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The Fabrication and Characteristics of FET-Type Electrolyte
Sensors by Using Sol-Gel Technique.
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Abstract

PVC membrane, which has been used for membrane of electrolyte sensors, shortened sensor lifetime
due to poor adhesion to sensor surface and exhibited difficulty in standardization and mass-production.
To overcome these problems, the membrane solution was prepared with neutral carrier,
matrix(TEOS:DEDMS=1:3), solvent(ethanol), and a catalyzer(HCl). The fabricated electrolyte sensors
showed typical electrical characteristics of MISFET (metal-insulator-semiconductor field-effect
transistor). The K-, Ca- and Na-ISFETs showed sensitivity of 53, 25 and 50 mV/decade in wide
concentration range, respectively. The response time was about 90 seconds and the drift was
0.05mV/hour. These results suggest that the sol-gel method and the lift-off technique can be applied to
formation of membranes and expected to improve mass—productivity, standardzation of the sensors.
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Fig. 1. Hydrolysis mechanism of TEOS and DEDMS :
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(a) TEOS mechanism and (b) DEDMS mechanism
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orthosilicate)?t  DEDMS(diethoxydimethylsilane)=
384 Z%(chemical bonding)e ¥ozth oY@
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Fig. 2. Condensation of TEOS and DEDMS :
(a) dimerization reaction and (b) sol-gel
reaction

2-2. A% 2 A=

Aed AM o] AT Azt A8 B4 A
(neutral carrier), 122 AL ALEHA A4 &
WA= FlukaAle] Al9%E<] Potassium Ionophore I
(#60397), Calcium Ionophore 1 (ETHI1001, #21192),
Sodium lonophore M{(ETH 2120, #71734)% A&-351%
t 28x AAAE Aldrich AFel Al2bF tetraethyl
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orthosilicate(TEOS, #13,190-3), diethoxydimethylsilane
(DEDMS, #17559-5)% AHSdlew, 1 &z AAA
o] gujel Zuj= Aldrich Ate] o] €& (ethyl alcohol,
#24511-9), @4 hydrochloric acid, #H702008 A}&3
At AdlF AX9 A g4 Az A
Sigma Ate) €3l Z-§(potassium chloride, #P-3911),
A3 ZF(calcium chloride, #C-5426), 93 UEEH
{sodium chloride, #5-9888)& Al-&3lth

Axe ZAEE4E 2AE 29 4 84L Sigma

Ate] Eg]zu}l #o| Atrizma base, #T-1503)% 0.1M

AAE Z@slo dASY BE& FholFEY pH 74
2 323 A7 9% FE&9(buffer solution)o] KCl,

CaCly, NaCl& =olAd zz&gc}. B8 g ALgs
22 £53% 33 F754E ALY, BF A&

Aol AdFE ahE AHEEAT

2-3. ISFET A=z

APL Yslo Al29 ISFET H& A3 d1Ae4
gz 9 FAHAAAES 9o & Azxe ¥FAX
(Korea Electronic Company)®l 22 o] NMOSHE
234E 71gez 3o AdEHAG 1% 32 ISFET
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o] 7ol AolE WHLE 20 m X 400 molth
ISFET #9 H]Z:*o-?é% gAY b7 2
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2 Si02 ARAALH
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predeposition* % T},
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driven-inA Zch ojul A3 i Zol
=3
) well H&gd9 A3lns AAT &
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29 3. ISFET #9 #lojol&.
Fig. 3. Layout of the ISFET e¢hip.
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Sol-Gel ¥ < 4% FETH

2-4. AR AXY FAY A=

AR WM AL ionophore 1 wt.%9 TEOS
124 wt.%, DEDMS 358 wt.%, ethanol 388 wt.% 1
21 01 M ¥4 $8&AHCl aqueous solution) 12.0
wt% g FH3 AR oA Azd FALE
28z AAALe e 2 ¥(chemical bonding)E
A717) g8} B71FAA BAREY BA & £ B
18 AsE ANl T 4 JRo §RFE BY

F1 4

E L oA AN g Z AR 5%
Table 1. Content of components in electrolyte
Sensors

components contents

Ionophore 1 mg
TEOS 124 W

DEDMS 358
Ethanol 388

0.IM HCI 120

2-5. AAF WA AL 4 T4

Initial cleaning

native oxide removal

S e St o R A

micro pool patterning
THB30

T B T 1 g
patterhing
lift-off PR

FLIM YN I TR 2 i ¥ TR

PIRER A

N

membrane coating

T W Ty T N : Rt

|

' lift-off PR strip
(10 wt% NaOH-)

ag 4 Had A9 Az ZEE.
Fig. 4. Flow chart of electrolyte sensors fabrication

A2 AR AR R 54 23

(o) ISFET

(b> THB30 patterning

> lift-off PR
patterning

() sensing membrane
spin coating

p-Si

(e) lift-off
strip

19 5. TEOS/DEDMS/ionophore ZA 2% 4S8 9
& dolE I dHx,

Fig. 5. Cross-sectional structure showing the
préparation sequence of the electrolyte

