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bm#b2[m2MiHv- Bib uQmM; KQ/mH2 0 4 RIiRSK-BIMM2/BQ @M2 Q7 i
?B;?2bip Hm2b KQM; "2 HK i2'B HbX

T?22M2 ? b ?B;? i?2°K H +QM/m+iBpBiv BM Q /2" Q7 8yyy qf
2 kejy¥ (Rd) M/ Bb #2M/ #H2- r?B+? Bb HbQ mb2/ BM b2p2" |

AM i2 Kb Q7 2H2+i'B+ H T'QT2'iB2b- KQM; i?2 KQbi BKTQ i
+ B2 KQ#BHBiv i "QQK i2KT2  im 2 Ui?a®b2iERN HHAMKSQ M Ky
#OQOmi ROy Vwoy'bK(ky) r b K2 bm 2/V M/ DbT2+B H# M/ bi'm+im
bQ + HH2/ .B" + TQBM# MID 2ti?R#Bi HBM2 " /BbT2 bBQM U b b?C

6B:X 8, :° T?2M2 # M/ bi'm+im 2 rBi? HBM2 " /BbT2 bBQM “Qm]
7 QK (kk)X

h?2 62 KB H2p2H BM T BbiBM2 ;> T?2M2 Bb i?2Q 2iB+ HHv 'B
BbMQ T 2/QKBM MiivTI2 Q7 +? ;2 + 'B2'b U2H2+i"QMb Q"  ?QH
BM}2H/ 2z2+ii° MbBbiQ +?Bi2+im 2iQ; T?2M2-r2+ M +? M;
> T?2M2 rBi? 2H2+i"QMb Q> ?QH2bX

OXkX *o.; T?2M2 ; Qri?

h?2°2 "2 Db2p2° HK2i?Q/b7Q  :  T?2M2 T 2T * iBQMX 6B biHv-
HB iBQM i? ir b mb2/ HbQ #v :2BK M/ LQpQb2HQp r?22M i?2v K .
iBK2X h?2 M2ti +QKKQMHvV mb2/ K2i?Q/ Bb i?2 "2/m+iBQM Q7 ;"
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6B:X e, h?2 *o. T°Q+2bbX h?2 + “#QM ; bb2b ‘2 TmKT2/ BMiQ i?2
[?2°2 i?22v 7Q K ;> T?2M2 KQMQH v2 QM i?2 bm' 7 +2 Q7 i?2 K2i
7 QK (k9)

/2 Hb rBi? b2MbQ i? i +QMi BMb ;" T?2M2 b?22i K /2 pB +?2KB+
U*o.V-bQ i?Bb K2i?Q/ rBHH #2 /2b+ " B#2/ BM KQ 2 /2i BHbX

.M BM; i?2 *0o. T'Q+2bb U6B;X eV-i?2 + "#QM iQKb 7Q K ;' T?2
HviB+ bm#bi® i2X h?2 K2i Hbm#bi  i2Bb Tmi BMiQ i?2 2 +iBQM +7?
KBtim 2 +QMi BMBM; + "#QM ; bb2b U2X ;X K2i? M2V Bb /' B7i2/ |
i?72 bm#bi” i2 Bb?2 i2/X AMi?2 +? K#2 -i?2+ #QM ; bb2b "2 /2+Q
iQKbX aQK2 iQKb 7' QK i?2K BMbi'2 Kbi 'iiQ KQp2BM i?2 /B 2+]
M/ /bQ # QM Bib bm 7 +2X aQK2 Q7 i?2K 2 /2bQ #2/ # +F iQ i?2
i?72 bm#bi~ i2bm'7 +2- ;°QmT Q7 + #QM iQKb 7Q°'K Mm+H2 iBQ
KQp2 iQ Bii? MFb iQ /BzmbBQMX h?Bb Bb ?2Qr KQMQ@H v2' ;' T-
i?72 bm#bi® i2X h?2 "2K BMBM; ; bb2b "2 TmKT2/ Qmi Q7 i?2 +? K#2
+QQH2//QrMiQ "QQK Ii2KT2" im 2X(kj)(kk)

Ry
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8X " T?2M2 }2H/ 2z2+ii MbB!
U:61hV

