IIpHU Mofave jia3ep-
HOro B030y>KJa0IIero MMIyJIbCa K ero BKIIOYeHUH
cpasy Iocsie UMITyabca. Pa3paboTaHHOe yIIpaBlIeHHe
[I03BOJISIET YCTPAHUTh IIepBOHAYAJIBHBIN "BCIIJIECK'
obHapy>keHHBIX GOTOHOB, KOTOPBIK MOXKET BO3HHUKATh
B CBSI3U C OBICTPO 3aTyxalollen ¢pyopecLieHIHe.

CPABHEHWE AETEKTOPOB
NMPON3BOACTBA KOMIMAHUUA

"ID QUANTIQUE" C ®3Y

YacTo [y HM3MepeHHUH CHHIJIETHOIO KHCI0pPoAa
Ucronb3yorca ®3Y. OTMETHM, YTO OHHM HMEIOT

i g

ID230 but with noise levels of 1000 cps, is suitable
for OEM applications, and the ID210 which also
has higher noise levels, but can be gated very
fast (<Ins gate rise-time). This gate can be used
to turn off the detector during laser excitation
and shortly after, to eliminate the initial "spike"
in detected photons which can arise from fast
decaying fluorescence.

ID QUANTIQUE DETECTORS VS
PHOTOMULTIPLIERS

Often, photomultipliers are used in Singlet-
oxygen measurements. They have a large diameter
active area and low quantum efficiency of order
2%, as well as a high noise (dark count) rate.
ID Quantique detectors have 65pm fiber input,
higher efficiency and much lower noise. The table
below summarizes the differences between types
of detectors.

ADVANTAGES OF FIBER-COUPLED
DETECTORS

Experimental noise is mnot solely determined
by detector noise: to achieve high-sensitivity
experiments, the detector must be isolated from

PHOTONICS N22/56/2016 67
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60npIION OHaMeTP AaKTHBHOMU

IUIOAgH M HH3KYH KBaHTO- Cepauesura
ONTOBOJ/IOKHA
BYI0 3(pPeKTHBHOCTbL IIOPSAAKA Fiber core
o - ObbekT Obonoyka
2%, a TaK>Ke BBICOKHMH YPOBeHb )
Object ontokabens
myma (TeMHOBas CKOPOCTb CUeTa). : Fiber cladding g 3 %
JeTeKTopsl IIPOM3BOACTBA KOM- @_ f
n . " .- | il
nmauuu "ID Quantique" obmamaior ) i |
Q q I . P _*  Mpoexuus
coeUHeHHEM C BXOOHBIM BOJIOK- Uncnosas M-~ Uucnosas o6bekTa
HOM 65 MKM, 6ojee BBICOKOH anepTypa anepTypa Object image
3QPeKTUBHOCTBIO U 6Oojee HU3- NAo NA Mroromozosoe
6 Konnnmupytowas dokycupytoLas ONTOBOJIOKHO
KHMM ypoBHEM IIIyMa. B Tabnune NINH3a NINH3a Multimode fiber
HH>Ke IIpHuBeeHbl Ppa3/Inydusd Collimating Focusing lens

ME3KIY THIIAMU JeTeKTOPOB. fens

NMPEMMYLLUECTBA
OETEKTOPOB

C ONTOBOJIOKOHHbIM
COEANHEHUEM

B sKkcrIiepuMeHTe HIyM OIIpefesisi-

Puc.3: Mpoeyuposarue 06vekma Ha cepouesuHy onmosonokHd. Mozym 6bimb
8bI6PAHbI KOAAUMUPYHOWAS U POKYCUPYIOWAs AUH3bI C PA3AUYHBIMU GOKYCHbIMU
paccmosiHusamu.

