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BT ARGREF/TO—T 7L A DELEFEAGRALFITEH A HEK293 HRRICxTLRZE
YFP ZAWTCEGRFEARRET o=, TORER. BHELT- HEK293 HifaIZxf LK% YFP &
BT, F/70—J%HaIc R LRI AZIT52 LT DNA ORFTMEAIZKTILT,

KEMIA/RTO—TTLATNAROREEIT o1z, /A VB F21—T R BEBOALFEH
HiE, BRUEMEOREEZENEL. Fa—TORAICAID I L) ERELE: I/EREES
A90F 21— HBEWTL A DEBILEMOMEILLZT DD MEERLIz, BEL
fz WBIEEF1—T OEBEDOBEREToMHER. I/ BILEF1—T DXBEH DO RRYME
[£3.0 um &fgofz, T, RFRD Ir ER LBV BRIEIEF 2 —T DRRYMMETH S 9.6 um
FY.BLEFMERTHRETH . CNODOEEBRER L. HIoREEHMIBMBTO—F AT
H% FDTD ZHFRAVWTHETLIEREBWV—BZERL Iz, Fa—T ORAIIZHELE Ir (X, &
WAK—EBREAVE—F VAR METRT 20, S EM PR TOMA SRR EMAaE G
EM, Ir(Ir0x) /BRILIER A /O F 21— T E TR TE S5 LHFSN D,

(2) 548

Q AET—KRERERAT//87A—TPLAT/INA XD
KNEERY(/070—J&BILTOCADHEL, FEEBAT /N1 ADOREICIREA

e CNFETOTO—TERBLLEERTROEBETEIC IFICEREM. XM EREED

TLA . EREEHE. RARTEINESE. CNETERND T /NS ANRRTELI > KINE

BRYA/070—J%FH 1=,

To—JESHNEE TO0—JTOERTE um THY., TO0—T LinD RSB EmERIMEIZ4E
SEB - ARAANDESHEAVE—SFUANEETH =, FIZIE, BEIBOMEIZE
(A ZAWN-BE . BB/ UE—F U RIE 1 MQ~10 MQ(1 kHz) &Y ELISBEBREIZLD
HREEMADBE. eV EEICLENVMES M T L OME CTHREMZEMICEEHT HC
LIETELGV, AR T, TO—T LD BEBHM AR ERBOE AN AGELZEEE
(Pt-black) #T S €. FDFEMEERLT-, Pt-black ZH 5T 5T, EEH um OTO—
TEBDEAVE—F O REBIZIE, A/VE—F X ~100 kQ. ES A H/H FEE~100%(1
kHz) I aTREE Y REM/INTO—T D BRI RE R TES=,

det it



Fig. 1. 2)arA49o070—J 7L AR B (K 210 pm, @ 300 ym). (a-d) &4ET
B () TR—TT7L1DEFEMKETE. (HE—-—Tn—TJDRIK.
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potential FHAIDHER.
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FEEHEERICLLEHE FAFXLA-HEEBOEIRERICIE. TEEHEY (BB BIEOSY
bR B2 A=, I ZIE. fEE 300 um, £E 200 um D TA—T 7L A HIF BB (SEIRER
7 um) (Fig. NZEAW=ZYEKINE B/ AL IILENMOHIFEEEERIZE WL TIE. ZvbOESRIE
(23t it L= 2 #E $ AR %k (action potential), 82 & E I (Local Field Potential : LFP)ZZNhZh

FALT=(Fig. 2) , HAKER D EHRT LY . £ HHEIH S D Action potential ZZNZ D BB
Fro IV TEHBITE-CEBEIEL TS, F- MBHEEOFFMEICE L TIE, BRETIER
Hum OWHTO—TERANSIET, HEDEB(>40 pm &) LR TERRIGDIERE
RERBFHLGBRENSHSANICL= (Fig. 3) (HH: EERMREMER £FFHMIEH
72 8), (A. Fujishiro et al., IEEE MEMS 2011, A. Fuijishiro et al., Scientific Reports 2014) ,

66—um—diameter nichrome-wire 38—-um—diameter nichrome-wire 3—-um-diameter silicon-needle
coated with parylene-C coated with parylene—-C coated with parylene—C

»

