[ Downloaded from joc.kntu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.20088345.1397.12.3.1.9]

[ DOI: 10.29252/j0c.12.3.43 ]

s ISSN (print) 2008-8345
¢ ISSN (online) 2538-3752
E

Y9 ammios YAV 5l o o5led Y Al W:’fi”;jg
w0 I FElB g olge Slelld Jlwpy F o Sl g dug Sk
S 4> 2 5

£

T ie daxl 3 adies ) guate elody (Sl s

Mzpedram@KNtU.aC.ir « o sb Wl s 4l 5 nies ol8ltils (S5 51850 ndigo 03 8 (5 omelige 0dSCiSls HLskiul
MON1965@MUL.AC.IT ¢ 231 &SIl anis ol8liils 55 S ki 055 5 5alS 5 G paiome 0
afifi@MULAc.ir  za1 &S anis oty (S5 S grdigo 05,5 5 alS 55 p pacoma s30T

J..“.i:\&LﬁG“x.l.pAK@\JQ&)}Q‘@L@@};‘EJ#K}&J{C@&NF

WAF/N /Y e NAZATVAL PR WASNN () il s VA0/Y/0 :allie Sl s

odbaistlo 5 b ytses slge 8 et wlol (g5 slB ) b 5 sl s Koo (gla it L Sl oslinal b Guiims o 53 10K
230zl b ctinge Sloo Il gl Al 1 g 5 Sl s (ol b algy D)o 4 (S b (5l Sl eslinal L S5l LS5l !
050 b 3338 n (23 b D3 sk (605 oone el T SR £l 3 sl o it G55 015 S (55 5SS
2o 65 cal 53338 (o O3 o511 ki o 5 355 00 S 53 ol T (laazh s Ola 53 558 e gosle codbianns JUIS 51 Ul
2> e a8 e 6 sl L o tie ) el 03Ol a1 s (g 5 Sl oMl e 5 S S
S n (6 S o3Iy Slelamd oy g 4y 3 B il G w3l 5 S b LS

Gl w5 (53 s S el s ol Gasi S (Gl OIlals”

An Optimal Design and Fabrication of Microfluidic Material
Detection Sensor and Limit Cycle Based Readout System

Maysam Zamani Pedram, Mansour Mohtashamifar, Ahmad Afifi

Abstract: In this Study, according to microfluidic structure and bio inspired techniques, a
material detection sensor has been designed and fabricated based on micro fabrication method. The
capacitive sensing has been designed numerically and optimized by a familiar multi physics software.
In this type of sensor, a defined aptamer has been coated on the capacitor electrode surface and by
flowing the fluid through the microchannel, the targeted material would be involved between the
aptamer string structure and it makes a change in capacitor value. In this research, a novel readout
system based on limit cycle has been introduced and implemented. In this method, a virtual nonlinear
dynamic has been supposed beside the real system and makes the whole system behave in a limit
cycle (LC). By measuring LC frequency and amplitude, capacitor value is estimated.

Keywords: Material Detection Sensor, Microfluidic, Novel Capacitor Readout, Limit Cycle
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Complete mesh consists of 746345 domain elements, 81281 boundary elements, and 2740 edge elements,
Formed union of 4 solid objects,
Finalized geometry has 5 domains, 52 boundaries, 124 edges, and 80 vertices.
Mumber of degrees of freedom solved for: 1750001,
Mumber of degrees of freedom solved for: 2473157,
MNumber of degrees of freedom solved for: 3193173,
Mumber of degrees of freedom solved for: 3914702,
Mumber of degrees of freedom solved for: 4635132,
Solution time (Study 1): 2809 s, {46 minutes, 49 seconds)
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Mumber of degrees of freedom solved for: 2472899,
Mumber of degrees of freedom solved for: 2472358,
Solution time (Study 1): 6670 s. {1 hour, 51 minutes, 10 seconds)
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wt_Water (m) Pressure (Pa), Domain Probe 1
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wt_Water (m) Velocity magritude (m/s), Domain Probe 2
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4.0000E-4  |2.1304E-7

;usuéuduftw,tsuw%aﬂdjkﬁp:F?Ji.:

Journal of Control, Vol. 12, No. 3,Fall 2018

WAV Sl oF oled O o oJ 28 alons


http://dx.doi.org/10.29252/joc.12.3.43
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.3.1.9
http://joc.kntu.ac.ir/article-1-366-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.20088345.1397.12.3.1.9]