Fig. 3. Imaging an object onto the fiber core. The collimating and focusing lenses
can be chosen with different focal lengths, so that

eTCsl He TOJIBKO UCKIIYHUTEIbHO
coOCTBEHHBIMH IIYMaMH AeTeKTopa, B CyMMapHBIH
IIYyM BHOCST JOIIOJHeHHS QIYKTyallud BHENIHeH
cpenpl. g UX KUCKJIIOYEHHUS C LIeJIbI0 IIOJTy4YeHH I
BBICOKOYYBCTBUTE/IBHBIX  3KCIepHMeHTa/IbHBIX
Pe3y/ibTaToOB AETeKTOpP AOJIKeH ObITh H30JHPOBAH
OT IIYMOB OKPY>KAIOIleH cpexbl. [JeTeKTOphl ¢ H0Jb-
IO aKTHBHOM IUIOIMIAJbI0, TakHe Kak ®IY, byayt
YYBCTBUTE/JBHBI K OKpyXKarueMy (OHOBOMY OCBe-
IIeHHIO0, HekelaTe/lbHOU (yopecleHIIMH OT OITH-
YeCKHX 3JIeMeHTOB U ,ueTaneIZ CHUCTeMbI, KOTOpDbIE
He BOBJIEYEHBI B MCC/IeJOBaHUeE.

C mpyrom CTOPOHBI, AETEKTOP C OIITOBOJIOKOH-
HBIM COeJHHeHHeM HKMeeT HebO/IBIIYI0 AKTUBHYIO
IO Ah (CepAlieBHHA OIITOBOJIOKHA), & TAKKE TOYHO
OIIpefieJIeHHYI0 YHC/IOBYIO aIlepTypy. B TakoMm ciy-
Yae, MO>XHO HCIIO/IB30BaTh 00BbeKTUB [JIg IIpOeKLIMHU
(OoKyCHPOBKH) TOABKO YaCTH MUCC/IelyeMOM CHCTeMBbI
Ha OIITOBOJIOKHO, OFPAaHHUYHBasI O0/IBIIYIO 4aCTh OKPY-
SKaloIlero ImymMa M COMHHUTENIBHOM (QIyopecLeHLIHH.
9ToT $aKT, HapAAy C Ype3BbIYaHMHO HU3KOM TeMHO-
BOIM CKOPOCTBIO CUeTa M BBICOKOU 3PeKTHBHOCTHIO
O6Hapy>KEHI/IFI, II03BOJISIeT OCYLIECTB/ISATh SKCIIEPH-
MEHTBI C YyBCTBUTE/JIBHOCTHIO Ha HECKOJIBKO IIOPSJ-
KOB BBIIIIE, YeM 3TO ObLIIO BO3MOXKHO B Dojlee paHHHX
3KCIIePHMeHTaX.

COEAMNHEHUWE C MHOITOMO4OBbLIM
ONTOBOJ/IOKHOM

[lonasanue GIyOpecLieHTHOrO H3JIyYeHUS CHHIIET-
HOTO KHCJIOPOZA B OIITOBOJIOKHO OCYIIECTBIISETCS
IIyTeM IIpOeIIUPOBAaHHUS '06beKTa’, To ecTh obreMa
obpasla, ocBelaeMoro Bo30OY>KAAIOMHUM JIa3epPHBIM
HMIIYJIBCOM, Ha CepPAEeYHHUK OIITOBOIOKHA. Takas Mpo-
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environmental noise. Detectors with a large active
area, such as photomultipliers, will be sensitive to
ambient light, undesired fluorescence from optical
elements and parts of the system which are not being
investigated.

A fiber coupled-detector, on the other hand,
has a small active area (fiber core), and a well
determined numerical aperture. It is then possible
to use a lens to image (focus) only the part of
the system under investigation onto the fiber,
rejecting a large part of ambient noise and spurious
fluorescence. This, together with the extremely low
dark count rates, and high detection efficiencies,
enables experiments which are several orders
of magnitude more sensitive than what could
previously be achieved.

COUPLING INTO MULTIMODE FIBER

Coupling the Singlet Oxygen fluorescence light to
fiber is done by imaging the "object”, i.e. the
volume illuminated by the excitation laser, onto
the fiber core. This can be done with two lenses, as
shown in Fig. 3. The first lens collimates the beam
so that several optical elements, such as filters, can
be placed along the beam path.

