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Abstract

In recent years, with the continuous construction of large-scale civil structures
and the acceleration of urbanization, new requirements have been put forward for the
performance and cost of structural health monitoring system. At present, as the core of
structural health monitoring system, the sensor system has many problems such as a
large amount of wiring, difficult maintenance and complex installation. RFID technol-
ogy has become one of the important directions in the research of new strain sensors
because of its simple structure, reliable communication, low power consumption and
low cost. Based on the communication function and sensing function of RFID technol-
ogy, two strain sensors are designed in this paper, and two displacement sensors are
designed in the form of a combined patch antenna, and their performance and feasibil-
ity are evaluated through deformation simulation and experimental verification. The
following are the main contents of the study:

(1) Based on the communication function of RFID technology, the resistance
strain gauge is connected to the active RFID tag equipped with an analog-to-digital
converter chip to form an RFID strain sensor. To solve the problem of low sensitivity,
the operational amplifier AD620 is introduced to improve the RFID strain sensor, and
the temperature and humidity electronic label is integrated with the improved RFID
strain sensor, and the synchronous measurement of temperature and humidity and strain
is realized. The integrated RFID sensor is used to test the strain and temperature and
humidity of UHPC beam and aluminum alloy plate. By comparing the RMSE value and
R2, it is proved that the designed sensor has good consistency and reliability in the
strain and temperature and humidity measurement results with the wired strain data
and the measured temperature and humidity data.

(2) Based on the integrated sensing and communication characteristics of RFID
tags, Designed a wireless passive strain sensor by leveraging the linear correlation be-
tween strain on the tag antenna and its resonance frequency shift. At first, based on the
antenna design theory, the metal resistance design and miniaturization design of the
antenna are carried out. Subsequently, HFSS software is used to optimize the antenna
size parameters to achieve conjugate matching between the antenna and the RFID chip
impedance at 915MHz. Then, COMSOL Multiphysics software was used to simulate
the force-magnetic coupling of the RFID strain sensor. By using the results of the me-

chanical field calculation after the deformation configuration module to re-dissect the
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mesh, the model is exported and re-imported into COMSOL for electromagnetic field
calculation of the antenna resonance frequency, improving the efficiency of the calcu-
lation. Finally, according to different material components and loading conditions, the
performance of the wireless passive RFID strain sensor is tested. In the test, the reso-
nant frequency is measured indirectly by using the reader's wirelessly collected thresh-
old reflection power, and the linear correlation coefficients obtained are all greater than
0.95, and the results show that the RFID strain sensor has good linearity under different
loading conditions.

(3) Two kinds of displacement sensors are designed based on single-chip multi-
mode method and multi-branch method, using the form of combined patch antenna.
The antenna sensor has two resonant frequencies, and only one resonant frequency is
affected when the external patch moves, so as to realize bidirectional monitoring of
structural deformation or simultaneous monitoring of structural temperature and defor-
mation. By using HFSS software to change the overlap length between the attached
patch and the main patch antenna, the structural deformation simulation of the dis-
placement sensor designed by the combined patch antenna is carried out. A physical
antenna sensor was made for testing. The structure deformation was simulated by ro-
tating the horizontal sliding platform to drive the attached patch to move. Wired meas-
urement of antenna sensor resonant frequency changes using a vector network analyzer.
The sensitivity of the displacement sensor based on single-chip multi-mode method
and the displacement sensor based on multi-branch method are 92.5MHz/mm and
56.6MHz/mm respectively, and the linear correlation coefficients are 0.993 and 0.987,
respectively. The experimental results show that the displacement sensor has good lin-
earity, and compared with the single-chip and multi-mode combined patch antenna dis-
placement sensor, the multi-branch combined patch antenna displacement sensor has

smaller size and higher sensitivity.