[ DOI: 10.29252/j0c.12.3.43 ]

o S oy gme S5l S g sl gLt Sy F e Sl s ang b

(S ol ¢ patimn ) ata oy Sl e

Pressure (Pa), Domain Probe 1

2.4 L L I L L
0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004 0.0045 0.00!
ch_w (m)

JBIS™ (ligs S uis (131 4 JUIST 55 ook slom ) aiii 5Lad 15 g 0¥ S

A g

x10°

Messages Progress Log | Probe Table 2
HE s VI ENECSE -

Ch_W (m) Velocity magritude (m/s), Domain Probe 2
0.0010000 2.2431E7
0.0015000 2, 16027
0.0020000 2.0084E-7
0.0025000 2.1471E-7
0.0030000 2.1495E-7
0.0035000 2.1193E-7
0.0040000 2.0951E-7
0.0045000 2.1221E-7
00050000 2.1704E-7

JUS™ Calide (sligy G131 4 by S o dder s g5 0F IS

Welocity magnitude (m/s), Domain Probe 2

0001 00015 0002 00025 0003 00035 0004 00045 0,00
Ch_W (m)

U™ (sl i 5131 & JUIST 53 0 sl dindey b w513 505 00 S

Sl Gl pavr b ol el 5 Ak Sl
BT s sl

Oty LR 3 olaT G B 4 a5 L e ) 50

S Sty 530335 o gl el Sl 5 (oLl S agy p3lie
4 03 gy S el o) 3,8 e 1 5 3550 S 2050
3 1y Sslite el g o slite (slaylne 13,8 15 ki e (g lna
ol e STl OISl i &S (s el ) s Bl dal
AVl 1 Ko stlis 6 55 5 A3 g Ol A3L YL
Al andlln 5, 50 457y 5o Wl iy a3 53 555 3L 53 (6 g ey L
Candly 53 5 Sl Sl Bl Sl Wl a5 s 3,8 13

Ol 2 g (Sl Gl 4 031> S e 58 b

Messages Frogress Log Frobe Table 2

EMHes VI ENEBEE -

V_in (m/s) Velodity magnitude (m/s), Domain Probe 2
L.D000E-7 |2, 148167
2.0000E-7 |4, 296157
3.0000E-7 |6 H41E-7
4.0000E-7 |8,59226-7
5.0000E-7 | 1.0740E6
6.0000E-7 |1.23885-6
7.0000E-7 [1.5036E6
8.0000E-7 [1.718%6
9.0000E-7 |1.8332E6
LO00E-6 |2, 1480E6

JUT (6355 Calidus S o (151 & Ay S Jpiler e D SO

EAN) ]

elocity magnitude (m/s), Domain Probe 2

0.2 L L L L L L L L
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 x10*

VLin (mfs)

o Dol i (6131 4 JUIST 53 0k sl atiiy Sy s 50 20Y S5

UK (6355

JUST 53 Jlow Loy 55 5 5La8 LUK (5,0 malil S0 5
L Sl (U sy 31600 S JIOY S 4 e 5L
Sl 3 JUIS (sl Sl Ll I e ol (s
Jhw (55 S Sl 538 Ng) e (SR s 5 il 0 1S
o S ) oS e s Bl e BT JUST Jgb s

.;ﬂ;@j‘)}\{;»ﬂ)w;;\ﬁ?ﬁl{wu.a,:‘«fdﬂ&\}l

A

Messages Progress Log  Frobe Table 2
RN VI ENBCE-

Ch_W (m) Pressure {Pa), Domain Probe 1
0.0010000 4,9487E-5
0.0015000 |3,2325E-5
0.0020000 2.67625-5
0.0025000 |2.4343E-5
00030000 |2,4070E-5
0.0035000 |2,4245E-5
00040000 2,5238E-5
00045000 |2,5748E-5
00050000 |2,6786E-5

JUK;}M&&@&U‘Q%)LﬁJ)&f_MZDYﬂZ

w10

Journal of Control, Vol. 12, No. 3, Fall 2018

ARV ol o o5led VY W oJ 28 e


http://dx.doi.org/10.29252/joc.12.3.43
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.3.1.9
http://joc.kntu.ac.ir/article-1-366-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.20088345.1397.12.3.1.9]

[ DOI: 10.29252/j0c.12.3.43 ]