Sensors.

a9 4% ddF gXe Z2AYL T sgrolt}
g4z g ALgE ISFET ®9e §724d3 E1E
AAs7] 98 TCE(trichloroethylen), otAlE, o
Lol Z47p SR 2 &I AEH7ISAA HHdn
T ZHRFE ol2)GoA ARl PFY} 1
E3E AAY] s LIRS0 &9
A ST 27 AHE F o5 FRFE AT
g3k, 2 g 942 599 2d A8t (native
A A7) 8 HF/H:0 = 1 50 & H &
18 ~ 18 202 4% fHAMs9
XY MEF ISFETY #Hold Fiol ulo|a2EE
HA57] A8 Mv7tElE T E A AH (negative
photoresist)] THB 3022 317 % ¥(spin coating)3}
A F ouxd BHE @489
(developer)Z A ABI{ ) olw] sloja2E9 ZHol:
o 25 ol 28 AAGE FHYL 4o =
E =84 TAEH ¥E# X 2E(positive photoresist)

o
o

o

3 [s N e
2 %‘ﬂ'c‘fa
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24 79, £28%

2 ISFETS 83 E¥a1 $$e Ea4 gxuo]
449 AolE 2ye TEAN2ES AAWTY o2
A 849 TEANAES $AE & 2 mAT

Aald A9 AL gAL HAEEST 2AYL
3 ISFETY A3eHSiN)E 384  Z%(chemical
bonding)& ¥4 YEE 70 T2 FAH 2E(oven)ol
Qol St 284 2AL o) Qe Eue 8L
A sl HW AAL Sl 24 Ao, n¥A A
AA7F ARG, oy ZAWE &(sohAHAN A
(geh3teth. 28l 10 wt% NaOHE lift-off§& PRE
AASRR AoE Bro BAue] F4HA H 1
¥ 5e pATS WA 98 da2 A9 BEs
o},

2-6. 717) 2 &4
ISFETS %% AYe A8y fs @ #Hdx

(null-balance) B 2& A48 =dAY} L2224
ol AdAF H(Vps = 3 V), 2dd HFE Ips =
127 2 ASER 71& Z*:L& FAANAL 71 A
2 98 2(Orion)At Ag/AgCl 71&
chlorde double-junction reference electrode)® A&
stach ISFETS AoES 712 A Aol £ A%
3 AFe WaAE FHs7 98 FlukaAl model
8010A ©A" thE =3 7](digital multimeter)2 AM&
stdon, HtAol ettt ISFETY £84%4¢ 7]
2387 Y3tdE PhilipsAl®) medel 4-E1Q 7157
(PM8114 4-line recorder)& A&ty 7|&3%ich &
Agde 2xE 4A&A fAF7 H3td= Mono
TechAl 2% %2 7](immersion circulator)& A-2-8H%
o a2l 37 AdHAH FHE A8 Flukarl 537
(2452 measurement and control system)S Ab£35H%
o ¥ 22 AR dxe ZAEAL YAHAE &
2 Jehlix gtk FET® stﬂ“‘ AXE o] &34
e ag 6ollH BHAF

FEo ZAz

A = (silver/silver

oot
o
2
N
_C'>l_v‘
N,
O
‘ 2 o
ol
L2 o

£47]

E 2887 449 23499 949
Table 2. Measurement range and clinic range of
electrolyte sensors.

