MKBESHR

K 15 Bmg
I AL RE P R

(Ef) V. K. By =
WMXHE FOF




MARFEHERA
P SRR
WA o Fo ke B

(¥P) V.K. B2 &
KA FOF



B

01-2013-6657 &
Nanosensors: Physical . Chemical . and Biological 'by Vinod Kumar Khanna,/IS-
BN.978-1-4398-2712-3
Copyright(@ 2012 by CRC Press.
Authorized translation from English language edition published by ('R('
Pn 55« part of Taylor & Francis Group LLC; All rights reserved. A5 I i
Taylor & Francis 4} JEE M CRC R 2 A BRI« 2 FLPZ AR iR e i
EASUITAT < AL 5
Science Press is authorized to publish and distribute exclusively the
Chinese (simplified characters) language edition. This edition is authorized
for sale throughout Mainland of China, No part of the publication may be
reproduced or distributed by any means.or stored in a database or retrieval
system.without the prior written permission of the publisher. 4s 43 e 3¢ fifj {40
T RS2 AL e A2 R 5 ) R (SRR A v PRl b X A . A28 o
F A TVF AT AR LU ] 2C 5 o 2 17 A B B AR AT 3543 .

Caopies of this book sold wnhoul a Taylor & Francis sticker on the cov-

ARl e0
(GRS Y IJ%H‘LI«%)
524 53 3 : Nanosensors: physical. chemical.and biological
ISBN 978-7-03-041821-0

L. D 1. O @8k . QKB ARE WL Bets- 15
V. ©TP212.3
eb ] i A ] 4 CIP A% 7 (201048 206445 &
ABRR: A K/ riERE. REH & &/ vt 8
AR R AR RS/ HEEG: O

H 4 2 KB i R
ACTEAS BT AR AL (5 16 55
s e it < 100717

hitp: -/ www. selencep, eon

¥asgwa sy Fk
PEEMBRLARAT RSB 1 A

20144 8 HEY — IR JFA . 720 < 1000 1/16
2014 4F 8 FISE—WENR]  EpEk.32 1/4
FH. 660 000
EMr:138. UOJTC
CanAy B I ik [ B, 3% 41 67 97 I8 50



A& N

ABRE-HMNEEE DS HNAKERSICE. BENT B KIE
JRAR 0 7 RN IEREATE SR J5 BEAR 9N K A5 38 0 T Hh v iz FH i 3 S 44 K 41
FHRIGOR B A PR RE SRR M L RADOR 5 R LR = I A A K R
A AR VUIR SRR AN KAZ RS GO AL R3S REA AL RS
YK P IRAS AL FARAL TR ES (0 JRUE R ] R P BB Ak AR
[l 77 e i R R A TR0 Ok ) KR AR R 2 i 9 B Y0k,

A A5 Al HE R A5 R AR 1R B0 L T i i K MEMS/NEMS
BHIF A& (R o n] (A 56 b K B e O A 58] 52



(ARBRZEHRARIABRES

Bo| iR e AL

F & HFL

THEEIER FEHE

BlEH KRiEA MER LTE

B T RERGEHFTHS)
/AN I VA % N %S = =
AR B BCF
fEwkde AR EOK
[0/ $2: N 10 S ML | SN )
P S S

AT

LI

1358
J SRR
o
FRIAH

Fiks
e
o IR
FBET



(AAMEZSHARIAEF

FERT XTI B O TR L o B VL H R HE R 22 1 TR S
G, HRRSE R R FIZE SRR SR R R EE T R EE
(R FERREH R 1 AU | SUE R BN

BR 19 5 R 85 75 5 SR P69 - AT MR B9 . 1880 T 8
B R0 3 PR 87 MG R (3 BT HEEE SM7 (02 T R A
RS A AL i L RVIRN SRR A S RS LA L T A B A4
CHER) » BCREA BE BT 220 A P T A7 R ) B S B T R
A IR 20 « A AR B (AP R B (35—
P A BT R R . SRR AR S 2 R R I3 A R, b,
IR TR LA BRI A

