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HAKE, MATEMBEEREFKMLEEHREEE RS &
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SRENKE, BRI TRENRENELAEE. EHEMAR
WA EENRFHIEHUBERETHENAENRENH
HER, £REKW, EREN Imol/L MEBRBEMW TS, 25CTF,
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Abstract

Abstract

In this paper, the preparation and modification of
self-assembled monolayers on silicon wafer and the preparation
of silver nanoparticles film on the functional self-assembled
monolayers were investigated. The main research contents and
conclusions are divided into the following parts.

1. The effect of both the surface morphology and the
hydrophilicity of silicon wafer prepared by microwave radiation
cleaning and the traditional cleaning (RCA) method were
investigated. The structure and surface morphology of
octadecyltrichlorosilane (OTS) self-assembled monolayers
which was formed on hydrophilic silicon wafer prepared with
RCA and microwave radiation cleaning method, were determined
by Fourier transform infrared(FTIR) spectroscopy and contact
angle measurements. When the microwave radiation power is
800W, the optimal exposure time for radiation is 90s,
hydrophilic silicon substrate was obtained and the contact angle
was around 6.5°. FTIR and AFM results showed that OTS
self-assembled monolayers can be assembled on the hydrophilic
silicon substrate after the treatment with RCA and microwave
radiation cleaning. Therefore, the microwave radiation cleaning
method could be a new type of silicon wafer cleaning process.
The hydrophilic silicon substrate can be prepared as a basement
of self-assembled monolayers. Meanwhile, microwave radiation
cleaning method will also be introduced into the beaker washing
process.

2. We use 4-(triethoxysilyl)-butyronitrile as reagent to
assemble the butyronitrile on the surface of the silicon wafer

which was prepared by microwave radiation cleaning method

I



B LR RT3

through molecular self-assembly method. Through the hydrolysis
of cyanogen, in a certain concentration of hydrochloric acid
solution, carboxyl-terminated self-assembled monolayers was
prepared. The cyano-terminated and carboxyl-terminated
self-assembled monolayers were characterized by contact angle.
Fourier transform infrared spectroscopy and atomic force
microscopy. When the concentration of H* in the acid solution is
1mol/L and the temperature is 25°C, the carboxyl was prepared
by the cyanogen hydrolyzed. Hydrophilic self-assembled
monolayers surface was obtained, the contact angle was around
33.4 ° and the surface roughness is only 0.0670nm. In the large
scope, the orderly formation of the film was maintained. To sum
up, a new method of preparing carboxyl-terminated
self-assembled monolayers was proposed.

3. Silver nanoparticles were assembled through the in-situ
method on the carboxyl-terminated self-assembled monolayers
surface. After treated with silver enhancer solutions, silver
nanoparticles film was prepared on self-assembled monolayers.
Atomic force microscopy. UV spectrum and alternating current
(AC) impedance analysis have been used to characterize the thin
film of silver nanoparticles. The UV absorption peak of the
silver nanoparticles prepared by silver enhancer solutions shows
a "red shift" phenomenon, which moves from 395nm to 425nm.
But it is still within the characteristic scope of the silver
nanoparticles. The silver nanoparticles film’s polarization
resistance was measured by AC impedance analysis in ultra pure

water.

Key words: silicon wafer, microwave radiation, self-assembled

monolayers, silver nanoparticles film.
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1220 BESTHEHNERRKR

BRERTMHBERFEEREUY, BFEMNBREARNE
WEFBERE. LEBFREEBEAHEALZERANEERER L
MARRMEEDREENFERN, REFHGAEEE T K TEE
&, NTIRB\BHESFEERNIE.

WEBRT S A BELZEEMNTIELZERE. B9, &
BUFEEBRAREHEREREPL T ERMA . BIELER
G NAHARTZHRERBLLEBAFAMRKERFR]RTE
(Radio Corporation of America, RCA) , HHI MW FEFHK
R # A SC1 ( NH,OH:H,0,:H,0=1:1:6(V/V) ) ¥ |
SC2(HCI:H,0,:H,0=1:1:6(V/V)&E K, SHNHATEZHREERE
MERBHRRMAENGELEY. BELERE, REBHALIEER
Wy, NimERRBRBEBHFEKE. BREZED, TERKE
HER ), BREEE, FHAMNBS sz 5, ZH
FEREALRS, ANERSAENGTRBEEX.

HEMBEh2ER kP, LBE LA F A HF
W~ HF/H,0,NE . HF/Z ph i U3 NH,FUS 785
MEMER, BHMEENBREALE, NTRER FEFED
Si-H R, #EKRINHBBRM AT, xegkdg,
JLFHAB A SN HF R, NHEERBROGE, RN

2



E—BEXRER

e EREARKBE.
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BT, BENLGEEWL, NTs#E A CO. CO, I H,0. UV/0;
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HfEM, MEEREOE RS

Jie % W UK A R e R R ML 7 TR R R LU R B R K e
Bk, FANAHEEEREOHRBEGECEAEZETF KL ERR
B)REBRRELG, NTIZHBEREZHNBEND. %S
THEFBR. RENEERIGEEERNL R, RAN&EEY
DE5HEMAFIFGAE - B#T. BEZEPTTEREIRN
JRENMEELRLER RS,

HEFEERCEHERBERENEERLE. BELRHTL
MRRE, TRRERBBITERDESRMSF, HPEPIRITTHK
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HERE, S4RTBERBAD, HENEERDOFEEEK
MkHE. BEXERBN. A, €8, RS F. B
E. BREUESHSTERHEMHFROMER. EEBRTA
HEEREEMETRANBAARENBHE TERHRAF XY
kB ZHEM.
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1.3.1 BAEEMNEX

BHAEERERE> FTEINXBREsFHERIEE
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BRI e A ARBENH & REANRFTHRELROAKEF
ThEE 45 M A 4 F B 0 JE AR DO,

132 BEEBHERSS#

B 1946 % ZismanPERME T RABHYREF B &
BRELBMMUERBES> FENAR, BAKED TET LA
FR.BHAE>EABEHEE. AN TEAZENEEMN
TN T 20 4T 80 £, 1980 4 SagiviPRE T+ N\ RE=
S EEHE (CygH3,SiCl;, OTS) W LAZEF KM M EEE LB K OTS
BT, 1983 £ NuzzoP"Smthh A S ER EFIETET
WERHMREFRCDAAEFEE. AELASIEEARERE
& (Self-assembled Monolayers, SAMs) W& R & #f B B 0 &k
%5@*[35-3710

HARBREEMNBRES FAEGH ETUSA=Z82: — &
SaRLE, ETUEFRHERUXMBHBETRAOEASE S
“RATHEEKE, S THRTUSIANGHROER, \NmE
BAFTHEAEAREMDERLERE; =2 FHIEE WA,
% W% -CH;, -CH=CH,, -OH, -NH,, -SH, -COOH % . I
H11fin. ILBESEBEARABP I RRE, RESFELENR
RRMEEER.