Key Words: Structural health monitoring; Antenna multifrequency; RFID technology;

Displacement sensor; Strain sensor; Resonant frequency
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HA, i B HL SRR A o R Ol R B R 0 B bR T B S A e s, SRR X B B iR .
RFID £ AR fie 5B T 88 Z Ot FORE i “ B3R AR 7 R4, H TR 0l K 25 A 4
FRM . e M T R EAE SRR B SR AR, B AT . A
TR R, HAZE G BN, DR AE & Fh % 25 288 T R I H 8L e
. BEER R K RE, RFID #ARCIEH T IEANTE. fis. @50 58 &Y ik
W A2 A ) 7 D7 TRITHT o 48 DB X AR 2R bl O BRI A AZ O B R 2 — 17 770,

— A RFID RSl % 12 (Reader). #% (Tag) DL N HBMH R4
(Application system) =& 420, WK 2.1 IR NRGE TERFERER. 35 5%
I S AT 5 0] bR 25 A& WD W] Ay 2, AR AR S AIE 5 R IR AR B O O, AT
KSR AR E R RKE S, KR5S 4aE. R5&8EEAAGESE, =
W AL e N RS, B R GRS bR S B HE S
BEAT BOHE AL PR L AR A AE B BN GRS DL I R AR G HEAT S A e A
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B TS BRI B I T LR N AR I 38 AL RS AR I A it

25 5 b 2 B A ) L 37 S5 0 A AR . I TR R

5 #2& RFID KRG MAZ OBz —, HIhEe 3 222 A A B 34 85 5 Fit il
BeAG 5, LAMGE RFID bp%s, JFERWOARZRIEMEE . 525 4 ] IR /5 5Kt
TicdE, WL, 5. EERARE AR, DU PR il AR & 1 AR A 5

pR2E7E RFID R M#ah s, T A7 68 R0 B AT Al A O Mt A&
WESE S — S M RE, BRERBORB SSRGS, B2
WOF S (S5, JRR AL P IE B R IE RS 4.

R A R G2 RFID &G0 £ 57 8 AR 350 1) AL . B st 5is
e AUbR 25 22 18] R SO A2 B, R B R A S AT AT AT A, JF AR R SR AT AL B
AEHE . NP RGIET LS ARG R R AT R, LB RFID $AR 4
AN, YIRS . FEARE B A S

WEES. RBEE

) T ((«
<'ﬁ —1
EHES. B2

RMRBRHRS 535 7R IR

& 2.1 RFID R4 T{EREREE

2.2.2 RFID #r &9 %
HRAE AR I 1 4 % 77 3%, RFID bR % o AT T . AR B A e = s

AT, Wk 2.1 .
x£2.1 RFIDJI‘;T:’—}'M}?S

4y KK F BAFE
7o U5 Tods YR To A7 PR s IR B R
A 76 H R A WEHRIE., HaraR. SEESET. RAR
AR OB R A R S ECEE B i
&4 (LH) 125kHz-134KHz; f& 4588 <10cm; £ N LI
=4 (CHF) 13.56MHz; {4 <1m; £ NELH
TAES N N
A (UHF) 860MHz-960MHz; 1% % & <20m; % N1
TR A B 2.4GHz M1 5.8GHz: & & <100m: £ AW
S [ A XG5 LA FHom. WERE . &kt
T A T TR AR BRI A R AT B o

RFID b2 R4 it &t 25 U7 sUA R, W] Ay v IR AR 28 - A7 P8 AR 25 A1 JC IR b
o Hia iRy Eaiibes, WERERMEERE, fhEEEER
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Al -2 8 S

KHFE, XMIRSE ARG REEENRFES, RARKHIRSRES. #H
] B T 2Ly B IR R 1, AR SRR b K HL A A e e, A R AR
B 46 EUYR [0 R o DR b, 3 2 bR 25 38 S A T R B R 1R AN E A 1 3 5
U ZE A I B L 1A A% M A5 AT . T YR bR A R O B AR 28, 5 3 kR A L
AT ENE BRI LR R . MUK A R S ARE S R B R 8. Bl AR A
Tt 5 9 fai o, ARFATE /N, AR TR, 5 THER G . #ah AR %R A T 5
5 R I S US55 VN A BE IR AR DR ol S PR AR R RV
EVIRIEER . EAAE . 2R RRFIE, XS MRRE T Z MR .
AR WA EA AR B BCE s b, HTERAN THERSES T
Wk 2z 1), FEEARENE B, AN TAER BEAA TR, 245588 m b
ZEREW A AR, IR, WIS REENES. A
BB THEEAAZELBIEAEGEA, HRTLRERZELEREREL, HE)
A7 7 58 6 F b 1R 36 A5