The second lens focuses the beam onto the
fiber core. If the object (illuminated volume)
is smaller or larger than that of the fiber core
(62.5 pm), it can be magnified or reduced by
choosing collimating and focusing lenses of
different focal lengths. For example, if the
object has a diameter of 30pm, one would chose
a collimating lens with a focal length of » that
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eKIMSI MOKeT ObITh OCyIecTBJIEHA C IIOMOIIBIO JBYX
nuH3 (puc.3). IlepBasi MHMH3a - KO/UIMMAaTop. Ilapasn-
JIeJIbHBIM CBETOBOM ITy4OK, IPOLIeAIINH CKBO3b HETO,
NIPOXOAUT Jajiee CKBO3b HECKOJBKO ONTHYECKHUX 3J1e-
MEHTOB B BHJe OGHIBTPOB, KOTOpBE IPH HeobXomu-
MOCTH MOTYT OBITh pa3MellleHBl BJO/Ib TPaeKTOPHUH
ayd4a.

Bropas n1MH3a HOpeAHa3HaudeHa M1 QOKYCH-
POBKH H3/71y4eHHS B Pabodyo IIJIOCKOCTh CedeHUsI

Crapt
Start

OonToBonokHo / Optical Fiber

CepALIeBUHBl ONTOBONIOKHA. Eciu 06bekT (ocBemia- O6pasel
eMbIil 06beM) MeHbIle UM 6onblie o6bema cepi- sample

Komnblotep
LIeBUHBI OIITOBOJIOKHA (62,5 MKM), IJIOIIAOb Cede- Computer

HHJ IIy4YKa, IIOIIaA4dIOmero Ha pa60qy10 Iiomagxy
OIITOBOJ/JIOKHA, MOXKeT OBITH yBeJIM4Y€Ha HUJIKN YMEHb-

meHa 1of60poM GOKYCHBIX PACCTOSHUI KOJIJIMMHU-

. . HanDuMeD. 6C/H C UMNYAbCHbIM 8036y>KdeHuUem ocgelyaem obpaseu,. Pno-
pyromier 1 QOKyCHpYIOLeH THH3. P P, pecueHyus om 0aHH020 06pasua cobupaemcs ¢ NOMOLWbIO
00BeKT UMeeT uameTp 30 MKM, MOKHO HCIOMB30™ | Guxpoueckozo 3epkand U pUAbMpYemcs dasl mozo, 4mobbi
BaTbh KO/UIMMHPYIOIMYIO JTHH3Y C @OKYCHBIM PpaccTo- O0MKAOHUMb HexXenameAnbHble 0AUHbI 80AH. 3amem ocaeuleHue
sSHWEeM, PaBHBIM I10JIOBHHE GOKYCHOTO PaCCTOSHU A (poKycupyemcs Ha 0nMmMosoAOKHe U pacno3Haemcs demexkmo-
dorycupyromen nun3sl. To ecTh, uMeeM Komau- | PomID230. ' o
MUPYIOIYI0 JHH3y ¢ GOKYCHBIM PAaCCTOSHHEM an.4.. TyplAcal experimental procedure. A pulsed fexatatnonA

laser illuminates a sample. Fluorescence from this sample is
f. = 40 mMm, Torma oxycHoe paccTosiHUe GOKYCHPY-

, ¢ 6 collected through a dichroic mirror, and filtered as to reject
olen TUH3BL If = 80 MM. JIMaMeTp JMH3bL BBIOMDPA™ | | iesired wavelengths. Light is then focused on a fibre and

eTcsl TAKUM 06pa3oM, YTOOBI UCIIONB30BATh IIOJIHYIO | detected with an ID230 detector.
YHCJIOBYI0 alepTypy omToBosokHa (NAp = 0,275).