90000000 2"~

A1.1 B4¥RERNEHTER

Fig 1.1 The structure diagram of the self-assembled monolayers
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WEARKEENEPL, MU EAERERES AT
M. (1) KEEREBVRARGER LW AHAEREE,
(2) BN EELEBAFERER, (3) KERBREAEKRE
JE; WEER ELAREBHARAER.

(D) KEEEXEBRAEBAKERTD LW EARERR

K@l (CH,,,COOH) BRI TF5 4R
FERBENYERAMABFZRMNERBMRN, AfTUERERKET R
& B 4% B R O, g B R 7E R R T M TR PR R L KBRS DL 4
WU T=MIGERYE . (DBHRLERKTEERALD KT,
EREREHRE; () EdRFHBIAREARFHILER
AR, BERBHERBEREH; (3) WEHRK, BRERTH
HB . X=ZMURUBHAEENRREGN TERRY NLER
MTFRAER., SERMASHERERE. To*" S EBEH AN A
KM ERTRAR. HNEERREDEAK SAMs W& #,
RAEARAMERRT L, RESERNVBS T, EKHE
MERmUERREEESERFEBRRKOEN. AN, 8dRkHA
AA R ERMEMANBERUEFR, RAEKES FHDIEKIRET
MAEARE (FHBBEH, SERRRERREBAR-.
(2) EHHEREBAREERE

EHEREQIRERER. REEER. KEEERS)
BEHAEREBRMNERFTETUREAMMEGREIEIER. 6
BHEZLABHEREENERGFELAE. AR, BH. &
B, MibEE., A, HELE LA RREAA LT HEERIY
% . ZRBHAEREFESSERE —ENARE, i+ \KE
=& B4 (Octadecyltrichlorosilane, OTS) B A XK EE XK
LR R 15-17° ¥,

ZEAHABEBEREBRNERINBEEESARNEE,
Zhuravlev®VUA B B ER —m EER FHERN 5 KHE R K
e, SEEXOMEEREH A AR ENSIi—O0—Si®, &
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HEANS>FZRAMEHEAEER _EMRERER, B1.2 K
BEEERRENAAEFER. TiipMHair* A KF YL
- mE5ERFHENGKBREAKBE, KB ABRBEE
BEREHAEL, XPBS5EKRFEKSi—0—Sif.

X
HO g
Cl1—8i—Cl1 —8i —_—
il hydrolyzation HO | -—OH
HO
X X
X X
/H.,,’ /
HO—Si—0,, /O—Sl— OH
| "H | -Hy0 O
o PN e ——§j Si—
s "H l-f H  polymerization ’
R
~ - o
O
P [ V4 ({
substrate substrate

Bil2 RE-ZAEREERRDEHAELIR-EHE
Figl.2 Schematic description of the assembly of organic silane

monolayers on the substrate surface

NTEZRBLAEREBRNEAIBELFESRBU L.
Cohen 1 SagivI“VE#RiE OTS # FHELAEREKR LR “ 8”7
REW, RIEER LA FHEEZB T Ohtake!**)F1 Mathauer!*”
HENAAZERELFR. BHAK, MARLERKNREERED
BRATEN. B13 EWHIRENEATEHE.
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HREC,

substrate substrate

island-type growth \ / homogeneous growth

substrate

B13 AHERLEAXRBENEIRMIABRARIETRER

Fig 1.3 Schematic representation of island-type growth and homogeneous

growth of SAMs.

EZXAAERERNEREIES, BRMOLEHE, BK
oK 4 B A B0, e A PSR A B i i R & 1P
EEFEEENEH . BRPREN AN FEINERERLEED
R BEEEMIER. 3BFBRPEKELN, BEROEZREAS
TEW, BERE; MYABRPEKIEZN, BEHIFBHERT
HRSFZRAMNES, FHEEXEHLZEHERE. McGovernP1%
WREN, OTS KBEHRLEEBEHBELZMHL: § 100m] # 7
*aﬁwnwgmm FR, BESFRRBERDRFEMN RN
WEZRBRENER. EABEEFNEAXEEENRFAR
E%%%ﬁ?%&%@ﬁoﬁmﬁﬁﬁ%,E%&m%ﬁ;ﬁ
FEBRAR, FRABE R N A0 5R, AR AR, m>T R
EEOATFEME, NTAUEXEFHAAERP). RE4R
MBERTFRES FRSTERFAESE, FRE&EGEHRENE
EHIMAFAAERER GEEPISESTRFHEMER
BMAMER FE, HRT RN EX OTS 4 F B Z
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M. RKRE, RN BE 2min B, K2R M HREIR
= F| 98° , 15min FEABEE 105° .

A ERRABAEREIEFR I BEREDHER, AT
REl TR FHRE. Hik, KRB AEBE-—KRELHE
KBAKBERNEFrEERZ. R4, A TENERLEBAER
R RENRN&HFFEFTER, DERXERASEHFARBE, /A
MERNEZHZEUTREBREMHERKRMAAES>FE. B
RZRBAEEPRIERS FTE5ERUENBHIREAE S
E—R, FTFEZIAELHIRGAE, AHEREHREBE,
BRI BISN AN H R, HEH R K5 E 55,
U ZRBAR S FENMAERROXIMEMNREREALMER
EK.