G 4y e 93 SIS gl plelis sy S e Cile saig b of

(i ol ¢ B satimn ) paia il S e

G Ak 635 p ool g OXF ola LB s 5 4 by 0 OA S

sl Saile Ol o as LS 3lizal

0.57

0
0.5

1

.51

27 x10% o

C+j

x10%

T T T T T T T T T
0 1 2 3 4 6 7

@lls (slas g UL JUST &S5 JUS 5 S Lo gy o Sl 5 b 107 S

oslw

N |

x10%

L8
L&
L4

[y

2.8

2.4
1.2

o

212
2.4

2.6

2.6

2.8
kY

x10%|

T T T T T T
0 4 5

@lls (slasy SN L JUST &S5 JUS 5 Son s Lo gy o Sals 5 - b 0V S

S e

AXF o5 55 eSule ol b A S

Sl Sl olaT iy bl gad b cnlize HS 4 9,5

() IOV 358 00 Oly (s 5 O3 Ol e 95 b 2ol

- 0.24-0.19 _ 0.0025p—f ")
30-10 um
- 0.23-0.19 _ 0.0025p—f (Y)
110-80 um
= 0.213-0.2124 _ 25107 ﬂ )
v 800-500 nm
5, = 0.6-0.1 _ 0.125p7f_ (%)
! 6-2 unit

bl Sl oy Sl G ol p B S8 Gllas ian
Pl ol Cosgiome 4 a5 b Ll b e SRl O3l 2 b
b Asl 05,80 00 3o )3 (el 5k sk 53 by SN oy alols
e A B) Dok (Bl e I AEL S S
Y-S
Cg =aS, +bS, +cu, S, +NSy )
X = (%71)(2a+2a

gap )

By 85 (7)) Sy 4 (S5l g ks

J =Max(Cyg,) ()
Ce, >100u f
X <6500y f
Sub.to
a=ag, >50um
b <2.5cm

AL OIS 0 o Glje a8 (e Lo gion iz 5L
= ools 13 A= By = D0 UM 1155 8 e 30t sl WL
it o1V 51 2ty ealinal BB oY slal ST & o 5 b e 355
Ol o adl &Sl 0¥ Jgb e (Bl #5F 590 )3 53 ST sk 1
LIl 51580 sk 5o 05l Gaaila s s oo o )b D) 50 4
Loyl s Lyl,2 slob =5mm se N, =800 i
(v),s\.U.;,fg,\;,&ﬁfgl,m&u@'U:}go,’u,n,f@
W n e 1y 15T Sl s O3l I
Cgy =8S, +bS, +cu, S, +N,S, [aS, +bS, + NSy (%)

w>cu,,

Cg, =50x0.0025+5000x 0.0025+800x0.125

Ce, =.125+12.5+100 113pf
B w55 g U L)) ol FY IS L Gillae ieen
Al Caley Sl ol e 53 a8 Sl ey S V00 (S S Olebee

Sale Hb 3

Slals by mSII 5 JUS™ oS5 gl Hltlo 4 by e 0F IS
IS8l g a0 (Sl 9 AhoBl 5 o o Sy (35 Oy gy
osls a5l 3l b b aSCul (gl Lol ol o3l (glas g 5831 Lo OV

.wloﬁd;)l}r&ﬂ%@»ﬁb)y@uwﬂl{,&

Journal of Control, Vol. 12, No. 3,Fall 2018

WAV 5ol oF o5lad O o o 28 alons


http://dx.doi.org/10.29252/joc.12.3.43
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.3.1.9
http://joc.kntu.ac.ir/article-1-366-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.20088345.1397.12.3.1.9]

[ DOI: 10.29252/joc.12.3.43 ]

00 S oy gme S5l S g sl gLt Sy F e Sl s ang b

(S ol ¢ patimn ) ata oy Sl e

sl GLaals 4y by e lan g S il 5 sl 90 IS

& 255 5 S5 S e 5
EIWT s 6l SosS osle s &K 1 eslizal b
355 13 g i s 4 65 JUT ke 5 ol s 5 Sl g
d5ls g 0 e b Glesle ST SU e gilee 53
S p e S s S ) S ol ol Kl

b gn iy OT Tt s 4 aell 53 &S Sl oddann g

cale Jole oy
S 25 ol (il s b Sleesly sl S bu
By
5 g Bl las g 2SI 5 U™ IS8 4 b gy e slaesSals oty .
phan el py S Sl AV ai s g5, e
Ch et G bap Sl il plasy S by b o
23 g g0 030>
e 1) a5 8155 4 bgrye ol Lo sSU1 (655 o .
DRt B
59 U 5 S a0 b e oSSl 1 ealizal b 5 LIS 5 S .