Fig. 3. REMBFMNLTO—TRIAICKSMMEHE KRG OTE (SvbRiNEE. EERIA 4 A
%), FHEEZNZ N 66 um ERE (). 38 um EFE (FR) DFO—T (Nichrome) &, IRETHERE
3 um ) TFo—J(H\E)EAW:. EBRIAICESEBEON)DH#ELT . 740057 (REIC
2E)DEENRETEU)ITO—T THAIZHESBE LB R ICERBTETVNSI LAY
"3

TR—JERIEE. PIASMEESEME LaRLiz&SIc. &S 200 ym OTO—TJ [ &KoY
(SHIBBIZ K BTy KN KR B RHHZMAED in vivo FHAIZEEELT=, LAL. £E 500 pm LA
FOETARGRED) 24907 0—T %AV ERIARERICEWNT. fIARIOTO—T D
FEJR IS EARBADRIADRENH oIz, T T ERMEBAFIATBELZ T ARIE
7 O—J%FEHT 5. arTo—TJICERIEMEERIET2T0—T ORIER L%
HAt-, AL THFET R0 TO0—TEEIL, D) IV EBELEELT 10 5D 1 LL
TOEREWIZIE Utah BEEDOERIL~80 um) [Z&FELZ 5 BREULOZEKMEERHED, L2
DAHETIE. COTO—T ORIEEFHIETHILIKY. “RAICKLELREROBIMEEED”
TO—JBEBERBTHENTED, LML, BLHHEREMZEBEERRT I, 8T
A—JDORADFEINRETHD.

COREEMRRT 510, ERANTHEET ISV BIEMHES )2 TO—TEBIZFHHE
B3 5hEE#H-ICIREL (Fig. 4, PlIZIEERBEEEDENILIT74TO(0ETA—D
FLAIZHETL, ZOZDERICKVBIESESIET, YaoTO—T7L1ZELREIED
VIVITHRIETED, ERICCOFEIZELY. 650 ym RSO avvs/4o070—J (ERE 5




um) DRIAZFEZEL TS, OB ITHHME EHWVEAEIL. 8T ARSI, ZHT0—T
EBERENEBAFIANTES-O. EARARGEEBTESHLOLVRIAFEELTHEFTES
(S. Yagi IEEE MEMS 2014, S. Yagi et al., Advanced Healthcare Materials, 2015),
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Fig. 4. “BIFAME £AVVTO—TJRAZ. ) RAZOMBE. fIZE £HXEEEOTL
NI4T 040 FTO—TRITISETL. TORDEIRICKVEILSE LI LTSI TR—T
DRIMZESHS. VIILVFRINEEREICIEETDHEBHETD. D) YVAKBREDRIAIZESL
T EHLGEI)TO—TEERT I, () VIIXBFHMERANSIETITO—TERATES.

Q #SET—~<I+/70—T7LAT /A AN

HMBEANEF/R5—NLTO—T7LADER/ILTOCRADMHEL ., FEABEEBRBET/NAIAD
REICIMEATR, S /70— ORI AL, MIERAEETE ., FBREFEIR
SELT=,

F/7R—=JSWmMIEM S/ 70—JhmmMIMEmILILz, %£F . PUaviERRERIC
Y arv4o070—JFBEL. RATL—a—NEICKDEBER I DCRMDEREY
JAVEAMIVFUIERWN-TO—TJHmOBIRBMIIZEY, FIHEE 100 nm LUITD
F/70—TFEET B, RIZ RN\VAYTEIZKYBBMHBIZ L, T5FF (Pt) P&
(AW IFRKIEL . 7O—7 ORIEFHEZIE (B2 1L, (BIZIE., BREIEAS Parylene) #RIET 5,
RRIZTO—TEGEOROZETS, COFEDHEILICKY, F/70—T 7L/ EBDETEIL
M A EEE > T=(Fig. 5) (A. Goryu et al., Nanotechnology 2012) ,
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Fig. 5. 7/70—J7LAEBDEEIL. (a—c)PtEE, BRILIRHKIESF/TO—TELE.
(d—e) AUEME ., Parylenetf &+ /T O0—JEE.