RFID A5 28 iR 4 ol A5 TARABL, MK B v LA 3 RARH (LF). &8 (HF),
AR CUHF) A1 (MWD 25 R [F] 8 7Y . G A0iAs 2538 % TAE7E 125kHz £ 134kHz
MIAEL, AR 25 —MEAE 13.56MHz S . TEARMUM AR, 58 5%
() = e o A ) A 5 0 o AT IS, R R R A 7 A (S B R R
B BUERNARLG T AOB IR B R, WU mAUE H TR s, RN
THEBEH IR RGEM AT RS 8 =R TAEAE 860MHz & 960MHz M B¢,
T A 258 5 E 2.45GHz 8% 5.8GHz Ml Bt . 78 m A s AL, WS 55 4
2 () I S e G R ) 5 AT A, R IE R A R R A S B B A
T I 1 55 R ok R A e K R B R A v A B A e R, B A
2N T B AT SRR (A N R I S AT . T R I AT B U TR A
PR TR R G AN Tl B B4k 55 75 i A A% R R A O A PR 3

RFID A28 R 48 Ho2 B #5778 v Loy A A S R A TG R RV, O
A bR 2830 A — NS R 0 s 1% A B T R R AR B B S g ik i R
WHE S, A AER T REIEE B AMERER . HT SR EAE, Wi
REE A M X b 25 5 TGS, FIETN AR RSG5 BEARTFNE
B, TR mrp RO B 03E M. (H ST BRSO B 5 R 28 11 B Pt UG il
& APk, HAEFRE NS T2 WA E 4. To0 F AR 2 U A 65 4
SO, BB RGAURR O, T F ks BT . BTk
W M FR AL B2 G BRI A B B IE 5 b, 8 X3S 8 30 (G 5 kAT
FRATANALBR,  FT DUAR E B 0 £ R AR S, SIS 5 A AR T R e T AR

TEARSCHI T FCH) = AE KA R, 5 = 3 N TR N AR A K8, 3@ i F YR
e HARSE &0 s BB DU Z OO Jo R R 0 S AR A R AR, 8 I S AIE S
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B TS BRI B I T LR N AR I 38 AL RS AR I A it

SRINBEE; 2B A FON RFID A& U REGAL AL R, MR A S0, Eid
FL 48 2 30 AT A SRR F S T I

23 ARG N T HERARTIFRE

FLT RFID R BERE T A B2 — MR J7 %, K T RFID @il Bk 5
MR R R XM, SRR 2 S B N AR o i U
Wﬁﬁiﬁﬁ M 51 S H PBE B 20 2E . RFID A3 25 RE % B 2 LS 5 R 40, I8

ﬁ“fn Bdd kG e m R s ey, s ke S AR N R R
Gr, I8 I RECR 6 00 5 SR AT HE— 20 A FRAS B RS HE

231 EHNTRIERE

N2 A8 e — B I B A AR (1 A S, L B A T R A (1 AR R
B, NAR R E BE B A A (Y A T AR A, S AT B R K e AR A B R
HL T 7, AT S B0 420 A B2 AR 0 B U B . AR R AR AR T T MR T KR 1/4
LN S VA o

& 2.2 BEEEBIF
wE 2.2 fros, BTGB Z—ME H T E B AR R B g g5k, B A
FE, FBE 4 S R DO S A B A . X DY S rELPE A BLIE R, B R AN S g, i
FERH AR G, P HLBE R IDG o H MR i HE HE 1 Uy B U1 550 A 20T H F e B N HB s U
U9 A F BH A P AEL 45 31 -