5 lals ‘_;LA:}J:QIA:»J;‘,{}»&IJ?}::J Al eddinbwl bl :b\Jﬁ.ﬁ:

Journal of Control, Vol. 12, No. 3, Fall 2018

ARV ol o o5led VY W oJ 28 e


http://dx.doi.org/10.29252/joc.12.3.43
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.3.1.9
http://joc.kntu.ac.ir/article-1-366-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.20088345.1397.12.3.1.9]

[ DOI: 10.29252/joc.12.3.43 ]

G a3l TS gl plalis Sy § e Cile sy b o

M»l‘}MJWT‘J“\i&LJW

0C (1, 0L Jldis 55 b asd e eals Olzsba@ #Y S 5s
Jo 55 &lse oS 5 g9y odboskw 3 V 55 casls 45 OR
| = l1+L++1,=nly s o |y dm ol Sl

511(S) = V(S)(BR + 1IACSS) ° 36N s & x5
A(S) =nl1(s) =V(S)/(BR/N+1/NSCsS) womssys

s S G a e b Reles
R= L, sy e cwslie 5 o3 d1(0)=12(0)=...=1,(0)=0
225 oo " alne C2IN 4 55 S S'Ce= NOCs 5 OR/N
sl ol 55k (5345 5 b Juaze (sl 2SN e 50 ol olsd
IS 55 a8 ol i .l @S 587 o sl S 5 Usles 0315 (500
Sawsp b S il a5 i Giss (gl Sl eddenls OLES Y
AT s Caws 4, CMOS

BEREYE N IS P JUVE NP TR RC Vg PR
o lelSaes $Salys 5 s sz bl sy o)
g g 03] i il G5l B b ol s Jwéuﬂl)\%
B I g e . I T T - TR B
“ o ol b ol 03 258 e i 5 51 53 6815
A ST e g 1,8 515 Gl ot s 5 e U3 52
S 001 B Ol 5 (gals 5 1S3 1 el talie Sl 3 s
Aol Olos anls 5 Olug WilS 5 )l 55 Ko lea ol
odalion 55, 03101 L5 G ST e 6K Jans 5 oS diten ol e
5 Gl (o b s Sl 5 e $Salys (28 Ll
-a)'l,um;,l,'.yt,;&uhswéu,ubg‘d»@ﬁéuﬂw
Sy FA] ot ot (slasilol bio s aom 5 L T o s 4y ol S
o5 @b 5 b e Sl (Sl o g0 03031 s
calaly Ok 5o (Sl Sigien 5 (V) Slealinal b a3 55 1 Sl
Vgors (o s @l Gtmlons 1 335 2l tal ot sla el
(oS o O L 5 b ke

2503 3 g e 3 s 8 e 6 s )

el O3l ks (ot 8 o oY

25t dlesl o b toe o F 3L e i SIS BT oy

il T 5 Oles I S s 2 00

el 3 1l 6 a8l -F

s e S Slaaaiia e ) S e [
S L5 oo Loy 50l ahe 51 ol&ans 31 5 53 (s S oo
Vgl Loy (it S cnolSans 1 Sos a3 b o
&Sacy‘}i{z&:éb_abﬁjl.:..,\.hlfunw&blfjl‘,e.\.& Solakas
IS 3 g5 SN ol (S s (555,75 Y soms 0 [

<
]

00000000

000000006

Sl IS g S S e PN S

I SIS ey 9 Gl -

cmos Lsﬁljtg\lyjs‘g}.a:ﬁv.ag‘;h:},ﬁlL.G'J’B;dv’
S ot slass SN 55 S b Glabad Sk et ) ites
3 s iluesly ldas e 5 25l sl L kT

Ol Y S 53 dgas dal Slie dde 5 2 5hL glaajls ol
500 S oy s o pgas 53 S sboks Sl odbiosls
el ol (g 5lwJ e R Coglin 5Cs (65190 O3 L joe5 35 90 Cnglin
Crz W33 531 55 Cpr Lt s (s ul 53 3L slai s
Ol Jube nl 53 Cpp g Sl 5 psmdewr 25 SaY o 53 5
63 sl (G5lse S 5 5l Al g s Cs s R Cid= s . Lloddonls
CBCLOR )T s 4 S 8 T slaiall

R R
| &Cs | | 8Cs |
1 L l L
LI | LI

sCp2+aCp3

Electrode 2

SR 6C) CMOS (sail 5 g5y p okl 25k a0l @) #Y S
indahu,l.u(b);(.nguﬁ,'ékqug\foj\s\ﬁ:}‘g

el il 5 e

¥ equivalent
® Laplace

* finite

\interdigitate
" Elements

¥ partial

Journal of Control, Vol. 12, No. 3,Fall 2018

WAV 5ol F osled Y il oJ 28 ales


http://dx.doi.org/10.29252/joc.12.3.43
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.3.1.9
http://joc.kntu.ac.ir/article-1-366-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.20088345.1397.12.3.1.9]

