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Abstract

As one of the new partners of the SPM family, scanning microwave impedance
microscopy has been widely applied in many fields. A microwave impedance micro-
scope could detect the complex impedance between a conductive tip and the sample,
characterize a localized dielectric constant. This thesis mainly deals with our self-made
room temperature microwave microscopic system, performing a relative detailed cal-
culation of the working principle and resonance matching-related problems. Chapter
1 will introduce the basic knowledge of microwave circuits. Chapter 2 will be linked
with reality, discussing the working principle of resonance matching, looking for the
parameters of system, for the aim of matching the simulation result with real data, and
make the cancellation process clear. Chapter 3 displays the test data of our sMIM at
room temperature, proving that the construction of our system has gotten monumental

achievement. Finally, we made summaries and plans for the current works.

Key Words: Scanning Microwave Impedance Microscopy; Atomic Force Microscopy;
Microwave Electrical Engineering; Transmission Line Theory and Cal-

culation; Radio Frequency Simulation;
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(a,b) Single-stub and lumped-element impedance matching

networks for shielded cantilever probes. (c) Half-wavelength resonator
matching network for TF-based sensors
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16



Hh R EA RO E A RS ST
S Sy R KRR DO, FFAE S B R R AR B K . RATH Matlab 25 Hi 1T
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Wi L, - PR 28 Gt B 6 WU i PR FRLE 5 0 A o AR T (R AR AL 0 T BRI L L He
BEAEL I B B A 5 3, BTkt e L R R 3 A HE T S iR e (1 A8 L0 A2 8 )
(K1, (ER A (R AR AL TS B0 0 B HAR (T LR L BEL P PO A5 5 D) o s D

$£=% 3#&i# (Cancellation) RYSEIR

ﬁ%KMwmmmﬁ?ﬁm%ﬁﬁﬁﬁWE%%Q%E% G (Cancella-
tion) ZEBNEA HEA RAMEIL, $2R RGMAHE, HIELT-HEAT HEI B BR O
%%%ﬁ%#ﬁﬁ%&ﬁomﬁ&m%%ﬁﬁﬁ%%%o

microwave
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att., 0|V peen reference
Vi totip cancellation signal
............... T MIM-Im
e — ’

probe { z-match

..............
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2.19 MIM RS0 B i

MIM F Gt A g a0 ] 2. 1987 o O 1 7 S0 B 1 — 28R i
WS 5 B VR (microwave source) & HJG 4 7 R 2% (splitter) 23 A, H
—WANE NS HAE 5 NIRAIES (mixer) FIATRE S (LO) #. 55— HWEFAN T —4
WA NPR, Hf—RAd g4 a (coupler) #E A EARVULAC 7T (z-match),
BEMIAS & BREH AL G AL o SR BRI SRS 5 M RIS &%, W28 MG 48
5K (cancellation) B HIE TG E i, &AS N ERIE TN SHURCR
#5 (RF amplifier), iF NTRAAS 0L 1 (RF), i3 — 8 BRBOK G158 B R 4 1)
MIM {55

ARSI A SR 1) 43 RS S o AR, R A AN i A
WA 5 KA N AZFE MR o B HARBR A 1B S A V), BN oy, R
PARREAY, A G5 — N WA J5 19 2 R a1 VO B . Zad 38 =AM
WA E A I R B L R X O Zoo wh A%%E’J%E%%/m\?iﬁﬁ k(0<k<1), %
R S AN R LR RN EE . IR A RE NN RO IR N V;, = kV(’
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e R 2 B R AR Al 18 50
B A ) SR VL AL BT RIS — T bR B A 2.3 PRI RATTE R BT — 19 1
25k, SR HEHR AR V=V, * Sy Horb Sy BDA E—F 704
IFRIE S, (f)o TRIHTET Vigpeon B 22 ZIEFEEA (attenuator) FIFEAH & (phase
shifter) ZZ 411>k .
&%ﬁ%%ﬁwﬁxw,%ﬁ%%ﬁ&%&ﬁwom?xw=mm%»ﬁ
[liZ5u EH%F%Qﬁ%*m”W FAHER AR K IR N €' PRI

v

cancell

Vy .
= e? % 107007 (2.8)
Vi BG5S RME SHIME, FfFELEEEE WREO K,
— _ % ip —0.05x
I/total =k * I/cancell + I/ref - 4 (Sll + ¢ 10 ) (29)

FRESANREN, Kb S ARG RS, FIRENTL2ERHEZ N1 HE
Ho T S S R BRI N Al R R . B IR A RO, B InRe A 2%
IR AR 00, DL € % 10700 A SR, i SR R/ AT BLIE I I 5 x (R
AAFAR NG TSy, AT AR SO SEER N LI R REAS, R AN S X 2 A
BN I RIS K/ x RIRZ AN AR AR AL o HEHE R BI3E =4 1 HUE LS 2 AT 1
AXHEARDS, NPLIRIE SR B . IX A A HETH AL R .