}2H/ 2z2+ii° MbBbiQ U61hV Bb /2pB+2-r?B+? ? bi? 22 2H2+i
M/ bQm +2- "2 +QM/m+iBp2Hv +QMM2+i2/X PMi?2 +QM/m+iBN
HiQ - iviB+ HHv M QtB/2- QM iQT Q7 i?2 BMbmH iQ  Bb i?2 i?[
2H2+i'B+ HHv b2T " i2b i?2 +QM/m+iBM; +? MM2H 7 QK i?2 ; iz
UPQHN; W i?2 ; i2- +? ;2 rBHH ++mKmH i2 QM i?2iQT bB/2 Q7
TQbBi2 bB/2 Q7 i?2 QtB/2BM i?2 +QM/m+iBM; +? MM2H i?2 QTTC
K FBM; i?2 bvbi2K + T +BiQ X Aib+ T +BivBb ;Bp2M #v i?2 2H

C=QlV, USXRYV

A7r2+QMbB/2 i?2#QiiQK@; i2/61h-i?2BMbmH iBM; H v2 Bk
+? MM2HX h?Bb K F2b Bi TQbbB#H2 iQ TH +2 M 2H2+i Q/2 mM/:
#QIIQK ; i22H2+i'Q/2 U6B;X 3VX h?2; i2b "2 MQi Hr vb bQHB/
BM HB[mB/ T? b2X

AM /m H ; i2/ ;" T?2M2 }2H/ 2z2+i i MbBbiQ b U:61hV- i?2 +
7Q K2/ #v H v2 Q7 ; T?22M2X .m2iQ i?2 ; T?2M206b k /BK2Mb
I2MbBiv Q7 +? ;2 + B2 b i?2 +QM+2MiniiBOM @Z AZ Bp2 k7 " BR
2[m iBQM URV M/ /2T2M/b HBM2 "My @WM7IQ2Km B pkB) ;2

r?2°"2Bb +? ;2BMD2+iBQM " i2,

Or .
= usXx|v
ed J

q?2° 2 Bb i?2 T2 ' KBiBpBiv,QFbp 2 mBp2 T2 KBiiBpBiv2BD i?2 K
i72 2H2K2Mi v +2 BRiMI+FM2bb Q7 i?2 H v2 X

* T?2M2 2t?B#Bibi?2 HQr2bi +QM/m+iBpBiv M/ bQ i?2 ?B;?2b
r?2M i?2 62 KB H2p2H Bb BM i?2 .B° + TQBMi ? pBM; MQ T 2p H2

RR
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bi'QM:HvV "2/m+2/ MmK#2 Q7 bi i2br?2M i?2 62 KB H2p2H Bb BM i?2
/Bz2 2Mi; i2 pQH2 +2B1 +? M;2i?2 62 KB H2p2H BM ;" T?2M2X h?Bb +
Q7 i?2 +? ;2 + "B2'biQ #2+QK2 T 2p H2Mi M/ i?2 + T +Biv Q7 i?2

8XRX GB[mB/iQT@; i2 :61h

b 2bi #HBb?2/ BM i?2 T 2pBQmb T °~ ;" T?b-i?2 BMbmH iBM; H v2°
2Bi?2 bQHB/ Q HB[mB/X h?2 bQHB/ BMbmH iBQM #2? p2b b /2b+
+? Ti2 X AMi?2+ b2Q7 HB[mB/T? b2iQT; i2 /" QTH2i Q7 ?B;?Hv
iQ b2T " i2i?22iQT ; i2 2H2+i'Q/2 7°QK i?2 +? MM2HU6B;X dVX "v T
iQT ; i2 2H2+i"Q/2- bQK2 BQMb 7°QK i?2 bQHMIiBQM ;2i BKKQ#BHB>
7Q'KBM; H v2'X h?2M- Qi?2  BQMb 7°QK i?2 bQHmMIiBQM rBi? QTT
Hv2 QMiQT Q7 i?21} biH v2'X h?Bb > M;2K2Mi Bb + HH2/ M 2H2+
Bibi?B+FM2bb Bb p2'vBKTQ'i Mi[m MiBXvAi Bb 2B p2#Vv 2 H2MHIFPQr B
7Q KmH (ke),

S

_ kgT
D — 2NAé2| U8X9V

q?2'% Bb "QHixK M +KQMBbbh MQ; /°Q + QM iMR-i?2 T2 KBiiBpBiv Q7
i?2 K i2’BBIb #bQHMIi2 i2KZBY iP@ 2H2K2Mi v ABB RQMB+ bi 2M;i?
Q7 i?2 bQHMIBQMX

h?2 .2#v2 H2M;i? /2b+ B#2b i?2 K tBK H /Bbi M+2 7°QK i?2 bm 7
7°QK i?2 bQHMIiBQM "2 #H2 iQ BMi2  +i rBi? i?2 ;" T?2M2 +? MM
T QT2 iB2bX