BN EMLRE MEROESEERBORBITEZTILOICITHEBIESICE THHMENS
FroRIIVEHRANENTHREEZOND, LHOLELD, BRSO MIBAEBLL, 512K in
vivo FHBIOEHTICHEITHHIENS R -RFREETIENLEFEEINETITHEISNATL
BV AARTIE LD Z R -RFMEASMEHIERICAT., LEOF/T7O0—T#HEE
B7LAEREL, TOEXMNEZIFEL- (Fig. 6 Z),
FROFETRELEF/TO—TEBTNARADEEBRRDICEFEIE—FTUR(E
3.0 MQ(1 kHz) TH>1=, EIZ. HIERNESEEEHLI-A NES 1.6 mVpp, 1 kHz EEXKEAE
BEEKIZMA=BE. ANWESITHLTH 5 EIDH HIEEESE-. EHBEEN,IM/NTHS
F/70—TEBVEBAUE—F o ABHEICESERESDEENEIINIA., MR
EEDEHM(~70 mV)ESEIDTNARAAHALLDRER LY. BELI-T NS RZRAWLTH
+ mV A =S —OMBBABRNETRITESLEEZLND, MR TIERLA, ThETIZS
v D AMEE RO -RERICEWDTHEAOFIEEROEBIZRIIL TS (Fig. 6 B) (Y.
Kubota et al., IEEE MEMS 2014) , §#& [SHABERTOMIBANEN 2 S RIEFHRIANERT S,
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Fig. 6. 7/70—J BBICKHH M (Sv ) DR FS L BRI DR

BRMEGEFEAANDGH ThETICSHE~D DNA BEAZBMEL, BRRTGFT/RT—
LWDATTYF—MRESNTERLIASRE. PJav(SH+H/Fa—T7 vh—Ro+/Fa
—7J(CNT) ], LML, ShoDTa—TJIERIPT7LAMEGED A THRBETH 1z, T TR
HETEETARIN, F/70—TF7LADEGEFEAICREHZICRAT=, 22T
HEK293 #EAZ X LK ZE YFP Z VLV GEGFEAERREZIT o=, TOHE. HBE LT HEK293
MICHLREYFPEFT. F/70—J MBI LRI AZTSCETDONA D BRTRIEAIC
MLz (157 SREMEEXRE BEIELEZIR) (A Goryu et al, MRS 2012, A. Goryu et

al., in preparation) ,

Q HRT—IAREHTIIDTO—TF7LAT /M ADRR]

HMEARIBAT//0TO—T7LAOEBLETO AN, £ EBEBEAT /N1 ADRH
[CHFHATR, REOHEIAIVAF1—TTNARAOPEEEE“ HENTO—T"ELTH
U MRS AOF 12— T AR RIBRE R RRIEFSE, BICHUNF1—TRE
DR THARRBBATEERE L=,

Fa—JEELL chETOI)IoT(/0TO—T%“R"ETBIET. BibfE<v/o0OF
A—TT7LADER LM EREILLI- (M. Sakata et al., IEEE MEMS 2011), LAL. #FAD
FBISAZEZEBLIIGE . /M7 F1—THBRILIEEOAH D=0, i) BILIERIELZE NSO L
BBIZKEARBBRAEDED. i) BIEEIA/O0F1—T DETARIMEICESERMA
VE—FURDEMGEE DEENH oz, KB TIE. ¥4 /OF 21— T HEEBD I FHF
. ERMEHEORELZBENEL. Fa—TORBIZAIDILINERRELE: I/BRIEIE<A
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IAFa—THREBOEE LM OB EDOFTMLEREL -,
HFHEFEICEBVT, Fa—TEAMNSAS LI-AZ I CEXTEHILICKY ., BEREREOF
A—TDRIBERMNSDIDRNEHSIENTE, BIMMEORENHF TED, LEBIEKFT
DIAUBF1—TRIZHE T2 HEIHEEBHIBETO—FEZTHS FDTD EZERALTEFL
fzo COFDTDAIZE Dol —2aviER &Y I/ BILIEDFa1—TJ#EE&EIZTHILT. Ik EH
WEWBIEESA/O0F1—TLHEBL, XORBEHERBAMESARLLIZCENERTES:
(Fig.. 7803R), FDTD ;EDAEMIEREFREIZ. BEE 3 ym, KX 30 ym D> JarFn—J LIz,
FA(Ti . 20 nm)/Ir(200 nm) /Ti(20 nm) Z R/ B4 3k TRIEL . B {EIZ (800 nm) 72
B RZBICTO—TRIHEBLL. DAV IYFUIHRXeF) ERWEHETHD D
VIO —J%FBRETEIET. WBILIEYAOOF2a—T 7L AERB L= (Fig. 7 H),
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Fig. 7. Y49 F1—T T N\A RARIZE TG D BHIGHET EEELI=F1—T. (a) B
tlE</a0F1—7. O)I/EiEE<(oOF1—T.