IR A8 2, FRIRVE AR /N it o DRI RO SRRl A8 ok 2. i
THILRE RES AT 2 S /N HL TR 2B MR, DRI BENE 15 21 SE 4 i SRR U, AR TN &1
AT DI ERRIEH B30 S| + e % 10700 LT R o, MEE, KRR
RARHE 5 HAER “HeRIE ", BATVIRIE 2.8 HISLRIG I . AT LUK BRI 3L
PRIEREE x A @ A2 . RARAALIE R an T~ B s .
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HIZEC 12.6 dB, FAHERAHAL Ny 30° I () HLARIG, LIS SLARABIZE Ty 1.1443 GHz,
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frequency shift vs C variation
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Amplitude vs C variation
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SRR H L2 A TR 2 E T, R R . (EIK S AR e
BEME], By cancellation JE7E R, = 0 FIRMERY . MERATZRTE R, = 300
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Amplitude vs R variation
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226 WEAEICTFE M HUFH Rs AR 4E K & (Cs=0.01 pF)

XRHE I o W R AR BN AE AL /N, 5 TE32 A L P2 A e AR/ o FEFHAR
AR ELAA TS 18] /5 BRSNS SR o

ENT MM ESHITE
b, AT T SRR B AL, AR IR
HE SRR 3115 B3 — RIS 1355, JRAIM S BRI RE R I A RBAL It
SRUEIFIFE AR th B 55 L0, TR0 R LS R M0 35 S 0RO, i b, P LA
K AR O ST U 1 9 E R 53 — KO S BE. (TR E 2% 5
AP RS ILER MIM S5
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[ R 2 BR RS AR 8 ST
SEFR R, B AR [ E AR, BRI IRATT I SoiE ARG AE R — AR (1)
WE ZHIRH T Viga =k * Veggeers + Viey = VO(SU + €5 10700, X RBEA
RS RE $ 1 BO0BAE S8, HIF N BIENR o). Gl 2 R TORES
JE, &A

kAVO

Vigtat = KA % Vogpeens + Vyoy = ——(S) + € % 1070:95%) (2.10)

tota

AT AR LO 2 1 (1) 2 8 % B w, KIS 5. RIS A 2
Feikidy, ERIMERRN RF #:05 LO #: O {E S AT BN FH o, 1 1E5L
SR, B3 NERBII A PEIR Y 20y, B2 HIN—MHEALE T
FAAL IR T [ 58 SR GE 9 48, B T LA o SEEEG v i F VR A0 2 Py B AT i ik
. R EIG A BERR, RN AT B 8°(S11+e””>1<10_0'05x)0
BATRAZE N E T 90° BAHAS, FULAr USRI 1Q M, HE— b EHEt o

SRR A0 & . B e — P ERBCR RS EC oy D I MIM 1 PR (S 5 7>
VK

2

MIM — Re = O s« Real(S), + €@ % 1070-9%) (2.11)

kDAV
MIM — Im =

x Imag(S), + €'? x 1070:05%) (2.12)

LRI, RS IR 28 4 dBm, RV, 48 0.5 Ve #EA B 0AE
Em S O EEZ) 10 dB, KRS E k=0.3162. BUKZE AN =2 22 dB H]
WOk, Hik A = (101.1)° = 1995.26.

Viorar = 78.86 % (S}, + € % 1070%)p (2.13)

Vip= % =025V (2.14)

MIM — Re = 19.716D * Real(S,, + €% x 10700 (2.15)
MIM — Im =19.716D % Imag(S;, + ¢'?  107005%)p (2.16)

S, =-20 dB HZW e« 10709, M v, ., 218V, XN 22dBm, &—4
IRRHIHUE . P AE I B e A v L R AR I A e W R A U {1 B 3 DA
iNve: MRV GIDNEE ihiboE: EX =

IRAERAU — RS BRI B AR . DA EA 2. 3 L AR AE 1.1443 GHz, 1
fE)-30 dB HISLAREAVIUIRES . BEIRAFME “ FNEH7, B, KRE ST,
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mdF HLORFrER LS, TR ERE IR T, st — Dok,

SR & R AU L ER 2N T AN AR g, w227 R, JiER
TRV, FONS RLA S AT 26, 54512 D) 26 50 T 22980 A0S A 4 BUAEL ) — 4 4
B, BIRT4R BRI HUE BN 1 R R TAES 4L

