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JETAJIBHUM AHAJII3 EJJEMEHTA ITPU3MOBOI'O CEHCOPA,
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BuxoHaHo YHCI0BHI aHAJI3 ONTHYHUX XaPAKTEPUCTUK €J1eMEHTA MPU3MOBOI0 CEHCOPa,
[0 MpallE HA SBUINI MMOBEPXHEBOr0 ILIA3MOHHOIO PE30HAHCY, 3ajeKHO Bin iioro
reoMeTPUYHMX MapaMeTpiB, JAxKepesia 30BHIIHHOT0 ONMPOMiHEHHS Ta MOKA3HUKA 3aJJ0MJIEHHS
HABKOJMIIHLOTO cepeaoBuma. OTPUMAHO ONTHMAJbHI reoMeTPUYHI MapaMeTPH CEHCOPHOIO
eJIeMeHTAa VISl TOCATHEHHS] MAKCUMAJIbHOI YYTJIUMBOCTI ceHcopa. BUroToBeHO Ta A0CTiTKeHO
MAaKeT CEeHCOPHOro ejgeMeHTa. Mijk eKCepuMeHTAJIbLHUMH Ta TEOPETUYHHUMHU pe3yJbTaTaMu
Ja00pa KopeJIsLisi.

Kuio4oBi cjioBa: mpusMoBHii CeHCOpP, MOBEPXHEBUI MJIA3MOHHUN pe30HaHC, KoedimieHT
BiIOMBAaHHA, KYT NAAiHHA, YYTIUBICTD.

I. Ya Yaremchuk, H. A. Petrovska, V. M. Fitio, Ya. V. Bobitski,
Lviv Polytechnic National University

DETAIL ANALYSISOF THE SURFACE PLASMON
RESONANCE PRISM BASED SENSORSELEMENT

© Yaremchuk /. Ya., Petrovska H. A., Fitio V. M., Bobitski Ya. V., 2017

The theor etical research and experimental verification of the surface plasmon resonance
prism based sensors element have been carried out. This research includes the simulation of
optical characteristics, optimization of geometric parameters and the production and research
of an experimental low cost prototype with ssmple construction. The influence of the thickness
change of the silver and chromium layers on the position of the reflectance minimum, which
corresponds to the surface plasmon resonance, has been investigated. The change in the
thickness of the silver layer affects on the position of the surface plasmon resonance, the value
of the reflectance in the minimum and the curve shape. The change in the thickness of the
chromium layer practically does not affect on the position of the surface plasmon resonance.
However, it should be noted that the thickness of the chromium film affects on the value of the
reflectance minimum and the curve shape. It is founded that the smaller the wavelength of the
radiation source will correspond to the greater the angle of the surface plasmon resonance.
The dependences of thereflectance on the change in the refractive index of the studied gas and
water media with different refractive indices were simulated. The optimal parameters of the
sensor element with enhanced sensitivity have been determined. A prism based sensors
element was produced. The experimental scheme of investigation optical characteristics of the
prism based sensors element was developed. There is a good correlation between theor etical
and experimental results.

Key words. prism sensor, surface plasmon resonance, reflectance, angle of incidence,
sensetivity.
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Beryn

