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ABSTRACT

It is necessary to collect the strain information of key members then assess their
performance status and residual life after structure experienced a disaster. Strain sensors
will play an important role in the process. However, the traditional wired strain sensors
require wires to provide energy and transmit data during the measurement. The wires
may be destroyed when disaster happen, which prohibit a successful measurement
process. To solve this problem, the antenna-based strain sensor may be a good choice.
Due to the special mechanical properties of the antennas, the relationship between their
resonant frequencies and their sizes, when the antenna is under strain/deformation, its
size changes, causing the resonance frequency shifting, which means the antenna can
not only be a data and energy transmission unit of the strain sensor, but also a sensor
unit. The advanced antenna-based strain sensor can measure strain passively and
wirelessly. As the key componet of this sensor, antenna must have a good performance,
including good strain sensing capability and stable energy transmission during strain
measurement.

Therefore, this paper design and manufactur strain sensors based on the
microwave rectangular patch antenna, and then test their performance for exploring
their strain sensing ability and energy transmission capacity, the specific as follow.

(1) The principle of antcnna-bascd strain scnsors is described firstly, and the
numerical model and design formula of the antenna are introduced according to the
theory of electromagnetic field and the theory of transmission line. Then the
relationship between the resonant frequency and strain is deduced according to the
design formula, and how to measure strain using this relationship is introduced.

(2) The antennas are designed preliminarily using the design formula, the initial
resonant frequency is selected in the microwave frequency band. Then the preliminary
antcnnas arc modecled in HFSS™, the models arc optimized by adjusting the resistance
matched, and an optimized antenna model is obtained.

(3) After optimizing the size of antennas, the relationship between the resonance
frequency of antennas and the strain in their length or width directions is computed
according to the design formula

(4) The return loss curve, the S,,(f) curve, of the antennas is simulated when they
experience strain/deformation in their length and width direction. The minimum of
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S,, () curve reflect the energy transmission capacity and the frequency corresponding
to the minimum point is the the resonance frequency. After the resonance frequencies
of each strain leves have been found, the relationship between the the resonance
frequency of antennas and the strain in their length and width directions is simulated.

(5) Considering the the effect of strain transfer in practical measurement, the strain
field of the antenna attached to an aluminum plate is simulated in Abaqus, the
corresponding strain transfer efficiency is obtained. Then an experiment to measure the
strain transfer efficiency is executed, the original efficiency is corrected according to
the experimental results.

(6) The antennas are attached to the aluminum plates in the longitudinal and
horizontal direction respectively. The aluminum plates are loaded and the S,,(f)curves
of the antennas under different tension are measured. Then the relationship between the
resonant frequency is conduded and the longitudinal strain of the aluminum plate (the
tension divided by the stiffness of the aluminum plate) is computed. Using strain
transfer efficiency obtained in the previous study, the relationship between the resonant
frequency of the antenna and the strain in their length and width directions is computed.

After completing the above works, the results of design formula calculation,
HFSS™ simulation and cxpcrimental test arc compared. Finally, strain scnsing ability
and energy transmission capacity of the antenna is evaluated according to the

cxperiment results, and the RT-5880 antcnna has a good performance in both two aspect.

Key Word: patched antcnna, strain scnsor, rensonance frequency, retrun loss curve
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LG N AR BRI SR CE T, DARAE NIRRT, RN SRe i
B TR B2 BRm, X & ol R A REF 7. Bk, ROKEHEIXRERET
T A I L TC T R E O AR S T I AN TR, R I 2% 20 B SR i R R P g
HEAT RS WA &

AR R IR AL TT T R, AN STHIE A 270 S35 DA R 2R () U A28 F g R 722
ERITERS, NIL, RERRDEIRMIZE SR E R AE 2 0 AT ARERC R,
XX R TTEMEE, M E LN KRR AR AR R . A OGS W IX 8
)BTRS, B UL NG R 2R 0 Bk A 28 5 i & I3 (R R AR (R (1 G &R o