U _ RR-RR,
"(R,+R,)(R,+R,)
MGG FAF VU 2 R =R, =R, =R, =R, #FR A M FARE, i
If i HY H s Uy N 05 o 25 FEER A b DO A /i BH AT BT 52 00 AR A8 T T 5 350 FE BHL R AR
A AR, WU R R AR A
_(R1+AR1)(R3+AR3)—(R2+AR2)(R4+AR4)
" (R+AR +R, +AR,)(R;+ AR, +R, +AR,) "
HT RICARKIRZ, EBREIRIIATAF:

UOut =

(2.1)

(2.2)
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Bl S A7 S

U, (AR AR, AR, AR,
AUq, = 2 ( R + R R R ] (2.3)
AR A A BH 20N AR i RO K B 2 A -
AR
Kg_? (2.4)
MR (2.4) w] 1550 H o R BRI N AR 198 R OA -
AU, = UAan(81+83 £—&,) (2.5)

A DU A B 2R SR M T SOV M E R . BB HRA A
Bﬂk%ﬁ‘&ﬁz, Hopth = A~ f BEHAS Rl B X RAR L M0 2028, FRON 1/4 MR B W
AN B R A A, A A H BE A PR 6 X G AR I 1 ok AR 1 S SRR O oF i i
o EMERMAN TN, FIbR R TE KPR HES, HaliEs%
PRI W SE Oy My, A 1/4 BrEm M E R B A B m i R MR E . X
5 45 22 M 6 U0 B Tl /0N N AR I B D S A

W 2.3 fron, HRH T B AN AR 22 3 0y U, 2B R A B R
FEMERARS L ORI TG B0 R, ARIEARE A AL LU AT 3 2 RS, Al L OR £
AR AL I SR AG HE A BT SE IR EE A . eI 0 B R D

AU, = U4'“ Ke(+V) (2.6)
A, v IR 4 AR E A B

R,

R,

— ]| e

E23 THREBRNTARESR
232 ARLENTERENE/RIE

P B 2 A% 36 o g Y 3 AR A AR UL B R S R A2 3 L, 1T RFID & 4t U
e i HUTAE T AT R AR B A 2 IR A . KOTSRS R g Y R R A5
B Hrh o A 1 AR AN A B2 AR RS, M X A B R 2R s T A% e A A A
fE R o MUAEAL AR N AR B rh, R A P A BT e o I AR A S A DL F s £
ﬁi’%?ﬁ%ﬁ’ﬁl%hﬁ, PAE T B B AE 2R Ge b AT 8E — 20 A AL BEAN 70 A, AT 3 A
I 25 H) R AR AR

R R G FE AR, BN =D EARTTHAR. EXNRGET,
B AT R, RIS FiE L I S 10 IR Th) 8] R A X 3 S AR DLAE 5 BEAT B i Ab B
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B TS BRI B I T LR N AR I 38 AL RS AR I A it

ARECEHUN E) L EE S E. KF, BREERNEBESHEITEN, /SAGESH
BERE. &a, @dmERigad BG5S e “dmE, @1
RFID # G¢ R AAL B o 35X =S 3A A5 3L [ A ol 1 AR G 0 R 48, A2 SR AR UL 5 3]
HEREREE i JIIPS iy B

AU %% ol

mlk

E 24 HRFHRREE
RFEHRE M BN R R ASR R X MR/ DR ETHE, RET
XA N EEL S FRYRS B AT 2 28 . B /N o0 2R 0 EH R e AR 00 bR R RS B
A A HD o, HRREURE, PR

_Vref 2.7
min 2N ( : )
A, Vo, AR B e 5 R R N R, Vo AR IEE S5 s, N

TR AR B e 2 1Y) LG R A

F# il 2 RFID AR 1 —Fhi IL @ (5 77 3 2 B e #4817 RFID b5 28 K St
BEon, HMERNRESSRWRMESHTREG . HENIBERS T SRR Z A
BREHIHPUICECRES, T A R 3% ) [ 115 = 1 98 B A AR AL, SEILNAE 5 1
o 22 ) 4 SO AR AT R S I R SHE S, RE S ST I AR 28 5 Rk A 2 JH]
) 70 22 36 i

