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Dgyelﬂpment of enzyme-immobilized FET-type glucose sensors toward the integrated
iochips

KOIKE, Kazuto
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We have succeeded in developing stable and long-term operation of an
extended-gate field effect transistor (EGFET)-type glucose sensor using a silk-fibroin film for the
immobilization membrane of glucose oxidase. The enzyme membrane was formed on a TiO2/Ti extended
gate substrate using a spin coating method followed by an insolubilation treatment. An amino-silane
monolayer was inserted between the substrate and the enzyme membrane to improve the bond strength
between them. A prototype sensor was able to detect glucose reversibly and repeatedly the glucose in

the range of 0.002 - 0.2 mg/mL and suitable for wearable minimally-invasive glucose monitoring for
personal and point-of-care use.

FET



FET

FET
FET
FET
3
FET EGFET
EGFET
EGFET
uv XG
6000 rpm 60
30 wWt% 2000 7000 rpm
3500
| [D&5:®RE6000 rpm(ZETE 3500
=00 3000 }
€ 2500 | =
<5000 | Egggg B §
ot i
i 1500 | 1'?:;21500 ! LI T i
1000 } 1000 | . S
500 } 500 } RE30 Wi%IZEE
0 . . . 0 . : .
0 10 20 30 40 1000 3000 5000 7000

{71470V KBRDIRE (Wt%) [EE5ERE (rpm)



30 wt% 6000 rpm
1.5 um 70 100 vol%
1h 75vol%
95vol%
75 90vol%
80vol%
N MOSFET
EGFET
Ag/AgCl
DC 100 pA
PBS 100mM pH74
random coil a-helix [B-sheet
random caoil a-helix S-sheet
2 a-helix 3.6
1 S-shest
a-helix
[-sheet random coil a-helix S-sheet
nm TiO; Ti
FTIR 1650 1540 cm?
I 11
|
=0 I N-H C-N
2
random coil
a-helix
S-shest
il I
SRER L 7
- N
| msEEc S [ L
eI — & F L i1
\E To/Ti__ P % @ N\ "
X F N1 e
BRE & | F@mie® \A\\\N\ /%
| LA 7
o 1
NF -+ JLMOSFET . %' )
1300 1400 1500 1600 1700 1800
QD 3
~ JEE (cm™)




FIRKNVF B (em™) BE
random-coil,
TIFNVF I s a-helix
C=0 (i)
1620 Fsheet
random-coil,
FIFSYF I L a-helix
N-H (Xf3)
C-N (f#i) 1510 Bsheet
SEM
SEM 1 um
Km@P 0.02 mg/mL 0.002 0.2

mg/mL

HV = 8kV, WD=12mm, x5000

0.0001 0.001 0.01 0.1 1 10
FIIa—RBE (mg/mL)

1

1 mg/mL
1 20%

TiO/Ti

60
60
60 1
mg/mL 10
15 70%

60



X
B 120w | 8 120% ¢
o * >
w5 100% |ete ¢ ¢ w5 100% ¢
Ry ¢ ¢ =y ¢ s ¢ ¢
Ue 80% | N 8% |
X 8 X8 ¢
| & 0% A
2B 0% | 2 g0 |
2@ 20% %@ 20% |
R
5% 0% : : - T - ) S - —
= 0 10 20 30 40 E 0 2 4 6 8 1012 14 16 18
BiBEY 60°CMAESR (53)
60°C
EGFET 3
1

60 10



14 14 0 2

Kazuto Koike, Koudai lIke, Yusuke Onishi, Taihou Sasaki, Yuichi Hirofuji, Mitsuaki Yano 68

Fabrication and Characterization of Silk Fibroin Films by a Spin-Coating Method Toward the 2019

Application to Field-Effect Transistor-Based Biosensors

Journal of the Society of Materials Science, Japan 751 756
DOl

10.2472/jsms.68.751

Masatoshi Koyama, Toyokazu Kaneko, Sodai Fujiwara, Toshihiko Maemoto, Shigehiko Sasa CSw 2019

The thermal stability of € -Ga203 thin films grown on (111) 3C-SiC template substrates 2019

IEEE Xplore

TuP-SS1-10(2pp)

DOl
10.1109/1CIPRM.2019.8819218

Kazuto Koike, Yusuke Onishi, Kodai lke, Yuichi Hirofuji, Yoshinobu Nakamura, Mitsuaki Yano 139

Glucose Detection Characteristics of an Extended-Gate Field-Effect Transistor Fabricated by the 2019

Enzyme Immobilization Using a Long-Chain-Aminosilane Agent

IEEJ Transactions on Sensors and Micromachines 143 148
DOl

10.1541/ieejsmas.139.143

Mitsuaki Yano, Tomoya lwata, Satoshi Murakami, Ryouma Kamei, Taichi Inoue, Kazuto Koike 2-13

Gas sensing characteristics of a WO3 thin film prepared by a sol-gel method 2018

Proceedings 723-1 - 723-5
DOl

https://doi.org/10.3390/proceedings2130723




H. Mito, R. Nakamura, K. Koike, S. Sasa, M. Yano, S. Kobayashi, K. Inaba IMFEDK 2018
High-mobility single-crystalline WO3 epitaxial films grown on LSAT substrates 2018
IEEE Xplore 46 - 47
DOI
10.1109/IMFEDK.2018.8581977
30am3-PS-51
W03 NO 2018
35 15
DOI
30am3-PS-63
2018
35 1 6
DOI
Mitsuaki Yano, Wataru Kuwagata, Hiroki Mito, Kazuto Koike, Shintaro Kobayashi, Katsuhiko Inaba 57
Electrochromic properties of epitaxial W03 thin films grown on sapphire substrates 2018
Japanese Journal of Applied Physics 100309, 1-4

DOl
https://doi.org/10.7567/JJAP.57.100309




67-9
2018
849 853
DOl
https://doi.org/10.2472/jsms.67.853
W. Kuwagata, H. Mito, S. Murakami, K. Koike, Y. Harada, S. Sasa, M. Yano IMFEDK2017
Protonation-Induced Change on Optical, Electrical, and Structural Properties of Epitaxial W03 2017
Films
IEEE Xplore 58 59
DOl
10.1109/IMFEDK.2017.7998041

33 0 9

CVD 3C-SiC(111) € -Ga203

2019

Hf0.5Zr0.502

2019




W03

1
2019
FET
4
2018
CVD (111) 3cC-SicC € -Ga203
2018
35

2018




W03 NO

35

2018

FET

2018

cvD 3C -Sic(111)

g€ -Ga203

2018

Al ZnO-TFT

2018




W. Kuwagata, H. Mito, S. Murakami, K. Koike, Y. Harada, S. Sasa, M. Yano

Protonation-Induced Change on Optical, Electrical, and Structural Properties of Epitaxial WO3 Films

The 2017 International Meeting for Future of Electron Devices, Kansai

2017

65

2018
29 1

2018
29 1

2018




27 MRS

2017

29

2017

MBE W03

78

2017

LSAT W03

78

2017




http://www.oit.ac.jp/japanese/nanotech/

http://www.oit.ac.jp/oitp/

(KOYAMA Masatoshi)

(30758636)

(34406)