WH, TAE bR AR s I B B T |m) B AR, DLt A AT B A A S e
S A1 == I 59725 0 s 1 S 8 [ < = 1 ) RS N i € S (SN
J7 AR AL R AR, RGP R A B 77 | AN B8 77 |l HR = 2 I AR, BATT R ) B
SR LRI TRAM = AR R, (FAE, SR T TN B SR B8 1 1) LR 7R S R 2 1
PR AT BT RENA B SCRRAE N A5 o BRIUtE, AR LA A A T3 BN T7 1) B P AR of R 2
WEIRAMZE IR, B AR 12 R 2R 1 S5 IR AE T 2T R AT

TEAE N B AR E T B n T T, R R ERVER R & AT T DLl H Bl
FEEZRICH &, [l HFERE AR/ ME A, ARSI BRI . R, ASOET 5
TR T REAR P B ) RIS ARG It 22, 1A Hm T It 2k PR R 2R AR T A 70
R4f o

FIEKREAE A BB oA e B A T R o BRI AT, T bR 2k Lt
PR )& - RFID ARZE, BRI ) B Z M K8 D 465 A N AR L
s NPREHBN LSS RS, FTLALR—8 RFID MM E RS . ZN A
W e RGAM ] LATEIRTC L I 1 AR, 38 TR T AL S i B AR ALk s 75 2 T2k ok
SEIL RS N R B AR AR 4 R s, SR IR R SR A TR, Y |44,
HAT @R ss.

1.4.2 iR B R AR g%

MR FIRBEFTTT R AR H K, A SCRHIR G A B AN 58 B A
L WIS, 5 T0 T BRI A B SR TN BRI E 11 BR.
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L
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el N FHM
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143 KXW EZARAR

ARICH) FBENE K EAT LT

(D) F1FRHEL. ZELNHTRFREOE R, EENMHTETRAN
[ AR A R AT AR IR S R IIR, s JE 4T 1 AR SCEIB AT H B ST N 2

(2) 582 T RNET R Fr R ER B R AL R A U . 2= 1 e /el T 4
TG R LR R AR A R AR O HER S R —— e R R AR S R BE AR, SR AR
PEIX P T7 T FNR A2 T HE TG Fr R A 2, e A2 an R F AR T W e
REMBL A KT A &

(3) o 3 FONET RN R R NASAE A 1) T L. 2B R
PEIF TG B R IR it 2 O 3 TR N P R 2R (P AR A% I e AT T )20 0
JFAE HFSS™ rod & k23 RH kAT A, SR FEFIH HFSS™ B | A% 23 715> 5l
FEKLETT RN GE B TT A G DRI AR N, R LG ) BRI AR I 2k, JFARYE % th 267
REHPEIRR AL . 5, FIH Abaqus AL 1 SEERN AR E A, WA &S
R T SR R

M>$4$ﬁ%Tﬁ%MHK%mm%%@$mi%oﬁﬁmwﬁwﬁﬁ
B N2 AR AL I 20 D0 R B R N e FOAE (R R M, FF 20 AT RoAm S5, JF R A I 2%
SR ASCI B R 2R (1 0 R R 28 A S R R ) 5 o P ) AR o i
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[ R 7 W R ST B ARG b R R RN AR AL IR R I BT 7T

PRI HIFAA, ESAR I A ST H T, 7 22 5e AT SRR ORI B S S A A A%
AR I AR AR IR LSS, DR S — S E W B K. SERUTA SRR, RATE
T REKJETT 105 56 8 T7 1) BN AR IR SR B B

(5) 555 BN ERE. BN 7RSOOI AER, KA
SR B RN SRR SR AT T XTH, FRRRIE SR 00 45 RAFAY T R I AR
B I a8 B A I T RE B Jate (L o T 2 1 R A - S n R 1 R LALFE S It AT 1
TUHIA B o

12



5 R BT IR UG b R AR W AR AL R Y iR B

B2E  ETHBNGREH AR R

2155

A ST B I B ) T A R AR R T R 2R BB R R 5 R & T
(RIS OC F, NI, 7528 1 MR G v R R ) IR PRI RE, i o AR 2R 1 i 3
AL REINT, 222] -LLFE R R SR 2 LA .