HA 20 140 TRIEIFE B HOARAEE U 1200 . SO A SRR He R TG 5 51
HE DT DK T TRHE A MR Hep 1y SR A V2 . TR N o B
SR T RIS SCAR T BRI - oh [R5 A =) B 25 ] 4 0 AR £ 97 A 55
(OBTF i ST AL 6 FUE AT TR IS . T R BRI
AR OB AR I CERIR Y48 SLIEHR 5 05 A1 00 A6 S ]
AN 7 ST A S B AT (1 M2 AR S I BRI 2 B 76 M4 0 B
TACEZN S8

HORBHEC 20 21 AT BRI R TURZ — X PRI 2 %
T A R CL 28RO AR TR0 2. BRI DR AR 5 R FRAL 2200 4 2
(TUPAC) £ FIZE 2006 4F 12 i« BUAER 35 B R AR A R RARBHE 45
A 5= I A TP R DR 82 T BB R ) 44 R 4 K
BHEE 4 5 R

SGET 20 HHE I IR DR RIS AT FHROE T 5 B A K T I 5 2 1 R
WELIS . 4% CELBOR A7 A T3 th AR AOR B SO b 4 31 SR i
Wy, FERRIE . AOKFH U BT — S REAS R R MK B H R 547
AT NG R Ae bk 4 . DRI B AR R o O S R AL S ) %2 O 4
Y RECARRRE TR ) 7R BA ST BB 2 M PE A R G
AT R M A AR B 2H AT SERIREFT . AES A -f3H0 th AR 5 5% Bt o
P MEBFE L REEE STy bR 608 0 R B AR 0 AT S 4171 44 1
PSR KR A B A A TR T 1 O K AL R4S Sl R 22 . T )



i e QUKL A YA Ao TR iR

INRBHEL A HH Rl A A S AR U A BB TAR & MBI AE AR A 55 Rt —
BEHEENSHTHR

RXEFATISS Ty e b A e S AR B — IR 2 — A E A R S K
Fre AR R R AA BZEE RS, BRSO X5 X
AA Bl T 3R [ AERIT— 2R A 5 7K1 ko 202 438 5 U1 48 o BRI A48 L
() 3 St G AR BHEDF T SRR S5 AL S B RN W —) 1 HA B TR R
] 45 AU N X PSR B AR o ) SRR AP R B 2 B DT A 412 5 42 P

FHAR RGP SEA R Z 2 RO AT B 57 s e s RESZ
SRR R R AT

(] i 7 B 4 LA R WA T B A 4!

loie

R RLE BB K
E R GKRHE T PR S 2 E R R R
2011 4 3 A Fdba



£ VA Pk 45 AL
Shri Amarnath Khanna,
Bttty 3 o F |
[ B . A ik 28 4% 894 F Shrimati Pushapa Khanna.
A 894 )L Aloka Khanna #2449 2% Amita Khanna,
Bt A 0 & Ao X 45!



1B & & v

A (Vinod Kumar Khanna) F 1975 43815 8 v 55 A 2% (University of Luc-
know)IE AR - 2AAT L 1988 AEFRAS iy S 4% 2 P K2 (Kurukshetra University) {8
2507 S SR Develo pment . Characterization and Modeling o f the Por-
ous Alumina Humidity Sensor ({ ZfLEA LA LRSI A . EBIE 588 ) .
1980 4F 4 J] 21 H .t AT CSIR-CEERI [E{A& &R 44336, e 25 30 4B
SR AR AL RS S5 4 B B A A BT o 1 PR AE T AR, th—
B S 5N AR i TV D b A 32U S HILIRK B fry ol 3k Ak
A | PR R DT A A KRR S R R A P R AR AR R R
DMOSFET #l IGBT .PMOSFET il & S 2551 i JE TR RE(MEMS) R
PRI s B T IR BEPE 0N R R4S (ISFET) (BE T b2 FicE Wl e s i 85 1
PRS0 SRS LA YE MEMS 5 40 REEF (cMUT) | iR IR | e ) 4% Jk
i R  MEMS PRS2 MEMS ity SR 2 I 88 55 A [R1000 H M 78 FF &
RGN (A2 D 4245 - 1986 4F A X EHBF B 2 M b i TEEE Tl 1
FH2E S 2 IR RIFFEIE 3C: 1999 4, 18 [ 35 i il 55 4 ol K2 . CSIR-DLR A 4E
TG H 52008 A, [ A 2 -l L D I 5 A8 IEEOR W 8 I « CSIR-DAAD S8
F 0 H S W VA R JCHLIE2E0F 98 I (Institute of Inorganic Chemistry) [1)
EIRE - i TAE = BRI A Z —.
b3 A A AT L A CIGBT BUe AT ) © £ 46 2003 48 i 4 22 TEEE
Press/Wiley-Interscience I, il &K 1 115 584 BB/ H Z 9 AL e
SCHIZBGE S I HR AT —=mi & A,
R4 - D e SRR (R TR W 22 9 2 b CER S B2 22 (TPA) 24 5
23 51 40AE TPA e 402 320G 2 BN EE 2 SR D2 R ED B -1 R 2 1 2%
B0, AGmCBETRA AT (4 AR5,
b 1y M s e AR SR LOMEMS FIU% A . Ath /£ CSIR-CEERI 411
LB R EER I MEMS MG BRI ST Sk A