[loBepxHeBHid IIa3MOHHWH pPE3OHAHC IMUPOKO BHUKOPUCTOBYETHCS y PIZHUX CEHCOPHHUX
3aCTOCYBaHHSX, OCKUTBKY 3a0e3Meuye MBUAKY, HEPYHHIBHY 34aTHICTh BHUSBIISATH PI3HOMAaHITHI 010XiMivHI
peakiii B pexxuMi peanbHoro 4acy. [loBepxHeBa IIa3MOHHA XBWIISL — 1€ KOJMBAHHS BUTBHOTO 3apsiy, SKe
BiZIOYBA€THCS HA MOBEPXHI MK JICTEKTPUYHUM Ta METAJICBUM CEPEOBUIIAMH 1 30YIKYETHCSI 30BHILTHIM
CNIEKTPOMArHITHUM JDKEPENIOM BHIIPOMIHIOBaHHS. KONMM XBHUJIBOBHIA BEKTOpP IOBEPXHEBOI IIa3MOHHOI
XBUJTI 30IraeThCs 3 XBHJIBOBUM BEKTOPOM BHITPOMIHIOBAaHHS, IO TaJa€, BiIOYBAEThCS TaK 3BaHE SBHUIIC
MOBEPXHEBOr0 IJIa3MOHHOTrO pe3oHancy [1]. BcTaHoBieHO, IO Iisi yMOBa pPE30HAHCY IyXe JIETKO
MOPYUIYEThCSI HaBiTh AY)KE HEBEIMKMMU 3MiHAMH B yMOBax iHTepdeicy, CIpHUYMHEHUMH 3MiHOIO
MOKAa3HMKA 3aJIOMJICHHS HaBKOJIHMIIHBOrO cepenouina [2]. OTke, AKIIO JOBXKHHA XBUII (BIKCYETHCSA, TO
SIBHIIC TTOBEPXHEBOTO MIA3MOHHOTO PE30HAHCY Ja€ 3MOTY HE TUIbKH TOYHO BUMIPATH 3MIHHM TOKa3HUKA
3aJIOMJICHHS a00 TOBIIMHY CEpElOBHINA, IO NPWIATAE 10 METalleBOi IUIBKM, ale ¥ BHUSBUTH 3MIiHH
ajicopOIiifHOrO MIapy Ha TOBEPXHi MeTary. Bike po3pobieHo BenKy KilbKiCTh PI3HOMaHITHHX CEHCOpIB,
IO TPAIIOIOTh Ha SIBUII IMOBEPXHEBOrO TUIA3MOHHOTO PE30HAHCY, JUIS MPHKIATY, CEHCOPU HAa OCHOBI
rpatok [3, 4], mpusm [5, 6], pisHOMaHITHHX HAHOCTPYKTYpOBaHMX MaTepiamie [7, 8] Tommo. OpHak
HAMOLIBIIOrO MOMMpPeHHsT HaOyau MPU3MOBI CEHCOPH, IO MPAIOIOTh Ha SIBUII MTOBHOTO BHYTPINIHBOTO
BinOuBanHs. Lli mpucTpoi € MOTY)XHUMH IHCTpYMEHTaMH JUIs JOCTIDKEHHS Yy pealbHOMYy 4aci
010MOJICKYJIIPHUX B3a€MO/Iii, BOJHHMX Ta ra30BHUX CEPEIOBUIIL.

OcHoBHa MeTa Hamoi poOOTH — TEOPETUYHE JIOCTIDKEHHS Ta eKCIepUMEHTaj bHa BepUQiKallis
MPHU3MOBOTO CEHCOpa, SIKUH Tpalfoe Ha SBUIII MOBEPXHEBOTrO TUIA3MOHHOTO PE30HAHCY, IO mependadae
MOJIETTIOBAHHS ONTHYHHUX XapaKTEPUCTHK, ONMTHUMI3AIlil0 TEOMETPHYHUX MapaMerpiB Ta BUTOTOBICHHS i
JOCITI/DKEHHS EKCIIEPUMEHTANBHOTO MAaKera, sSKAH MaTHME XOpOIIl XapaKTePUCTHKH 32 HECKIaTHOI
KOHCTPYKIIi1 Ta HU3bKOi BapTocTi. OTKe, B poOOTI MOCHIHKEHO MPU3MOBUIH CEHCOp, IO CKIANAEThCS 3i
CKJIIHO TIPU3MH, IIapy cpibiia Ta TOHKOTO IIapy XpoMy MDK HHMH JUIsl Kpailoi aaresii. AHami3 Takoi
CTPYKTYPH 3IIiCHEHO MATPUYHUM MeToZIoM [9].

