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A783td 77l IBM PCd dZ2"  VMP
Multi-Potentiostat  (Bio-Logic Science Instruments,
France)Z TA B & A7|318t3 43 Teflon A
A9 A7} cello|A] o] F o)At} working electrodes
Pt disk® A}3}il, counter electrodeZA} Pt wiree
Metrohm Ltd. (Herisan, Switzerland)2+%€ TR}
reference electrode2 SCEE AH83l9th Streptomyces
sp.E2RE QoA cholesterol oxidase (ChOx, E.C.
1.1.3.6)8} cholesterol (C-8667)& Sigma Chemical Co.2
BE poEldet. Triton X-100& MerkZ HE At
BE OE A|gES analytical reagent-gradeE AM&3H
t}. Cholestrol® &l 2 ¢ooZ 2-propanole|yt
Triton X-100& 3H7lste] FUF Sodoz TPE
0.IM stock cholesterol solution2 1.0% (m/v) Triton
X-100& F3%3l= 0.05M phosphate buffer (pH 7.0)ell
A ThECh o] fde o] 4T AR} 10~159
E¢Qt <HA3ith. Potassium ferricyanide$} Potassium

chlorides 94t #¢fo 2Ry Z+7 Grif EP 5HL%
F9A3 4. Glutaraldehyde 892 Kanto Chemical Co.
o A}, Potassium dichromate= Junsei Chemical Co.%llA]
Z}2b 7#d3 ). potassium phosphate buffer solutions-
A Z37] 918l potassium phosphate, dibasic (K2HPO4)
9} potassium phosphate, monobasic (KH2PO4)+=
Yakuri Pure Chemicals Co.oll A, 97%
aminopropyltriethoxysilane (APTES)¥ Lancastersii A
At

22 M4 AR

Planar sensor®} porous sensor A3 Al 5 p-type
(100, 14~17 Q- cm) silicon waferg AM&-3hch

A9 sputtering XS Ti 200A, Pt 2000Ac°|ch
metal 23 F HAZL hot plateE o] &3] 120CAA 2
A|Z+5¢ anneal® 3lET porous sensor®] 7ol
macroporous silcon &2 F& & F4 Aol anodic
etching &3 o&iAd WA= o] o etching
solution® HF:C:HsOH:H:0L. 2 o]Fojzt}

Anodization time2 40% A E°l®, current density<
-6 mA/erroltk 254 el UV 9E& A8-319-8 o Porous
silicon®¢] photoluminescence (PL)2 54 3= 610
m TG FAHAAG, ohSt wute] ¥E EAE
98} SEM (Hitachi, S-4700 FE-SEM, Korca basic
science institute, Seoul branch)-& A}-&3Fch
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Fig 1. Schematic of the planar (2) and the porous (b) structures.
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1Y 2%  cholesterol oxidase?’t A3IE)A Pt
electrode® AZsl= #HAolt}. Pt disc electrode (A&
1 em)= 15% nitric acidd] 5% potassium dichromate
solution®l &3F solutionol 23l 80CeIA 24%F F
Mg 2HSE rinse F N gasZ AFEA T
olg A ArslAlzl AL 2% APTES aqgueous solution
37CAA 12413 e A2t 9A FHFS4E rinse F
N; gas® AZAAT} silane 9] AL BEAF)A)
93 120C 2BHAM 308 FU¢ WolFEY. silanized
electrodex 25% glutaraldehyde solution2] Z:7)ell 1A]
T E% 24tk o] glutaladehyde activated
electrode GA ZH+Z AAFL Np gasE2 AFAZG
ulAg GAZ 9o FAFSL T dolA AFE 10 U/

mé cholesterol oxidase solutiond] 3% F< H3o] &

A28 1A Y. o] 9 phosphate buffer solutiong
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Fig. 2. Schematic representation of preparing cholesterol oxidase immobilized
Pt electrode
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Cholesterol2- %3ty biosensori=  cholesterol
oxidaseE vl cholesterol®] 2t s}e] 4-cholestenone
g, O} g HO& Akstd o o PA4H HO:
o) Feoi ol wEAE whek cholesterold] ¥& 7
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Cholesterol + Oz — Cholest-4-en-3-one + Ha02 (1)
A2bEl H2025= enzyme electrodeo] 4] amperometric current
methodol} o sl %) ¥t

H,0.— 0, + 2H+ +2¢° (2)

