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Abstract

ABSTRACT

As an important building material, concrete is widely used in civil engineering. It
has good durability, but it will be affected by external environment and load and other
factors during long-term use and deteriorate, which may affect the performance of
components and structures, and bring potential risks to the safe operation of structures.

The state of concrete structure can be known by local information (deformation,
damage, etc.) and global information (dynamic response, etc.). In the whole life cycle
of the concrete structure, it is necessary to monitor the two kinds of information of the
concrete structure, find the structural safety risks in time and take necessary measures
to ensure the safe and reliable use of the structure. At present, most of the sensing
technologies commonly used in structural health monitoring often require wired power
supply and cable signal transmission, which makes the installation and maintenance of
the sensing system more difficult. In this case, it is necessary to find a more economical,
convenient and environmentally friendly technology to meet the monitoring and
maintenance needs of modern concrete structures.

Passive wireless sensor technology based on patch antenna provides a new
technical means of low cost, simple structure and embedding for civil engineering
monitoring. The antenna is used as a sensing unit to realize inquiry and information
transmission, which avoids the problem that traditional sensors need wired power
supply and signal transmission, and is more suitable for intelligent monitoring and
operation of concrete structures. This paper aims to combine the patch antenna sensor
with the advantage of passive wireless and form a smart aggregate of concrete that can
not only be buried inside the concrete as an aggregate to be stressed, but also monitor
the local information (deformation) and global information (dynamic response) of the
concrete with high sensitivity. The research contents of this paper are as follows:

(1) In order to realize the monitoring of the local information of concrete
deformation, an aperture coupling fed patch antenna sensor with air gap is proposed as
the sensing unit of intelligent aggregate for the small deformation monitoring of
concrete. The sensor separates the patch antenna into a feeding part and a radiating part,
and an air gap is introduced between them. When the two parts move relative to each
other, the air gap thickness changes, and the resonant frequency of the patch antenna
changes with the air gap thickness, so that the deformation can be monitored by the
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Abstract

antenna resonant frequency. The simulation is carried out in the High Frequency
Structure Simulator (HFSS), and the antenna is fabricated and tested. The experimental
results show that the resonant frequency of the proposed antenna sensor is offset by the
change of air gap thickness and the sensitivity is high, which is suitable for the
monitoring of local small deformation of concrete structures.

(2) In order to further improve the sensitivity of intelligent aggregate and make
intelligent aggregate more suitable for concrete micro-deformation monitoring, the
sensitivity enhancement mechanism of intelligent aggregate is designed by COMSOL
simulation software according to the performance target of the proposed sensor, and it
is processed and printed together with the intelligent aggregate packaging shell, so that
it can play the effect of strain transfer and deformation sensitization at the same time.
Since the strain of concrete after adding intelligent aggregate is different from the real
strain without adding intelligent aggregate, the coordinated deformation difference
coefficient is proposed to quantify the degree of difference between them. A series of
simulations were carried out to explore the influence of various factors such as shell
wall thickness and aspect ratio on the coordinated deformation difference coefficient.
The joint model of the encapsulation shell and the sensitization mechanism is
established, and the coordinated deformation difference phenomenon under the
interaction between the shell and the sensitization mechanism after the integrated
processing of the embedded concrete is explored. It is verified that there is a linear
relationship between the real strain of concrete without intelligent aggregate
disturbance and the air gap of the antenna.

(3) In order to verify the feasibility of using the proposed aperture coupling fed
patch antenna sensor with air gap as the sensing unit and the 3D printed shell integrated
with the sensing mechanism as the packaged smart aggregate, a physical model of the
smart aggregate was prepared. Two kinds of intelligent aggregates with different
sensitifying mechanism and encapsulation materials were poured together with
concrete, and axial compression test of concrete was carried out after curing to test the
actual working performance of the embedded and concrete, and the test results were
analyzed and discussed. The experimental results show that the intelligent aggregate
can realize the perception of the internal local deformation of concrete through the
resonant frequency offset, which proves its feasibility.

(4) In order to monitor both the local information of deformation and the global

information of dynamic response, a combined patch antenna sensor is proposed, which
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Abstract

Is suitable for high-frequency access of FMCW radar. FMCW radar can be applied to
static, quasi-static physical quantity monitoring (deformation) and dynamic physical
quantity monitoring (dynamic response) at the same time. The acceleration is
characterized by the shift of the resonant frequency of the antenna sensor caused by the
change of the total radiation length caused by the inertial force, and the sensing unit
itself is not affected by the inertial force, which effectively improves its availability and
durability for structural monitoring. The feasibility of the sensing node of the
acceleration sensor is verified by COMSOL-based simulation. Experiments were
conducted to investigate the practical feasibility of the sensing node and the wireless
interrogation system.

