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Developement of Low Power Type Sensor for the DO
Concentration Measurement by Clark Electrode

(Rhle Dong—Hee)

Abstract

A method is described for the design and fabrication of the sensor interface circuits on the Clark

electrodes for the dissolved  oxygen(DO).

The discussion includes a method for the +5 V

single-supply driving for the sensor circuits, which has low power comsumption for the front-end
electronics. DO probe under test is composed of the Clark electrode with silver anode, gold cathode
and the electrolyte of half saturated KCI solution and the FEP teflon memtrance for the oxygen

penetration. Typical polarograms for the DO probes by using this sensor circuit

accuracy over 99% of the 1

reveals high

to V conversion. Partial pressure of oxvgen obtained from the

polarograms are well suited to the results calculated. It is expected that the proposed sensor circuits
can be utilized into the customized IC for the battery-driven small-size DO meters.
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Fig. 1. The Structure of Clark Electrode under
Test.
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fc RI(R5) R2(R6) CI1(C3) C2(C4) R3(R7) R4(R8)
10Hz 16k Q2 16k 2 1 zA 1 A 1.52k 10k 2
10Hz 16k Q2 16k 2 1 #A 1 uA 12.35k 10k 2
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Table 2. Exerimental Results of the Sensor Circuit using the Current—Séurce.

Ra k2 Ry k&2 Ve Vi+) Vi(-) Vo Vi Vipe
36 1.863 1.175 1.703 - 150 0.210
5 1.567 1.163 1.157 - 0.954 0.208
819 1.237 0.700 0.697 - 0.502 0.197 0.190
1.318 0.705 0.745 — 0.544 0.204 0.198
1.377 0.778 0.774 — 0.571 0201 0.198
1.497 0.79%0 0.786 — 0.584 0.205 0.198 E
1512 0.799 0.791 — 0.592 0.205 0.198 ]
1.833 1.179 1.163 1.160 0.923 0.208 0.201
1.196 1.204 1.194 «— 0.990 0.208 0.201
2.229 1.496 1.486 - 1.283 0.209 0.203
2= 0]
Qs F A _ -
O] éﬂi“‘?‘l&] vV fsq %i_ol 0700\/0“)\1 1496ng gﬂu/g ]A;I X\jecl% O]%s}cﬁ ﬂlﬂigi’é‘ —‘?—9‘1
“’"-?401 }\,] Biﬂé‘]—o“ [I]—E]— ]@%ﬂigl ie:]x_]gt}_ /\E]—\::ﬁ' §' 3]%3121 ]ﬁu% Clark ﬁ%gi"?‘a
o o] JHEANZTE ZAs
Vet 0.197VellA 0210Ve] Hd Ay ¥Hids -
N AgS Agd8 298 bubbling #H3 S 3 &
& & otk ANA AGAZS 10 ko2 Y e A ol
omz A&F uvpeh Po] o HE= 100 uAS 7Wair) X33, *}i( On) 3 EH, —-—(N ) 2
- deig o 4

1V full-scale® HEA 7174 Hoj, dga] o] A=
ANEEE JHAFE 9% oy A==z A
R EL £ Q&S FHAFAL

HEFHQA ALAAZRE o] 7|EIEE o] &35}
o A@AEY RE 22 1 M2, 100 k@2, 10 kRS
2 3 HHEERE PN HFSHEYE B

AL 4 Q=S stgch 29 2 AREReE )
ERAFABN GRS FHNI7] A5 AR
AWM & %‘OP Fgih.

VARER @ 4% 4HARE 909% ol¥e) 4%
52 APEBEE T & QT olol w4
o

AYASZ P8P A5AFE gAY B
A% DVM 32 34 ¢4 28 5V ©Y
HAoE FEAIEN AMRY FZAY Ve

A/D AW ICL7107¢] IN.LO =zbell <17be}
% AP 2022 floatingA A g

AZEE WA AFHIFAZRY
ICL7107«] IN.-HI &zl 917bale] 4]
1V full-scale H il A 1000 EAIZE F
A F HAET upep Zo] HFUR 2o
& Agsan. o As *ﬂ*ﬂiligl LPF
dskel A&stA dAd EAEE SUT

oI A A
< -
;Rme
111_‘ . JR
m\oLrﬁ
l’O‘I

w0 @ ok
o

rxlommlomrﬂg
NJ&L

IR o

'}‘i‘iq. o] ILH —Eri‘“d", F4
~1.2

?_]7}'5‘%: -E—El"’ﬁ.ot]’ VeE WE}‘*H
WA E 2 ol&] 1V full-scaled] 27
Al

Ao Wy MM 2HAFE vehdnh o7
AT 7 Aol FdiHe EEALFTEE
58
— ap 02 Bubbling
=
=y
& 3
=
=
EX::
B
=] Air Bubbling
= 18
N2 Bubbling

a2 B84 ©Be 88 1.8 1.2
Polarization Voltage Vy(V)
a8 6. A8 Clark 339 E&tzaH
Fig. 6. Polarogram of the Clark Electrode under
Test.



