EfEAXFZZHMBHRI NI U
Keio Associated Repository of Academic resouces

Title EERHEICENTEDRTILXFTINBEAX—D2TT7 1A
Sub Title Flexible film-type oxygen sensor for measurement of skin and organ surfaces
Author BH, Z#(Tsukada, Kosuke)
Publisher
Publication year |2019
Jtitle BEMEEFDEHRRARBEE (2018.)
JaLC DOI
Abstract EERORBXRBEEMNETTIHUTERRE LD INARBEAEOBREE Y T/NA
ADFARZET 2. BEELVHIRERZIUBREZRCEVIVIE. BEXERE. ZXEDIE
THBRLE, BRERZIUBERERVAFLUF/RFICHATRZCET, AEREOE LEICKT
L. BEXRICEERILEFRLEZRAL., TOEBKNRKEEREL L. REXRL SHEVICE
FEANARETHD CEERALL, MRNICERFEESBETRITAICETRIRENTX
TAX—DVITNOISAFFE N,
We have developed a new oxygen sensor device that can be attached to the surface of curved
skin and organs. The oxygen sensor consisted of three layers, a sensing layer containing an
oxygen sensitive dye, an excitation light source layer, and a light receiving layer. By encapsulating
oxygen sensitive dye in polystyrene nanoparticles, we succeeded in improving the measurement
accuracy. We adopted electrochemiluminescence as the excitation light source and determined its
electrical condition. The calibration experiment showed the possibility of measuring oxygen
concentration with high sensitivity. In the future, by arranging the elements at high density,
application to two-dimensional imaging of oxygen concentration is expected.
Notes W3RER  EBMRE (C) (— )
W EAR : 2016 ~ 2018
REES 1 16K01372
MESH  £hETE
Genre Research Paper
URL https://koara.lib.keio.ac.jp/xoonips/modules/xoonips/detail.php?koara_id=KAKEN_16K01372seika

BREFBAZZMERVARD NU(KOARA)ICEBEHEATVWAR AV TV OEEER., ThThOEESE, ZLFTLFHRLWRETECREL. TOEINEEEEEICELST
RETNTVET, 5lAICHLE> TR, EFELZEFLTIRASEZL,

The copyrights of content available on the KeiO Associated Repository of Academic resources (KOARA) belong to the respective authors, academic societies, or
publishers/issuers, and these rights are protected by the Japanese Copyright Act. When quoting the content, please follow the Japanese copyright act.



http://www.tcpdf.org

©
2016 2018

Flexible film-type oxygen sensor for measurement of skin and organ surfaces

Tsukada, Kosuke

3,600,000

We have developed a new oxygen sensor device that can be attached to the
surface of curved skin and organs. The oxygen sensor consisted of three layers, a sensing layer
containing an oxygen sensitive dye, an excitation light source layer, and a light receiving layer.
By encapsulating oxygen sensitive dye in polystyrene nanoparticles, we succeeded in improving the
measurement accuracy. We adopted electrochemiluminescence as the excitation light source and
determined its electrical condition. The calibration experiment showed the possibility of measuring
oxygen concentration with high sensitivity. In the future, by arranging the elements at high
density, application to two-dimensional imaging of oxygen concentration is expected.
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BRI DAROBRBIEERTEITES HERANEFIH LISV AL T A R iEN
MREEMIEN TR TH Y, BBREHROEWVEEICH L TS bhTHnARNnE BEbhn
5. 2SNV AFF T AN VIRFARICERECHB TE 2R AN KREN—T, ~E7 v b0l
FEERAT D0, @ ERIESMMNR O, v —TfEEofREsnEiLices. 72—
bz (CO) PG Liz~EZ vy EBEIL~E e B DORIRARY NUVTERT 57
O, COHFEFOBBERIIIAME THD. BBREMREITIFICERL L THHINLTWD
D, BRORANIZ L > TREZMES  KIEFTHIETE 20 ZREMAZIET D HEOKIEL
B 572 E, HENREZIND.