AT BT B A VR TG 2R N AR AR AR, A BH AR il T S AR TR T S 8
W RE R AR AR Ak, 3R T 5l B e R E e . X R E R M E,
PRACL W B AE R, e oy R (5 5 . #2545, RFID An%5id i 61 4
J%ﬁﬁ%ﬁ~ﬁ?ﬁmﬁﬁﬁ&%ﬁm¢ YRR B RSES G, K
et 5 B B KRG AT E— DA B . B RN ST S, AT DA B B B AR
EﬁﬁoﬁVE%@mEQWQ25%mo
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Bl 218 S

VAV | 1] | A1 N ]

EERIES HMANFIES

i) (¢

FLRE

VRALS — A
EFNTH RFIDARE

25 BARELENTERSFERTIERE

24 TR &N TERIFTIERIE

3T RFID SR AL KGR I 26 R 5 R J5 %€, 4 RFID AR 286t oy 4 &
5@, RGBT 580 RFID AR % R K AEBTERT, 525 1 18 R 40
K AE TR RSSUE « [R5 D & 88 S U A oAy, 8L B 136 2 TR IX 28 2 50 i) A2
W, ST AR NS R TC LR M . 7E RFID K&, O W i R 22 o FH It — Fol
A, B BAR M AR AN B RST R oy I P oK 2 0 2 A - 078 B 4e g
IS2FH ) 4 2 42 A S 2%

241 MR X&ENZT-SNFZIEIL

Tl WUt P R T W T A O AR A U P R MR = 8 A 0T A B R AR
R R EARSCIR LR, 3 A f R BB R R R B, BRI R R R AR
W —Ses)Em R, MRS AR OB RS T . R N AL T8 S A T
M TR AR M 4%, 8% B e JE MR . BRI R R . R A A
JRPRGE T R R E CUniE R A2 FAe 5 kg Cln S5t D 22D, I H R A2 51
7D P10 25 A U P RS A2 A 5 W IR IR A A 2 Tl A7 AE 2 R o) &, TR m] DA ad i
B IR S P A Al Sk 1] A DI I AR 1 A 2SO,

Bl 2.6 WMHEMAXREZ
PR iy W P REOu B (I 2,60, et Bl s I R 2R 110 2220 IR 2 0 e 3
R TR . R BEREH TAER N |, SR HEE Oy e, WU
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B TS BRI B I T LR N AR I 38 AL RS AR I A it

22 56 2 ISR S50 AR IR G A 11 9

=L(‘9r +1] ? (2.8)
2f 2
A, e,

B IR U Py A B R oy 2 AR, AR A T A A 2B

A=
fe,

SR G A TN A, S b BRI A (A L VO

(2.9)

C
L= —2AL
Zf\/g (2.10)

s & A FEEMCE R O H, AL DY =5 F8 8 S UG v N4 A 2 18] ) H T R
RONE PR 45 2008 S SR B B o L

1
P R PR
2 2 w

(2.11)
(e, +o.3)(vr\]’+o.264j

(2.12)
(e, - o.zss)(": + o.sj

AL =0.412h

FIR ERG3A R (2.8) & (2.12) 7] BAFE B0 W H Ok 2k i Bk i 5
TR AR R . R TAESR AT Bl (2,100 #ek, B

C
f =
°2(L+2AL)e, (2.13)
MREKE T M RAENAE g, T kA RAR J5 R & R A= |, o8

c fo B
T oL+2AL)(1+e) s, (+e) foll=e)

(2.14)
A (2.14) AR (2.13), AT{RENT S5 EIEMEMEEZ H KR,
RN AR - 40 7% B

Af =1, —f = f,(1—&)— f,=—fe (2.15)
b RN, Ay UG R R 1 I AR - A A7 AE S 2 1t Ok R, B R AR R &R A