8XkX .m H@: i2 :61h

AM i?2 2tT2 ' BK2Mi HT i Q7 i?Bb rQ ' F i?2 /m H@; i2/ :61hr b mb2
2 p2 #Qi? iQT@; i2 M/ #QiiQK@; i2 M/ /Bz2 2Mi pQHi ;2b + M #2
i?2 : i2b BM/BpB/m HHvX > pBM; #Qi? ; i2b M/ HbQ #2BM; #H2 iQ
iQ 2 +?2 Q7 i?2K K F2b Bi TQbbB#H2 iQ K2 bm 2 #Qi? i?2 K ;BM H B
br2HH bi?2 +QHH2+iBp2 BM~m2M+2 #Qi? ; i2b? p2 QM i?2 "2bTQ

Rk
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6B:X d, h?2 b2MbQ  BM iQT ; i2 +QM}:m" iBQM rBi? HB[n

6B:X 3, h?2 b2MbQ  BM #QiiQK : i2 +QM};m  iBQM

Rj



eX a2 +7?

AM i?2 b2 "+2 T i A7Q+mb2/ QM k iQTB+bX h?2 }'bi QM2 Bb :Hm+(
M/ i?2 b2+QM/ Bb TTHB+ iBQMb Q7 /m H ; i2/ :61hbX

eXRX :m+Qb2 b2MbBM; mbBM; :61hb

AM Kkyky >m M; *X 20 HX T°2T "2/:61h7Q b2MbBiBp2 ;Hm+Qb2 b2Mb
iBQM HBx2/rBi? SV'2M2 @ R @ "Q QMB+ +B/X Aib HBKBi Q7 /2i2+il
YyXR8'JrBi? /2i2+iBQM " M;27 QK yXy8iQ Ryy KIX h?2 mb27mH M/ |
T QT2ivQ7i?Bb b2MbQ  r b Bib #2M/ #BHBiv- r?B+? Bb mb27mH BN\

AM kykk 62MQv :X 1X 2i HX T°2T "2/ :61h b2MbQ  7Q  m BM2 ;Hr
;> T?2M2 H v2' HB2b QM ;QH/2M ° bi2° M/ Bb 7mM+iBQM HBx2/ rB
MBHBM2V M/ :Hm+Qb2 QtB/ b2X h?Bb b2MbQ  b?Qrb GP. 9XR 'J |

Ry iQ Ryyy "JX (k3)

eXkX .m H ; i2/ :61hb

.m H: i2/ b2MbQ  rBi? 2QM2v b /B2H2+i B+
AMKykR Hx B/JX2i HX T 2T “2//m H; i2/; T?2M21}2H/2z2+ii  Mb
Bi rBi? 2QM2v b iQT : i2 /B2H2+i'B+X :° T?2M2r b :"QrM #v *0. (
+Qp2°2/ #v SJJ X 7i2°r /bi?2*mr b 2i+?2/- M/i?2; T?2M2r bb?
bm#bi> i2 rBi? jyy, MKv@B® h?2M i?2 K2i H +QMi +ib r2°2 /2TQbBi2/ :
2p TQ  iQ X

.M BM;i?2 K2 bm 2K2Mii?2 2QM2vBM k KK i?B+F H v2 r b br2Ti 7
+? MM2H iQ MQi?2 X h?2 K2 bm 2K2Mir bK /2 BMj/Bz2 2Mi bi i2b
rBi? # +F ; i2 r bi F2M rBi? T'BbiBM2 ;> T?2M2 M/ i?2 .B> + TQBM
0X .m BM; i?2 b2+QM/ K2 bm 2K2Mi rBi? +? MM2H ? H7 +Qp2 2/ rBi?
KBMBK r2°27QmM/ i j80 M/yoXh?2H biK2 bm 2K2Mi rBi? +? M
rBi? 2QM2v-i?2 .B> + TQBMi b?B7i2/iQ jk oX

h?2 b2+QM/ T "iQ7i?22tT2 ' BK2Mi K2 bm 2/i?2/2T2M/2M+v Q7 +
QM i?2 # +F ; i2 pQHi ;2 7Q  iQT ; i2 pQHi ;2b 7°QKj o iQ @9 o- rBi-