B R 0 R R B R IEN, (H IR B NS &, BHERA®
Fb3n 3R LR AR BN R AE . A fi e SC PR IR ZR IR [, BP0 19 L T AR 4k
Hit, FRBIZFB R TR . MRS K R LR 5 Ak a5 2% B I it
ATV B, MR ETT A TRRAE “ B L& 7, ify 437 348 A AR A “ S W,
T REHATH, X WP S 7 B4R, K, AW e AT 1 48

Nk, 3%MEE 2.0 I, AFET 22 MR ERRR, F 23 Tih
AL A, T 2.4 NARFE TR I R R AT, T 2.5 A i fisE
ALY SN I A v
IR 5B
202 g | M7 WIHERS | 23 (54
Yy ie A

AA
Yy

KL ] el I
iEz) B R AR
AR N 24 sy [ IR
R T *
ot ST K
2Bt A
Y N H
2.5 FEINE A
Ko T i A
5

B 2.0 B TR SR R N A A R SR
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[ R 7 W R ST B ARG b R R RN AR AL IR R I BT 7T

2.2 EBHIHFEARFNIRHH]

22,1 EREFHIE

REFEAAFE A Z W T RS B, 207 o E A 22 K Maxwell
T 1864 FHRM, REHIE BT IR BB LS T 1A FAE R . 22w il
BRAT IR

vxE=_8 @.1)
ot

8
VxH=SD+J, 2.2)

&
V-D=p(t) (2.3)
V-B-0 2.4)

0
va, =< p 2.5
r atﬁ%() (2.5)

Aeb, ERAAEN, HREOAEN, DRAFRE, BREBNEN, J,
SREREIE, pp IR QDB RQHTHPHNZ I T, R(2.5)
BRI

B (A4 TR

J,=J+0cE (2.6)

MG A yae s )2 o (LR L e T AL SRR S o E AN, o RS %
D=c¢cE 2.7)
B=uH (2.8)

A, e BB BE S, u RN MRS
R EATREAAE EMS, EALFNEIL, 30 RAARR B, EAT
FAENENGEN S o« e M u, FIRIEZE w35 7 FRALE T Z R AR X114
T BB R FAT 0B 2.2 PR
R RIEAN:
Ax(H,-H)=J, (2.9)

iix(E,—E)=-M, (2.10)

L8 I IR S S R SR AR R o AT P A R RS . (EX W GO REF, A
E. H.D. B. J 50Mre Q5N gl Efrs p, 355 16 MRAE,
RCHZERQCHN 4 N EXTIFRELRE, SRSERREE 12 M4HF, Lk
A(2.6)£30(2.8)K 3 AN AKY 7 FEAI Q.5 RIE L T AR, FEFE 16 MRT T,
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5 R BT IR UG b R AR W AR AL R Y iR B

Il 7

Kl 2.2 —fetE il it kAt

PR SR S — A R AT (E, i TRE BRI, (U LR B A LA TR
IRTT AR AR TR . T A A 83 5 B BT 18] CA AR AR o AF IE 7% A, B
E=Re(Ee™), H=Re(He)Rf, 2wl IR

NRKRAE, 8 5] N4 B R B R B4 A TR &6 O .
/\\(\
H=Vx 4 (2.11)
KR IDMRQ)MRARQ22)F, 5
Vx(E+jouA)=0 (2.12)
SINEBEREMNO, HTWTFEFEEREEE VxVe=0, FEit
E=-joud-vVo (2.13)

R AIWNE X T AW, R7E#EE LA, FEANEE, L2.1492K
QAT G E LA BJEEE
KRANCARQ1F, 5

VxVxA=jo(e+-)E+J (2.14)
jo
MHRES AT
VxVxA=V(V-4)-V*A4 (2.15)