Finally, the research work of passive smart aggregates using patch antennas for
multi-parameter sensing and the problems it faces are briefly discussed, and the future

research direction is prospected.

Key Words: Structural health monitoring, Patch antenna sensor, Passive wireless,
Smart aggregate, Flexible hinge, Sensitization mechanism, Acceleration

sensor, FMCW radar
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A TR BRI 2.8 Fros, AL B Wsm AN A, C.
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D Wi LR i i o R B A% AR 234 AE CD M, BRI 2236 i il 2 Je /s 7
FhE. BTSN A S, LI IO .. LA
(VR TT N2 IR EE AT WS N s N, TBOK 5 60 HH o 1) A8 T8 i 3l R et
RIS AR T SR RRE S W AT 0 I BE AR Z2 K, 8 FRAT TS i N i
v S WA NI, AR AEARTE, RAEFMHEEEA K AR .

K 7 2 MR BE A SN 2 TEOR M LA B 65 I\ 9 A T3 THI TBOR A0 Ak ) AL 7 T A%
T S AR M AL RS ORI U AR B 1 A\ i 7 1) LA ROSE 5K mT DL Vi g - 9 AR ik
Ko HREELEH A TN ¢, BB EMF A BB N X T A
PR WS T ) RN eX AR T, A4S AN N S K AE T RN A Ax A
WHALF «

AX = eX (2.39)

Foa, mT R R, W R A% B TR 2 ) i HH N AR e, A EC o
N i SN B B3 AR & SR 2T TOR T
g = Ay (2.40)

y

Hrb,  y RFRMEREEE B LA v B 7 R B LA RSE S Ay o H o = A=

PRI « F53 2.39 N 2.40, BT LIAS 2

Ay X
g, :&.y.g (2.41)
A LLiE—50% 2.41 B N:
g, =k k& (2.42)

Horprk, = Ay/Ax, AR RS SE RO S 3 55 S A\ I RO AR L LS, BTG A
PR Ciig PR BE A SR IORHLAGD TR EG k= x/y » AR A2
WU i N 3 5 16 J L AT RS 55 0 5 0 J LA RS AR B, RIVHE SOH LA O 8 LE
WRAEA 2.42, QERARGE m I BOSCR P LA T TN T2 — i ek SR vk s e
PASR re B SO LR TBOR L, R i 1 R LA SR A R T B

FERNEEL BRI B, SRVEBCEE A Rr I DE 1 S LA R e Sk g, P
DA R Bt BR PR A, fe oy S B HA) A o SR A 1) f A A BB R T 22 70
ATHE . R 1 RVERBERRVE IR, B AT I LA B BARZS /R, (]
THEAS 23 LA 1 BB I BBICR
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2.9 BLRTE R BEER () =4t 2 B 5 () T s E
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S, AHRESBR X SER  AT AN S 78 4 B8, S R A MR R AR S A
(SR BEFE P, DR R OR B 78 A I P o SR FH 232 S 6 R V2 mT L B D A i 6o
FHBEEIAT M. H 1965 4F Paros F1 Weisbord 1 X k3 5% T [ 5N 2445 itk
&R Bk, FEANCER I 7 2 AR M R, I
G, Y BRI 2 45 o AR T R LB R 2 B8 e, R
FE RV 53 i FLRR M

B[RRI RS S50 B8R v, sENEE « R w, W
Kl2.9(a). fETFS RS, @ RE LR EEN AT AR AR S K 2r 2 N .
I HPOVREE IR w AR x AR AR A, AT RURE B R B A B 5 5 28 411
BEAT T, G 2.9(b)Fia. ST 2.9(b)FTas i T 4ERRY, ARSI N =
HHE: I x A8« 3y BTN, KM, =FH 0 RIR RS
JIRERF I F . BEITIRAE R LU A IEM o X SREEEE, T
AL [uu, 0,1 5 1 [FFM] K AR
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o5 2 5 R RE R R REAC
ux Cll CZl CSl F FX
u,|=|C, C, Cu|lF, |=C-F, (2.39)
92 C31 C32 C33 M M b

b C BIOPi SRAVEBRBE ISR BEFE R« m] LR RRAE -1A 55 R R A A 1 25 73

PR EEE, SRR R S

Horpr=2r MRS, t(X) NFRIEBEEEA R AL LR 2
FIRR - E 25 MR, Rt N Ah e 2s e, 1~ s 475 28 38 BT rP Rl

, dx
t(x)

2N T BIYIN SR RAR I o ORI, AR 1

A TR BIERN,  PAUE A g
RUNLIR) SR 73 B

(2.40)

XK
2 AR Y
, B R BT RN K

Eﬁf%%%ﬁ% %ﬁﬁﬁﬁmeWﬂf%ﬁﬂ%%*$ﬂﬁ”,ﬁﬁﬂ

XFNNL o R IR S R A 25 R BT 1)
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12 dex aE 1 Idx
°t(x)° G Ew %t(x)
o 12 xdx
2 Bw t(x)°
C;=0
12  xdx
ﬁ “t(x)*
f' dx
Ew °t(x)?