YucyioBuii aHaIi3 ONTHYHUX XAPAKTECPUCTUK ITPU3MOBOTI0 CEHCOPA,
1o nmpamrwe Ha HBI/II]li MOBEPXHEBOI'0 NJIA3MOHHOI'O PE30HAHCY

Ilo6 mocmiaWTH TOBENIHKY 3alpOIIOHOBAHOTO CEHCOpa, CIEpIly MPOBOJMIN TEOPETHYHI
JOCITI/DKEHHST TPHU3MOBOT CTPYKTYPH 3 TAaKUMH TapaMeTpaMi. MOKa3HHUK 3aJIOMJICHHS MaTepiady MpH3MH
Ny =1511, noexuHa XBWJIi BUIpPOMiHIOBaHHA jnaszepa | =0,633MkM, mriBka XpoMy 3aBTOBIIKM 5HM 3
KOMIIJIGKCHUM IIOKa3HMKOM 3aJIOMJICHHS Ha Wil moexkuHi xBuwiai N, =31399- 133150, muiiBka cpibia
3aBTOBIIKM S50 HM 3 KOMIUIEKCHMM  IIOKa3HMKOM  3aJIOMJIEHHS Ha LI JOBXHHI  XBWII
n, =0,056253- 14,2760 [10], moka3HHK 3aJOMJICHHS JIOCIiIKyBaHOro cepenouima Ny =1,000290

(roBiTpst). Po3paxoBaHy 3ajexHICTE KoedilieHTa BiIOMBaHHS B KyTa ITaJiHHs Iy9Ka [T TOBKUHU XBHIII
0,633 MkM momano Ha puc. 1. 3a Takux mapaMmerpiB MiHIMyM KoedillieHTa BiIOMBaHHS Ui XBHIIb
TM-nonsipusaliii criocrepirases, SKIo Kyt q,,, =43,03°, R =0.00704.

Ha nactynHomy erami poOOTH JOCHIPKEHO BIUIMB 3MiHM TOBIIMHHU IIapiB cpibia i XpoMy Ha
MOJIOKEHHS KyTa MIHIMyMy KoedillieHTa BigOMBaHHS, IO BIJMNOBIJA€ MOBEPXHEBOMY ILIA3MOHHOMY
pE30HaHCY.

Ha puc. 2, a 300paxxkeHo 3anexHOCTi KoedilieHTa BingOWBaHHS BiJ KyTa NaJiHHS ITydyka Ha
MPHU3MOBHI CEHCOp JUIS PI3HUX TOBIIUH IUTIBKH cpibna. 3 prc. 2 BUAHO, MO 3MiHA TOBIIMHU IIapy cpibia
BILJIMBA€E HA TIOJIOXKEHHS TIOBEPXHEBOrO IIIA3MOHHOTO PE30HAHCY, Ha 3HaYeHHs KoedillieHTa BiIOMBaHHS B
MiHIMyMi Ta Ha (popMy KpHBOi. 3i 3MEHIICHHIM TOBIIWHU TUTIBKU cpi0iia MOMOXKEHHS 3HAYCHHST MIHIMyMY
BiIOMBaHHS 3CYBA€ThCsl y Oik 30UIbIIeHHs. PO3paxyHKH mokasand, o 3Ha4eHHs KoeQillieHTa BigOUBaHHS
HaliMeHIlle JUIsl IUTiBKK cpibna 3apToBiikH 50 HM. Ha puc. 2, 6 300pakeHO 3alIeKHOCTI KoedilieHTa
BiIOMBAHHS BiJ KyTa MaJiHHS IyYKa Ha MPU3MOBHUI CEHCOP Ul PI3HUX TOBIIUH IUTIBKH XpoMy. 3MiHa
TOBIIMHH IIApy XPOMY NPaKTHYHO HE BIUIMBAE HA IMOJOKEHHS KyTa MOBEPXHEBOrO IUIA3MOHHOTO
pEe30HaHCY, IO MOXKHA TMOSICHUTH HEBEJIMKOK TOBIIMHOK TUTIBKH Xpomy. OIHAK BapTo 3a3HAYUTH, IO
TOBII[MHA TUTIBKH XpOMY BIUIMBA€E Ha 3HAUCHHs KoedillieHTa BiIOMBaHHS Y MiHIMyMi Ta ()OpMYy KPHUBOI.
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Puc. 1. 3anexcnicmo koegiyicuma 8iobusarnisi 6i0 Kyma nadiHHs NyYKa
Ha memanesy niieky ous 0oexcunu xeuni 0,633 mrm
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Puc. 2. 3anescrnocmi xoepiyicnma siobusanns 6io kyma nadinms aazeproz2o nyuxa (A = 0,633 mxm)
Ha NOBEPXHIO NPUMOBO20 Cepcopa 3a PisHuX mosujur wapy cpiona (@) ma xpomy (6)