R9
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;- /m Hb?B7iQ7 .B° + TQBMiU+m "2Mi KBMBK V pQHi ;2r b Q#kb
@8y 0iQ M2 "HvyorBi? BM+'2 bBM; iQT ; i2 pQHi ;2X (kN)
.m H; i2/:" T?2M2 61h T 2bbm 2 b2MbQ rBi? KQp #H2 iQT ; i2
AM kyky h K2 ' bBi EX- EQiiBJX M/ 6 F?7 F? JX +QMbi m+i2/ /m |
b2MbQ  rBi? KQp #H2 iQT ; i2X AibiQT ; i2r b MQi 7 bi2M2/iQ i
QtB/2-#miBir b #H2iQ KQp2BM i?2 p2'iB+ H/B 2+iBQM /2T2M
h?2 /Bbi M+2 #2ir22M i?2 KQp #H2 iQT ; i2 M/ i?2 QtB/2 BM~m2I
iQT ; i2 M/ bQi?2+m "2Mi BM i?2 +QM/m+iBM; +? MM2HX

q?2M TTHB2/ # +F ; M3gcp@KWi92o M/ i?2 pH4 yX8 o QM i?2
+? MM2H 2H2+i Q/2b-r2 + M Q#b2 p2 i?72 HBM2 "~ b?B7i Q7 i?2
#Qmi RRX80iQjor?2M +? M;BM; i?2 /Bbi M+2 Q7 i?2iQT ; i2 2
y MKX(RR)
.m H; i2/:61h rBi? BKT Qp2/ /BQ 7 2[m2M+v
AM kyyN GBM u@JX 2i HX +QMbi m+i2/ :61h M/ i2bi2/ i?2 QT
iQ "2 +? 1?2 ?B;?2bi TQbbB#H2 7 2[m2M+vX h?2v "2 HBx2/ i? i
2 +?22/r?22M i?2 +QM/m+i M+2 Q7 i?2 +? MM2H Bb KBMBK HX h-
+QM/m+i M+2 Bb "2 +?2/V?2NRX@To; W/ # +%;4 &9y o Bb TTHB2/

AM p2'v bBKBH * +QMMm4 REK@MIBi@9y 0 M/ i?2 +?2 MM2H pQ
Vew 4y-30i?22vi2bi2/?2Qri?27 2[m2M+v /2T2M/ QM i?2 +m  2Mi ;
b?2QrM i? ii?2+mi@Qz 7 2[m2M+v Q7 i?2 b2MbQ  Bb 8y :>xX (jy)

R8



dX 1tT2 BK2Mi

dXRX ."QTH2i 2p TQ  iBQM

gq?2M K2 bm'BM; rBi? iQT@; i2 +QM};m” iBQM- /'QTH2iQ7i?2 K2
IB2H2+i'B+ H v2 X AibivTiB+ HpQHmMK2BbBMi?2Q /2 Q7i2Mb Q7"
iBK2-r?B+? + MBM~m2M+2i?2 K2 bm 2K2MiX h?2°27Q 2-BM Q' /2"
M2+2bb 'viQ ++QmMi7Q i?Bb 2p TQ iBQM/m BM; 2;mH K2 bm
Q71i?2/2BQMBx2/U.AVr i2  /"QTH2i2p TQ iBQMr bbim/B2/ bb?Q

.m BM; i?2 K2 bm 2K2Mi-i?2 HB[mB// QTH2i Bb Tmi QM bBHB+(
HV2'X R'H/'QTH2iBbTmiQMi?2bm 7 +2Q7 bBHB+QMTr 72 M/ B!
2p2 v jy bX 7i27i?22 T?QiQ; T?br2°2 T Q+2bb2/-i?2/2+°2 bBM; °
rbK2 bm 2/X " b2/ QM7 +ii? ii?22 /" QTH2i F2Ti ?2KBbT?2°2b? Tz
Bib 2tT2+i2/ pQHMK2 M/ bm 7 +2 + M#2 + H+mH i2/ 7Q  2p2 v iBK?2

h #XdXRX, h?2 K2 bm 2/ ~ /BB M/ + H+mH i2/ pQHmMK2 M/ bm 7 A
I"QTH2iX

iBK2 UbV | vy iy ey Ny Rky| R8y| R3y| kRy| k9y | kdy
" /Bmb UTi{WkdXeNyXg93X@ydXBe8XBRjXWAkXB®RyXBByXykdNKXS8
POQHMK2 U'RXYyyyX3eywyXdR9X83FX9djyXj8jyXkdeg XRBRXRR¥Xy8d
bm 7 mm2W 3Xjy dX9deXey 8XdB8Xyk 9XR|j j X8y kXed RXNKR Xk

Re






	Introduction
	Biosensors
	Glucose detection - chemicals
	Graphene
	Properties of graphene
	CVD graphene growth

	Graphene field effect transistor (GFET)
	Liquid top-gate GFET
	Dual-gate GFET

	Search
	Gucose sensing using GFETs
	Dual gated GFETs

	Experiment
	Droplet evaporation
	Functionalization process
	Sensor measurement

	Conclusion
	Bibliography
	List of abreviations

