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ABSTRACT

In this research the applications of Ion Sensitive Field Effect Transistor (ISFET) as
integrated sensors in microfluidic channel were demonstrated. The following characteristics were
studied: the fluid flow rate measurement, the solution concentration measurement and the
carbonate ion detection in solution. From the results, the ISFETs based sensor can determine the
flow rate in the range from 0.282 to 6.482 ml/min. However the detection range was also
depended on volume of the channel between sensors. By the solution concentration measurement,
the sensors can detect the concentration range of 10" — 1 molar of sodium nitrate (NaNO,),
sodium sulfate (Na,SO,) and sodium phosphate (Na3PO4) in the micro channel. The output signal
shows linearly response with the concentration. Furthermore, the integrated sensor can also detect
the hydrogen ions which generate from the reaction of hydrochloric acid with the sodium

hydrogen carbonate solution in the concentration range from 0.25 — 1 molar.
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514 2.9 Tassaiavosginsel ISFET

é Q’I 1 Lyl G4 .
¥4¥U ion sensing membrane W30 ISM tfﬂumumﬂmvmqﬂﬂm ISFET 11194910

[ a = 1 Yy 9 A =
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=

= @ J W [
Msazane deInnvesalginsal saudnnuhlunseevaues Tasiagh1ésunny

v v
aulninnldauding ism 1dunTaqluaised 2.1

i ] v
M99 2.1 guanavesiagithan 19Tl ion sensing membrane

Ion Sensing Membrane Sio, Si,N, Al O, Ta, 0, SnO, PbTiO,
Sensitivity [mV/pH] 25-48 46-56 53-56 55-57 55-58 56-59
Auvailable pH range 4-10 1-13 1-13 2.5-13 2-10 2-12
Drift [mV/h] Unstable 0.83-1 0.83 0.5 1.65 0.5-1
Response time (s) 60 <1 <1 <1 - -
reference [13-14] [15-16] [17] [18-19] [20-22] [23-24]

2.4.2 nanmsmauvesginsaimsudmassawlvlvhilnelesew

[ ° t4 a 9 = ~ o 4
HanN1INIuYesginsal ISFET awisnasuielalasmsulSouiisunuginsel

4 @ J @ o
MOSFET 11103910 Ias3a19ve3d2g1nssitinisianinioin MOSFET Tasmiiiauves
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dm¥ugunsal 1ISFET midndTifhdacues lined iflosnindnd IthiluSusesdesznig
drTanz rihéredeasazae-nmusy sxfinsdeunlastusuanududuveslesouly

4 a o o =
a15aza1y [25-26] Feeansnefue 14 lneunun o undssudwaaslugilf 2.10 [27]

y N VACUUM
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Vi ] qés
Ec
P o
F =g ¥sor E vV
ELECTROLYTE  SEMICONDUCTOR
. (_h
INSULATOR

3 [ @ ag J 2L o o
310 2.10 dnyzuoundenuvesmsazaeddnIng lad aua tazaishedanh

4 o [ { a v o v
doRnsandauaundsesulugii 2.10 annsestuennudusiusvesdrdnd

uauiSey (V) vesgilnsal ISFET lddsaunsi (2.2) [28]
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o a ' T o a g J
v, fo Aind IWihuSnuseedessninauufumsazmediin Ins lod
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TasiSunavesloseuluaisazarve: Lidwwadedndnd v, udvzdinade
fndlth v, Fl¥nszua 1o vesgunsel ISFET famsnlfeundauiionnaamsiiined

v, dawaldfndludh v, ez v, Insulfoundas
2.43 guaniiamslvihvesginsainsudmassmunuliihiilnelessu

aaautams lWfhwosnseue - dadldh 1, - v, vesgilnsel ISFET iiednd 1w
v ¥ [ F 4 ]
fdunansednd I AldfudaTans Il 8198efidrd1eg uaaslugld 211 uae

@ w o 1 o 1 ' P
anwduiussenhunszua-Andlith 1, - v, lumsazaten pH dee uamslugalfi 2.12

)
Ips

VDS
51 2.11 guiautia I, - v, Afnd i v, nsficaneg

I |

>
VTl V’l‘2 VT3 VGS

51 2.12 auennid 1L, - v, lussazaio pH 4, 7 uag 10 idnd lnldh v, aedl
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13l 2.12 aunsonaasavesdnd i dasu v, 18 dunaldnindndInih v

a ; (=W 1 P 9 @ d dycv =<
namdnez lulianszua 1, uanszudazisy Inaldasednd vl v, wensndidauaasis
v o o ' o @ 1 o 9 o a =1 [
anuduiussgnednd i v, dusr pH ldawnsai lfamszitinmseaevauesde

ﬂ’nuﬁ‘luﬂiﬂﬂ'wﬁjmﬁaqﬂnmfISFET &
2.5 RF Plasma Cleaner

2.5.1 HanN13M1914Y049 RF Plasma Cleaner

. ionisation of molecule
from excitement /

anode PT(

cathode

SXTE O 7 F )P
> ¢
@ (s e e— ~ e
| o | T 7
G @
o P s A \ "-7.
"B

% %\ glass valve

gas fluorescence from excitement

from recombination

selectron  epositive ion o molecule

AN\, UV, visible light

sUN 2.13 nszvaunsadeanaaunlunasegaania

= A o
N3N 2.13 Wemanwluvaeagyaimegnnszdunivldaoninavesauin Irlih
{ ad g
AWQY DIANATOUILHQABANINYIA NG (Cathode) uazgmsq"lﬂmmuaiuﬂ (Anode)