(3) ERBERBARRER

MEMEBEXAESESLBERLVEBEAEREEEB MW
REZHNBAES TFHEARZ IS ZRXHAE KRN ES
NWERBESFAUEERERZBERBRIIENE, Bk
B EAREREBRIFHIREEC], BFE 1946 4, Zisman Bt
RO, BEERHENIER, TUEZANEBERAH SRS TFE.
1983 %, NuzzoP S S E R LB T _ER MMM A4 %
J, BRUE, RE/SEKBAERFAEEFBHAEANE
Mo WTHEMBRABAERMOBRENE, WTUEER S—H
A E&EERLE, FRHESF, REWTF -

RSH + Au’,~RS'Au** Au’,, + 1/2H, ¢

PrEE BB E T Au—SHE R, FEMRKNESEERZ E,
MNMERRE - mMESEEFNEBELARLER. HERE
FEALKE MR h¥ARREE), EHBBRY, HERE
MEARIEAERANINR: 1) 2§ HEH M Langmuir R Kt
TR, TRE—AHREE; 2) KOERMAEPTRE, REEHEMN
EFREEHEINEFRE, NI — AN ZERBERNEH, X£
—AMEERE. REBRFEILoS, BHERBPIE, BEKE
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AL RAE, FHNEEDLEIELEKNSE0-90%, €T
BUEFSEILADMT. BRTEUUS, EBENEIRLYELA
EHEEENYWRER: B, #. 8. K. BUEKAXREHBN £
WORL . GaAsHFl ZnPTl ki %

() BERINREALAELER

Linford ! Chidsey!*” ** 1% k8 T E S e & it C—Si
BESIHEEREIERNEEHAZERER. MNAAH ZBRES
ANV RmEREEEEELN H—Si 2E#T—RFME
HERN, EFHREEBHRREER.

XSETHINEN, SMERNAAEEERAEMAY
LB, MAX—MBWHRIALAL. HREZXHEZERN
VIEBBIRERT OGS, BB E VARS8 R 2 8 AT Lo
HEARA . SMAAEFRXNENMBERSEXLTAMHEEE
BE, BRET—MFE, NTTUELSAMEREREAEST
REEROENERE, EMEREEN LR FRE4ETERESR
& 7E B N A AT R .

BAFAAERTHEBHNE, BT ERLME LK B
BB, MERRNESHEAN, B2FBEZXAUNE4
EATERHEA. R 11 AHTELNILABAES THEAER
[69]

BEHRZERRAEEBHARBEEZENEM EMEHK. HHRB
HELZEBHNITREFEFUTHEM: (D _BRILEVZEE;
(2) EFhERHBOBHARER K.

(D) ZHRUEDZER

KR THEEHREEEIAR, XS RER MR
RUAYESEHRRNREEL NN TIELEEEFHNSET
UBAEEREEE. WREEENHRYEHREN, WA 5
M IEEEEFERRECHPREAEREZ EZK.

(2) ETFHERKMOBHAFEREAR
- BEIFTEAFEIASEPY. (D E—ENER LK
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E—EXMER

MM —ERER;: (2) $REBENRERL, FHEBHFRR
MT—ERBEAENST. REEEXHEANANST R, AT UHEL
BR. BTEMERULKZRESK, FUBAINEERAFR
FRRESNEFH.

11 FEANBAKRS TRERGER

Table 1.1 Common systems of self-assembled monolayers

K HAESTF 78k
Au RSH, ArSH(%i B%) RS-Au
Au RSSR(MHi 8%) RS-Au
Au RSR(%i &%) RS-Au
Au RSO2H RSO;-Au
Au R3P R;P-Au
Ag RSH, ArSH RS-Ag
Cu RSH, ArSH RS-Cu
Pd RSH, ArSH RS-Pd
Pt RNC RNC-Pt
GaAs RSH RS- GaAs
InP RSH RS-InP
SiO, B # RSiCl;,RSi(OR);3 -8i-0-Si0,
Si/Si-H (RC0OO0); R-Si
Si/Si-H RCH=CH, RCH,CH,Si
Si/Si-H RLi, RMgX R-Si
ERENLY RCOOH RCOO-MOn
ERBELY RCONHOH RCONHOH-MOn

133 BEARBEHMERASAI R
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BEEAEBARSHEBHURBEAREE S, ATUERERE
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AUEEE ERERAHEFBENREE M. SomEI)ae b mK
R, ki, AEABAEEARTUREERE S5 FE
BERTPHKSREECEMERBERBLETF, 2—HFEEF
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W REREHABRFET D . MELBERE AKX LEL—FE4
KR, HASTHRAENERE, FUNEBESANAUHIE
g, Bk, AU EAEBENAT Au fl Ag R ER
iy 4R 3 1730,
(3) EREREHEEN
BEEEARMINAEERE, T LWHRE A FAL 7R
HARK, CEAERTNABENBREMRAPHBR T 21
NME. M “BEmT” M “BTFTmE"HEa0HE, AL
EEELAAARRENARYEAEER, HAKREHLBA
B, XELEMAETEREUNREAEITAREESHNEE
WHTREHEMEEBNZRETEENKEEERRT, MABARR
FERVET —HEXMRESIEREZHFR, SRTHETE
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REGL, MRNE, UERBRASHEETEMT, L% H
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HARBEERAFETHEEEFENGREE, WER
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HARRENGWMAETBN, R—HE5EYEBEMERLU R
WNEEEEFIWRENED S THEES W 85K 5% R
HEEM KT, TUORZFMIIEE. TR, EAERNED T TH
HmEEERERT. M EEMEY S F (WER. bk,
M%) ERTRAEREEFRIENEYFEEOED L RS
[77)

SEREMRERMBROAKBER, AR ED LRSS
MEPERAREE ZHEATOHHSEAKZEFE
EVESHEERBERNISRERRNES TR, 48
HEEFAEREAR, TUME—AMFREARERE R B
HARF A0,