BTty U8 IR 2 H) U R AT 2 PR AR, PR AR EE 9 D R ER BT A6 VW IR, iR R I )
BV IR A, P BT R BT U P R e R U

242 RGN TERBMNE/RIE

KGR R FRAE R 2 T, REPT ™ AL 1 F I 37 RE 0k 31 a5 K O
B RAE T REAE B TARIRGES TR IR IRAR T, REH RS BFE i/,
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Al -2 8 S

%%%Wﬁﬁ%%%%%%ﬁ%%% FE S B R AR, ] 52 4 AN AE HL B UK 26

WEIRMUR, MR T OB, n) DU S R IR BRI R R E R Y Y T4k
o7 AR A% S A% e A P R A I R o 3K U N AR B E T R i R S,
AL R X6 L 00 R O R R R R AR o DRI, AT LB I o3 A SRR 10 R 2 1 B
S Th 2 2k s R AR S S5 Ty R b e R E L IR AR T2

1 2
: — WIERI MR
| - - - BRI ID R 2k
|
£ :
i el i = - -~ TSI ke
g A R
p i .
: ;
% /MHz

E 27 HENRMZTEE

TtE Ay P

1 )T / \

P e— P, Py
G,

Rk

R i%RE
G,

RFIDFR%
[ 2.8 RFID R%iR(E 5%
il 2.8 Jy RFID R Gl (5%, kARG YE R &L G5 R ds 2
), #R4E Friis H 25 W) A% 5 2 2QU°, AT RLAG 3 OR 2% KA I B I Th 3 P oy

2

l 2
P, =PGG,K| -~ | =PGG,K 2.16
2 AT (Md) ( dfj (2.16)

X, PORBEds RERSHTIE, G . G, Nyt K4 28 MR &AL K& 1
W5, KOUE S @ EE N R R, A B g K HE 5 BB, d B
W REE REAERGZ WK E, cAE, foyFE&HE K& KHHE S5
%,

E 42 ST 1) 1 4 B A 5 I, JH A DR 20 U e R e s R CEDARS Fr) IRl
F R SR, N T RGO, K SR R BT RE SRS RN S Y
e B Le e, B

Z +Z,

KA, Zy o Zy o B9 R SR A% I 0 R R A BELTORTING J OR 28 6 A i BEL 97T

(2.17)
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B TS BRI B I T LR N AR I 38 AL RS AR I A it

M5t R E 22 20 (2.17) el DUE B, = 708 BP0y A\ BE 9T 5¢ 4= UL FC i
BV 5 RE e BT UL EC I, BRI REG M AR MR S5 g R MR, U R B0
Bl ME . ERXFEEILRKTED N, RELKEOZCRMIERE R, %Sl
B fr ) A 5 A B R K 30 4% i o R

HY b T B S R BT MR S T R R BN TR P ST R B ot B

2

LT N (2.18)
> Z +Z,
AT A5 R 2R AR I A% 6 R BRI Th R A
c V(. |z.-z,[
P3=P2T=PlGlGZK(M] [1—m ] (2.19)
FIRE, M HESEmMA N RER, tBE o E SRS, B
P, =PT (2.20)

e 1 2% K 2R 7E BRI B K 2R AR KBS M5 5 P I, 258 sl &S A& %, i Friis @ i
AL A, SRS R IR P A
2 2
J (2.21)

2 4
’ ’ C C
R =RGG, (m] =RGG, K(m] [1

H ER AR, U REMEERS T O ERETEHEPUITEN, B REZR
WRAR Ny Hof fE TAEMZ, RFID R 4t e &A% M R0 i R, I 0TS R &A% ik s
O 7 B Bl 52 4 I T 8 Py g/, AR R 0 B Py RO A K S T E . [FRE,
R T IEPRAREET, &5 IR 2 R 548 W R i e ok, BRI ) i52 #% #2 U030 1 I 5 10
KPR, M FRZI R NBE RS Rk, A A AT R, 3k
B I R BT 1) R R S D 2 B S O D Rl 2, e i I AS B it 4, SR
2% (A AU R A e, RO R RIS IR A% . b mT 2, T VR o 42 3 A% % J8k
R EEWE 2.9 s