R AHRAKER.15)F, 5

ViA+ 0 u(e +-)-V]jo(e +~—)D+V - A]=—J (2.16)
jo jo
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V-A=—jole+-Z) 2.17)
Jo

BRQIRARQ1T)H, 17
V(V-A)

E=-jouAd+- (2.18)
JwE+o
RN RQ216)mARQR.15))E, R
VA+k*=-J (2.19)

L, B =0t ue+-2).
jo

IR A 2RI T SR BE R EAT A, FIARIEFCN(Q2.1D)A1(2.19), HITT R
L (B F BB 3% A3
WK 2.3 fiox, Y56 T AFE AT EARRL v i R MR IRET . AT SR AR H % B4

A
y
PRI A

— —7—\/

,~ }

II_ \R=r- r

r Py
r
O X

R 2.3 FEH IR R ) U P

A= jlj J%v’ (2.20)

2.2.2 #ERAE MR G R B

AHWESHR AN R T sHEA MM HEDY,, R XATZE 4, HEFE
Eh ARG R L HE AR M A TR Y FEAL, T SCRA M2 141 .
il 2.4 fis, R RIS - fhE &, W r Ml 0 R—ATIRIE 2 5
ffer b AR A4 hR AR
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5 R BT IR UG b R AR W AR AL R Y iR B

AR R G A R L S AR RS R Al AR, HE IS E -
R4y EL E R H, WAL
E (r,0,z)=E (r,0)Z(z)=E(T)Z(z) (2.21)

H_ (r,0,z)=H _ (r,0)Z(z)=H_(T)Z(z) (2.22)

ﬁ*@@ﬁwﬂﬂﬁ%fEﬁHﬁML%ﬁﬁ
ST SR FE W FE R, MR & T ER B RE i &M
y

2.4 HETBAE i R SR

PN AR B2 ARG TT R, R AR ISR s R B A o &, AR)E
FFAIF O\ 37 73 805K S AL 3 B &Rt e o e
R B ARG o0 8 R ) A AT [ )

E=E +E:2 (2.23)
H=-H +H: (2.24)
FRgk 221 ISR ARV, TF‘?E%?%UV=V,+2§$DV2 VAVioVi 4 ;
iz
A SRS Z R 24 T %
. P 0
(k* +=—)E, =—V E_ + jousxV H, (2.25)
o0z~ iz -
. 0
(k* +—)H, ==V H. — jwe:xV E. (2.26)
0z~ 0z - :
82
Wg+whgﬂa=Wﬂ+Hg=o (2.27)
iZ
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[ R 7 W R ST B ARG b R R RN AR AL IR R I BT 7T

2
VH (K + S =VH 4 KH =0 (2.28)
(0/4

Hor, A0(2.25)M120(2.26) 2 A& 50 R Guia ] 19 2 8 bk 22 77 15, 20(2.27) R 2((2.28)
Fe B RGN A 1 ZZ W 28 T R
KR 2D)ARA(2.27) 80K 20(2.22) RN ((2.28), #HH.

1 d’Z(z) 1
Z(z) d* ~ E/(T)

Q229 st z KR, 5 MoK, A r MOKRE, 525k, £

SN EATPIRER ST v, WORIRL Z(2) « BRI Z(2) AR 2D AL(2.22)
I‘I‘l ’ ?Ell‘:

(VI +kP)E (1) (2.29)

E(r,0,2) =[E(T)+E.(T)le ™" (2.30)
H(r,0.2) =[H (T)+2H.(T)]e " (2.31)

R, MRAE2.25) M5 (2.26) ] 13 R 1A 73 B S WA 2 BRI R

1 . A
t =](2T7/2[_W1Ez +\]a)lLlZX(VIHZ)] (232)
H, =“#}/2[7V1Hz + jowezx(V,E))] (2.33)