TRRET R S A JE 451, Rs=1 MQ, 298 Si o JEE i FE B &2, BX Ls=0,
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103 MIM signal vs C variation
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IR BATIAES S — DB SRR RIRE R, BOVA SR X3 255
NS, BV R SRR, HFEmRm e T H. f£4%
DI MIML S FR AT R 45 3230 0 HOBUE . MIEENBOY S I XIS, Bl
#E (lossy) X4k, MIM (1S & AN E I B A IEAH . BE— P REANTE IR X
i, MIM FISEEE AR, RE A & A

27



Hh R EA RO E A RS ST

FZF WEBARENRS
F—T RS YR

BEH AT RE R WA AT RS, FE BB N A B BB ? S S R B I I
73 B RO TR AR IR . SCHBERAR N r=1.22M07d, HoAh 26 AR I A,
e R IE S RSB RN, R A . TR AT T
L R BE, Gt i AR, B AL AR, BRI it S A LT
SRIEN AT T HT IY R BCR A ERE I BOR G, KRR/ 7B B2,
MR 1 0 He o PRBIBO MoK R K ERA L, XM “B
B B ERE R AR ?

Tl BELA70 S o 2R G0 DR B A AN e B R AN [, AR il b R e ) —
MIM & FILp M EAE A, TARERR R — BRI E A . e o B
LSRR il S AR R I, 1T 1 S B AR R T R BRI o BRI TR 1%
o, A ERAMILER RS, AR T RBEATH AR L2

TEROBANBL, A2 S HURE R 5 S A RIS LE R . 5 A Zxig M iy
B XTI AR AR, B ERSE R (dispersion relation) 73 i) 9 :

ké = w’ey(e’ +€")u (3.1)

k2 = wleye’ + ié)u (3.2)
0

e" LR HMBHUIRFE, e =¢' + " RRMEHA N B EE. X T Sio,,
XANEUEN 4. XFT 1 GHz (48 Al 2028 6.3 %107, 5 Si0, Z 1] H @ AH 4
KHJe WIFIRTEE =M 10 5B, XA ok 2 T 5 MR

L AR AT LASR 0], WU EAE L BRI VR 22 AT B, et e s B DA A sl mT A
R, AFM ()5 B c-AFM 2 X FE AR . RT c-AFM [ 2 2 i sl 2
B SHE i Z IA] ) FRLBH S MR AR K, A7 I TR B 1 AR R e, 0 e ot b L0 7 A AR
KimZ, HRPHIERRBRG . M2 MIM 2 TRk RKERE, BT IR
fil =0 (non-contact) WM ARG . s 7 HREIIE, HHAEAER. AREFTHR T
RS IE T . BE IR B R S R AR EL T BRI 3 2 —

Tl B A R R R e ok 1 BE R ) R VG, A A 3R T BN 49 100 nm VR B 1)
B VE A SR AT LA MIM AU 21 . MIM B A W3R [ (sub-surface) &Ll RE T, 57
Ab, BB RE L BOAE TAE AR R 2 B, (T M. W TR,

28



b R K AR
iw [ BE B AT RO AR i N M RE AP RRIE , B2 I B2 2% (M & AR ELAE A
i A UL E LN R G

BT LRRUEERRSGER

SR RG5> i RSy, ISR 23 DL AR & 350

TR P B ) T T B IR 2. 27 R R m AT . Hoh R A 22K F Mini-
Circuits 2~ 7] B 2 S AE A, FARERFE . AHALAR E I S m ARERE 20 itk
W EA, B3R SRIE R NI A& /) QuickSyn 1557 FSW-0010,
FEIEIL 0.001 Hz, A4 T JATHIMZ0E & FESLIRIEME, gk MmZE . AHL R A HAR
%, A2 i SO S S A5 5 R AR A o SPAIOT R BEMS 42 (5 5 B N D 3R PR 45 Bl
BENTRAES o ThERDMER TR0V, BIRERIThER, AR/, 1 B HCTH i
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SR EBRAES . XRBONBBHAER T RANESS BN TET X, B
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). HIVEXFREF I — A BB R, T i B 5 2R 8] B A AE R 4T
B, Ear FERTR, DLREE LG RL, fE4aZphRl o a5 T H 2
SR RL, DA N B R ACR, BN AN G BB 10 B A AR . 51 SCEk e
FREE . S5 B bond pad T NEREF, TEIREN N HIE A0 (B R S 5T R
SHER, XFEREE S T UAE R R IPRE T SARER, AR F.