:: ad < [ [ ° Yoy a Y] ﬂ 1
yauzudanaseunvzyuiuluanavesmaih ldmafanisuanduilulossuuan  dau
ad A o 3 a .
aanaseunegluannznszquazidn l)yudaueTua ildifanisneilsey  (Discharge)

ﬂ o Aa A & o w aa = o dy a
ponuniluunaniiilszy nionarau (Plasma) ¥992118UAIA391 (Interaction) A NUHIVOS
:{‘ i = 3 a o J o w v o
Funudwalidsluileunnmssunidezgnivasenl Taswaraumdsnugaazi i

1 a { wva a o =1 "
WuAgnlsunlasuauianeildnduazniaunil (Surface modification) 910 Hydrophobic

surface 111 Hydrophilic surface
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2.5.2 Hanmsveansdsznuan (Bonding) Taely RF Plasma Cleaner

@ = <3| 4 1 '
Taevia liludAavviues PDMS sziiluuiiy hydrophobic tHed91niingy CH, pguy
a A o Y a <3| e [
Aadsmusadimsdaudlasionidives poms  IWidluuuy  Hydrophilic 18 Taweisfe
ATTUIUMTTIANUALD1AAWOBATIIUNAITNT (O, Plasma cleaner) IAgWaIau19ziINIg
d' ' A v a Vv ' 0 g Ya v
nlasungu CH, fAvgunrIved PDMS lridlunguuss OH M 1vHIves PDMS 31508319

b1 ¥ 9
WuszAunuRduld Gennszurumsdaulasiavdinues PDMS 7191 Surface Modification

and/or?
GHa  OH, OH, Oxidation GH, OH ¢ooH
-"O—?i—o—?i—o—?i-o--- ‘ "!0—?i-O—ISi—0—?i-O---
X Electrical
CH, CH CH. discharge OH __ CH, ~CH,

310 2.14 nszuumsdauasiandived PDMS (surface modification) A2880nFAUNATHN
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myaingnsel ISFET Tma TuTalums wamayudeanuni3a319 Complementary
. ) a a 4
Metal Oxide Semiconductor (CMOS) Tasguémalulad luinstdansoind suilunsads

[ 4
vugIIeTUTaneuaaasluzin 3.1 laviimsnseudaae i
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1 a Y
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25

@ ~ L4 a - < o 1 4
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flow rate from weighting flow rate from micro flow
%error
(ml/min) sensor (ml/min)
0.270 0.262 2.963
0.756 0.759 0.397
1.222 1.262 3:273
1.679 1.703 1.429
2.150 2.106 2.047
2.606 2.647 1.573
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flow rate from weighting flow rate from micro flow
%error
(ml/min) sensor (ml/min)
3.483 3.469 0.402
3.939 3.968 0.736
4.356 4.407 1171
4.797 4.928 2:731
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%error
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3.401 3.429 0.823
3.851 4.103 6.544

- 43

=

4.0

% .

£ 3.5

.g Wy R =0.99763

S 25

3 20

= ]

3 1.5-

E 4

o 1.0-

&= ]

% 0.5

3 0.0-

[=] R L LR DR T

= 00 05 10 15 20 25 30 35 40

UM 4.8 mwdwiutvesdasinis luaidaldninginsal lulns InduauyesAtsuas

flow rate from weighting (ml/min)

TENTUTDS 0.008 gRUIARIBUALAT TUMI TademItalsinas




anunsveInethves lva 500
FLULHTENNUTUIYDS 1.9
ANvanveIviothwes lva 250

a 1 @ ' 1 L4
USU1ATV0IMNOUAITAIDIITLHNUBULYDT 0.002375

59

pum
cm
pm

cm

mad 4.7 msnfSouiisunsiadasins lnalas1dginsel lulas Indusues ntilTuas

' 4 d a Y @ a o a
FENINIFUIYDT 0.002375 @AUIRANLTUALLAT ﬂ‘Uﬂ'li'JﬂIﬂU'ﬁﬂ'li‘]Nﬂiﬂ'lﬂi

flow rate from weighting flow rate from micro flow
%error
(ml/min) sensor (ml/min)

0.258 0.260 0.775
0.402 0.402 0

0.552 0.581 5.254
0.698 0.711 1.862
0.841 0.855 1.665
0.987 0.985 0.203
1.129 1.162 2023
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flow rate from weighting flow rate from micro flow
%error
(ml/min) sensor (ml/min)
0.298 0.293 1.678
0.826 0.789 4.479
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Tavginsal ISFET
Output Voltage of ISFET (V)
DI water 0.0001M 0.001M 0.01M 0.1M 1M
4.306 4.273 4.151 3.988 3.864 3.742
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Tavginsel ISFET
Output Voltage of ISFET (V)
DI water 0.0001M 0.001M 0.01M 0.1M 1M
4.329 4.284 4.124 3.956 3.779 3.591
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Output Voltage of ISFET (V)
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Difference voltage between DI water & solution (V)

A(w - 0.0001M) | A(w - 0.001M) | A(w - 0.01M) | A(w - 0.1M) | A(w - 1M)

0.033 0.155 0.318 0.442 0.564
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Difference voltage between DI water & solution (V)

A(w - 0.0001M) | A(w - 0.001M) | A(w - 0.01M) | A(w - 0.1M) | A(w - 1M)

0.045 0.205 0.373 0.550 0.738
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