MK (2.30)EH(2.33)nf LIFE H, HIALH R 4500 LS 73 7 A 5 20 e 1) r ik
Y G % ARIE ] LI AN ), FTAK B R G e 3 95: 1. M E. =H, =0
i, RATHN R &, MOV (TEM BD; 20 B E #0, H =05
MRONRERIRE (TM#); 3. {4 H, 20, E. =0HFRAREER (TE B,

2.3 Rz IR P

et ek TS e i AT R ORE 7 Bl 5 B £ Pistohlkors T 1927 FFUAAIRY, 1%HH
WATBA LA TEM B, TM Bisk TE SALHIHRAT BRLIE 164 R o AL i
RUJFRAFE . FESEPRMI R & Bt o, 7 B TS R G2 e T B AR T AR A B g
ITIHEL, UL A 2R R 10 2 DUk R Z BRI SR B lli . ALk BI N Fh 247,
AATI DT SR G ) - AU el R i 42 L FRLME S5 28 T A4 W) 3 I SR A 55
R RS T SRAL M AR TERE, FFTHB AL A BI DI R & AL s v, L Lh =,
BLLATLUL e % [ 98 R 59 55
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5 R BT IR UG b R AR W AR AL R Y iR B

2.3.1 RN R| SR BR AR IR

MR TAT BRI PR IA T KL ” BIpRHERT, EATTRIMI R T 45 1 & 1 B
FfEHisk. “K&” B— MBS, UREAUAKELS SL LER TR
AR R KET (— U ERNRAR R 1/10 BAED, SETTHMRME “K
257, 40 50Hz I3 T e R AR LR G 10km B, %[/ 6000km A8 i HS
Mo, AN “HZ”, 1 1lm KIS, NEZEN 3GHz (KN 10ecm) 115
W, Wy KR, RO IS ) “HEL” Rat #ERIEM, RAMERMK,
DATSEAR I AP R] CLZBEAN T, SIS SR R SR EAT G, 5
A5 HIER B TG o AR LB R I “ K2k ” b, i F TERE, 2 hsHhEC.
HUEK L HIFH R A RE 28, HUT . IR A S I [A] G, [R5 PH 2 117 pR 2,
T PR n) SN G AL

S FALELE, AT LA 22 0 W AR A SRR i, AShD g H ik g
AR R BN B N I CUTAT A 2 ], A2 AL S A e A e
L

W 2.5 iR, BRI 5 CRE AT R 4, “PATWF 4 FEfiA TEM
BB, 1S z AT o IEXHATRC R i 2 AR RI: 1. S
DARC T 2k (1 I R L 2R FAR R A 200/ MR 2, TR R AT P i i A 0k 5
2. M S NERSE, BARMERKNFONEANT, A EHFE.

y

>§MZIS1 FA2

Bl 2.5 AT FLRAL fr ki A
IEEETAER 1 B THE 2 VR R B AR ISR Y, THE R S BN R, X
BiEFEMNS A 25 B IR 812, 18
U=U,,=[ E-di=[ Edx (2.34)

K3 z KIFFHMARQ.D), WLHEFIE =0, B,=0F
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FIGR R AR S0 BB e RER RN AL IR ER T 7T

0B,
v _j _g BBvdxz—a—CD (2.35)
: ot

Roft, [ Bdc IR 2 WK E SR AB MBERE . 5 L 305 K

FER oA I, W @ =Li, U235 N
U_ 219 (2.36)
&z ot ot
[F3E, FIFZEARTIESH A RRME&ITTE, £ xoy T L, {F %S
241 psEm AR, WA

| oD
qSIH dl = Cﬁz (Hdx + H dy) =i +L§ -dS (2.37)

N@.35)0f z KA I ANQ22), ERFJ=0ULH =0, D.=0H

oi ¢b, oD, . = @ -

2= =) = 6795/(0,4; D, dx) (2.38)
A, B A R AR AE 2 I B K BT T BRBIFE 2 KD
rpEE, BT R KERNBER g . XE hg=CU, HC Rk YA KER
SIATEZE, T