(5) 7E 40K KLl 2% o B N A

B 14 BHXEHFRKRFEFORMBHPKRBEHAR
BEY, BEPAUEY, S FEAEBRRUAAKRLE MR
KGR/ EM. 25 ML, HRHEBZERRREIETLU
AHITHB: E—BEAAKRMEROHENERTR, XEH
AR RERBOEM; F_MBRARHZERNARAKEHH
BIREH MAKGHERERARMBE_—NBRRRO—AE -
EoX. EFRENEE LR KGEHAFERE B4 K S # R
EEAEER LMARATRBEHOIREL D, AR ERT
ErHSRfE R SFERNENA. B8 HEN TR S KM
PR BUR T 2D S B, B b 0K BOR AR AN, K B 0 € Az
B FREEITVEEMRKEE. 2D HF 9K W #EIREE
MR FrHaRERNNE, URGTRERENEMN —IRT, £
ARROEFEFHEIHME. 2D AFAKEHWHEERKREREN
KB FELRFEERTWAFKEREM. T 3D HKEHH
JRA BLEWAF 0, L, SERUR D ALHAL MG MH,
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Fig 1.4 Chart of nanostructure science and technology organization

BERAAKXEERREALEFEFNESTE, BNRSFE
Beba. Wi STM ﬁ*ﬁiﬂﬂ, PreLskpE PN ERE 1 ~ 50m
ZIa. e ALEABERES, TURTEMBLEITTR
T, MERKNNE, BFEEEANIR, BHEW ZHN
AFHREEBRRNHDENHAR D EDEPISHAE / TN
AR AR E AR ETIRBR, E—ERHRMLT, KA
FFE M ES & TR ZE 100nm £EL B HFH KK T .

1.3.4 BHHEBERMRERIE

(1) ik A A Wl

¥ fih f8 # W ( Contact angle goniometry, CAG) & — F f2 Ml
REBAEEREERKENERFED BEmaRND, &
HMERAEEERTEHKE (REERE) 5EE B #E
flfa, RAWBEERTOYGEERANFRAKE. BHAKERER
BER LAY RH—EGIEERE, HEFEARZERETXZW
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ERNEEE. BEEHdET B4 FRENER NG RE
B, ARRTHELZAGOHERAMXEEAEBERTHS G E
EEE, ME5ERMBERLTR. KkEFKETRE (@
-COOH, -CO,CH;, -OH%Wm%) BN RHEAAELZHRE, ME
HRAKHEERRA (W-CH3, -CH=CH, %) BHWEXENUAR 5 H
BF. Fibll, B4 KEARBEREAWEEMANEL, T
EHRESTHRESRAEEREEOHEIE R KA
BEEREEVHINEFE.
(2) bbb vk

4 4 & i ¥ ( Fourier-transform infrared spectroscopy,
FT-IR) BEMERBES FPARIGEEAN S TRME,
XA BAEBEN S T4H, BAEEABEREROMRE. RE
EATHRAREETERREA, FRERUR, THYHF
TTEEREN, RS F5EKZ R KRR w6
BRI AR EEEEH EHENATOAEE S REE
B I R T 9 HE 5045 5L AR B Th B o R AR I . o R B BE E B R
KHEFIREFH, WAETE 2800-3000cm™ P H IR HL B2 2R 81 1 4
BIGME. MRBKBEEERREWHSRITFH, NiX41EE
MEE®K, BAXCBEOSREDCE. BTLUET B ERE
T B FE S B AL E AR AE W R B0 Y BE R, MRS DA 36 K 2
ARERAMRAEERNHEFEFE, RREERRE B Z
TTRERTE.
(3) X 5% i 7 e ik

X 5F 2t B F B i ( X-ray photoelectron spectroscopy, XPS)
RAMXHERZEHEM KEAKEETEREFRBEFRHH
X, RERXL BT, Il 4 A7 X 8 F 3 R3S K3,
MNMHER TR, #—PHeHRBER. AN, 7
e BEARBEEFRRES FRRETREIMMNE. XPS £
EHMREEERRDMERRBREFZARBERMN & HER
Ry R EMMHAR T HFEEREKRIDAE, SHTZ N

15



BPU R NF B FA83

T B A %K E S 83K BT 2 A 35861,
(4) BAERIE

1 ¥ {R %2 ¥ (Circular Volt-ampere, CV) BRHAXHF B4
HEEMNERBARHBE TR TRRBBERD, #THERAAH.
BERMB KB EESHRZRL, REBARKREERN
HEREMEZNBBEREED,
(5) #f & > fE i

W & 5 FE % (spectroscopic ellipsometry, SE) T DL it #
BRI A R, e R B P TR R 4 F R &R
EEEEME M. ‘

BRTUERFES, TURATFTEARERERMNEERIET
B EEE RN BRA L IEEMRFOSNNIEE, 2B
5 H R H g /b 1890,
(6) AHRKERME

F % E E M % (Scanning Tunneling Microscopy, STM)
R—METHFREXNMARMEAMEME. HEBRFHH
VAW, TUEHLER e R EwmERTF L, FERT
BEFRE—AN— MR TFHARH, RET—MHEFIHORE S
BT F B, AT AT LAAR 4F 3 3R 1E B 43 F I 0 A oK 45 P03, STM
B UNKRARFEMMRERMERTARH#ATRIL.
(D BRFHhEMB

JRFh B (Atomic force microscope, AFM) =2 i if
MRMAOFMEBHXRANRBERNRALSR. HTERER
FMARGERBBAEENHRENUBE, dTHRRRE
FEHRRBAFERMBOHF N, B €D EHXHH
BERERMMEZEE, BHRAFEEHRAN, BEEH
BSERTMAERTEL. FHEERNE, B2 HEE XN
FH R RERAR KL, WTRSE RS0 R @,

1.4 82X LT1E

16



B —EXMGA

B 5E, BATHE R T F 0o 58 vk ik 2 SR T AT R Kb
REHERE. BELHBMARKERENERBERELEER
HEEORTEAE, RIETHEERIKLCENXR. BdX
HESPHMHTERKALEERREE AR OTS BEH AR
n, BRETEZHEEREBELEENEEREITZELAEKLE
R BRI R . FERIMEFRT A F 3K 8 R a
EXTMEMANER, S THRENUKERNE. RN, &
MEKRHBEERIZEHIEHBERTIED.

