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A Dissolved Oxygen Measurement System
Using FET-type Dissolved Oxygen Sensor Array

H. Jeong', B. K. Sohn™
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Abstract
FET-type dissolved oxygen sensor has the Pt working electrode around the pH-ISFET. Appling a
voltage to the working electrode, the hydrogen ion which is proportional to the dissolved oxygen
concentration occurs around the pH sensing gate and we can measure the dissolved oxygen
concentration by detecting pH concentration throngh the pH-ISFET. In this paper, a dissolved oxygen
measurement system using FET-type dissolved oxygen sensor array which adopt a specific algorithm
to enhance the reliability has been developed and we compared its performance with the commercial

dissolved oxygen measurement system.
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Fig. 1. Hardware block diagram.
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Fig. 3. Sensor signal detection circuit.

(2) 2==9of 74

FETH oldlo] 42 4k 24 Axde o4
s7] 918 2zEgele] A EFEE 1Y 49
2ok 27l Zzasge] AgHW 10 FAE
275 27)87h B A4 B2
29 A AD B 4 5 ol 99
Nz =4sl] flelel D/A w1 2egte

—261—



56 A

Aduz W3 Abg A 2A4E AR
o} o] A A Wk A7 2FE doA D/A
W] Ags A2 WA= AD ¥
719 iAol 2ol d4% #Heow
ZA=EA @& 74 DC dEe] 2577F dojd
Arde] HsE FABIE AA aA oF-E AHE
Abl| Al Eo et mbef A4 wAE Ad=shd =
2ae Age 2713 AA o oA sE:eizt

7b doid g A7 A AAHow
o} Zit.

Ao nAe 14 24 2 3 WA F A
A7k oz A gick 243 34 24 2
dAe BAS vl Feles FEE AAbsiA =
v dubxel A9 Zte Mot ke Ade] Al
A= AN 28E A S de
vz 2 AdEe] 9 sk Hdge A3

o] o)7L A4l w2 FHAFsle] LCDe FA
3o}

ALIBRATIO!
1237

!
; l
2 POINT 3 POINT
CALIBRATION CAUBRATION
YES 1 POINT ) 1
CALIBRATION
SENSITIVITY SENSITIVITY

FAILURE FAILURE
OISPLAY DISPLAY

[ ]

4

SYSTEM
(NITIALIZATION
DC LEVEL
ADJUSTMENT

OC LEVEL
FAILURE
DISPLAY

CHANGE
SENSOR?

NO

EXCLUDING
ERROR CH.

gl 4. ~2ZE0 SEER
Fig. 4. Software flowchart.

EXCLUDING LOW
SENSITIVITY CH.

MEASUREMENT
(AVERAGING CH.}
[9
concenfraTion
DISPLAY

2-9-1. A|lA”l x7|3} 2 DC M =H H

Alxawle] Aol AXW 7P WA 2r)3)
Aol AgHr} of7|eldE HA MPUY #HA|~
Bl & A%z D/A ¥3y] 2 LCD RES
Z2713k8hc}, A|l~de] 273 2 DC A =2A
A 23 50 vehlidcl

Al ~H9 %7)8% vkx9 Opening Messages
Hala DC A 24 HAAH o2 Jolzlet o)A
Az A& ZE Ax A/D HI|E E0l2

i

fr o

s

b

H 7]

A Az DC AjE HHE D/A H3r|E %
& =Ase FAHoE oI o] o]Folal
w] Z7)d D/A #3rie] Agk 24 3E
gl 71-Elal counter = 12 AAsn
W 3k719] kel DAC_value = OVE AA7
e D/A W2 Ay 24 25 9
u A 7lc}, oju] A/D WIS IS ¢
oghel 2048VETF F A
DAC_value - 2.048/2°°™ 2 7§A18}3. counter2)
e 1 VA F Sl A =HEE,
2.048VEx} 28 A9 DAC valueE DAC valus
+ 2.048/2¢°" 2 7§A Bt G A] counter] 3 1
Z7HA7 & 99 A& HFolg) 2y oL
zkol 2.048V oA} counterd] el 12 H A5
) 9] DAC_valueE A4t At =24 A&
=

Start Initialization

B

p— Y

Ciear |
MPU Register !

initialize
LCD Module |
Opening Message
Disolay

4

ST ves
A0C > 2.048Y no
YES |
‘ ¥ ¥ +
i DAC_value = DAG_value = i

NO

i C_valve -
20482 Comw

DAC_value +
20482 Omw | |

a8l 5. Al E7(5 9 DC MY =N IHE
Fig. 5. System initialization & DC voltage
adjustment routine.

2-2-2.DC Mgt = 2F ®=¢t #d
DC At =4 A& oA AlAY 275 X

thaf AlE]Ad-E 7)sr] g A sl DC 4
o 24 o I A ARA HW 1 5F2
£ ¥ 6ol Vel &F st o] At
9 #Hd 712E]Ql ch counter =12 AASIT 1 *
A e &3 A D/A HIVE E8 ¢e
2 gke] 0.1V Eok F A9 A Ad HeE #
78kl ch_counter?] g F7HA1719A ofg Al

VSRR R L vl v

—262—



FETH &&4kx Al

2 A13Ee] ch_counter = 15612 69 AL H
Zo} & & ch_counter =62 7-$ &% AL
H3E 2F AdRE LCDE TAskar ARERFl A
A mA oRE Fo|Rof ek ARgAlr} Al
Aol wAE ARshd Alxgle] gke] 273} 3}
Aoz oiA] Folrbw] 1¥A] S A &K A
& A7z BA Aoz zlsgc)

Start Error

Ch. Degision
Set i
ch_counter =1 i

<

YES

-
5
Increase ]
YES

I ch_counter !