Oi oU
52———{00)_ C?T (2.39)

AR, IR S TCARFE AT X T 2 ) 1) Pt 5 R 0T S 45 F IR AR
AGED R R, B PR SH AL, JLEF5 A2k b 87 K 731 HL R Y
YEH o PR, Mmdifs Sidid AR A i = A N B S HORR: R R RIS
SLR SRR A, BRI AR BAN; B TRIRE BEIE, TR S
TR s #5 S22 Bl Jon AR BRAR 48 2, 174E 3 HLL, SRRV H IS G T,
B SLR B9 o0 f B PR . [HIIL, Sk TARSER |, 205 HE)IRr S HE
IR AT 4T

W, AEPRIX RS RN T 2o AT A T2 1 07 VA R K AT R i 2ot Az
MEF ZHBIKRER, KEERCA—ADT M, K 2.6 fx.

Forb, fEainim R S SR, KR 0, BRI R BONE, A
BRILAN Z, » AT Z, ; AL ERAE 2 A BB W B S U (2, 0) AR B3 i (2, 0) 5
1L z+ Az AL FLATIRBT BB R U (2 + Az, £) MRS BRI (2 + Az, 1) » WL IEKE KA S8
g

%——R( )~ Lal(;t)

di(z,7) t) _GU(z.0) C@U(Z 1)
Oz

(2.40)

(2.41)
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5 R BT IR UG b R AR W AR AL R Y iR B

i(z,t) i(z+Az,t)
|

> |

i(z+Az,1)
—»

ro I | M0 1A RAz

Zg : : 0O —1+—O

U(z,t) I U(z+ Az, 1)l Z Ul(z,t i s+ Az

E, ( )ll ( )ll P ( E U(z +Az,1)
L() } : O O

| . | > |<¢>|

z z+ Az

(a) (b)
Bl 2.6 15 FAT W FERAL AR S e v SR
(@) “PATX L (b) FER(HIE

XFEFUSEILT M “IHMIE” B “BRRIIA” MO, W RA&R, AN
KR DHEAQSHEILZ i B AR, R TR (2.40)F1:02.41) Bl £ 5Lk 77
s

RAB(2.40)F120(2.4 1) BT AT 13 2 A 42k | po et iy g e AR B BBLL, (FLPR T3
M, AR SCAR —BE BT R AR . Tk b, (B4R F A TR I — A DL AR
o EIETZA, BIU(z,0) =Re[U(2)e!], i(z,t) =Reli(z)e], XFEFU(2.40)F15K
(2.41)A] L5 A%

au(z)

=—-Zi(2) (2.42)
dz
) _ vy (2.43)
y4

K, Z=R+joL, RN KETTRFEIET: Y=G+joC, AL
20Ny K E R HBE SN
Ly =2Y =(R+joL)G+jwC) , JFXIa(2.42)M 3 (2.43)R T /5L 7
d’U(z)

e 7’U(z)=0 (2.44)

d;;f ) iz)=0 (2.45)
SYISRARLT AR LB — R O ) AR T 2

U(z)=U'e” +U¢" (2.46)

i(z) = Zi (Ute” =Ue") (2.47)

0
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[ R 7 W R ST B ARG b R R RN AR AL IR R I BT 7T

A, Z, BARER A LR AL, Zoz\/%z R+—J:w1&; y e, HRins(

G+jo

N, y=[(R+JoLXG+jwC)]” =a+jpf, HIH a NEMFEE, B3 L N

s U NASHEWIR, U NREHRHIT, SRR 5 &aa X, kg
3 FhtE i
1. CEEIRE LU, FIE T, R
1 . D PR
—E(UIHIZO), U —2(U1 i,7,) (2.48)

HH 7(2.46) 7 70(2.48) 1] LUA# HY
U(z)=U,coshyz—i Z,sinhyz (2.49)

i(z) =i, cosh }/z—%sinh vz (2.50)