JI>xeperno J1la3epHOro BUIPOMIHIOBAaHHS TAKOX BILIMBA€ Ha MOJIOXKEHHS MIOBEPXHEBOTO TIA3MOHHOTO
pPE30HAHCYy, SK TOKa3aHO Ha puc. 3. 31 3MCHIICHHIM JOBXHHH XBHJII BUIIPOMIHIOBAHHS IOJIOKCHHS
MiHIMyMy KoeQillieHTa BiIOMBaHHS 3MIIIYETHCS BIPaBO, TOOTO MO MEHIIOK OyJe JOBXKHHA XBHII
BUITPOMIHIOBaHHS, TO 32 OLTBIIOTO KyTa CIIOCTEPIraeThess MiHIMyM KoedillieHTa BifOMBaHHS.

OCHOBHHM TMapaMeTpoM CeHcopa € HOro YyTJHUBICTh, TOMY HACTYIMHHHM eram JOCHiKeHb —
PO3paxyHOK 3aJIOKHOCTI KoedillieHTa BiIOWBaHHS BiJ 3MIHU IOKa3HHMKA 3aJIOMJICHHS JOCIIHKYBaHOTO
cepenouina (Ng). BukoHaHO po3paxyHKH I ABOX THIIB CEPEJOBHIN 3 PI3HUMH IIOKa3HUKAMH
3aJIOMJICHHS: TIOBITPSIHOT'O Ta BOJAHOT0. JlOCIIDKEHHS 3A1HCHIOBAIN /IS IOBKMHM XBUJII BUIIPOMIHIOBaHHS
0,633 MkM. 3aneKHICTh MONIOKEHHS MIHIMyMY KoedillieHTa BifOMBaHH BijJ KyTa MaIiHHS Ha MPU3MOBHH
ceHcop st urcroro nopitps (Ng =1,000290) ta nositps 3 meranoMm (N, =1,000441) noxano Ha puc. 4, a, 3
SKOTO BWJIHO, IO 3a HEBEIMKAX 3MIiH IIOKa3HWKa 3aJIOMJIEHHS JIOCTIIKYBAaHOTO CepeloBHIIA

Dn, =0,000151 monokeHHs: KyTa IIOBEPXHEBOTO ILUIA3MOHHOr0 pe3oHaHcy A0 3mictuiocst Ha 0,01147°.