[l

H

AR AL IR GIA TR R, DUORTARIRA 75 52044 3R A% 40 A& 4
frtEAE L. G % B IEAE MK B2 AR 1 £ 3 8 J B 0 T i e 37 (9 1% SR 2%
B gg I A FIFHGOREAR ARG i U RS IS Rl . e R Bt [R] R T 251
ok, SRR CEEGE S SN AR SRR IEAE AR TR A 5 AR

1L RREFAEAN KRB AR BRI & 8 & AR AT TR 7 8, th S A5 0 3 A
A AT T AR E AR N 14 IR AR S R (T AL Rk g .

YHRAG IRAFE g — BT AR, £ 27 A 0 R4S H A DG 15 B B 2 4 2 1
FLIG . ¥ KO AN I 1 320 2 b AR B AE K I A D6 AT A A 4 i —
5 TR B XA R TYORE RS R E SN .

55 1 SR — S GOR T AR 5| FHE RS W12 A 20— 1 Sobh Rt e F R
2T TR

55 2 FEPEAR T A N K AL AR 0 A FIRPRE . Q08 e S A SR AR 40 K DR
T DL RORADKA . X SEEE A I AR R R T ARG R i B A

55 3 R ANRAG IR AR S AN L = . XRLRFRILETHEEZA
[F) 400K 11 45 P M B S BRI . Aok B i 2 58 FE MR B R — TOR BT 55

) 2% 1) B DU AR AN [R AP S 1 0 K AL R

o5 4 LT IAEYRPLI AL RS . 1 MEMS #l NEMS &4 8% A Jz 3t T 8
F AR AL AL AR BRI EE T ONT J  He 3 At i A% i 55

o5 5 B Ph B AL R L /N AR B A L ONTT B BEL L Ll A8 96 S i 5 1% Jk
i I T AR R A

M5 6 BTN E AL IR AN T 3 0 A5 R L PR | 2 T SR S
S IAG I (O AL I DEEF K AL S (.PEBBL. G5 & FERET B4 K AL ks
(47 a5 B S . RN A AL AR A AR T o T A .

57 R TR RE YN K AL A « R FL RO 1 A BR K HE B T AN K R SRR
19 42 Ji 3 th M 2 1 F 22 SRR RS X ) A K A AL IR 8% - AR R e e i — 2t
i B % L 32 T T K2 A5 SR AR (A B o o A8 3 L R R B4R A

M58 AR WSS e AT R A S e U R — k.
T SR AR B A R £ 7 A BT A R B E & . IR A A A5 SR S AR T]
SR IS 24 VDS E AR IR R R B R (R AL SO A T Y
Wi, ok A AL IR LA B A A T (0 1 IR A AF Ok — B 2 RRIRAWFR W £, A



