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Reliability improvement of an ion-measuring system

using FET sensor array
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Abstract

In general cases, compared with glass electrode, FET type electrolyte sensors have many
advantages. But the drift, memory effect and the poor reproducibility of the FET type electrolyte
sensor cause the decrease of the reliability in the measurement system. To improve the reliability, an
ion-measuring system using FET type electrolyte sensor array with 8 sensors has been developed.
Developed svstem emploved the electronic switchs to connect a signal detecting circuit with 8 sensor
array and the system can measure ion concentration of 4 different type electrolyte(H’, Na', K', Ca”).
The signal processing algorithm with insertion sorting method was adopted to enhance the reliability.
We measured 3 different ion(H', Na', K') to evaluate the performance of developed system. The
results show that the designed signal processing algorithm can reduce the error range in comparison
with a simple arithmetic mean and the developed system has a good reliability over the previous
single channel sensor system.
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Fig. 1. Hardware block diagram.
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Table 1. The measurement result of the pH
standard solution.

Soluti !
SO DH3| pHA| pHS| pHB! pH7| pHR, pHO pH10lpH1 1

2 of mead:
1 3.051399:4.98{6.02{6.94]7.92:9.06; 996 {1095

3.08]3.9914.99:6.05/7.07|7.98/9.01|10.08|11.07
3.0113.9815.0016.0316.93]7.999.02] 993 |11.08

(8]

I pow

3.02]4.09:5.05|6.08|7.08| 8.03|9.07]10.04{10.93
) 3.06{3.98]4.955.97/6.95797/9.02]10.03}11.09

error mean ; 0.0410.03] 0.03|0.04]0.07] 0.03]0.031 0.05 10.07
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Table 5. The measurement result of the pH

solution with single channel system.

% a3
ISFET A4 8 A49 A4 438 A%den +
T AHel B

£ ojate] A8HE BAME T e Had Soltion
Aoz wolt} ¢ of ok pH3 | pH4 | pH5 | pH6 | pH7 | pHE | pHI | pH10{ pH11
1 3.0514.00{5.07{6.01)7.01|8.08{9.09{10.09(11.00
g 9 ) ol oo Lk 2AAY
E2 - pNa % pK HE §49f ol L g 2 |3.05]407|5.10|6.08|7.10{8.03(9.05|10.11}11.03
Table 2. The measurement result of the pNa and -
K standard solution. 3 3.03|3.99{5.05(6.127.11|808|9.08(10.07|11.04
. . 4 3.07]4.0815.08/6.137.08|8.03|9.07(10.04|10.98
olution pNa pK
05|4.08|5. 03] 7. .1219.08110.05(10.95
i of mxS_|pNa 15|pKa 25|pNa 35| pK 15 | pK 25 | pK 35 3.05/4.08)5.09/6.03)7.06|8 1005/10%
0.05/0.05]0.08)0. | 07(0.081 0. X
: ) 150 | 249 | 344 | 149 | 244 | 340 error mean |0.05(0.05|0.080.08|0.080.07 0.08 1003
I 2 150 | 248 | 347 1.51 252 | 348
# 6. cAlg A2€9 pNa 2 pK ol2F% &3
3 151 | 247 | 343 | 148 | 243 | 351 TP P ° °
- 2 3}
4 152 | 249 | 347 | 153 | 237 | 345 Table 6. The measurement result of the pNa and
5 151 | 251 | 348 | 149 | 241 | 343 pK solution with single channel system.
jerror mean| 001 | 002 | 004 | 002 | 007 | 005 olution pha pK
# of meds_1yNa 15|pNa 25pNa 35| pK 15 | pK 25 | pK 35
3 pHEZL9 o]2¥% ZAARNEHD) 1 156 | 268 | 357 | 168 | 259 | 356
Table 3. The measurement result of the pH 2 161 | 263 | 358 | 175 | 262 | 369
standard solution.(Arithmetic mean) 3 165 | 260 | 368 | 163 | 259 | 375
I Soluti == - -
. = = 5 164 | 260 | 367 | 161 249 | 387
1 2.91)4.08]4.99|5.88{7.09{7.89|8.95(10.1010.90
error mean| 0.13 | 012 | 014 | 018 | 008 | 023
2.92|3.9615.08(5.9216.93|7.97|892(10.04;10.88
I 3 2.964.014.93(5.90{6.93|7.92|889{ 9.92 110.89
_ - i 2
4 2.931395(4.97(5.91(7.02|7.99|9.01110.01|10.92
3 2.90(397{4.91,6.04|16.88,8.04/8.94( 993 11090
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Table 4. The measurement result of the pNa and
pK standard solution.(Arithmetic mean)

olution pNa pK
}: of meds |pNa 15]pNa 25{pNa 35| pK 15 | pK 25 | pK 35
! 1 159 | 269 | 355 | 168 | 258 | 373
, 2 160 | 254 | 340 | 164 | 259 | 360
3 157 | 262 | 360 | 171 | 270 | 355
i 4 161 | 268 | 357 | 163 | 262 | 364
o ) 135 | 270 | 358 | 160 | 254 | 356