CHW, BNERT —MmEIRENBHAEEN S &K
Bk, EURERELEFNBRER L, XABRMRREK
Wris, BI&TPEHLNAEOARE. E—ERENH
MABRT, BdRAENKBRNY, HE&TREIARENAA
KK, WEZERAKNFHEBENHERETREFNIGERE
J&E o

miE, AMEARENBAZBELERET —BEHA KK
THEBR. £ ERENHRBAERY, ¥ERSTFTEEERE
BHARBRERE, REELIERMNERY, ERHAKBRRETH &
T—ERPKNT HE
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RN S TR

28 ZBMUFSWHN

2.1 LGN EE

LRI EEZMSE K 2.1

21 FTELKE

Table 2.1 main equipment

® (RE) LK 4 7

BG-easy PIPET B &L ABKE HLFREHEDEARAFTRAF

KQ5200E B! #8 75 I 7% ¥t 28 BLUTEENRAERAF

DHG-9071A X! 8 #H i F /& 48 FTEBREEXRREARA A

UPH-II -10 Z! 4R % #8 4 K #l BABEEREERAF

DZKW 2 5 #1415 i K /8 8 b K b B E ST AXES T

DHG-9071 A B L HAE I T 1R 48 tEREZREREARAA

T R 2% ol T XA = A KR
BERAA

2.2 M F R
2.2.1 R AL

B AN EA SL2008 B M AN EN(LERERE BB
FRAR)LEBIT, BERN 25C, BEN 40%, BAKIENE
W, FHABEENEEREN B KKHSEmMmMA.

2.2.2 1837 M 4T 4b 35 35 3 (L

18



F2E LRMBSHA

A EEME LSRR A s/ 86 L (VERTEX
70, #EE Bruker 2F) LW e, RABHERX, AR5
EREMEL TR 73.9° AANH, AMKE KD 256, 4 HF
A 4em™, PIRAKAFEREWRERME M, £ 4000-400
cm” £¥EE .

2.2.3 B FKEL

F A UV-1800PC % 5h-W] I 43 O 0% & vF (L 8 52 & X 1 &%
HERAF)TEMHAENBEAKREFRRA KN FHEHRTE
Ah-0] W E 5 W, BHETEE A 200-800nm, HH#HE K 1nm.

224 BFHEME

#] | Veeco-DI Multimode Nanoscope 3D SPM %! (4 5 %} ¥5
FNB(EB)FRAFABHRH EMEN FKALLEF R
EE.GEAAENREVEAEBEMRAKRN THEERNERE
FESHEATRE, AT ERRERAIIR, FREHBERER.
ABAEGRRESHRNMNEMREESN, XHEBEMT Sum
X5umKERAE, BERFTERAFTAREN 1l mX1um
HRAAREREES.

2.2.5 BLFEITEu

i iE CHI660C %Y B 1k 2 43 #7 {X (Electrochemical Analyzer,
LHERENBERAGDDMETEARN FHERORIBE.
SR EE BB, R RBAEEAKRNTFTERNERF N THE
AR, BB IHBIER, WAEHRBRASHER, dKk(HE
FH 2 18MO-cm)H 3 FF B AR i, A2 46 %5 7 H-0.05V, -0.1V,
-0.2V, -0.5V, -0.8V, SME{EH 100kHz~0.1Hz, IE %Rk K

19



SR PN e I VAT

M8 E SmV, B 25°C, MEBiL¥MHEHiE.
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#3 % BERIOHBBRFA LIS %
F3E BERMWMEREREKRLBERSE

3.131 %

AMBREEFERAR, S ERARAERNAERA
(BlanE E s, AR, 8K, WEK, Bk A8R%),
REEHELK, FEIEANK, BHENXEERE R 546K
K, NEEHRBERBENBLEY. Bk, X85S BEHLE
BEN¥FAETIVWERHEXERNERATERROTR.

Bent "R R, P AMBEE FHRERHHEAR, TH#
PDMS(RZHEHEALK)R T Hm R K EREI®mFEKE. &
X HEBERBEARFIANBERERTRERIRE P, BET —#
FENEEBFRTE. EABEEATHLE, UEREEN
AR REE—ENWELLGT, BEEETFHERN
HHEITHRER. BERERYOBALIEELY, N
HRERKREARBEORKE. BITHEERNTRNE, AT
FixmALERBERENNBATR. AN, FIHBKER
Fim#Aatk, ARERAER—BEEEHS L FERNEALDY
RE BTREBEAMEFERRBNERE, NTTABRERE N
A—PUUMEHRETREFNDIEER. AN, RAEHH
BREBEIABRAOELRST RS

321 ZRHH SR

SBRFHRNERMB GBS RAPRELRERE, WTFLESE
e R EFRALIAE. + K E2=& B K
(Octadecyltrichlorosilane, {8 #x OTS), 4 & 4 90+%, W H Aldrich
NE HKRAFEHE: R (NHF, BT EREH AN ).

21



RN TR R P PAL18 3

K (CeHg, REBWRZAZERAM D . WEH (CH;COCH;,
REWTEWERKMALZERAA D . TEMLEA (H,0,, REHK
R ERFT) « IKBEB (H, S04 =98%, AHAAXKIE
BARRK ) « EHE (HF, =40%, EHEHALERFE
AR D). &K (NH,OH, 25~28%, RiEM KZELZERFT ).
8 (HCl, 36~38%, AHARRKUITHERAARXMN ) WIS
e, BEMESSEBNN 99.995%, WARNEE T LHEAR
BERAF . 2ETKELEE(UPH-T -108 4 % 48 4 K HL )i 4k
JEfEH, HEARN18.00MQ - cm.