TR RIEE 23T 2 LEMEIRRR O 57, EFEEEMEICBONTHIEA ML TWn
5. Bl ZIE, BAEEREOSE CIiEMiEEEOBRBRENZEDOSLERE L, FEEAYFT
IAREE R RE DN T A M E SISO 2 N T —FT 2 Z LIXRE<HMLN TS, (o THMl
FRE T BV CIXME R I E 2 B (B BT D LN H DS, B oM A e 35 2 1 2+
LIz, HEEIRTCRIE LIZBRREE S MEEOBRBRENR D ZLXbEV Mo T
V. ZOBREE, HIRE P OB SRR A RN D TIENFAE LWz, BRI OREMIC
LI DGR ETHD. ZOLHIREEDOL &, WERRENKREETH o 72 SRE 72 A
BB M E CIOH CE DB BB REFHEZRRTOILERD D B 2 T2,
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AIEOE RO &, AROMMBE-ClE CEEALT TRe e 7 L X U 7 v 7 4 v DRI OERTE 5
UV EHRICHBE T EEEME Lz, EXRILE%E (Electrochemical Luminescence:
ECL) OFNJFHL EMEMISER 2RI T2 Z & T, REMCIERIICHE TX, £ E07%
figeds < AR BT ATREZR SN RER CTH D, ZOERBOZHIZ, BEBEFEZMEARELS L OEL &K
T AR, S2HES, BERRDO 7= D DB E 2 7 L X T AMBL TR T A LENH 5. AKBFZET
IXEMM RO E, ECL M2 ik 9% 72 OB EENS
2 ® L, BB BT T DAERFEREZIT 72, &% %
HHIIZIT ECL #7172 2552 Z L I2 K-> TR nEA
A= TTNRA ARESEDLZ L BET. oo =
FHUL, FUTH O/ - IR T =2 OREAEFR L Vo T-
BRI O A 72 63, MG ER 1T W TRk 7o e R e 2 B
EETAREEZEZIILD L THEBES S LE, ek

SRS S (X 1). H1 L% T LERE YOS A
3. WMEDHIE

(1) 7 v v 7 VR & BB EL O E

Wkt o R s, b4 % ECL &,
ZHIED 3 THER IS, FEI ' & e DR
ZHEARNDOHNIT ECL g4 @il L T /EIcE b7
W, BBONRY— 2 LFBBENEREICED D Z LT
5., TLTHERBOEKBELOEBEBMEIOMEE L LT
ITO/PET, PEDOT:PSS/PET, Graphene/PET % f5f L 7.
MR AR L2 E T 2 KRR OFZBRE L 5L ERH T
FHAIL, TR EIOHBIE % van der Pauw 4 W CHllE 2 JLFVTIVERE - BIROHE
L7z.

(2) ECL # -+ O &EEFINGA OPE

ECL #1341 73 DPA (9, 10-diphenyl-anthracene) &
X FrEME Tetrabutylammonium % /L= AR L 7= 1A
% 2 ¥ ® ITO (indium tin oxide) ' 7 A EMr CTHede = & T
TERL U7z, R ME R O b I & 72 ECL M % A pk
T DA, REE 150 Hz, 18 Vpp I 1V DOA 7w &
MMZ T2 T, duty tb%E 80-34%[H C 1% T > (L =4,
ECL ¥ % e 7% (PMT) 2 AW CTHEE L7 (1K 3).

3 ECL BEFFORIE

(3) ECL Y&l % 7= U v el

ez M3 Pd-TCPP (Pd(meso-tetra (4-carboxyphenyl) porphine)% % A A% &\
R U = —PDMS (polydimethylsiloxane) {ZIEA L, AE Y 23— MIXk->TT7 4 VA BOfEEE
YT 4 NDEER LT, ZOFEL YT VAL ECLEF2ERTHTAXA R F ¥ 3 —H
ICRE L, BENTE% 0-159 mmHg ¥ T 40 mmHg ¢ >Z1L & 7=, pilE CHE L7-EEEN
S MWz ECL TRt Y7 4 VA& L, BBRSEIKFELTENT D U VoW E
W 2B Lz, D3 FEmD S Stern-Volmer X (X 1) &2 HVWTERE /[ EEICEH L T-.
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?0 = Ksy[pO,] + 1 (1)
T g ow IXENTENERET, ERFET OV NFHm, Ksv X Stern-Volmer T TH 5.

(4) Laguerre Deconvolution % F\ 7= U Y3 OfiEsT
ECLICX T &Sz U R y@) 1L ECLEROETE x(n) &V o HDA v 70 AR
h(n) & DEHIAZE L TERILSH, RQ)TRBINS.

