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ABSTRACT. A preparation method and response characteristics of a glucose sensor which
consisted of pH-ISFET and glucose oxidase-immobilized membrane were investigated. The pH-ISFET
glucose sensor was fabricated by immbilizing bovine serum albumin and glucose oxidase with
glutaraldehyde on gate of the pH-ISFET. Effects of pH and concentration of working buffer and en-

zyme load on the pontentiometric response of the pH-ISFET

glucose sensor were examined. Response

characteristics for the determination of glucose in synthetic physiological saline solution(pH 7.4) were

as follows. That is, the concentration range of linear response, slope of linear response(sensitivity),
and response time were }.0X 1074 ~6.0x 107*M, 4.1 mV/decade, and 12~ 15 min.. respectively.
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Fig. 1. Structure of the pH-ISFET glucose sensor.
1. alumina header, 2. silicone rubber,

4. pH-ISFET,

S. enzyme membrane.

3. bonding wire,

Iomobilized
enzyne membrane
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Fig. 2. Cross-sectional structure of the pH-ISFET glucose
SEensor.
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Fig. 3. Schematic diagram of measurement set.
1. pH-ISFET glucose sensor, 2. S.C.E.,
3. sample solution, 4. magnetic bar,
5. hot plate.
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Fig. 4. Typical time response of pH-ISFET glucose sensor.
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Fig. 5. pH response characteristics of the SisNs gate ISFET
before(A) and after (B) forming enzyme membrane.
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Fig. 6. Time responses for various concentration of glu-
cose.
(A) 501074 M, (B) 1.0x 1073 M, (C) 5.0x10-3 M.
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Table 1. Effect of glucose oxidase quantity in enzyme
membrane on response characteristics of pH-ISFET glu-
cose sensor

enzyme linear range sensitivity
quantity (Nernst slope)
(mg/0.5m/) M) (mV/decade)

15 50x1074~50x10-2 3.6

30 2.0X10-4~5.0¢103 39

45 1.0X10-4~6.0x10-3 4.1

60 1.0X10-4~6.0x10-2? 4.1
Vos @ 1.2V, Ios : 30 A
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Fig. 7. Typical calibration curves of pH-ISFET glucose
sensors with various amount of GOD.

(A) 15mg, (B) 30 mg, (C) 45 mg, (D) 60 mg.

condition ; physiological saline solution, pH 7.4

o] EBHEl & = gl ule} o] Ao ok F7HA
AFE AA7-599 9 e 27 PSP, o
£ Z4RAL A Msela) s T e ool
45mg ' 60mgyd wole AAFEH AT 1,0X10-~
6.0 X10-3Me| i, =7} 4.1mV/decade 2 HAAY
ZRY& 4 F ek

o] gh& pH-ISFETS] 7843} wmste] X,
pH-ISFET ZEtiAle] 28840] e Hojd&



182 ol gt - Fel - HES - AR

o 4 gl o)L T x kel Ashibg- A4 EQ EF
Firo] ofg} Atolm g Aol B Ao A o) F
= Z717b A7) Wi Ao A4 w§ Fen
o] Al3td wo} Ab2t MMM eI AbA
9] oko] M) AH§-& AFsA =) & o 20% O:
2] W7] Follde §do) o} sl Atk HY ¥
7F ¢F 0.23mM A Eoln® o] ZNTlE FFyEe] %
Faohe Rag 5 gl el A3l el
ehd 4 qlA "ot 2y 2l vl she] Abae]
A n 7l w2 n, B4 Fodd At wggert
vl :22)7] wjfol AHMRE o] BE Mok Tw
g Exwd f-odo disted e A ghgo] vieht
Al He Ao oA Qs

Miyahara $-°¢] pH-ISFET Zx934M e LS
= = dlo] 40mg/2mle] EAE AHgshech ol Al
o] RAzhe WlE 11 x10-3~1.1 x10-2Me]) 3L, 3
T 8mV/decadeB2 A ¥ A9 AR E TFeF
o2 e Wt gelaa hew At ol
L revgdg A & 5% HAE el v)HEE
25t 7) dl el Vehle A2, R0
of weba] ZH-gA|7ke] vl e g HE WY FA s}
= owpuce paEg s o ok
Kimura 8] £E 444 Smg/0.5m/2) EAE # A
A7 e W97}t 5.6x10-5~28X10-3Mo| 1, #Ei=
4.5mV/decadeg]t}. o] 71-& & Ad e 7HLEAlR v
sted B 2 Algde) AA7HE ezl AE F
2 4=, hess AL vl &skgdct

34. AR89 2] pHoll I} & AUSRY

e AL B4 pH WS4 Hde 5%
E viepdich v AAaE AR A6 2 3A 71,
F42) gel(conformation)7} WElg2 s184 FA49)
= o 36 oA Ha, A Y G5 vehle
pH7} o] E3HA =i, B} \-& pH A5l #oi e
FE2E JepllE slog deA ke 7184 glo-
cose oxidase?] ¥E57} Hl 2 5= pHE 6.5~7.5)
Ao gax girk 22

B AP AE o] £4710.165) % A4k H3A 2
FEO5mMI7E el dfet 2ok o] AYzae)
A 5.0%x1075~1.0x10-2M ¥ o] 3G ol th3}
o} pH7} 6.0, 7.4 2 8.0 of o) HA & 3] Fig.

rfr

i

8ol et gl e, o] 232 HE 7HeEAE T3
o Table 261 YRt} o] Ait2 e o 5 sl nl
¢} 7ol pH7} 7.49) 8.0 wioll FH-8-EAdo] 7} 3t
I, pH7} 6.0Y woll = &5l 2F Yt o)A
< 2xge] AlstE oo bo] o] AMEER B4
ol #5=7 AW E =& pH 65~7.5 ¥Z o2 84
2 W 5-9] pH7| Al 5-4-91 2] pH 749} 80X T}E sto}
21A 57] f§Q AR A7HF).

12§ ¢
B8
107
A
8¢
>
s 6}
£
<
o
2r
A 3 2
-logC

Fig. 8. Typical calibration curves of pH-ISFET glucose
sensor for solution in 9.5 mM phosphate buffer.

(A) pH 6.0, (B) pH 7.4, (C) pH 8.0,

condition; 45 mg GOD.

Table 2. Effect of pH glucose aqueous solution on re-
sponse characteristics of pH-ISFET glucose sensor

pH linear range sensitivity
(Nernst slope)
(M) (mV/decade)
6.0 3.0x10-4~3.0%x10-3 3.8
7.4 A1.0x10-4~6.0x10-2 4.1
8.0 1.0x10-4~6.0x10-3 4.1

Vos: 1.2V, Ips: 30 A
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Fig. 9. Typical calibration curves of pH-ISFET glucose
sensor for various concentration of phosphate buffer
solutions(pH 7.4).

(A) 1.0mM, (B) 2.5mM, (C) 5.0mM, (D) 9.5mM.
condition; 45 mg GOD.

Table 3. Effect of concentration of phosphate buffer sol-
ution(pH 7.4) on response characteristics of pH-ISFET

glucose sensor

buffer conc. linear range sensilivity
(Nernst slope)
(mM} (M) (mV/decade)
1.0 50X1074~50x10-7 13.8
25 5.0%x10-4~50x10-3 11.6
5.0 2.0X10-4~6.0x10"" 8.5
9.5 1.0X10-4~6.0x10"* 4.1

Vos: 1.2V, Ips: 30 A
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