322 HEREAFARFEKRKLLIE
3.22.1 g FEKELLEHZE (RCAZE)

BB EEZNTSELE: ) KKXARE. BX
BAEEYE 3min, M EHBAKERE, mAESKT; 2) B
A Piranha % (98%H,S0,: 30%H,0, =4 : 1 (v/v)) #,
80°C FiE YL 10min, BV ERHBAKBER, SARASIRT: (3)
JEA HF : NH,F=1:7 (v/v) ¥ (DHF) %, 7 20C P& #
90s, BH G RBAiKERE, maA®RS%KT: (4) A NH,OH:
H,0, : H,0=1:2 : 10(v/v)E K (SC1)H , 7 80°C F 4 # 10min,
W HBdaKEE, mARAKT: (5) WA HCI : H,0, :
H,0=1:1:6%# (SC2) &, 7£ 80 C T4 2 10 min, HH
B4 KER, mARSKT.

3222k EBEEKLLE

KB REEZO TS RAE. (1) KREFE. B
K o 75 3K WE 3min, HUHE B AKELR, mARKKT;: (2)
fE HF : H,0=1: SO W B 1 15s, U ABAKE L, w4
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%3 % RERNBRIEK LR
ARART; QVRLEBRNEERATHIEFRLY, —HEA
OIS 4% N, R T R TR R, B R R TR A % A
Higmw. M EHBAKEE, SdEKKKT.

3.2.2.30TS BAEE/F &

BELRBMH T ELEEAIEERAFTFEENOKRED 1
mMol/L ) OTS-H KB\ P, 1SCTHE 2h, HEWNHEFEN
AR REAER 2min, B4 KELR, 545K TF.

3224 WEBEREKUBERAEZNNRA

M=REHREOENR, PHETA 15253 5K
K25M3SEARABAKNE HOBERE 3 SHEMELE
E, RERK2E5MISERBABEFNER IS E)E,
B3INMRARE—E, BRREHRE.

334 R5tie
3.3.1 ERh A

BN ERERTAANEMA, RRE/AKE L HERCA
EVMBEERBEELEERNERKULERR. B 3.1 A REE
Ve B A5G )7 VETE VR R T 4R FR R AL B S I RE R B A K 1 B
fii /. ME 3.1()FP T LLFE R, KETFE UK EEH R H X HE 2K
MR (24.621.5) , RPHREEAUEREE. XREHT
FULal, BERBARZELEY, TEQERKN. FHY. &
BEH%. FRBEWREFEN, B, ARBBRERFBRET
KBAMREENGLEY: DHF AR BEMEEERENEREA
WE, N EZBREFHEBBAIEE,; SC1 M SC2HEW AL+
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R TRERF AR X

BRHELZTHRBOEINGLEYMER, FEEEXREEANK, #
HEXIHBBEFEAE, WE 3.10b)FxR. 7 RCAELHE)S
BERTHEMAN(5.9£1.9)° , SxikpHE -5, #%
BEBED, PERBRBREMRBRETHRERTKE 7K AILE S
W, REZW HF AR R MAEEERTENERENKE, BREH
WO kLY g, FEOE O AR R, REEKR B B E AN BUE N
AUAMEE. NTIFREERZRI B BRI F KM, RIXA
KB ATIE(7.841.3)° , WA 3.1(c)fT .

(a) (b) (c)
B 31 ALBEERMNZELAHE®R T ENREBREFEKILLE NS
xf #8 46 K ) ¥ fih A

Fig3.1 The contact angle of the water on the silicon wafer surface before

and after RCA treatment and microwave radiation cleaning method

BEmANERERTAAEBEROIRREFFAERINTF
B o 7E 48 It 1% 40 s VB 35 A0 A U 4 TRV O K 4k &b B A R R B
FAK OTS HANMK, BdEmARN, RMUET ILXNE
i KB BEAh /A, 45 A8106+0.9)° 5(105+1.1)° , R AM
R AK K, B 3.2 5.5 X#k P9 ) E % 105-110 °
MY &, WHRMBRIIBAEZHEMAFE KL EERHERERTA
}¥7T OTS HHAENE.
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5 3 T RERLR MG AR MR KA B T

(a) (b)

M32 ALEABRENUBEER B KACLEFHERE AR OTS |
f £ fuh #) F
Fig 3.2 The contact angle of the water on the OTS monolayer form on
hydrophilic silicon surface prepared with RCA and microwave radiation
cleaning method
(a): GG HERWEHE OTS ii; (b): EMBERFR KAMAEFA
% OTS &

3.3.2 41 4h ki 4E )

fE 4000-400 cm™' JE I A& 7 4135 17 OTS H 4 3% i i ik
EWaOsikE, wE3.3/kr, FEZEERNSHALE TR 3.1,
WP h 2917cm™ A1 2850cm™ # 4k () R Wi i K -CH,- 1 R Xt #R {1
75 4% 3 F1 0T FR A 45 = ) R W0 4 2964em™! F1 2879em™ AL I TR
I W Ky -CH 3 B | 5t B 18 45 3 3h 0 ot B 18 46 I 20 R W 0 L IX
HE TREK b OTS jk R bt & 5 P ) -CH,-F1-CH, Th e E |,
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UL R#F 2R X

5 SCHR IR E K OTS JEE 40 41 3% B B — 31001020, 0 4 b i iy
HEL, BAHHUHET OTS KL M4 4 2 KWL F
MR b, BEZEEFE, 5.

Absorbance
Absorbance

3000 2900 2800 3000 2900 2800

Wavenumbers(cm-1) Wavenumber(cm-1)
(a) (b)
33 ZEGERENHBEERERKACLEEHEE LHE OTSH
AR gL
Fig 3.3. Quantitative Brewster angle FTIR spectra of OTS monolayer
form on hydrophilic silicon surface prepared with RCA and microwave
radiation cleaning method
(a): BHFEHEEREHALE OTS B (b): EMEERFRKULERA
% OTS &
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$ 3 E BERNMBRER KRBT E

K31 GHEFRENYEERFKULBEFOEE LA OTS WA
5h i & 13 4
Table 3. 1 All-in-one of FTIR spectra of OTS monolayer form on
hydrophilic silicon surface prepared with RCA and microwave radiation

cleaning method

Wi E (cm™) 5 A % 3h #% X
2917 -CH2-HJ R % B 141 45 #% 3)
2850 -CH.- i X % 18 45 9% 3h
2964 -CH; 9 R X% #1848 9 3
2879 -CH; I X %% 1 45 4 3)