Pesynbrat MomentoBaHHS 3MIIICHHS MTOJIOKEHHS MIHIMaJIbHOTO 3Ha4YeHHS Koe(illieHTa BinOWBaHHS IS
BHITAJIKy, KOJM JOCHIKYBAaHUM CEPEIOBUILEM € YhCTa Boma Ng = 1,332986 Ta Boaa, B Ky M0JaHO CIIUPT
(ng = 1,34), HaBeneno Ha puc. 4, 6.
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Puc. 3. 3aneaxcnicmo koepiyicnma siobusanus 6i0 Kyma naodiHHs
JIA3EPHO20 NYUKA HA MEeMARe8y NIi6KY OISl PiHUX SHAUEHb 006XCUH XEUTb MEeCHYEAIbHO20 BUNDOMIHIOBAHHSL

o T T T ng=100020] T T T T T T T T 7 [—ng=1,332986
T ) —— ng =1,000441 06 =N\ N\ ——ng=1,34
= YT =
I L T - 4
T T
T 0,6 4 T 05 —
g I g //
% 0,5 T Lg[ 0.4 /
4 m 4
£ 04 et £t \ / 1
z 5
I r \\ / = 03
-as; 0,3 e L i
" \/  §oel |
X 02 x I |
0,1 I \\ ] 0,1
| R CaBumIYAY, |

0L SR S PR SR . L B R L 0,0
42,5 42,6 427 42,8 42,9 43,0 43,1 43,2 43,3 43,4 435 65 66 67 68 69 70 71 T2
6, rpaa. 9, rpag.

Puc. 4. 3miwenns kyma nosepxne8o2o niazmoHHO20 Pe30HAHCY NPUIMOBO20 CEHCOpA
¥ pasi sMiHU NOKA3HUKA 3a10MAeHHs nogimpsinozo (a) ma 600Ho2o (6) cepedosuuy

[licns 3MiHM TOKa3HUKA 3aJOMJICHHS JOCHIIKyBaHOro BomHoro cepemoBuina Ha 0,007 kyt
MMOBEPXHEBOI'0 TIa3MOHHOTO pe3oHaHcy A6 3mictuses Ha 0,84,

ExcnepuMeHTANBHI pe3yabTaTH

ExcriepuMeHTanbHuii MaKeT MPHU3MOBOIO CEHCOpPAa BUTOTOBIICGHO HAa OCHOBI CKISHOI MPHU3MH
(matepian BK7) 3 OKpUTTAM, sIKe CKIaIaeThes 3 mapy xpomy Cr 3aBTOBIIKK O11M3bK0 5 HM, mmapy cpibia
3aBTOBIIKM 50 HM, SKi HaHECEHI METOJOM TEPMIYHOTrO po3NuieHHs y Bakyywmi. Ilix wac TepmiuHOro
HAIMJICHHS y BaKyyMHill KaMepi CTBOPIOBAlM i MiATPUMyBand BakyyM Ha piBai 1, 5-10° MM pr. cr.
Hanunennst matepiaiiB 3AiCHIOBAIM 32 MOINEPENIHHOrO NPOTPIBaHHA MiAKIAAKA 10 TeMIepaTypH
200, 250 °C. I1IBuaKicTh HATIMICHHS MaTepiatiB BUTpUMyBamu B Mexax 0,04-0,06 Mkm/xB.

JocniypkeHHsT ONTHYHUX XapaKTEPUCTHK OTPUMAHOrO TMPHU3MOBOIO CEHCOpa MPOBOJWIN HA
EKCIIEPUMEHTAIIBbHINA YCTaHOBIII, CTPYKTYpPHY CXEMY Ta MaKeT SIKOi IOJJaHO Ha PUC. 5.

JlocmimpKeHHS TPOBEICHO IS IBOX PI3HUX JDKEPESl BUIPOMIHIOBAHHS 3 TOBKMHaMU XBUIb 0,633 Ta
0,650 mxM. s noxxuam xBuii 0,633 MM MiHiMyM KoedimienTa Binbusanus R =0,41613 orpumano 3a

Kyra mamisHs q,,, =4358518°, mis moxwem xBumi 0,650 MKM MiHIMyM KoedilieHTa BiaOWBaHHS

R., =0,43073 — 3a kyra maainus (;, =43,3276°. ExcriepuMeHTalbHi pe3yabTaT 100pe KOPETOTh 3