K-1

yn)="T- Z h(m)x(n—-m), n=0,..,N—1 2

m=0
22T, TEV TV TR, K3 VA REORER], NIZV 7B ThD. Hio
T, Laguerre deconvolution THV> 2 BB 7 7 — L BIEL ben) 1%

@ n-j IV n\ /j\
b(n) =aZ (1— “)szzo(_l)k D)+ a-a 3)
THRIN, VoA~ Z % h)idR@THEEINS.
L-1
h(n) =T - ZC;"bf‘(n) n>0 (4)

=0
L bi?/f%/V%Eﬁ&H%E]F'HEJ?/f*/V&ﬁﬁ@YK?&, QlEFHT—NRFGA—=EThDH. g 1T 5— LR
Bte# T 0 B & x()DBEHIAKR E y)D /N F TP TR SND. U U & ECL ¥
EAREEEREL, ZFhEANE LTECLESZBRELEY U RERE T L.

4. BRFERR
(1) EAGAE & BECL &+ O & FHINGRA: OUE

ITO/PET, Graphene/PET 125\ \CiE ECL %6783 12
M, 7 LT EIRO IR K OVERMEHIE L TH Z & —0 mmHg
M6 2872 572, —J5, PEDOT:PSS/PDMS # dfstetx —40 mmHg
Lictr ¥ cilE, +ohEEnfond, Znix  3os _?gom:n'jgg
PEDOT:PSS O {LHBIMA 5.2 eV & k&1 /2 ECL O 34 159 mmie

BEDEETH00BEFBENEIVICSWVIRETHD 2
o rEZ L. ECL A%t 3¢5 duty ik 5 ECL %4
BT S, duty O ZE(IZIE U T ECL O EE K UV iR 0.2
WD 2 EAHER S 72, duty H 31%I2 3\ TR 0

P ARNED 80 us Lk b/ S <, PA-TCPP % JihiL 3 % &AL 0 100 200 300

JERDNGRAE & LCTRiE L. Time [us]

(2) ECL %1% Fi\ 7= Pd-TCPP Jihiti 55 4 BRBRISLIREARR QLI
HIEC e L BEERA R 2 IV 7 ECL 2R E LT,

VN, SRy T Ciliie S vz PA-TCPP 2263645 U 12 | @ After deconvolution

/ﬁ[ﬁ{)ﬁﬁ{&'ﬁzo)%ﬂﬁgf 412, o @ff‘%%i n, [ 0 = Before deconvolution

JEZEALIZIE UTe U U e FMOERNB D b ed, £0 g | K= 0.0618 mmHg"
Stern-Volmer 7’7 v MIMIEZ /R IT, EEEFEMCREEN <~ | Re=09986
BT3RS ni (M5 F7ay ). 2/ ECL  °f
DPERERH] 80 ps 23 e O PA-TCPP @ U > 3tF 4y & b 4
WL TRWe®, ECL ORI PZHEFTITIRALTS 2
ZENFERELTEZLNT. 00 4‘0 slo 1é0 16';0
% Z T Laguerre Deconvolution % i\ T Pd-TCPP D% p[O,] [mmHg]
725 ECL plr 2 B2 L, [AIERIC Stern-Vomer 7’1 v |
R LTS (5, 570y b). BERAEOEICA LT B HERR(SemVoimer JavH)
EMEZ R LTI LG, ZHME TN Y DG DI % il
HT&ETEY, £/ Ksv = 0.0618 mmHg ! & @ WHIERE 2572, AfER LY, Laguerre
deconvolution #3252 & CHERMMNEW ECL #¢iE L2HATYH, \EERY 2ok
FHmatHIARETH D Z EVRIB I LT,

DLEX Y, RERCHS: EMMhE BT 55 COBEE L v IR Hi e T 8 A
ADRFEEITo 7. AR E L CTECLZ#8AH L, TOEXOEMHEZIE L. £, KIESE
BRCIX U I IEARMT IZ Laguerre deconvolution %38 A L, FEIZ &R 3 G5k O A3 m B L7z,
S, ZORREEIZ ECLE 4 mHBECRANT 52 & T, BERRED ZIRIGA A=V )
AREIC R D E I E D,
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