333FEFHERBERN

FEHNEERRBAXREHENEEREM. B R F
HEME (AFM) KM RET LB ERBEKUBRE N
ERMNRARS. B 3.4 BRAEHERMS ML E B EF KL
BEHEERTMN AFM B. AETTUEH, RE&E%kw, X
HHATHEHNGEEIERS, FHEEEHREARMER, AE
34T N EFIHL KW MEEE N 0.567nm. 2 4 Ik 48 B 3£ Kk &k
HEMEERTMWHERBENN 0.059nm, EEHERMKAE 1Inm
WEN, NTTHEABE TEFENREER.
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BRI 8 3C

nm Section Analysis

20.0

o 2.50 5.00
pm

(a)

o Section Analysis

D‘W

2

To 0.25 0.50 0.75 1.00
Hm

(b)
B 3.4 BHEXRSHEURNLUEREREN AFM B
Fig 3.4 AFM images of the silicon wafer surface treated by microwave

radiation cleaning method

(a): REFHEW: Ob):BEERE

334 MR ERBRHN BN FEKCLEHROEZ N

T 3 A B T A A AR R AR AL, R RAE R R K (L RR E 1 AR
oo KT VR G B RESE N B R, EERB TR 800W
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® 3 F HERAMBR R AR B

FHT, HXRBRFE(0~150s), % 848 B ot 16 5 B X X #
ol $8 R o P 3.5k Uk R TR I TR e R TT B A £ B R
M. B350, BERRNEMEK, BERTEMAR
B, BEREET 90s )5, BHMARDNEERSE, HH
BERET 7.5° « Ak, WLIHE 90 s b B A Bk 48 B A .

a L]
—@—
—@—

Contact angle (°)
B
—e—
—@—i

-
o
T v

¢ ¢ é

L MU DR TP PR | A 1 1
0 20 40 60 80 100 120 140 160
Time (s)

B 3.5 f ik 58 PRI ) X Bk B 3R THD B A A BR SY
Fig 3.5 Microwave radiation time vs. the contact angle on the silicon

surface

33SHMKERIZHMNA

MBEEBENNAARNRTRENREFEM S, &7
DNHTRERELIZ S . RATEMKERIESI BRI E
GEES, BEXHBRERNEREAENSAKOERERE, XK
BHEEREOBEBR. B 3.6 yBAKELMEERWEW
RAREE FHEERRE . mBE R, 3.6(a)k ¥ U T KA B Xt
BAKNEEE. BTHREYMFE, BAKUKEHER &
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RT3

FTRmEE L. 3.60b) HKEAK—FLUGHREL, HL2MUK
T VB JE R A K B IR B . W] LU B 1E ) 4N A B0 — Ve AR B
L, BAKUKKMEXETEL, MES—F, BAKUN
KB T 24 R AE AR BE b . 3.6(c) N e AL MK MR IR Ut
BeMRBEX BB A KR A . T I BEAREE B, 4K BUKR
MEAMRETRAE L.

(2) (®) ()
B 3.6 # 4K 7E 2 %858 R DS B BEAR B b B0 OR B

Fig 3.6 The ultrapure water on the wall of beaker before and after

microwave radiation method

(a): R : (b): BE—FBEHEEE: (c): 2WHHER
3.4 NG

(1) BEZBBEERE, EXRERL T —ERERK
HYEMEAUDERR . Eih AR, HRm 4K K%
bk 6.5° o RFHEWERMENR, BURWHTREE
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%3 8 REERKNSBERER KIS

RYMEE, FEEERTRMERE, HEERN 0.5670m; £
BERBFEFKULEBEEHNHEEERAREHMRETFEKR, HEEN
A 0.0590nm.

(2) Bffs. AR ENMREFHERERUE R, &EF
KU EEHNEERT LR DBAET —EFEHY—K OTS
BEE., RULHUEEBRELEENERER, T2 LUERS
FEHHARBREBRENEK. A, BRIMNERTEMEDIRR
800W 1 &, HAEMIE KA EA 90s.

(3) LR, RMNBET —MHFROEERT XKLL
B i '

(4) 8 xF b U 5E FRORT JE 1 8 AR BE X 4K B A 8] 9
MR, BETHEEREAEARAFRESEPINAHARZR.
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LR PR #4783

F4E REARENBEHLEENS &
4.1 31§

o7 BARTRT UUE T 12 K i 2 A 2R e & K
FHERBERARARYENHEHNRE, X—HFHEFERESR
FHAKGHHEERMAFEBR T 2N AUT, gik4
MR & R, AR A& W RA AR I e w2 (e 2
RE. &, RES)NW S THAREBEIS, EREME, B
MEAARmENARER, B EARNPHRE T, GEETF
NEHE (AFM) ImIER, H&HEEHRLE B0,

i 2 O R B B R R TR AR B A L O 2 R BB
B, MTIHREBT —F RIF M4 F B 4 d g2, m
TR SEmENRENBHERERN T EREIEETRMN, WA 415
e 4A1@QAEAEREAE FmBENRENBHEE, B
FHRFAOEHMBENHR, BRERTBAMBRKREI. &
PRk ERTUEESE A RE, EREAFRERGR, H
BERR. 420 EEEREAK ERENKKRNEN B4
R, REFA KMnO,. KIOs O3 FEMAF, ¥EBmESR
AR, SR SRBENNTERE LR R,
EmEALHAHE, MERF.