0

2. DRIZHBILU, FIRR T, HIUFFERAK(2.460)F1K(2.47)

U =Ue¢"+U¢", i = Zi(U e +Ue") (2.51)

0
RRQSV)RE, EBIIU, /i, =2,, TE
U) = L7, + 2)e " +(2, = Z)e "] (2.52)

i(2) = (2, = Z,)e 7] (2.53)

L
2 Z0 L 0

3. AR £, . WFHLZ, ORI Z, 1, wii

—1/1[ 7(1-z) M -y (- )]
E, Z,
Uz) = L Z,+2, (2.54)
Zg+ZO (_Z Z Z Z() —’/l)
Z +Z,Z,+7,
e—;/l [e-;/(l—z) _ ZL _Zo e—w(/—zJ]
) Eg Z, +Z,
i(z) = (2.55)
Z, + Z,-2,7,-7, ,,
0 (_ ()ez,[)
Z +Z,Z,+7Z,

232 IS EERER
2.3.1 R T i AL S ek L e S R g, DA ] X A R B AT R
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5 R BT IR UG b R AR W AR AL R Y iR B

i, S BRI LR L AR N A AN LR, AR R ) F L R FRU AT LA B AR 2k
(¥ A T E BB —— S A BT R SN R

FESARHI A PATE — ) AR R S5 R BN Z, -
U(z) _7 Z, +Z,tanhy(/-z)
i(z) " Z,+Z, tanhy(l-2z)

Z (z)= (2.56)
78 X AR b AR — U DR TR 5 NS R 1 LG AR N St R 3T

U (2)

I'(z) )

— T(O)e—jzlf(l—z) — |]"L | ejl‘/’n —28(1-2)] (257)

X, T(0) =T, =T |e" RABIRI I REL o REhifn, BTSN
ST R R A 22
MR (2.56) MK (2. 57) 1] 545

U(z) _ 1+T°(2)
i(z) ~"1-T(2)

RIESAT RBE WA, nDRAL SN2 7 3 RIS R TARIR & 1. AT LA
RE(T(2)=0);2. W TARRE(N(2)| =1):3. FHEHETIEREC0<|I(2)| <10
R 3 AN TARIRES o, A7 AR R TARRES, XA TR
A5, SR AR A SR ML T A E ML Z, = Z,, BERZHILRC,

TR AL SR R ), MOV AL Bl e ) [ELRRAE R AL S, HAL
T AN 1 S Sh 365 NS I Loy DU B2, S, REDR A £
BERE, JURUE I, 1 e 2 B AT e 700 AR SUPIT i e B AR ey B o 1
HTUAAR SO R IR ARAE RN S, o B SRR R 772 22 0 TR 2, DA 11
(i, SEES R EIARAE RHEAL S, L S, (g 2 5 DR IR 1R AT
2 WEr VD S, .

RN FE R AL, ST F AL I e DR P

Z,(2)= (2.58)

P(2)= %Re[U(z)I*(z)] (2.59)

@S HHRAK 246 524N F, ATHEILUG) i(2) 5T KR ER
U(z)=U*e {1 +|0, [ 7700 (2.60)
i(z) = Z—'eiﬂ“-“ {1-|r [ =y (2.61)

0

K (2.600 MK 2.6 IRARR2.59)H, 17
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[ R 7 W R ST B ARG b R R RN AR AL IR R I BT 7T

I T
Pe=3U" 7 a-Ir,[H= Z@ 27, (2.62)
=P (2)-P (2) =P (2)1-|I",[)

X, P2 AABHRINER, P (2) ARGNEDIR, TRA

P_(Z)_ 2
P+(Z)_| /| (2.63)
FRY R IR FE R LS, [ E X, 15
S, = IOIg% =101g|r, | (2.64)

FERFPEFIRTE LR : BT, | =0, ML BHPTIC AL RIS 4R b T 470 1 AR,
R S, =0 s M|, |= 10, fEALAE T EEIE TARRAS, IERT S, =0dB .
FH R THS,, BFT0)=T, =|C,|", H2.64)75