Fa—ThHMEEE REL-BIEEF1—T . 65L& WBRIEEF1—TOBBLOHER
E{1of= COBBEGIORF1—TTNAREZBBLI-EDRESMEHEL, LBES T
EGZEER - FHELIz. ZRRRED 1/2 DBREDEERARYMEEEDIHE . I/ ERILEF2
—TDRARYMEL 30 um Exof=, Ch(E, ARKOBILIEF1—T DRRYMETHS 9.6
um &Y. EVEFTEERT R CTHo1-(Fig. 8), ERMFHEICEV T, Fa—T ORNEEC
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BONBARE—EBRREAVE—SIVRABFHERTBERILAIDVLIOX)EMKTHLET, Bl
EEEMIZESF1—DTEBDEAVE—SF LV REARND, Chb &Y., BEMSETOH
RS R MR ELLRIE D, Ir (IrOx) /BRLIER A VO F 21— T B E TERR TEHLEFIND
(T. Nakamura et al., IEEE MEMS 2013, M. Sakata et al., Applied Physics Letters, 2014) ,
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Fig. 8. B{EIEF1—T . &V I/BILEF2—T OBBAOBE. () FHEOBBE. (b, o) 2
NEN.BEEFI—T. LU WEBIELEF1I—TOBBALDOEE. (d, e)FNFNDFa1—T
DHBEDT. FRALELREF 2 mW, EE 532 nm DL —H—.

Q #ET—<lIC. MEMS £E{LT /(R

HIREHAATO—J/F2a—T 7L LD IC.MEMS £BtTOERDHEIERA-, ERH
MRGEIELL T ISR, J0LAEEK, EFv RN TO—THOFrorILELY5—E K
DEBILMNARETH S, CNFETIZ, FYTVRATLLIZHE TR ERIESNIER KD
A WMEEERL, 1 E—2 D XEHEER (Source—follower array) & & &5 5 L[] B&
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DT7A—TFyIADEEHEMEEFEL = (Fig. 9)(A. Okugawa et al., IEEE Electron Device
Letters, 2011),

-type Si(100
(a) \ SiO:Mask 111
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Fig. 9. HIRRRIE AIES B EREEBEH T HMHZFEBIO—T. (a)MOSFET £iE{LTOEX. (b)
AE—F 2 RZEH[E & (Source—follower array) 83 52107 0—T D EFBEMETE.

3. SHRORAH
Q BRT—VTKRREATA/0TO—T7LAT /A1 AT ]

CHETIZRD, BEEH um OTO—T DEREMREIERAT 510 RELREL TERRIS
BIUFHADOREEERMFTADOAIREMEZFEL TS, RSIZBILTIE, 200 ym RUEZER
BLIAS, BIZTARIMLEDELN (400 pm RUE) TO—TBBOMEZIiiTEZDRIAST EE
FEIL. CNhEAVWRERNTOINFETIZRVEWER S EEEETANEREBIET,

Q #HET—~MF+/70—T7LATINL AN

HMRRNECEAZS YO EMIREFE>TRIELIz, (&, BT . EIZIE invivo 5HBIZE
DFHAIZEY  ESTOMIBRELLDZ MEHAIERIEL TV g T. 2DF/Ta—T TN
AZAD BAERESNTOSERNSOMIRNAT /70— OtEEE LRI HE#TTHIHZEFET
B9 3,

Q WET—MLEM-AENT(/ATO—TT7LAT NI RO ]

KR A0TO—T (Fa—T)DHERE. CNhFETHELADT I —TTERBL TSR iTE
HIC.BEREHE. XEERE ATBEATREL T 52 EEM T/ TO—T7LAT A XIZE
M35, vMIART—LORBEEL T NARARERMBEBLTETHY. SRITEEEER
FBEC TR LE-2HEEM<//0TO—TFLAT NS RO RMEETRT,
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4. FHi
(1) B 25l
(FRHE)