AMARHBT —MHFHOEZmEARENBARBERN D
H. WE 4200) xR, BRAMBERBESRMERLHES AR
Tk, ERAUAHENEERRAEEAR EREARAEN
HAFEN, REE—E KR EMBREEREMHTEREKE,
AmElRmBENRENBARER, AS# P HENKN
T, BIEAKEREMBTHMNESETE. ETRERTHEMH
B AN EEREZAMANNE, RIETHREIAENRE
MEABRERER EMRTEEEMEZEER.
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845 HERNBEERRK T %

Tip—induced Nanoelectrochemical Patterning

I =1

¢ ¢

(c)
41 MEARENBAEERN AR & F &
Fig 4.1 Different kinds of systhesize methods for carboxylic
acid-terminated SAMs

@Q:BEFHEHREHRBEHBEEIL; O)THNBREAKL;: (c):BHEKM®E
4.2 LWE S
4.2.1 XEHMHEIRF

ERFTAMERMBEASBAPRESEE, WTLESE
MHEHFREEFRAA. 4- (ZZ2H8EBEHRK) -TH
(4-(Triethoxysilyl)-butyronitrile), H 4 F 598 %, M A Aldrich
A . HARMEIE: FHR (CHs, REW RFZHFERN) .
N B (CH3;COCH,;, RIEM AW X K KHZERF D). 8 (HCI,
36-38%, HHAKUIEFERARARN ) MAHEKR (HF, =
40%, BEHERALZRXANERAE) WA L. REAMEX
FEHN 99995 %, MERNELETUEREFRAA. 28
TKEFREBEUPH-T-10B MM EBA KNV EHEHEH, BEER
$118.00MQ + cm.
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RN TRKFBA AR 3

422 BHEEENREEKLLE

BOEEFMEERZRD TS RLEE: 1) KKXEEEAER
. A, BaAKFEHEF%L 3min, FHEA KL, &4
AT (2) £ HF : H,0=1: 50 W F &b 15s, B H 5 H
A KER, BAEART; )KL HEEHEREBNT KT
FOIF, —FHBABBESN, AT HERERBRIIER 800W, iE
Mk 60s, BUHERBAIKER, mARIKT.

423 EEFEHHAEENGE

EEARPTHEFEAUCLEEMNEEZERAIFRESD 1
mMol/L i 4- (ZZ8EREK) -THR/FEXHBBP, 20C T K
M 1h, FFH AR FERE, BAFEERS EFEFE 3min,
FBakEE, SARSKT.

424 HREFBMEBERENG &

¥ ESBHMEERBAN 1mol/L FIEBEBRT, 25CT,
#E 24h, BMH G, ABAKER, R4E5KT,.

4.3 R 51118
4.3.1 Eak e

BAERAKE S FRREMMBRERE, NRRTEEW
EEARNMHRAXLEAERERBDHFINEEREL. Hik,
NERAEE S FTEREOMNHERRRTEEEREFERTNK
MFBR. RFASWESNNE TRER EREARENRER
REEMA. ME 420)Fr, KEHEREIAEN B AR
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B 4T HERNBERER KA &

ERMEE, PRERFMERIT, 2RR, WA HRME MM
A(65.9+1.9)° , Ui BA B AT B 9 W E R TR F BB R K
. REE - ERNREZGTAKBIRE, HXOZMALEF
HNKARL. mE 420) 7w, KEEMBEREGE, LM
WRIT, MARXRTEMMANB33.4+41.2)° , EXMRPREH
O e BB B b AR BOIE 31-36° AH— MM, REARESLK
MERIMRERMART —EHRRAKHE.

I 3

(2) ®)
B 42 BER EWEARNENRENRODEMAR

Fig 4.2 The contact angle of the water on the cyano-terminated SAMs

and carboxylic acid-terminated SAMs on silicon wafer

(a): MEBHAEMK: (b): REBAER

4.3.2 LI5M 4

4 4h 6 il B N [F) Ih fE B B A AE g, =R TR R AE A
FimiE HAEBERNARTFR. B43BmELHNARENRE
HABEBKLHKIEER. 8 4.3(a)F, 2250cm™ i H B K
Xt FRET R CENRM4gwRa B, NMiEHREE4
HECRIABAEREREK, B 4.3(b)F, 1710cm™ i H W
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RN TERFRAER

Mg HR®BP C=0 BRMHEBER R dE, 53—
M. F,ZE 2250cm™ MIEHRENBFTEECHEN D, i
A4 KB EECHRII KB IER, £8 4.30@)%F, &
1715cm ™ fE B T /DB R BCH R g, R AERE B AREES
EWEET, EELENRETHAKE, BREE, Steiner!'!!]
SRETHUMIE . 1500-1800cm™ Ff IT () 18 45 & 5 B W
AEBNEERERENKIURARERRS FZIRERZ
Y i 3L A6 R B R RY

1500 1715
0.0005

Absorbance

1500 ' 2000 ' 2500
Wavenumber/cm'1

Bl a3 red bom B AR ENRE B H KBS bk H
Fig 4.3 Quantitative Brewster angle FTIR spectra of cyano-terminated
SAMs and carboxylic acid-terminated SAMs form on silicon wafer

(a): REBARKE; b): REFHAER
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¥4 5 EERRNMEERE KR

R4NHBELRENRENREBAEBERNLS A ERNAS
Table 4.1 All-in-one of FTIR spectra of cyano-terminated SAMs and

carboxylic acid-terminated SAMs form on silicon wafer

e E (emt) XA % 3 A
2250 fig 5 B C=N I 14 45 3= 3 T ik 14
1715 C=0 %8 i 18 48 9= ) W i 14
1500 25 TR W i
2300 CO i R Wy 1%

433 RFHERERN

FPEASHDGEEHAEREREEEZARA KN FMI
REEERNERM. EdRFAHOEMES BN MRE T w2 A ®
EMREBAEBHOREES. B44 HEEREEHED AN
AEMREGHAEENRODESE. HE 44Q@)TUEH, &
EEAEBENRTOMEKEN 0.0580nm. XHELERER, &R
RKEEKN, AEBHARBEERYITFEN. AN, KREZLKE
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Fig 4.4 AFM images of the cyano-terminated SAMs and carboxylic

acid-terminated SAMs form on silicon wafer
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Fig5.1 Preparation of the silver nanoparticles film
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Fig 5.2 AFM images of silver nanoparticles and silver nanoparticles film

on SAMs surface
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Fig 5.3 UV-Vis spectra of the silver nanoparticles and silver nanoparticles
film on self-assembled monolayers
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