L , - clini¢ range

electrolyte ! measurement Tange o

' it {normal)
K' 0.1 ~ 1000 mmol1} 1.0~5.0 mmol/l
Ca® | 01 ~ 1000 mmol1| 1.0~50 mmol/l
Na' 1 ~ 1000 mmol/t | 135~145 mmol/l

a8 6 FHEAY NFE

Fig. 6. Schematic diagram of measurement setup.
m. Z2x ¢ i
3-1. A2 AMY AF-AY 54

29 7¢ Azd Bad AN AF-AYSAS
BUn Ao 2ol mE ¥sh 2ol YA

¥HNMHK GRAPHICS PLOT HexM%H

E
{
i
H

vou | ~cre
Linear swass
780.0 "o ¥
. Pt
e “em0v
Vortulem
v e
fert 900V
ey 2 woovr
L) B
.00
7701\1 Congtante
a --nt <oe00V
0000,
0000 4.000

vDe -4000/day (V)

a8 7. 2HE AM9

Fig. 7. In-Vp characteristics of electrolyte sensor

Ip-Vo &4 F4.

in clinic range.
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Sol-Gel #H& o] &3 FETE 454 MM A% % &4 25

HudxNn GRAPHICS PLOT wakmmss ; ' _i e e e
®. —y i i 2min, 2
20.00 = —'fg 4 :
P~ N ~25mv|
3,99 !
R A i .
v
0058 va .s000/d1v (w1 0% -_..____i_,___j i !
H + H i .
_ ) ________._T-___{ _—
298 BAE A4 Ve 54 A, ; S ;
Fig. 8. In-Vc characteristics of electrolyte sensor [T : B
in clinic range. N !
MISFET (metal-insulator-semiconductor field-effect R D
transistor) 54% BoFx gtk 2¥ 82 A=z
AdE e BY AY Veg dehiz Qo o )
1A S4E Helx s a9 9 Had Adel AeY 54 (@) $BAIZ,
(b) BEAAT
3-2. AHF AN e % ARSH 54 Fig. 9. Response characteristics of electrolyte
1Y 9€ AdAE AM NE S4E RAF I sensors : (a) response time and (b) recovery
gk BE Adfd 4Art vlsd Areg 54E 7L time.
AB g a%dqM Ca-ISFETY A7t $9F4E Yeh)
Atk 2% Ya): Ca-ISFETY #$, CaCh 10° 00
mmoll ¥ENA 10° mmol FE2 W AZL o
0% FEALE 02 Ut w2 $EL HAFD
250 +
2min. ! -
26mV g 200
! S 53 mv
-
I,— -2 § 150 + 1 decade
[}
100 |-
i | s el P | Ll
B A 1 10 100
K ion concentration (mmol/l)
e a9 10. K-ISFETY #AFFA.
’ . Fig. 10. Calibration curve of K~-ISFET based on

TEOS/DEDMS/Potassium  Ionophore 1

membrane.
(a)

~ 249 -



2 259, 242, 2%, 133

180 |

140 - 25mV

1 decade

Output Voltage (mV )

120

-

sl i3 aaaaal il

1 10 100
Ca ion concentration

-

2% 11. Ca-ISFETY ZBH A
Fig. 11. Calibration curve of Ca-ISFET based on
TEOS/DEDMS/ETH1001 membrane.

300
250 - 2
gzoo—
>
§ 50 mv
150 |-
1 decade
100 |-
1 i PRl | n n 21l 2 sl
1 10 100 1000

Na ion concentration (mmol/l)

2% 12. Na-ISFETY %
Fig. 12. Calibration curve of Na-ISFET based on
TEOS/DEDMS/ETH 2120 membrane.

-
2-_11—-1

o, G DAlten)d] o228 AT 4 12 30
2otk 28 9(b)& CaCl 107 mmoll =14 10°
mmol] FEZ WM EANLE HAFT Yrh <t
8 DAt 2 2R EY o 280}

-mV/decade ©|gth 1% 122 Na-ISFETS UE§¥%
0 ok

b

2, &4

13 10& K-ISFETS ZE5 %7 107 mmol1dl Al
10" mmol/174A] @3 A2 W Azt ZEEHL B
F3 9o, Z=7l o 53 mV/decade 19t EE H
A HY EHS HaFn v 53] 44 €9
1.0 ~ 50 mmolilA & A¥ 54& delixn
gt 2% 11 CaISFETE ZE%E7 10°
mmo/IA 107 mmolA7tA WE AAWFL Ax E
A Ay EAE RAFR Y. AMY gx

2 10° moild 1 mol1AA @3 Al ok 50
mV/decaded] ZE=EAI S8 XAy BEAHE Ro

ek

=

3-3. A7 dA9 =ZE 4

29 138 Asd A9 = ZEnf) S4E B
F31 glth, 92 K-, Na-ISFETS A$E vlsd &
& /HAEg a%dM Ca-ISFET 4AX9 =gzE
A& Uehd Zolg AME S A& FFoN
43 2(10 hours) A17+F < 005 mV

1

diift : 0.05 mv/hour

:

Output Voltage [mV]

2

-] SN RN S B NPT |
5 10 15 20 25

Time [hour]

a9 13 AHE QMY EZZE EA,
Fig. 13. Drift of eletrolyte sensors.