[ B

NO
Save !

ch_counter

i

Oisplay \

Esror Ch

Change
Sensor ?
NO

Excluding )
Eror Ch,

N Go to System
YES —>< Initiahzation

o

ad 6 Mo =M 2F ook nby
Fig. 6. Eror decision routine for DC voltage
adjustment.

203 BY BY U N AT mE Ty

Alz~dle] BAE AAE a7 74 Jeliodch
w2 B o] A=A} =@ ARGk 14, 24 ¥ 3%
w2 shE AeshA Hop WA 14 23 Y
A% Axe] 71e7E FHoAQ Aba AlAe 7]
7|2 ZAAZ] F BA Sdo) e Al =Y
Hol MAshe, 2431 3% RA ol A1z
o] A LA 7k AEE Feka Al
23 g AAe) w3k 1AE vkl Folis
5 HARHA = Alawle] AZAdS Foli=
Ha vl oz onbziql Al 7w Bl o
Ade] we g FARE F olzlgt A A%
ALA 72 2A HAH R Foizdo)

% 88 3% BA mel=E w3} g Aol
S, Sp ¥ Spe A BA S99 =
ALV, Ve B Vae B4 Sdo] gi-gEE= Al

[od

RN A
N o

e rlo 4

Aghe veieh, E8 4 B ab A%
SEoAe] T2 REE 47 vehiieh, 1
4 e olel @ %

};.ﬂi

Save
r ADC Value
Save in Solution 1
ADC Value
Y in Sotution 1 +
Save Save
ADC Value ADC Value
in Solution 1 in Solution 2
Save
ADC Value +
in Solution 2 Save
ADC value
in Solution 3
Display
Low
Sensitive
Ch
xcluging
Low
Sensitive
g 7. 28 "
Fig. 7. Calibration routine.
Output
Voitage
[mv]
Vs
e
X
2
J 8
vy bt
: >
S, S, S S
2 x 3
0, )
Concentration
foom1

a3 8. 3™ BEX a4
Fig. 8. Calibration curve for 3-point calibration.

2-2-4. 58 3y

a2%9e 24 e sFEeldh Zzaeel

263



58 A&
A oke) wA AN A4 FEE e
de Az ek A4 29 el A 3T

< Tl o)7L Athe FEE #bsle] LCD
2 EASH ok Akl ¥ W AT F
oAl 2 A AlA ASE ¢ 0V EE
4096VE dEbls Aol dEA #ld F o
2@ Aol Q& A5 =4 FAAA AeA)7]

T yex] Ade) Al AEE Ak Hdste] o
Al LCDZ 443}_ & whEEeh ey vt
B ARl T4 ¥E AF 2E A AXt
A elA Aol= o o] FAo] ErbedlmE
e FAske L Frhslsich kg es
FETH AAM7E 34 EFd L8528 dovls
734 mlelel 3 29] ¥k OP-AMP7} +15 V
e -15 V2 231 5eg AD W3 g 53
A MPUZF $1e] Eele k& 0V m+= 4.096V7F
ot weba §4 HA A AR ol e
< veblls Arde] leAl ds|A g A
2] g AL 14 AFA e AlE

& AL 5 gtk
/ Slart

Gt

" save Normal Ch. .

_ll)lv

Values
n Unknown

Solu(lon.

Ch. Value
= OV o 4.096V - Y -

i £xcluding
NO : Ch. value

A A
Averaging |
R ' No Ch. YES ->/ Stop

oo chvEes Available \ Measirement
NO

v

Calcutating

2
Concentration

ad 9. £ 1y
Fig. 9. Measurement routine.
. Ay % Z2E

kol Akl FETH ofdlo] &2 Aba

Azele) o)gg a@1od) vepigled A%

B7bsl7) S1stel g $F Ak vlEle) wlw A

3ty 2 ARE E 1ol viepdigich ™

= %XJ/(]/\EH & 3d RAL o) =3
25 C, 18 m/min®] 7<= 2 10 mM PBS

()

o oL

il

L.
=

B2

-ll)l' R o‘.:.‘.

,Q_
T

A s} oA o Rl

e é"é *V\‘:‘J% xEe] Al why

Ay

w Ade

i_-i

M 54 *M ALEE AL 43 Akn

EERER

o 0.2 ppm®] 22
TA2Z 01 ppm®] 33 &

¢
o

3t

E 1. SEZM: 5E 53
Table 1. Dissolved oxygen concentration
measurement.

Commercial DO FET-type array DO
mesaurement system measurement system
3.0 ppm 2.8 ppm
5.0 ppm 4.8 ppm
7.0 ppm 6.9 ppm
8.0 ppm 8.1 ppm
10.0 ppm 10.0 ppm
12.0 ppm 12.1 ppm
13.0 ppm 13.1 ppm
17.0 ppm 17.2 ppm
19.0 ppm 19.1 ppm
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