2 =

(2.41)

Cyp =

33

IH, T ERR SRR, HAEE v AUm AR A AR AT LUE Oy

t(X) =t +2(r —v2rx—x?)

A(X) = wt(x) (2.42)

um:mq?

H T an B B e SR B UK 28 B T X FRE5 M), 1218 F 2 PR VA I ]
PLIEER S50 1/4 kAL AT, AR 3 B U B A R B e AR H] . AL Ta an &l
2.10 FizNe

3 m:a@ MGZ

2 9 F6yﬂ Hox

2.10 1/4 TN 2 F17n =

BH, Ry~ My, Ry~ Mg, NPT SISO SORE 7152 71, R, N
BV AT RIS 8, W R RS Uy, s Ry, AMATRAERTR 6 Jii = AL A SLRS ug, X8
HIMEA ST oo S FIAESR TR R IS AMRBE N T 5 51 TR 2% -
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(2.43)
M,, =M, -F,I-F,lsin@

HoA, Ny Ny, BN RVEEEE 124 34 I0FIA1 )7, S, Sa NFRMEEEEN
Y177, My~ My NFEPEBEEN S . N T ad e Ue 2R AR 5 48 1%
Ay BRI MR A I AL RE -

& Ni2 | Si2 M,
U= E(I "2EA(X) dx+ly 2GA(X) g (x) dXJ (2:44)
BT RAR, =0, MR RS B EEE T S NARR TR 1 %775
RIS AT BB, -
AU
U, =——
oF.
L
oM

(2.45)
91

Kk 2.41~2.44 45 N 2.45, AT LUES

le = aiulx (2 46)
Mlz =AUy, .

:/H\:EFI7 /%%ﬁaijy‘j:
_ 2

2C,, +1°C,; +1°C, (L +5in 0)?

1(2+sin @)
a, = 2 2 : 2
2C,, +1°C;; +1°C,;(1+5sin O)

K FERETT % 6 Sm AT b Eei52.42, (EHE 6 5mAISA 71

&4
(2.47)

Ny, =Ny, = F,
S3 =gy = FGy (2.48)

M,, =M, —F lIsind+F, lcosd+F | +F x

Mg, = Mg, + F I+ F;, sin Ox

z

[R5 A 6 SR - IRER A e 2
0 - AU
TFey (2.49)
AU

6, = =0
M,
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o2 F AR B A

RALESER

{bllle +b12M6x =Ug, (2.50)

b21F1x +b22M6x =0

b, =b, =2C,, +(Icos&+3I)C,, (2.51)

b, =-1sindC,, —Isinf(l cos & +1)C,,
b,, =—(lcosé +1)C,,
FH AT DAAS 8P — FROK L

Ug,
U

k:

- 2 (0,0, -b,) (252)

X

2.4 REINE

AN B E B AR ST IR BB RIS R AR > SR AR AT 1 vl B

(D) VIR 122wl fe, X2 s i B 2Eat,  JF a4 S 1%
LI FEARTTRE, B T RE TAEN DI Fe LR R

(2) Sréd 1 ISR AR R B v v B R T ING F R BRI K 5,
HaE— 0 S 2 47 A RN B G P R B IR AR T 5, B B T FLARRR S 1
J7 I 2R R A%

(3) S8 1 TSR BE A SUALAZ O LA A Tk s 48 SO LA 1) S 2
R HVRRA AT AR T 7 SRVE BB SR AR, JFild F IREE et — b
HET 7R T SREBCEE M S A O B TBOK B
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£ 38 FESERNALRBSREN A REERE

BT REGEIRIUR A 30, WA R IR 32 2l U R RS A
W Py REGHAR A LH Bk g o AT LR Rk SIS R B, LR R AR 4L
SR B B AR, BT O L IR . BT, T RABEE —
vty B 2 SR R ) SLAS G B 11 FL NG e R s, T & TR BE L 45/ Py i i
MEEFI NI . AT 7 P S5 20 W 0 5 A 2 <RI R AL AR
M BRI 7 REAL IR . HEIERRE, A B 2T AR B o A 1
PERE, RAERSHBcihi % Eoh e S gL i m,  DUE T e sRis R R &
K

FE3. 17, R T REMEARA, FRRHEE L2550 H AR E 1 R4k
WA RS

£ 3.2 759, FIA HFSS f A X 22 RN K FLAR AR & LN P R G
WPy REGHEAT 1O AL T REMRSE, FINE FARZS)EESEL T,
TEIRAR 1AL L o

£ 3370, SR R B2 M A S 36 = A B i R AR I 2t AT 1 M
e KGR T G = RRE, WA 7 2R AR, W R AL a1
KPR TARRCR, RsbrROR 5 AR BAT X, ie 1 S B 1 e R A o