. vie WK R P AL FRIE Y 5 R

RIS AT AR KRR PO E R R BINK @R AENE . A 52 m
IRAIE HL AL 2 AR A AL TR A8 22 B A R URL B Wi f Bl . R 1 X SE 44 K A4 Jek
e« I B T fRlOK AN R SR 19 4 K AU A% Jees 146l PG PRC A i 2 A oK 1

80 TR AL AN . EEM TR S EY RS H K
HRA pH . G 4R IURE | 5 J S 9 R ABURL | I ) 2 RE AL B sk 4 K
B IR — RN ARG T2 0T XX T2 AR W A B . i aokas
S A 9 R i £ MIEMIS BRG] A 119 P27 vl BELZE ARG v A 1R o ity R B
DKL T R T O A A A R L T EORIOLIE . TS T 94K B0k 1Y
A PRGN R R (i 2R = R A AR L 2 — BB A

SR 35 10 3 (8] U5 A5 R AR AR I 19 B AR I AR vF A H AT
oL, ST ATANOL .2 AT 3 BT S LASR R . X 8F 5 A B 1 i 1)
A% ) L A ) R 0 KA SRR 5 2 L SR PR 4 11 A6 BUBTEA T T

ARG WS TOWAT LE » R AL S 2 — B2 B U I 5 | B B KL T
RRIMANA A S REAR . S TSN Z B2 AR AR A T RERIFMSE IS . R
AU %l A T REAS BRI 2 B IR ARG - DRI A 15 175 7 e f S [ T35 1Y
FHEARIE . AR — A O T AN ) U i A ke AR ] LB . A 55—
{ELAHE B 0 A - AT SO MR VK28 AS B8, LA () A 2 9 OB DR IF 32 4 10
i SRR A R — S AN R AT B [RTRER 5 | R B 1%

A BT REA A 25 2T RIS TR AR O OGRR . BeAh VER MBI o A LA
FMFEIESCN A -

TA VA A A RAERL AR TR BN A 55 i U 1 $ 14—
MRS G o IR XE T RHTIE R EE B AR BN AR R BT TR .

V.K. &%
CSIR-CEERI {47 & « 7 S35 L Ep



B

A LE SR A E T T R A SCERIT T . 76 e 3 O B A A5 B 21 1 B AT 13
B RIS . BB —-E NS RLASE ORPEE Tffld PR
BN BT e SCPA S I . A 26 SR o] RE 22 PR g 2 i st O » S0 DA

PRI R e CSIR gy TREFFE By 3 4 £ B A 55 A2 A B SR 5 T
FARI L -

F2.0 & Taylor & Francis/CRC H R 9P BE <7 5 9% 3 %) 4i B John Navas
[+ Taylor & Francis 435 H IF % 1950 H P38 A Amber Donley, it
(IX0F 30 T AE BT R B0 (e A 248K . John Navas 1885 2009 4£ 4 H 29 H #%
HIREIEHS — AW KPP Al 2F T A Py Sk i A oK AL G . X
Yy KA AR O BIF I AN AR L PR X —HILAE R IR AR FR LICR 1Y) .

B0 BIRR 1 L JLRNEE T SR e 1 T e 3o 25 P AR B X FR AR X A B #E 2% Y
KEIHE A TR SEE . &5 XW. WA WA E S KF, ROE/ERA ] B
JECHY



EXEE T

WM B A S 1962 45 9 A A TR AHE. 1997 AEFR54E 1M
HEFAERH 1998 R MR R FEREEE S . 2004 4F A Hi 42 E T
TTAA TR EE RN B S A BA BT A 205 5 BHE . E PR T2 Al v
B AR AT A RN .

(TS TR IR S I B R L 2T ARl (E B 9737 10 H £
R RO & KA R 4L BB Kok /7 F RS E &
SEREFARZ RS FAE FAEPEE B E R LA R R 5 P EE T2
SREFLK P EMORARFLEMPERSFHFEESF FHF EH IEEE %485
HoBL.

