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PH-ISFET gate 1ol @A Ag/AgCl 71243%¢ 848 ¥, 53 4(hydroge)™ % 71AF A A2 #AHE AR g o2 PAat
Ad, Brhay 734 A polyvinyl alcohol ¥ poly(vinyl pyrrolidinone-co-vinyl acetate)& #AATe] g & B¢ z
Qow ful2 Tas: AAFAL saAue FAHaE Aol ol Aoz FUHAT FFY AR LEAEAM 2-hydroxy metha-
crylate, acrylamide ©#AE 849 HE 2, polyurethane acrylate oligomerE 7] Aesete AZ2H ALY A ARGy s fo
87 o) "Alo) 7bsatdn, A28 FETE CO; sensors CO; 5% 10°~10" mole/ £ oA F& A4 dehiith

Abstract : A FET(Field Effect Transistor) type dissolved CO: sensor based on Severinghaus type COz sensor was fabricated by the
photolithographic process. The sensor consists of Ag/AgCl reference electrode and membranes (hydrogel membrane and CO; gas permeable
membrane) on the pH-ISFET base chip. Ag/AgCl reference electrode was fabricated as follows. Ag layer was thermally evaporated and
then its upper surface was chemically chloridized into the AgCl The hydrogel used as an internal electrolyte solution was fabricated by
a photolithographic method using 2-hydroxyethyl methacrylate(HEMA) and acrylamide. CO; permeable membrane on the top of the
hydrogel layer was formed by photolithographic process with UV -oligomer. The FET type pCO: sensor fabricated by photolithographic
method showed good linearity within the concentration range of 103~10° mole/ ¢ of dissolved CO» in aqueous solution with high sensitivity.

1. M = g H o)AS AANAZ pHAZE AAM ZAEste Wil
2t

gurH oz Fgdoly} o Fof £F otsteh ¢ Ty A4 AHEE R e CO, AXME F9rt vjud 22
(PCOYS 242 gaad 333, #A4EF F9 AeEer 2 8 wol 24 ABoF A5 o] ool T ¥uk opy
A 2 ouE A 53 2o Fof & ojgus Y 2} a7} 7telth wheld FZol &= Field Effect Transistor
(pCONE Z2A%ozA H9 #7148 Hxo 7t2 uds (FED)E AAg Zo] w5x AAIZ slgoly AT 7]
g 9 AzrAo2 $49 9 7tx9 &g AHE F 9o &8 o] 4% AN dFst Fus] AP Aok
pCOs AAE gag Hop 4 e 283t 009 A K. Tsukada[3]%} W. Schelter[4] 5& SNy #=& Zte
U3 Fxeo AFE 19574 Stowll] 5o o&) BuEH o H ion selective FET(pH-ISFET) uwtgazte] #z #E<
Severinghaus[2] o] o] AF9 A& AN dA e gate F9ol Ag/AgClzA 71& AFE Iz, #3A4
AH4E T e A9 Severinghaus® pCO: AA7E ML=k polyimideZ AH&3t] micro-poole A oh& Hgel)dEi o]
Severinghaus® pCO; AMAME Mg 49 Fo Zolgle AgAs NAFAGE 22 dolN ulo]AR pCO, HAIME
CO, 7142 714 BE34Te AM 9}Hoz SAoZHE & Azatgitt. 28l Ph. Arquintd®} A. van den Berg[S] §&



AR

o8} 2& who]AZ pCO, MM AZA F7] F Axete] HE
& Add] Yt UV =33A-dA polyester film (O»
quencher) & F&st= HAZE A2 ZH(photolithography) &
AUE AHEel 3d 2 7| AFEGeS FAsg

oldT Z& BHE A B ApdME, Ag/AgCl 71EA
% ¥4 pH-ISFETE vlolaz 4lAM9 wgiaxz &x
AR ZHE S o] 83te] 4=3bd (hydroge) W 2 7tAF I eHgas-
permeable membrane)& A E W polyester filmE 2% &
I AT 4 75 Fiute] gAo] spedE ddy 2 A
A9 Az FHo] pCO, MM EAd e 93 Yy
ZAbEHe mgioh