Z -7,
Z +Z,
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F—————————————— . ] WA X !
| | | /’ |
I I | I
| I | |
| | |
| iIJEJ ' }D « :
| | |
I
' ‘ | e | OMEIN |
| mABERS i | | eRIE |
P i e
~ “‘ :
5 |
5 ! —— ORZZE AR ST a
N - RT3 ML BT z
il A —— ORI AR SIE o — ORI
i | e NI HUMER SR Z —— eRESIL
= |
|
| > >
o SE (H2) o % (Hz)

B 2.9 FiR LR T R R
25 HAERMA R&EMB A RFZTIERE

AP A S 0 i ROST 1R A2 A SRS U R A (R AR Ak, A T 3 T 0 R R 2 3 R A R
(o A%, n] DA G HY R 28 RS AR 4k, 28 1M s LK e I 45 ¥ () A2 D o 2.4 5 v
IR AL KR v 30, AN M T4 N, 525 450 R K E R,
I & S5 R AT AL T o SR, X W] RE 2 3 0N A A 3 I 5E S NG R S T I A A
A A FE MUK U 95 J5E AN 2 17 HH 3P0 %8 il o SR ) 4 3 i R A ks, A
RGN Z 8 R A3 BOE IR PR R AR R S AR, BT REAR
AN T3, NI AT EAAT 2408 Y bR 1A

251 HEAMHF XR&KERFE

2 UG v R B Ar # A% SRS e 9 31 20 2 I3 2 R A A I o A2
Fi R R RO W 7 R ER S5 M, B R AR . B8 S I AN ik =S d8 . b
PRI P b A Jo R ARORT — T 48 S UG P A o R 2 I R R R R S U e A A 2 N
FrIRR S RN A, R S R S o e R R R ZR RS R NG ] E AE
LERIRM, A REATER, S ECEM A RGN Rk XS AL RE, B
oA AR A A AR S U P A R . IR AR AL B BUR R A SRR R A AR, E
Ao MO R A A R AR Ak, AT DA S IR 5 R 3R T AR [ R AL
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B TS BRI B I T LR N AR I 38 AL RS AR I A it

SMEN BREAR

B 210 BAEAWMHFRELERBTEE
XF T A AN R AR A, T2 U A R 10 A U P R A % N P ) S A
WG A T R A AR S R, AT DA RO R R R A G Y R
LB 3UG Py R A% TS T LSS R0 — DN IE TR IE  R 2. 3l A U Fr oo 38 Ho 4
SNt P PR ROST S AT e A HL AR IR A
MR LA b BB, 2 S AU R 2 A% e A 1O U R A R T DA E SO 2 a0
W P B RO o 3 K B 2 b 2 U P < 28 P S NG P A0 B3 WU A £ 26 A U
KEZ L ENESMIKERS, WL=L+L-L, . 55305 5% R KE
AL 2 5 B0 WG Py IR 2 v i 56 U v 5 4 L AR 22 TRD R T o e 4 T PE R B D8 A% B b BT
EERKE. ALz L, # (2.13) "JTS0Y:

C C
o= 2Lz, 2AL+L-L)Je (2.22)

Kb, Lo EM R RER RSN KE, LAMEW SN KE, LAFER
FrAAN B R B K

MGG R R BT TE IS, [l 8 1E 45 K 2% 10 9 S 5 35 W A Ok 4 R0 B hn G e 1§
S R Rk AR AT R AL, (R E B ), Sert B A8 K.
. c c (L +L—-L +AL)
ToLfs, 2AL+L-L-AL)e  2((L+L-L) -AL) s (2.23)

HH 25 14 22 T8 T BRI A X AL 2 AL, 5 R 26 4% B I RS AH EEAR /N, BRI AT DL 2
i ALZ (A AL B, DU ATE R F) i A% B AT R 7R N
c(Ly+L -L, +AL) C 3 CAL,
2L+ L-L) e 2L+L-L)Je 2L+L-L)Y|e