2 9
2 %g% dow wAs,

$B Clark AFolHel FHUF ALRAT
o $FAYE 08VE A7t 4% A¥dez o

2¥Y & NaFEE 54%
2Aeg o & Ark
s9
40 02 Bubbling
. (02 188>
<
= 38
-
5]
E za
[
Aixr Bubbling
1ie 02 21:)
NZ Bubbling(0Z 8D

™ 2va qv8 BB s88
Po (mmHg)
a3y 7. Clark A3 93 FHAF &4 59
MaEde] BA

Fig. 7. Relations between the Partial Pressure
of the Oxygen dissolved in Solution and
the Currents measured by the Clark
- Electrode.

58 B

B A3 e Clark dFd 4% DO 5= &
A derg Z7E7] fAdkd AindEy CMOS
dual OP-AMP TLC272E ol &3te] +5v ddddd
o2 FTEIE dA deHolxI2E HAS
NY4 DO AZd dE Z32ad 545 A
3 2 A 98 e AL AUtk

(1) Aotd Clark®d AAHZTE AAMI2E AHa
v d2Ed OP-AMPE 7|Hte 2 A 32 & HA
stgonz ojo oz AWAIZ AH M HF
252 28 AAE F o] FuE DO Meterel

A HEHE 2AA FAL AR AMsHE 3
T3t

(2) Fd8 DO MeterE 7Wutatnz she
ALgAR A B oole wE 7]v] B
E EEE7] Yt H Ala"EE g
ETEE 7 de g2
= -rlﬁﬂ +5V ‘%°‘29

ils
)
ob
L 9
Lﬂ

off
1A
to
o
‘-«O
_Orh
949
v

o

(3) T B §]i.,] 2254, W Clark d=
9 ICL7107°1]*19] span &3 &o|A4Ed s A
TE B 2 H2E s

|
hg 5~ de vteAd S ﬂé}eit}

(@) ANFeA dgrtsst BEo o3 A" g3
28 Jdsof ste ALGRPOE A3t BAE
DVM# 29 LED EA7IE ARgstd o} Agls)
of upg Fidel FEEHY DVMIEE Aaud
#3 3-1/2 digit LCDE A}83}ed 2 A)x®le] A
HdAg s ZRE £+ U8 Aoz ithd)

ool ANRERE HauAHY MM IR ¢
8 Clark A2 22E DO 558 =% 2l

=343
Hets AAsIH e E3 B AFTE Za A
H DO & &AL A dEHoIxI2E
Hybrid-IC8} &o] 4% 2] handv-tvpe DO Meter
Aol Hg 75 Aoz 7y

o

k2 T 19939 wEdstave] 54012
A7 A Qe s9HRe,

ga1FH

1. L.C. Clark Jr., "Moniter and control of blood
and tissue oxygen tension”, Trans. Am. Soc.
Artific. Organs, Vol. 2, pp. 41-48, 1956.

2. K. Tada, in "Sensor Technology”, pp. 113,
Maruzen Pub., 1991.

3 AR, “FA 2 FEAAdA ArATe o
2 A7, FTAEFEI A, Vol 4, No. 2,
pp.150-156, 1989.

4. E. W. Molloy, "Direct Reading Quantitative

Gas Measuring Device”, US Patent 3685346,

1972.

CD. Ferris,

Polarogrlaphic Oxygen Sensor”,

Eng., Vol. 8, pp. 201-211, 1983.

6. R.F. Bobeck, "Electrochemical Sensors for

w

"Design and Fabrication of
J.  Clinic,

Oxyvgen Analysis”, Chem. Eng. Vol. 87, No.



A7) AR A 283 Vol 8, No. 3, May 19%.

14, pp. 113-117, 1980. 9. J.C. Boyce, in "Operational Amplifier and Int-

7. YH. Lee, GT, Tsao, in “Advances in egrated Circuits”, 2nd ED., PWS-IC ENT
Biochemical Engineering”, Vol. 13, pp. 35-86, Pub., pp. 203-212, 1988,
Springer-Verlag, Berlin, 1979. 10. in “Linear Data book”, pp. (4-31)-(4-39),
8. in "Linear Data book”, pp. (2-543)-(2-573), Intersil Inc. 1987.

Texas Instruments Inc., 1987.

53

19564 149 2994, 1978d ngd g
T 713 29,1909 2
2 g% 371383 29 A4 4
0 3d 473 zu,