AAETORRIE. FIZEEFDEMBADBEHL, Lo Y-/ O0T N1 RO EREE
T#&% [EEE MEMS (R 30% 12 E) [CBEE B RRSNTWSIEN L, KOFICHEWN TS
DINIMEDHLIA TR THLEFHMIZHLEFFMTES,
BEUTICHEITRERZIET S,

Q AET—KRERERAT//870—T7LATINA RO

INFETIZHL, BEEH uvm OTO—TEBT7L A DEEEME. COMNTO—TI2&D5Y
FPRINEERNDRIANDATEBETHAHZEDTER. MATEF Y RILMDS Action potential HY
FHAITETCVWAILERBITERMNOLIAATETRY .. SEDEBREMN DS EM O HEEETD
REANOHIREHAN A CEHRERESF -,
Q #METFT—~<IF+/70—T7LAT/\ A ADH]

BVWTARGREDF/TA—T 7L/ DEBEILEMOREILIZKY., HBRZERSHTH/Tn—7
FRAW-HMENELDZ R HEECKBEBINAIREL L TE, CNIE. BEFEDF /TN
AR(EEZ10 pm UUF) DEEEF REILETEDLEEZ D, SHIC, BBNIES T BATHIRER
ANDBEFEALFTITREHL, CNETICEELGHERZERBE TS,
O HET—NFa—T7LLTIADEHE]

SEMD R TOMBNRIBETRELET 5. ARYNMEIum OB BEER Lz, Fa—TNE
[CEEFABBA K TES-O. CNETIZHVLSERIEEMAE AR EEHA AR — L& TH
B S HEEMHRERTO—T DERAHFTES,

(2) ARAE T (AARBZEEICOVT, REFEPICERmSINT-. F2RIDBHEZETD
BT —F N\ OERFEZ DD UTOEY., B&FFEETo) .
(AR RFE)

AHBIZEWT, HHAEISEHEBRMEELTREAVDF TOEMAREL T, HIZEED
BRM- LM - MR- FIEERER T 59490/ F/LRNILDEBTLAERFELI,
BMIBFZE Tl IR R HEIRER . B RN EHRIR MG E DI IEREM 1A EZFRALT
RECHKELD, TORELLGHMIFEFHA . HEHEZS VO RFZEM D EEEICKYTIMREE
MIFEDRRLEELETIVLELHY. COHMNTO—THAELNBR2DORETH D, AHF
REIEERAV DA RAD—ERBEEE EVWSIHRBFEEZRAVNERINEBB 7L DERE
RiEREILILI-A. ThEBFEA . AR T BREMNERE. SEZM I HEEEBTLA.H
KU BBEDERRE (1C) EADOEEEBEERL. ROLNHEREME . 57
HEZEH. KD TN\A RDODBRREITEH AR M AR EIT o=,

AAROARBMILER SN, AEBREEGHETES, HILWOVEREZHEA BB T /\(
AEAF. EFEMEE. £ Y- 28, IEEE MEMS (BEEHARIN) ~AORRELLIZ. FHAHL:
BEBZAN-EBRMEEEOXRMEICREFTFH>TRYHARLIELEEHEEN S,

BRRIZE, TKINE ERRRE-S0MEev//070—T7LAT/\( AR 1T, HEE
[ZHEWIIAULANLOTO—TEBEB7LA DB EMERREL. KINEERA~ORI A -518l%
FERMICHERL=. (/70— F7LAT A RARITIE. BWFARI D F/T70—T7
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LA DOERIEHEMERIL. BENEFESTH/To—J AV -MEANELOZ RAZED
HREFAZEREEL. BRF T/ TS ADHREEREHER L=, S5I2, BRREB TORAT
HMIEANDEEFEAIODVWTERGRERES . [Fa—T7LATN(AFRRITIE. BZE
5 R CTHIREAN DRRIBERIREL T 1= ARYMEIZVOV DR BBERBR LIz, Fa—T
RNEICEEHEAEBEMRTE KRIBEMBEME AR —IETRESN ., SHEMEE
BI7O—JDERELTHFSIND,

BMI HARIIFREREEZZFRALTAEREERLTED, TDREZLT T MIBHKAED
RISODVWTAARGEBHFRARZEDDIVLENH D, AR EH T LZMBEH THE ORFERTZ
BELI-F/ /40T 0—JHREFEELTHAMITRMEINSLIIHY | KAROHREER
FAHHEEFHE AGRNRSOREMBEAELZSZ /A THRATSF/ILIMOZIX)
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