[ DOI: 10.29252/joc.12.3.43 ]

ov S oy gme S5l S g sl gLt Sy F e Sl s ang b

(S ol ¢ patimn ) ata oy Sl e

x(t)= ‘ 1

Asin(ogt+0) c(t)

Tnside

Elecirical
Cireuit ‘

SO e 53 B e 6,8 515 Skl 50 IS

[Py «5’)"';&“" éijzgl Jua ::;‘5: 515k sdmwe

Wl £5 S

8R R

T 8Cp3 Substrate and other Layers T i)
3 sl 5 ey x5 Je FF L

Lﬁ-}ﬁ}&é;}j&ﬁd)kﬂcf" Jg.i):a&;){_ﬂdulﬂwb‘ﬁ

.:ﬁc\ﬁ;ﬂl‘j,b-\{olj@bw\fjéduéﬁ

z -1t (")
R.C,s+1
Z, =R, +i
C,s

(\“)Q)yﬂawﬂ\{f@)f)é‘}iu\ﬁcudﬁd:bwb‘j4§
:A;.Tdn [SSSVEEY
Z C.jo

6(jo)=UD Lo
y(Jw) Zx (Rncn + Rxcx)jw+1_ RanCxcnw2

_jCa(l- RRC,C,0")+C,(RC,+RC, )0’
(RC,+RC,)’@* +(1-RR,C.C 0"

G(jow) =

g L3 m b b b s 53 352 0 Sl el
B L1 ol (88 85 nds 93 b (Sl (5o 45 7 sl

T g Cows 5 ) s $SKalys 5 oo 5 16

(L-RR,C,C,0")=0>RC,=—— (F)
R.C.0
__ G _zA
(R"Cn + RXCX) 4D
2~2 2
S, = PARGe +D
4D RCo

Ol (10) dsler omds 33 pw G o 5 b OP)
2 shs

N(A):E o)
A

S5 55 5 Jdowi 4 Ol g 0T iS5 5 Ol g (gaials 5 oL b (gl
Y IS s (3L Cns Ol (50555 )3 s Sl I sl

S 5

' 0]
—
+

pszj),pshsﬁ;,#&g,;;lﬁawfvp

3 558 gl el el o s Wb o b Cand sl S
Q)}.pd.f‘?\’ﬁm)ﬁ:a:bow&ﬁf‘kdgGUL{}:.}‘_,’_E:’-M

el Ol L6 £F S

x(t)=
(=0 Asin(wgt+0) ¥(1 ()
> —p- »> —b
+

oy Wb by o ion SOL Gl g e B S

ol Sygots (A) w il s Olg o 1) YL N SY¥sles

35 el
{N(A,w) -1 ]X(jw)}zo W
1 L(jw) |l Y(jo)
25T s 4 (1) &GS 4 0l oo 1, 0T oy &
N(Aw) -1 o Y
1 L(jw)

14 N(A 0)L(jo) =0
Sllons o) g S 05 giilne Jo ) o S gl

)

. ; 1 ")
I: Re[L =Re[-
rea e{L(jo)l=Rel- i 0]
N - 1
: Im[L =Im[-
imaginary m[L(jw)]=Im[ N(A,a))]
(\\)Q‘)yﬂ.}bébJ&bf}dﬂ\j}l&ngwig}_"))J
S s sl
. 1
L(jo)=- AY)

N (A, )
Y 0 Ioen obd Hls 505 Ol oo YU (gdlslan 3,k 95 (6l
3y GokasOlis asl atils dol.cs o2l lo g g2 ol yo 8 bl
TlAel g A byl 55 b 3 p el e 55 g S S
251y e Jie I8l (6l Y ISCs 55 skl )l Jole (sl el

b e els 5380 Ko ksl fotls

Journal of Control, Vol. 12, No. 3, Fall 2018

ARV ol o o5led VY W oJ 28 e


http://dx.doi.org/10.29252/joc.12.3.43
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.3.1.9
http://joc.kntu.ac.ir/article-1-366-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.20088345.1397.12.3.1.9]

[ DOI: 10.29252/joc.12.3.43 ]

S e S5 S sl gLkt sy 5 Sl s g (b oA

&:‘L‘*"‘PMJW‘(U“‘%&L‘JV?