ZAEN e JE FRFSE R T EBO737 R E K 8637 R L [ KA H AR R
FE 45 40 RIBHIFT H KRG E R EAR K IAR 554 3 I, =454 1 T1, HERF
FARPE A 4 1 W, BEHE ERRECA R 5 1 0L AR
B A 9 I 1998 4E.2001 4F 2006 42007 4F ., 8K SCHEEEE 4 BT E m
KA s P o B AR A 5 BT OB R Ui ) % . H A58 7= 4 Tk £ AR #F
FEBEFE R R SE 1 2k [ i S5 I K2 (ENS) 53R K BUA2E AT 1 I 4% 1 2
JnHE 2R HeR - E O A K B IBE 2T SE L B L R e
] #EAT2F AR W R Ta] .



R

GURFHA BRI R TEAR R B RIFFE ) 0 1) A 1 R0 B A FH A B ) R S bl
PEIF LB i B — T TREAEOR . OKRBL2EBOR LA 2 B Se i B 24 R Sy 2erl
ERIAR S GRIEY AL G5 1% A WL A7) B AR G R HLE
AR T R R E B ROR BT R S S Y. EEE T A
OB, A S AR A A A o B R O T B B — AT i 22
FHEE .

R IRAR B 2 A U R i ST AR Z — A OB B R S iy — A
FERE B SEERAR IO EIE ARG Bk =R . 99kEFHAR
AN ] 1 HE A R R AR i T 9K A% A (nanosensor) (1 3EAE M K FEE T {H 1K
R HNE 0 T T AR DU . 9KAL AR R AR ST S S T R b i) —
AL B S B AR A AL OB T2 SRS T LR ) Y R R

W2 REEZEANEE . HA L) RO —2 H 50 % T KRGS AR R E
VB N RUR JERT S BT IR IRA R & AT E ORGSR AR T & . B FR
b RE R I AR AL BRESHAR S RN  T5 B S E iR S ROk
o OKRIGEARHEAR T A 2w A RH B .

T [ [RIRFE 1 38 N AOK A SRR B AR B B RS ) B E #h R it . FE M
AR AT S L& B AR & @A KA R R 2, 2905 8020, #FSEEAE F
FLAE P AEGURAORHG & B 25 R A BT T A — R R
WS . HAT, T E PO IEZE S & & . BRI TE LA st Bl BRI 5
A5 1 A BIF A L I 88 3 D ) ) P R A S

Jf2# Nanosensors: Physical , Chemical sand Biological J&—72~ A Z 1 x
T AL ARG ERES  E E R MEE RN (Vinod Kumar Khanna)
L R AN RS TN LK. M BILT 8RR BB A BFFE
38 BURD TR TR A AR5 [ 5 B AR A DR Jn R B0 4 il — A &) T2y
BB R ARAGREB AR S H AR . SRR T RERSE SO, ik
#H 5% EIME TR SR T 2 E SR, B — AR S E .

A A5 i Tk SOMRELCER AT 7%, Bk BT A1 329%, 2E (W] 17 53 4 45 A0 B R AIAL
Xf o AP BRI A0 5k SOR G RIESS | & RMEEEIRE 2 &, %
WIERIRSS 3 &0, SEMd Ip BHIR AR 4 55 B 0ROHF R PR BRI IREE 5 &, B O BHIRAE 6
BELHAZR R ORERIRAE 7 L BUEEEIRE 8 B IR BEE BRSO . Bl



056 YRAG IS . P AL =R PG s
BFEES 10 75,

A SRAE TR BRGY (Vinod Kumar Khanna) ) ZFCREZACT BIERMY . 7611
b ETA TGS A E R B . fE2EREE N AIET BB 52 5. 75
S XA T R R . o3 AME BRI A SRR Th R A5 B 2 Ho A [ AR Y 15 Bh L X AE
X LA B B 25T B A [l A  [R) R 2 s B 8 R

BRI = A KA IR IR AR Z A E e . Bl KiEHE LS THLIE
fEIE.