Puc.4. Tunu4Has skcnepumeHmanbHas npouedypa. /lasep
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Paguyc $oKycupyloleld JHH3B Ry OOIKeH YLO0B-
JIeTBOPSATH yciIoBUIO: Ry > ;- NA. OTKyzma monydaem:
R¢ > 80:0,275 = 22 [MM]. Ecnu B cxeMe 3KCIIepPHMeHTa
06BeKT HCCIeOBAHUS HYKHO Pa3MeCTHTh OJHKe
K JAT4YHMKy, TO HCIOJB3YIOT JIMH3bl MEHBIIEIo pa3-
Mepa (Ry) c 6oee KOPOTKUMHU GOKYCHBIMHU PACCTOSI-
Husamu (fy).

s peryiMpoBKH K IIPOBePKH 3KCIIePHMeHTa
nasep MOXeT OBITh MOJCOeJHHEH K ONTOBOJOKHY
BMeCTO LeTeKTOpa, TaK YTO ero M3jay4eHHe MOKeT
OBITH pacIpocTpaHeHO OoOpaTHBIM 00pa3oM BIOJIb
OITOBOJIOKHA U CHOKYCHPOBAaHO Ha obpasie. Takoe
[eCTBOBATh TapaHTHpPYyeT KadyeCTBEHHYI K IIPO-
CTYIO PeTyJIHUPOBKY.

SKCNEPUMEHT
TunuyHas 5KCIepUMeHTaJIbHAasg CXeMa /IS Ipolie-
Oypbl pPerucTpaliMy CHHIJIETHOIO KHCIOpPOAa H30-
bpaskeHa Ha puc.4. FIMIyJIbCHBIN 3eJeHBIN JIa3ep
ocBemaeT obpasel], KOTOPbIK BblpabaTblBaeT CHH-
[JIETHBIM KHCI0POA. ®ryopeclieHIIUSI OT HCCIefye-
Moro obpasia C MOMOIIBI0 JUXPOMUYHOIO 3epKaja
(DUXPOHUHOe 3epKajla OTPa’kaeT U3/IyYeHHU s TOIbKO
ompefe/eHHON [JIMHB BONHBI) QUIBTPYeTCS OIS
TOro, 4TO6BI OTBECTH Heyke/laTe/llbHOe CBeuUeHHUe.
®yopecrieHTHEIE GOTOHBL QOKYCUPYIOTCS Ha Ceprh-
LIeBUHY OIITOBOJIOKHA KM PerHCTPUPYIOTCS C IIOMO-
1 bI0 AeTekTopa 1D230.

3amepkKa MeX/y OCBellleHHeM OT MUMIIYJIbCHOTO
NTasepHOro u3jaydarens U obHapykeHHeM ¢OTO-
HOB H3MepseTcsl NPU IOMOLIM Ipeobpa3oBaTens
"BpeMs - nudposo kox' ID800 u rmeperaeTcs Ha KOM-
nploTep A7 GOPMHUPOBAHUS TMCTOIPAaMMBI (PHC.5).
[TogpobHyo MHPOPMAIIUIO B OTHOIIEHUH JAHHOIO
3KCIIEPUMEHTA MOXKHO HaUTH B pabore [3].
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Puc.5. MosbiweHue paoopecueHuuU U pacnaod CUH2AemHoz0
Kucaopoda. [Mep8oHa4anbHblIli 8cnaeck 0bycaosaeH bbicmpo
pacnaoarouwumucs 3nemeHmamu

Fig. 5. Fluorescence rise and decay of singlet oxygen. The initial
spike is due to fast-decaying elements

of the focusing lens, e.g. a f=40mm collimating
lens and f=80mm focusing lens. The diameter of
the lenses is chosen to make use of the full NA of
the fiber (NAF=0.275). The lens radius R should
be R>fxNA, which is R>80mmx0.275=22mm.
Smaller lenses, with shorter focus distances,
can be used if it is possible to place them closer
to the object.

To align the experiment, a laser can be connected
to the fiber instead of the detector, so that it can
be back - propagated along the fiber, and focused
onto the sample. This will guarantee good and easy
alignment.

EXPERIMENT

A typical experimental procedure (courtesy of
Gianluca Boso, University of Geneva), is shown in
Fig. 4. A pulsed green laser illuminates a sample,
generating singlet oxygen. Fluorescence from
this sample is collected via a dichroic mirror, and
filtered as to reject unwanted light. Fluorescence
photons are focused onto the fiber core and detected
with an ID230 detector.

The delay between the laser pulse illumination
and photon detection is measured with an ID800
Time-To-Digital converter, and transferred to a
computer to generate a histogram (Fig. 5). The full
details of this experiment can be found in [3].