V) 53 W8 sats § jasits § o 6l s, beSSe

sl sliarles (VA)

100 umol 50 umol 10 umol
L L L

R= = =
445nf —119pf ~ 217nf —119pf _ 46nf —119pf

R = 0000218 ™! - 00327 PP
Lpf nf

100 umol 50 umol 10 umol
L ~ L ~ L

R= ~ =
1100nf ~119pf _ 440nf —119pf _ 540nf ~119 pf

R =0,0000185 4™ ~ 0,005 PP™
Lpf nf

G s -1

P oomerer 5 Jlepy cljltle gl o o@lis ol s

Slgn 5 jasis able Cilu 5 b Cgr s 6 (sl
Sheacs 153 553 i) e bl Sl ol axils (| b 5 dine
238 Gl Gl e 5 Goleosly JsunlS SO i
e o8 3 5 e (sla sl 5 K58 0058 o iy el
15 oS e 3 5 bl oS el 8 a0l e g5
Sl el 535 Sl o 5 sm 6la 20yl ek (131 4 Sl 5 4 50
25 g A Sl bl Sl eslinal b gl gl Sl bl g
255 ey S50 S5, 80 03 ST L g (b i
Sl ol T 55 5 e S5 slasg Sl o (595 1 5 355 o0 L
1 S S0 S e SIS 3 i S n 23 SR gy 5 e
st Solwesly 5 Bme dlie ol s (cu d@ﬁﬁ@@jls;
DU 53 S5l b e ol b g G (03 3
oz 4 G S b (il Gl sl (S5 L
L;L_; e lwosly 5 gilwans @L:J 3 g o 6;”'\.\3\ slabs)

Q‘é;aﬁ&\&_’)w‘\wb:ﬂ.ﬁ

gL o Ol 5 Ol aials S0l e Dy A T o 8

~ 5t S 51T 5 ol S Olad e (5 5 Sl 5 bl
Sl Olag anls 5 (S5 s el a5 I Gyl
Sygot (19) Syson (G sl Jo bimas (¢,S o5l L6

el Ol b o

_7A(RIClo®+1) _zA (RICi0® +1) (%)
* 4D RC,0 * 4D RC,0
1 - 4D
R = 2 R = 22, 2
R,C,C.@ 7AR,C 0" +1)

lasis & by RGCL s 09) 55 ol s30LL

Az sdbazsle SO S e 4y by e Rn7Cn ﬁsw}fu‘o-
PO S P I SR I K PRSTPRV- S0P S-S TPV PT
b &SIl (1 4 g pa s Aw sk e
s e LS G5l 13 e 5y Sl sl 5 5lke BV IS

plonil o8 3 ockaz b Jlow 5 5l 5 sluke BV JSs

ot

S (9 Olasin g mE -0

03,8 o plasl ST 3550 masle JUST 5 Son 05057 ol 53

Sl Rl 02l 53 s e plal Sl sdoms (13 0505T L Gillae
5adod ol 53 sl A p s 5 SV 500 e skl
Yodsder 5V Jodr dslir 50 4 s S 58 o el ST S

.::f@og{fd}.\q-c;)y@ﬁ“}éwfﬂw.m

% GO PP PIN SR LIV TEC R U PNES

I LSS LSS LS

T | 5KV chile | 5K 00 chle | Jses S chile
A 2ds A s Az

14 PR WERR] 6 56 oF BRPHARR

51,6585 1,6

aied o (6 65 o510 s dstor oY Jer
2 Loadd Chle b ais Sl L
ST | Ve chle |, dse 55 0 A ds s S
A s s S A
4 S FFO Sk SLYIY s6 gL P
o, sl,6

Journal of Control, Vol. 12, No. 3,Fall 2018

WAV Sl oF oled O o oJ 28 alons


http://dx.doi.org/10.29252/joc.12.3.43
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.3.1.9
http://joc.kntu.ac.ir/article-1-366-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.20088345.1397.12.3.1.9]

[ DOI: 10.29252/j0c.12.3.43 ]

04

S oy gme S5l S g sl gLt Sy F e Sl s ang b

6@"’“’“}@‘:‘:"‘)}”’;“("1%@&}?&:‘

ks b K 5 St ¥ Jsd

ol 5 Sn Sl (sl el Sl A
by S J b 5000 e S
Loy S 5 50 e S
Las s 2SIl alols 50 as S
b L5 sldes 800 .
e 33 M- s .
i gl 100 e sl
Jus gl 200 e Sen
S (sl el
G295 S 2 AR Se
e 0.1 o
T ks 192 HLis JSat
Jis gl 200 s S
JLE sl 5000 as S
e et 2 A S
04
SIS 4t
ST R 0.0031 Iy
S le
S350 53U 0-10 KA
oi3ls WIS 8 525
olijls 5 £ 8 PER]
Ji‘f“i\‘“'; 3
315 e .
o>
G sl bl
058 0l 800 S L
2 el Ol 720 b
Ll 1.388888889 FA