2.4

2.1, Aot % &

T X O

A3 Az %9l 2-hydroxyethyl methacrylate(HEMA),
acrylamide @&#A 2 polyvinyl alcohol(PVA), poly(vinyl
pyrrolidinone-co-vinyl acetate)(PVP-PVAc) ZEzl Ag=
Aldrich Chemical Co.®) Al%¥g-&, Z¥ 32 UV-oligomere &
HF) AAES AARle] AHEEYT BAAAZ Aed
2,2-dimethoxy 2-phenyl acetophenone(DMPA)¥  FlukaA] 2}
AokeE, ZBAR 2 26-bis-(p-azidobenzylidene) cyclo-
hexanone(BAC), 7}Al2 29 NN'- methylene bisacryla-
mide(MBAA), AFAZ 29 poly(vinyl pyrrolidinone)(PVP),
02 quencher® 2:¢] NNN'\N’-tetramethyl ethylenediamine
(TED)E2 55 Aldrichrte] A|FFg gz A-stg
Sodium bicarbonate, sodium citrate, citric acid @ NaCl %
EE o] Azo] 29 4 2 tetrahydrofuran(THF), toluene,
glycerine, ethylene glycol(EG) & Z+% 4vl: 2% A SFS
AHgstglon, = A Fgdo Az AHLE 2L MilliporeAt
o] Mili-Q Systeme 2 =29¥ E(>18 MY cm)S A&
ot pCO; MM drain® source Alole] YA Ages Ax
gatest 71EAF Atole] FF Aty WaE ZAsy] 93ty
AAZA 2009] Keithley#l model 197 autoranging micro-
volt DMM<S AM&38t9 o8, draindt sourceAtolo] 4AE =g
A AFE Zol F7) Y8 HFAHAZAM Keithleyal model
196 system DMME A}43199th 712424 E Yokogawart
strip chart recorderg HA ALAol Uelle= ISFETY %8
e 71E28gth B8 24899 252 dAHA 48
7] $18t] Neslab Instruments RTE-210 water bath$} water
jacketo] o] Slv AIRE7]E AZddly ey 228 $3l)
At 89 Ul §F ojasieise] 23 Ao o =mY
9 AFxE= Fig. 13 2o

2.2. Ag/AgCl 7|1Z H=9 &M

FETH COAiAM e wehixie)l pH-ISFETO gate®-$lol Al
Mol 2¥3E 8l BEA AzFTAH RYHE Lft-off'd
[6-71 ¢ thermal evaporation'# ©& Ag/AgCl 7|FAZ e &
Adatdon 1 3L Fig. 201 Jehdd)

(a) pH-ISFETY SizN; 22 Yol positive-PR(AZ 5124)2
Ag/AgCl AFo] Solz F& wesitt

A4ZPES 0|88 CO, AN AT Az 7

Fig. 1. Schematic diagram of testing circuit with the FET-
type pCO: sensor.
R : Ag/Agcl reference electrode, S : pCOssensor,
M : magnetic bar, W : water jaket,
MS : magnetic stirrer.
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Fig. 2. Fabrication sequence for Ag/AgCl reference electrode on pH-ISFET.
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Fig. 3. Fabrication sequence for FET-type pCO» sensor device.
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Fig. 4. Sensitivity of Ag/AgCl electrode fabricated on pH-I
SFET according to heat-treatment tempereture of
Ag layer.
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Fig. 5. Sensitivity variation of Ag/AgCl electrode according
to chloridation time of Ag layer.
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Fig. 6. Qutput voltage calibration curve of fabricated Ag/
AgCl electrode according to Cl” concentration.
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Fig. 7. Micro-photograph of hydrogel membrane pattern with
the aid of Mylar film.

Fig. 8. Photography of hydrogel membrane fabricated by
photolithographic  process without —polyester film
(Mylar flim).
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Fig. 9. Change of UV-exposure time with the amount of O
quencher.

Fig. 10. Photography of hydrogel membrane with HEMA/
Acrylamide/O» quencher.
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Fig. 11. Output voltage profile of pCOA[CO.)=107~10%
sensor with urethane acrylate UV-oligomer as a
gas permable membrane.
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Fig. 12. Photography of double layered membrane by photo-
lithographic method with HEMA/Acrylamide/O»
quencher for hydrogel membrane and UV-oligomer
for gas permable membrane.
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