Cholesterol®] amperometric detection® +0.7 'V (vs.
SCE)9] potentialell A 3l H ot ol Ea whg Al 4
48 HO0E A7tz g4siA|7) o] o waH
= AR Pt A XKWl o]F g o2 olE currentd
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Screen-printed Pt electrode®] active surface arca®
AAs)7) 2 s cyclic voltammograms &
ferricyanide/ferrocyanide redox couple2] mixed solution
oAl ekt o] of, Pt F2E 2tet9] planar cloctrode
9} porous electrodet™ working electrode® AFEE Yok
Z}2}te]  working  clectrodeE o} &3l 10 mM
ferricyanidc® X3+ 3 M KCl solution°]4] 00 ~
+06 V  WHYZ2  scan rate® g8l cyclic
vollammogram® %4ttt A= x4 3 S w
AE dotry] Hal S APt F2 10004, 2000A,
3000A, 4000A)8 welste] 919 AR WPoz £43}
Pii=2
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3.1 porous siticon =Y morphology

Fig 3. SEM images of the porous silicon layer : (a) tilted view, {b) top view
About 2 i diameter and 5 ;mdepth pores are formed in 40 minutes. Current
density ts 6 mA/a
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Fig 4 Chronoamperograms of a planar silicon electrode in a phosphate buffer
solution at 07V vs SCE. (a) 90mM, (b) 60mM, (c) 30mM, (d) 10mM
chojesterol solution

4499 A2 cholesterol®]l HA A= 100 mee] 3o
ol 200 mg °l8t (< 52 mM)oltk. ¥ cholesterol §%
7} 62 mM ol Az o st AWES opw
F A 94¥9 w&olvh wakA, cholesterol HES %
MM 0 mg/de ~ 800 mg/d¢ (= 20 mM) WiolA A8
A& wolir o] Hdslctet £ vk 219 43 planar
sensor9l A 0.05 M phosphate buffer solution®] %4
2 cholesterol&d ¥3 07 V (vs. SCE)9 A3
potential & 7beff FA% Aot} of ZH$ 10 mM ~
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Fig 5 Chronoamperograms of a porous silicon electrode in a phosphate buffer
solution at 0.7V vs SCE (a) S50mM, (b) 30mM, (c) 10mM, (d) 6Mm, (e)
3ImM, () ImM cholesterol solution
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curve® YEMIRTE Currenti= cholesterol ¥ %ol ¥
Ao w#stt) planar sensor?] &3 sensitivityE ca.
0.08567 pA/mM - crf (correlation coefficient r=0.975)°]
X, porous sensor®] sensitivity¥ ca. 02656 A/mM -
e (correlation coefficient r=0998)8=}. =, porous
sensor® sensitivity7} planar sensorel ®Isl ¢ 3140
F7rE A} o] AR A] B Xo] porous sensorE °] &
#& 729 sensitivity®] F7F B oluE} AFnoMs
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Fig 8. the Randles-Sevcik's plot for planar based Pt thin film electrode
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Fig 6. Calibration curves of the cholesterol sensors. Sensitivity of the
planar silicon electrode is ca 0.0857 pA/mM7%crl and that of the
porous silicon electrode is ca. 0.2656 pA/mM?2cr,

Screen-printed Pt electrodes) AFWHE A4ksb)
18 ferricyanide/ferrocyanide redox coupled Ab-§38}d
o8] scan rate oA CVE A3t 28 79 9L
planar sensor®} porous sensor Z42t¢} CV diagram2
BolEo), e scan rated] #AEE peak current
Gpye ¥ 8% 10°] Al4tste] plotalddo). oh& AejA
BXo0], scan rate®] AFL peak currento] ®|# gt

i, = (2.69 X 10°)n®2ADYC; o'/2
o] A]o] Randles-Sevcik equation©] T}
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Fig 7. CV diameters of Pt-deposited electrodes based on planar
silicon substrates in 3M KCl solution containing 10mM
ferricyanide at different scan rates; 10, 20, 50, 80, 100, 200 and
300 mV/s,

a2y 8% 10904 71-&717} peak currents} AF
scan rate?] H]olt} planar sensorolA slop2 0.03777
(correlation coefficient r=0.9994)%, A4r=oiz AZ &
A& 0.1608 ey ch.
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Fig 9. CV diameters of Pt-deposited electrodes based on porous silicon
substrates in 3M KCl solution containing 10mM ferricyanide at differemt
scan rates; 10, 20, 50, 80, 160, 200 and 300 mV/s.
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Fig 10. the Randles-Sevcik's plot for planar based Pt thin film electrode
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