Journal of Control, Vol. 12, No. 3, Fall 2018

QY b o o5led VY W oJ =S dlome


http://dx.doi.org/10.29252/joc.12.3.43
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.3.1.9
http://joc.kntu.ac.ir/article-1-366-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.20088345.1397.12.3.1.9]

[ DOI: 10.29252/j0c.12.3.43 ]

Gl 4 e S5l SIS 5ol glals Sy F e Sl s a1k

(i ol ¢ B satimn ) paia il S e

[13] Pamula, V.K. and R.B. Fair. Detection of
dissolved TNT and DNT in soil with a MEMS
explosive particle detector. in AeroSense 2000.
2000. International Society for Optics and
Photonics.

[14] Rajic, S., et al. Ultraresponsive thermal sensors
for the detection of explosives using calorimetric
spectroscopy (CalSpec). in AeroSense'99. 1999.
International Society for Optics and Photonics.

[15] Pamula, V.K. and R.B. Fair. Detection of
nanogram explosive particles with a MEMS
sensor. in AeroSense'99. 1999. International
Society for Optics and Photonics.

[16] Pinnaduwage, L., et al., Explosives: A
microsensor for trinitrotoluene vapour. Nature,
2003. 425(6957): p. 474-474.

[17] Pinnaduwage, L., et al., A sensitive, handheld
vapor sensor based on microcantilevers. Review
of Scientific Instruments, 2004. 75(11): p. 4554-
4557,

[18] Li, X., et al. Four-cantilever trace explosive
sensors with dual SAMS functionalized for
specific-sensing improvement and nonspecific-
adsorption depression. in Solid-State Sensors,
Actuators and Microsystems Conference, 2007.
TRANSDUCERS 2007. International. 2007.
IEEE.

[19] Miller, R.A., et al., A MEMS radio-frequency
ion mobility spectrometer for chemical vapor
detection. Sensors and Actuators A: Physical,
2001. 91(3): p. 301-312.

[20] Senesac, L.R., et al., Micro-differential thermal
analysis detection of adsorbed explosive
molecules using microfabricated  bridges.
Review of Scientific Instruments, 2009. 80(3): p.
035102.

[21] Jenison, R.D., et al., High-resolution molecular
discrimination by RNA. Science, 1994.
263(5152): p. 1425-1429.

[22] Stoltenburg, R., C. Reinemann, and B. Strehlitz,
SELEX—a (r) evolutionary method to generate
high-affinity nucleic acid ligands. Biomolecular
engineering, 2007. 24(4): p. 381-403.

[23] Lee, H., et al., Various on-chip sensors with
microfluidics  for biological applications.
Sensors, 2014. 14(9): p. 17008-17036.

[24] Gao, Y., et al., Plasmonic interferometric sensor
arrays for  high-performance label-free

&y

[1] Weigl, B.H. and P. Yager, Tech. Sight. Science,
1999. 283(5400): p. 346-347.

[2] van den Berg, A. and T. Lammerink, Micro total
analysis  systems:  microfluidic  aspects,
integration concept and applications, in
Microsystem technology in chemistry and life
science. 1998, Springer. p. 21-49.

[3] Nie, Z., etal., Electrochemical sensing in paper-
based microfluidic devices. Lab on a Chip, 2010.
10(4): p. 477-483.

[4] Cheng, S.and Z. Wu, A Microfluidic, Reversibly
Stretchable, Large-Area Wireless Strain Sensor.
Advanced Functional Materials, 2011. 21(12): p.
2282-2290.

[5] Huang, C.-J., et al., Integrated microfluidic
systems for automatic glucose sensing and
insulin injection. Sensors and Actuators B:
Chemical, 2007. 122(2): p. 461-468.

[6] Saadi, W., etal., A parallel-gradient microfluidic
chamber for quantitative analysis of breast
cancer cell chemotaxis. Biomedical
microdevices, 2006. 8(2): p. 109-118.

[7]1 Chen, J., J. Li, and Y. Sun, Microfluidic
approaches  for cancer cell detection,
characterization, and separation. Lab on a Chip,
2012. 12(10): p. 1753-1767.

[8] Maheswaran, S., et al., Detection of mutations in
EGFR in circulating lung-cancer cells. New
England Journal of Medicine, 2008. 359(4): p.
366-377.