3-4. A3 A9 494
2 olee] W@ Wald WA HdASE T
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Sol-Gel #¥& o] 4% FETY A3 4M9 AR R 54 27

Adtd ey 2e UELY¥(separate  solution
method)™?& Hth WA U7} %ol I o7} Yol
of g K-ISFETY A9A+E T34, K-ISFETH
A4 W e 2F He KCl4x10° molDe
Z8dd distd K-ISFETS &3AHU¢e AT ¥
Ztzte) YA THEHE Fx9 PHITE G324 of
sto] K-ISFETY £3dY4E FA3sAch T84 o
g shel MM K-ISFETY Z¥7Ate] Aolg 354
ate] Nicolsky- Eisenman & #MA Z #wads3d
Ml tistd ZEEK g AAxEE HdAS
Kin®)g Fatgich

1

J

EMF = Eo + s log [ ax + Kiu (@)™ ™

4714, EMF : 7|3 8[mV],
K™ © A9 A%
Eo : 71 A4[mV]
s © Wd2E A (Nemstian) 7] €7
s = 23BRT/zF) = 59.16/z ; (ImV],25TC)
R: 714 448314 JK 'mol )
P A (K]
F : gigbdle] 44-(9.6487%10° C mol )
7 A A2 i
a  BEFEEEFE)(mov]
ay : 98 A2 R@FD)mol]

F % 98 oj2y sAF

-

Zx,7v - &

£ 3 FdFE AAMe AdAS
Table 3. Selectivity coefficients of electrolyte

Sensors

interfering log K™ | log Kean' | log Koy
electralvtes ’

Li 2mM) | -086 -0.35 -059
Na' (130 mM)| -1.29 -1.8

K' (4 mM) -055 -1.16
Ca G mM) | -148 -1.16
Mg” G mM)| -236 -1.24 -247
NH, G mM)| -229 -212 -257
Ba® 2mM) | -159 -1.24 -1.19

* values evaluated by separate solution method.

delA & 9z 2o} Ca, Na-ISFETE CaClh9
AUl = 5%10° molig NaClel 948
sllel TEE 130%x10° molel EFEold g
29 A4y e 4 01191 EZ 444 dg 29
AARE o] g3 MHALE Faldth E 304 A3

A AAY el EHFJ AeAFE AT
Na', Li' € K' 59 0|22 va2d A W4 E}a*
o8 ZA3E ol2E0BE o5 dF MHAs
Zul2 AN AZRAE vehdles =7 "Hd %
AN 2AG éﬂf" Li, K'9 HeAsrt i §
2 grou} Ca”, Na', NH/, Ba®'¢] AeASE golA

ﬂﬂa%%%%%iﬂLﬂ
v.Z2 =

E =RdAE wted 482 3H7£F
7} 7} (photolithography technique)& ol-&3le} ISFET
9] Zo]& AcES ] nlo|a2E L YA 1 Y
lift-off Y& Agsled ZALE nAe o 3§ A
A FETZ Az 4M& Azsln a2 722 548 =
Abetgoh

pAeRE: 3

A}zl 4

Fhelolst mEA A A A (polymer

matrix)&  A}&5 9& tf.  FAelole=  Potassium
Tonophore M, Calcium Ilonophore I (ETHI001),
Sodium lonophore M, Z¥zl A FHE TEOS,

DEDMS, na A9} i dgtg, 183 Zof
E AAE Ageig A9 AN 2AgE 743
8}7] 94 negative photoresistg] THB302 2 ISFET
o} Asurd] nlolaZEE 25 m FAE FAEHT)
a8z ZASS G4, ol AL Lift-off ¥
He Algsgh )

Azd dFAMe AeES, €8
£ B 40 TR =& lift-off ¥
*“/‘14 7”]“‘3_ FZA38 7 7hest

e dald AgAna 44 dol A A8l 7bw
e dqsiun
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28

T 4 AZd 2807 449 &4
Table 4. Summary of the fabricated ISFETs
: sensing characteristics

K-ISFET | Ca-ISFET | Na-ISFET
—
sensitivity 53 % 50
(mV/decade)
response time
<% <% <%0
(sec.)
-
e 0 4~10t [ 107~10" | 10°%~10°
range(M)
Z A 2

Agd AHEH R A

2 IFAHTHB 300 #
T3 FA Y& JSRAY BAAELEA

e,

it
rek

e

{11 JSR(Japan Synthetic Rubber) A} #F ZAdy],
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