N B ZZ e BN
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K 3.2 AR S BHEE SMIM150-GS 7~ = 1K
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FrE A R G, kS BiRE 5i% AFM 2GR . X RS IRET 15 E DA
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gt FSM, KRG TR N BARRa R,

FB=T LHFRREUEERRZMR
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BHo bESEHE VNA 5, BEEIRITIC R TR0 1, BRA0R ST B A
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XF T EUR ZEMIRE B 2, RORE MIM Sk 4028 AFM 93T, [
LR UL RBRELEN M o 5N R HO AL B A 2 W NS FEREE RO L, S i
JERSE Sum (K, HBE T setpointe AT FEMREME, 24 Z J7 A1 & FL P & H
JEFARE IR FE 70 VI, SREHEEE R RITZT 7 pmo BUI R DLEERE fh R TH % 50
AFM i3k, FHRAEERMN X, TG 1.

3.8 szl FH I AFM MFP-3D DA & Huj sk

H 5 8] BR R S DR E,  RI<BJ@ S el BT S0, TR R TEZ) Sum.
B2 100 nm M4, I R 28 K BT RAE M NI Au, ZBROGZIR S
% F—J2 100 nm JE1) Si0,. ¥FEM R AR AU, AR 3] T &8 50
FEfh o A DUF AR S 22 Sl X 3 Au 5404 X3 Si0, [ MIM 15 5 Z 5.

B TR S Au XK E S 275, SRFmHEE ST Sio, £
M, & F—= Sio, FikR#t— LI, RMERAHTE S, REKA
171E 50 nm 72 45 AR
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BAR, BERAL T G 8 ST RN AR BRI A . IEAPAT AR B 2R 1
PR (R BE B ERN, FEASER K, A5 B S &R A B BRI RS, e —
MERI L. MERAT SAGX B2 MAGHAEERNESERER, Kk
JiE 4 A ol e 5 ) RS AT R BELK B o T3 R 1) H 25 R H B
155 2 B FL IR I

TRATTSEAE M 28 53 BT O B SLIRIE 7B AL . KRS B B4 2 X3 -7,
AR LA SRS AR AR I UE, FERIE ARG TR B, R S8R, A SR A
% 50 kHz, XFRiff) Q Ik 21000, 1X 55 — 5 HUE BRI 1 i B2 RF A 110

e T ORAAT RIS, B EREN R R &R AL S, FRi— MUK L) 2um /)
X3, IAREHIRBDEAE &8 54 % 2 R ARWIb) 3. LA W 88 LR 04 ) AR 4k,
T LB BIfEAE MR AT BERDIRZS, 1 3.10 Fros. BEAH— A5 4 KZ1%F B 5 MHz,
W — N LI 10 dB. Bk offset Ji, FLIRIE AL M-55 dB 481L%-30 dB,
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B 3.10 95 Jm 20 iR il I LRI AR AL
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2 XM 5 55 3 L DI, P SRS AR R AR AR A Dy 2E W BB B/ o DR R A
RN FEHBARE TR, HAE 223 WEEIAEE, $#°50.05 GHz, XFf
ERRY A A 2 SURILIRIEEL ARy, AT 2.23 A8, 22 RZ908 20
dB. SRMIIEANE 2.26 P, SHRTEALGA MR E, Joie B AR/ ERIRK,
Xt R ARG AR R o FEARTBLA DY, £ th 4 2 X3 4 25 e X ask )i
RErf, FRBHPS R B th o ARG 1 fie 22 (o DR b ol BEL AR A SR R 3K IR I AR
AR, P BRI BN B R AR IR e AR 51k, B KB AR AT

U R IR E R A R AR R, AR AT O SR B0 & 2,220 K 7
AR, B D EERU A5 R o 7R A] LU 21 i 2 EIEARAS AR A BRI (1
AR, HBUSREAEAR R, HE NS R X ABARE B AR, IR A )
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AN VR FRA 120 6 8 1 AR it 7 AR ) MIM S 5 2 T2 BRI, AR &
HUER] T MIM RGN TAE e WRES B ERDE S, RATFZER 2
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SeIFAEA, TE I 2.30 R, MIM-Real B30 TR B4 A A2 T #
[, BRI RS AR, iS4 XIS 2 X0, LA, R R
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TE—HI . X2 TN RAAR I RF 35 540 T RKMF R, Cams
FASSAAAE T — B AN 2, FERATED 5 — DA AMERR . AT 2
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eI I A0 AP RRE S (B4 AL SO bR E o SR S B AT S T SR R AH A7 5
e S TGVE R S o oSSR, FRAA B RS 7 B SRR 5 5, T XHE 5 1)
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K 3,15 334 IFEX B8t dh, R ST AR 0T L
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PR MIM A5 5 B4 — SEERAR, X5t b — SR 2RI AR T 45 (15 5 I8k
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BRI RE AN IESE . EURTEE, XA I 5 — R T T G B R . SR
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