[9] Yung, T.K,, et al., Single-molecule detection of
epidermal growth factor receptor mutations in
plasma by microfluidics digital PCR in non-
small cell lung cancer patients. Clinical Cancer
Research, 2009. 15(6): p. 2076-2084.

[10] Fujii, T., PDMS-based microfluidic devices for
biomedical  applications. Microelectronic
Engineering, 2002. 61: p. 907-914.

[11] Thundat, T., et al., Vapor detection using
resonating microcantilevers. Analytical
Chemistry, 1995. 67(3): p. 519-521.

[12] Fair, R.B., V.K. Pamula, and M. Pollack.
MEMS-based explosive particle detection and
remote particle stimulation. in AeroSense'97.
1997. International Society for Optics and
Photonics.

Journal of Control, Vol. 12, No. 3,Fall 2018

WAV b o ojled Y il ¢S aloms


http://dx.doi.org/10.29252/joc.12.3.43
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.3.1.9
http://joc.kntu.ac.ir/article-1-366-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-16 ]

[ DOR: 20.1001.1.20088345.1397.12.3.1.9]

[ DOI: 10.29252/j0c.12.3.43 ]

4 Gl 4 o e Gl S35 5l plulid Jlws,y e Cile sap b

6@"’“’“}@‘2"‘)@‘("1'\’%@&}(’:‘:‘

H5N1 avian influenza virus. Sensors, 2015.
15(8): p. 18565-18578 .

[36] Weng, X., G. Gaur, and S. Neethirajan, Rapid
Detection of Food Allergens by Microfluidics
ELISA-Based Optical Sensor. Biosensors, 2016.
6(2): p. 24.

[37] Miao, B., et al.,, Centrifugal Microfluidic
System for Nucleic Acid Amplification and
Detection. Sensors, 2015. 15(11): p. 27954-
27968.

[38] Khalil, H.K. and J. Grizzle, Nonlinear systems.
Vol. 3. 1996: Prentice hall New Jersey.

biomolecular detection. Lab on a Chip, 2013.
13(24): p. 4755-4764.

[25] Anker, J.N., et al., Biosensing with plasmonic
nanosensors. Nature materials, 2008. 7(6): p.
442-453.

[26] Lee, S.H., et al., Linewidth-Optimized
Extraordinary Optical Transmission in Water
with Template-Stripped Metallic Nanohole
Arrays. Advanced Functional Materials, 2012.
22(21): p. 4439-4446.

[27] Lim, C., et al., Optofluidic platforms based on
surface-enhanced Raman scattering. Analyst,
2010. 135(5): p. 837-844.

[28] Park, T., etal., Highly sensitive signal detection
of duplex dye-labelled DNA oligonucleotides in
a PDMS microfluidic chip: confocal surface-
enhanced Raman spectroscopic study. Lab on a
Chip, 2005. 5(4): p. 437-442.

[29] Strehle, K.R., et al., A reproducible surface-
enhanced Raman spectroscopy approach. Online
SERS measurements in a  segmented
microfluidic system. Analytical Chemistry,
2007. 79(4): p. 1542-1547.

[30] Arpali, S.A., et al., High-throughput screening
of large volumes of whole blood using structured
illumination and fluorescent on-chip imaging.
Lab on a Chip, 2012. 12(23): p. 4968-4971.

[31] Matos Pires, N.M. and T. Dong, Microfluidic
biosensor array with integrated poly (2, 7-
carbazole)/fullerene-based photodiodes for rapid
multiplexed detection of pathogens. Sensors,
2013. 13(12): p. 15898-15911.

[32] Wang, J., et al., A label-free microfluidic
biosensor for activity detection of single
microalgae cells based on chlorophyll
fluorescence. Sensors, 2013. 13(12): p. 16075-
16089.

[33] Chiu, T.-K., et al, Development of a
microfluidic-based optical sensing device for
label-free detection of circulating tumor cells
(CTCs) through their lactic acid metabolism.
Sensors, 2015. 15(3): p. 6789-6806.

[34] zZhang, F., et al., A microfluidic love-wave
biosensing device for PSA detection based on an
aptamer beacon probe. Sensors, 2015. 15(6): p.
13839-13850.

[35] Lum, J., et al., An impedance aptasensor with
microfluidic chips for specific detection of

Journal of Control, Vol. 12, No. 3, Fall 2018

QY b o o5led VY W oJ =S dlome


http://dx.doi.org/10.29252/joc.12.3.43
https://dor.isc.ac/dor/20.1001.1.20088345.1397.12.3.1.9
http://joc.kntu.ac.ir/article-1-366-en.html
http://www.tcpdf.org