ot

2014 8 H



(ARMEZESER)AEF
fEE R

EIE
Hoigt
FIFEE T
EERIE
I T i 7 s RN ]
1, ) GESCAERBER I wncoeomern coioms noiewm cwns sorwam ammems s o mins e e s o 1
L3 BIHRBHEE or coven ovmssonns soves sumer cumas swwes o vy sowwewaman sewen covmon somies exme 1
1.3 %}_{E% .............................................................................. 1
1301 BJHHSEMSE S vervee e re e n ettt e 1
1.3, 2 WHIELMAR & ervree e e 2
1.3.3 WRHVIRAS ML BRI T verre e e 2
L300 43T JE T-LATLJELF-LER weveerersere st e 2
13,5 ] seeeeea e nn e e e 3
1. 3.6 ﬁﬁ%{: B R L R R R I Y 3
L. 3. 7 T e e e e 5
[L3.8  Jff mee e me e e e 5
[L 3.0 Lo weme e mssen et et e e 6
1.3.10 %,‘,’1{: ........................................................................ 6
I T D : - 2= R R R 7
1.3, 12 [EIBREA ] orrerrormermereme s et 7
Lod B2 ceeeerre e 8
Lo 4] ABEEEASE B weevermererm e e e 8
14,2 TEEEFEGN  oevermerrrr et et 8
143 LS FITCHAL G e v rerererrerrem s 8
oA 0 ABAERIAPZE  wreren e 8
14,5 HARITCEFIALEJLZL «-veevere s enniiiiii e 8
146 SR AESBHEIMESIR  crrorrrrrrrrrr o 0
[ 4.7 JEEFEMIFE wevvervrrerrorem e e et 9



. xii * ORAL IR . PR AL FE YR AR

L8RPl S ] +vevveererensnensestnasianatitiiei s e 9
LA O JOERYHLTLERY oererrrrmrmmsse st 10

Lodo 1O ABAEEE v eee ettt et e s a e 10

Lodo 11 AR FIFREL  wereeanernsse sttt e e e 10

LA 12 i B kD eeeeerremneintiieni e e s e e 10
1413 PEBCRIAIRBURRIE JETK soevrnrrnrsern s e e e 11
1.4.14 1228 ARG ARG =e o vovee sovesvaornsvsns s vsans snsnsssass vanesonsas 11

Lo 15 BEdL IS eeeee e e 11

1A 16 Rl wovvneonensanssentnanntntitatiaiietiat ittt 12

1A 17 BRER -vvvvvrrrreeememranseitintietttatiiiieiiittitnitatiietiietetatianiees 12

1A 18 R wrvvrormemermsns s s et e s et e e 12
1419 JEFIZIERG  corererrrrrrrmr s e s sa e et ettt 12
14,20 I «ereereenennsrntmummustiseniinirii i s e 12
CLLAL 2T BEFE e 12
1422 ZEFEHIFE  woovrereeser st 13

TR 7 L= U T T PP 13
L0 1 A R 2 vreeeemnens s 13
15,2 HEMIZEMAR S woeererernremmn s e e 13
1503 ARG IEAGIEL oo 13
1.5.4 gﬂlﬂ@‘ ........................................................................ 13
1.5.5 NI EEHIDCH] ovrrrrrrrrrme ettt 14
156 e efafh JEP DL MISERTE «overrrrr 15

1.6 3‘55’;{2';@:]::%‘_ ..................................................................... 15
161 (12 Rl G HL T rrreerrmre s e ne e 15
1.6.2 _‘EF,{Z!;\_)*{ ?}!ﬁi*ﬂéﬁﬁﬁx‘*‘ ﬂ‘]ﬁﬁ'ﬁ? .......................................... 15
16,3 CEGPRAUEREE «ooerverrerr 16
164 P-NZE  oreresss ettt 17
1.6.5 ﬂfﬁﬁ%ﬂﬁﬁi% ......................................................... 18
1.6.6 2B-FEY- LRI RLERR oo 19
1.6.7 KIS BAFIBLTEHLER e vorerreremsrmss st 20

1.7 %*&E%g&@% ............................................................... 20
1.8 ?Vi*ﬂ'%*ﬂéw*ﬁ* ............................................................ 21
1.9 ?W*H*#&ﬁ%‘té’w*ﬁlﬁ_ftﬁ"]ﬁﬁ .......................................... 22
110 A R AR (LI A8 A HeRE RS R A & Loveooevvoeeoeeeeeeos 24

111 LB B BRI LRI E X < ovvreerenremnemnres s et 25