TCOPETUYHUMM, K IIOKA3aHO HA PUC. 6.
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Puc. 5. Cmpyxmypha cxema ma maxkem eKCnepuMeHmanbHoi yCmaHoeKu 0is O0CHiOHNCEHb
napamempie cencopa 3MiHU NOKA3ZHUKA 3ALOMIEHHS, WO NPAYIOE HA AGUWYT NIA3MOHHO20 PE30HAHCY.
1 —naszep; 2 — cknsna npusma; 3 — kymomipruil cmoaux; 4 —pomonpuiimay
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Puc. 6. ExcnepumenmansHi ma meopemuyni pe3yibmamu 00CAIONCEHH S,
3anedcHocmi Koe@iyichma 8i00u6anHs 610 Kyma NaoiHHsA NPOMEHs.
Ha npusmosuii cencop 0ns 0osaicun xeuni 0,633 mxm (a) ma 0,650 ymxm (6)

[TopiBHSBIIN pPE3yNbTaTH JOCHIHKCHb, MOXKHAa 3pOOMTH BHCHOBOK IPO HE3HAYHHMHA HE30Ir
MOJIOKEHHS KyTa IMOBEPXHEBOI0 MIa3MOHHOro pesoHancy. s moexkuau xpmii 0,633 MKM BiH CTAaHOBUTH
Dg=055°, a mis noexunu xuimi 0,650 kv Dq =0,45°. Take BiIXWIIEHHS MOXKHA MOSACHHTH
HETOYHOCTSIMH TOBIIMH ()OPMOBAHMX INIAPIB I Yac BUTOTOBJCHHs, a00 THM, IO peaJibHI 3HAYCHHS
KOMITJICKCHUX TMOKa3HHKIB METaNiB BiPI3HUTUCH BiJl BUKOPUCTAHUX Y PO3paxyHKax. Bapro 3ayBaxkuTH,
mo He30ir 3a MIMOMHOK KoedilicHTa BiOMBaHHS B MiHIMyMi Moxke OyTH CHpWYMHEHHHA IUQY3i€ro i
PO3CISTHHSM y IIapaxX METaliB, HANMJICHUX Ha TIOBEPXHIO MIPU3MH, OCKUTBLKHU JJISl TEOPETUIHHUX PO3PaXyHKIB
1l SIBUILA HE BPAXOBYBAJIH.

BucHoBku

TeopeTuHO Ta EKCIIEPUMEHTAIBHO JOCHIPKEHO XapaKTepPUCTUKHA CEHCOpa 3MIiHM TOKa3HHKa
3aJIOMJICHHS, IO TPAIfO€ Ha SBUILI TTOBEPXHEBOTO MJIa3MOHHOTO pe3oHaHCy. JociikeHo BIUTHB Pi3HUX
MapaMeTpiB Ha IMOJIOKEHHS KyTa MOBEPXHEBOrO IJIA3MOHHOIO PE30HAHCY Ta HA 3HAYCHHS KoedillieHTa
BinOMBaHHSA y MiHIMyMi. JIOCHiPKEHO 4YyTIHMBICTh CEHCOpa Ta TapaMmeTpH, sKi Ha Hei BIUIMBAIOTH.
[TigiOpaHo onTHMaibHI MapaMeTPU CEHCOPHOrO €JIeMEHTa, HEOOXimHI Ui MiJBUIICHHS YYTJIUBOCTI
BHUMIpIOBaHHS. BUTOTOBIIEHO MPU3MOBHIi €IEMEHT CeHCopa, CKIIaJIeHO eKCIIEPUMEHTAIbHY BUMIPIOBAILHY
CXEMY Ta Ha MPAKTHUI JIOCIIPKEHO pobOoTy ceHcopa.
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3anpornoHOBaHUN CEHCOp MOKEe OYyTH Iy)K€ KOPHCHUM JUIS JOCTIDKEHHS PI3HMX XIMIYHHUX Ta
010JIOrYHUX CEPEIOBHILL.
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