Wk FIR AT HES Y, E S5 R 3R T v ] € ) 32 WG R O 26 A UG A 1) A
S R AR AL RS I, AL 5B IR RS ' 2 RIAEAE P R R . AR SR
a] DL I £ 41 A NG R K 2R A% TS 1) U iR A R SR e W 4 R 6L RS 1 AR A

fa

Af =1, —fy= (2.24)
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252 M XR&ZHLIER

FE A & AU R E AR i as Bevh b, m] DLl i e vk 2 0G0 I P R 2R s LA
Mo AVl BE IR (R 20 M, B R dofe Jk s g 2 R, e — D UIR & B 5 SR
Fri Azl e As, T EUAL G SR I A A R R R AR AR A, I ] A R
AR . BRI, 53— BRI R IF AL, ANSZHMEM R R sh s . Bk, wE
Al FH 3 A DR 355 AN AR 1R 3 o M 003 58 (0 2w, AT i 0L it 2 ) A 30 R e £

S11(dB)

LT

$ER (GHz)

B 211 ZHMAREMUBEERSEMNRE

H I P R 2k 2 A B B it 7 ik 2 B LR LA SS-80l.

(1) B7 2R By BRI — ol 2 D REH VB & B B RE g i
RIBEThJ7 ik . AR A R BB 2 DA FE SR I IR, T LSE IR AN A
BB B A o X AR 5 VA R 32 2l R i LA S5 A A S, i AR AN TR
PR B AR B IR A S, AT s I 2 BB B i o 1) e S SO R S A A
Fi AR S WG P 1) 3 B AR R R I R 5t R R R R A A R R TR I AE TM
ANTM o 15 20T AR, i s B X000

(2) BRI AE « X T SR UG s 38R R U R R 2k R A I B o A
A A B N 0 28k A B, 50 R R 1D R 3 o A R SRR 2 DL AR ORI TR R R B
HARKR G, 380 2 5% B B G A B9 R R AR, 5L NETAN B R IR R R RO,

S R 25 PR U IR A AT B UL A, 3 i 7 2 2 S BB

(3) 2L ZHRCTENEHEZER - RELSWP SN2 MRS B, X
BE R RO B L TR RS B AR A 2 LA R W R 2 0 HL R 20 AT MR S R . IXRE
7 A B L 0 AT 2 AE AN R RS IR R SR IR ¥, B RO R B BIBL . 22 B A %
BT A E AR A B R AR B I S AL, SRR H B E AT
L B B0 5 1 E

(4) 27 R Fr e 3 I AE IR 200K 48 O U P B S O L 22 A A A RO U, X
WG AN B 500 RO RE, T RS P T SR R R R SR R T R £k B L 3
Ao A XA 5 A A R AR I IR AR, AT SE L 2 Bt e k. oy — Ay
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R 2 A R R I, IRt ) DUFE [R] — S5 RS 2 S B .

B Z BB AE B RS SR I 2 A TAER A, Wit &gt b
AR 8], BB R R ERGE, RERWRT S8, HR S BRI
RIAH ELR M o B 0 480 Gl i A N 3 S B e R R i 3 0 A, AT BLSEBLR
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=0.281(mV) (3.1)

28



Bl 277 1 ST

CC2530 & F A A YRR & R, 8 Z A 2240 TIRIRIRAS , DThREMAR . 1024
WAL B 152 A% 1 U A T, BR AR S SBE, N R ORAE B ARG S O =
B AES, FRE I TRy AL B 2 R AR o RFID bR 28 BLEL Y 4R R T K% R
L IG. KM G S BORE G, HENBR o E A, KM HE S TR
N 2.4GHz, J& T A EL, %%%@ﬁﬁﬁ%Tﬁum#

3.1 HFRZERERIEMB DST-MS0

3.22 £HNTH

2SR FH B e BE 2R AR S 08 BFHIK-3EB-D150, L PH{E ¥ 1000Q2, R
B ZBON 2, FI SR RIAS N 20000 NN AS . %R AR N4 AR B, B
DU AN 56 42 AH 5] ) H PHL A% BR T I W PH S AR Fr 22 3 07 SR AT A B . BV A H BHL A ) A
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