S,, =101gRe’[T(0)] = 201gRe [U EO;] (2.65)
PL2.3.1 MRS =Ml ekt v, X255 X2.54) 1%

U* (0 E.Zy ! 2.66

()_Z +Zy, o Z,~ZyZ,~7y (2.66)

b= 2 e)
+Z,Z, +72,
ZL_ZO e—Z;/l
U (0) = %0 2L+ 2 (2.67)

Z Z Zg_ZO ZL_ZO e_za,/

U )
Z,+Z,Z, +2,

B (2.66) 5 (2.6 N (2.65)F

L Z() 2yl
S”—201gRe(ZL+ZOe ) (2.68)
XF, y=[(R+joL)G+joC)"”? =a+if, 3
Sy 401gZ +?+2010e_2°"+201g|0052,81| (2.69)
Tpbimek, y BRI B RFERT HIE o, 201ge™ Wuf ZmeATH, 1t
IS, 5 280 HAE MR AR
NPT SRR EL A e, HAFPERRAT Z, UL E A Z, 554 B Shts
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DU N RMESZIAT I VARG, BI S, = —co, AHATHT LR HE 50(2.69) & HIZL 315 i £k
(I R B A TR, NI ARAE REL S, R BISAR, 2R R&MIMERE.

2.4 R FERME F R B 2K R

H 1895 £ Marconi Wit T KAERIRNLEER LK, AATLEETT48 7 X Bk
R R, BIEE R FRER T, AR s B 46 e 21 T il B
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n—143
R4 BEWRAIM R RE S5 45 5%
e 1 REe2 RIE3 WiH Wr#zE | #ieE
YR (GPa) 72.3 67.8 65.3 68.5 3.6 68.4
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Bl4.12 SCE0idak s, Mk (RT-5880 4%

ATLLE L : 1. X 2IRT-5880 R £ HI a8 18R AN ZE 29 42.52GHz, 53.2.2F B
#E02.5269GHzEIT; 2. N iRz, ZART-5880 K4k S,, MMt 28 1) 5 /MEZI N -
10dB, KF3.2.20 #3045 -20dB, (R KIALAMERED R 2Bk 3. ME
TR, REERE IR B R .

A2, 412508 S, A6, A50 W DGR ZE AR I 1 %0, WTRATRTAN
X252 SR IR = 5 m, S, B2 bR — AN S ST A — MR E,
VFZ M AR ZE L1 %0, DB 5 F 2 IE R 4%0 . FRIL, HEARME AT S, ik
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K47 ONF T FIRIG S, MIZRAFHA AR (LR 22T 1 %0 25D
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67



[ R 7 W R ST B ARG b R R RN AR AL IR R I BT 7T

'75 T T T T T
| WS,
8\\ | Bkl E
R |
—_ ‘,\\ | /
%, \\“\\ : //f/J
- t :
o 850 N | -
ﬁ \\/ | 3
W& \ | /
= 9 Y | ¥ .
zx \\\\ i M//
= " | el
95+ \\ . = .
“’Nh__ld_/ﬂ”/d
T1f. =2.5209GHz
-10 I Y RO ) |
2.51 2.515 2.52 2.525 2.53
% (GHz)

K413 s, T mmiteE

ONAV I IR AL REL S, BILRAE £, RI2.5209GHZ /I 1 $ i tn k4 8w »
AT HE, ISR S, (850 B, S TR IRBR /B SO I35
#4%o, ELARYEIRAE S, AT EIE IR Al ft & H IMHZA) IR & .
HAONFATT S, MAA 1y, HHERIHR

f(GHz) | 2.5205 | 2.5206 | 2.5207 | 2.5208 | 2.5209 | 2.5210 | 2.5211 | 2.5212
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Wal | a2 | WEE3 | MME | AE | RIME | B AR
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FR4 KLk 22968 28592 -2.1513 | 0.8434 01607  -0.0314
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