% 7}211 Ak,
AFqME 4 TR HdAE oL F

Aoz #Hgo] shesiy e T 8 A
d ISFETH Asjd &4 A29$ Nesdy. vhola
T2AMZ Aojsls A 292E AHEshd 83
AANE 4802 FEaUN AEE
Aegozy vhAd 4 J&
7 A g Fvbste @A
A7) ¥ HNELAHE A

7

]
QoslA &

B
i
B %
=

_L‘_)‘HUFJJ.::

7-}10}L— Bl
AZA AZ
N st
Aot =

AR
EREE

1>,

ox,
> e de
4z

o2
o

L
=
2
.T_ol

>

=7t

=2
%

r
to
olfi
B
o

et

— 345 ~



244, o154, 29

€ st WA Ade HE FEE ANE o A
A7l Z-:EE%M"*?J CuEES AHEste A28
A" i deE o)L F
9] dad A E o]
F79 olg FXx
et 281
T AAY 7t A dve MRz
89 olgold 9 ISFET7} A" 74$ sud
of 474 F&o] 7t Folth B o8 74 o
FTEE FA % bed s
48}
[=]

J‘,w

2 g% oh OH'
> o P e M

2, i 2 e

o i

]o_,
fu

5% Az
stel dR§ 2 AY Lokl U BT &
RIS

%o
o

WL 3!

w

(11 &47,
2884 vol. 18 no.
P. Vergveld,

application  of

‘el XVFEE} EWRA 2" digd}
5, pp. 22-29, 1981

“Development,
the

transistor as a tool

(2 operation, and
ion-sensitive  field-effect
for electro-physiology,”
IEEE Trans., BME-19, pp. 342-351, 1972.
[3] http://www.orionres.com/

[4] http://www.deltatrak.com/

E
ﬂ % EH (1 l[’n
197391 11€¥ 1094,
1997 Z5dgn AzFes £
A(EAD, 1999 ZAEdgu g
A AAgE EGAAD, FHA
.

2o} -

g 2

wEA A4 5§ % A

*\ﬂ

A& A7E A5, =898-7-1-05, p3l Fx
) A2 digty AAFy gabg A

o @ A (4kiT)
“AAets xR A7E A4E, =F98-7-4-06, p.278 Fx
(&) A%t AR uA

o

A, o9, 298

At

b

%7 49

[5] K. S. Chang, “Improvement of Reliability of an
ISFET pH-Meter by
Sensors,” Thesis for the degree of master,
Kyungpook National University, 1996,

(6] &H7], o]&=, "FETH WA rtejaz A

W) dA7ed e dFE A, pp. 29-101,

1993.

A&, ONE CHIP 809/8097 MICRO-

PROCESSOR, 5% %A 19%.

Az, W8, o9 80CI%KCY EE

7, EAZ% OHMAL

[9] 8X196KC/80CI96KD User’s Manual, Intel, 1992.

[10] J. F. Schench, “A transistor method for measur-

Employing  Multiple

(7]

(8]

el

ing changes in double layer potentials,” J.

Colloid and Interface Science, vol. 61, pp.
569-576, 1977.

[11] R. Kalvoda and E. Horwood, OPERATIONAL

AMPLIFIERS IN CHEMICAL INSTRU-

MENTATION, Halsted Press, 1975.

F. W. Hughes, Op Amp Handbook, PRT

Prentice Hall, Inc., 1993.

[13] £87), ol%g “FETY wtaA vlojaz A4 7l
‘E‘J(H)," dA7lgd 7L dFETA, ppH2-118,
1997.

1
ol & qd (FRIW
11¥ 18¢ 4.

AA, BEA T4 2 ¢%

Y £ (B
TAAEEA A A1S; =E92-08, p.101 BE
AEdistn AzbFeta vkl g HE

'%' 7] (f%‘kﬁﬂi
E=EO2-08, pl01 F=

H8 g

N
Or_]
_{