3.1 HESIERIVILZMAIREM A R&iRE

FEART R, Saoxt i 22 A B FLAR RS A 15T r U P R R AT R R B, B e
2 TG R HNE IR T AL A 3o MR i TARSBL LA B R R A B
REERHI RS . BRSO RE M R #EAT T it

3. 1.1 wESERINILEZMEEIREM AR R E

iy S S A BR LA RS & G R B R o A, — R A
H, B R, Wi 3.1 iR

B3, R Nmmat, TRIE —FEENMTTLH T, K
L RMEEEE M, RSP L FL, S R 2R RO 28 A F D
A PLE I LR R ) B8 gy . BRI RS A A, AR A T I 7 ]
B . R BB BFEAR SR ] Rogers RO3010. & 3.2 & & TR #E 1+ N &
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A EHN 75 1 LA A K e RE R 2

OISR e
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P HSEEISHE
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HNEREERAAR IR \\\Wﬁﬁ

B 3.1 s SR BRI FLAR AR & Bl R s A

EZ IR

P i

BREBRIIIMS

RSN

K 3.2 B TiREE L N R e AR

FERARME IS, 2R EAL KA VR BE i R AL T B T 25 AR, 4h
AR APV ESE P Db GIN AL SUELIPR 2 LRy ol N P 9 R 2 1
LERRVR S GE R AR A2 B, 22 SR B R B R AR AR A o JE T 5 BRI R (1) 42
o DAL, BRI ) 22 T LR LSS /AL
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3.1.2 Bt

i 25 A ) PR B FLAR AR & R 26 B S MV SR AR ) 3= B T L e = 8 i’ 3.3 fir
TN o
Le| Ly L, W,y
Lap Ly
Wy
(a)
L LT ]
I~ d!
hIpeeeeee
t
I= =I
Lg
(b)

3.3 i RN B R LA R 5 15 R R R IO B A TR AT 2 1) 3 22 ) LT 24

SR B SRR I MR DR R % AR
R 2,32, T RUBEI RN SHA R

_ & (t+h)
gt+h

3.1)

gsff

Hrb, g, RS FAPEHAES A R A, tR RIS, h o2
S SERREERE . 495K 3.1 AR 2.38 T BLAHEI R LR 7 K B 7 60 R 1
/N

C
f:— 3-2
oL g (t+h) 32
"\ gt+h

Horf, L BRSO IR DT 1A B RO EE, e N E AR AL % RE T
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55 3 & i URBE A LA R A 1 UG e R 2R AR IR

PRI 5 2RI BRI I AR, AL FH 7 257G T B PR 5157 P R o0t &5 ) AR R 11 B
D FIAZ oo 45T SRR R 2 AR IR AR ARORAR A 1 O i ok R e B R 0 =5 SR kAT R
RRCaTE

W 3.2 FTLURIL, WEIRMR f 52 RIFRLME. B,
TR R REBIZVEH, & JetR SR AL AR TN m] DL R 2R AR S A B
K REUE (RIS 3.2 RO, BLWE e blb e 2= SR A E R . KX 3.2
XA B R T

gt+h

fro @D gy [1+ h(e, _1)} i (3.3)
AL

ERATLES, REE (BPSH. B BEERAR S IR, Sviis
7B B R /N B R 2R AR B AR A O R R, R AT Re M P A% I8y RIBUEEROR
PR EL . % R R R A TR R 1x10 2 mm RV B, S S EBREE /N,
1S 473 AR i SR S ) 7 [X 3k B AH EL B Al AT R T R K, U R S 0 AN S
e, Nl R TAEMERE, 8 2SR BR B /N )5 B AN 23 A< TR] BR AT 4
JE

t,=t . =0.2mm (3.4)

R 3.1 PP BTG e R AL s

REZSH H
L, 40mm
w, 30mm
to 0.2mm

tmin 0.2mm
h 1.27mm
Lg 32mm
W 32mm
Ly 42mm
Wy 32mm
Lap 8mm
Wap Smm
Ls 20mm
Wr 3mm

FERfE e MRS EUE, T BAGREE T i R 22K RO3010,
FARXI A B e, =102, BRIAMRIE h=1.27mm o BRI fr R 208 A4 18 4R 40 2
TARZILE 2.4GHz, I v R 2GR 7 m) 4R S A L, O

L-—— %  _0040(m) (3.5)

' ot & (t,+h)
gt,+h
FIRS, SREDURD, W R TEREW, HRAR L 3.8 it o)
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WSL Egr +1
r2f 2

(3.6)

REBH IR RS Je g — MIGME, S8R HFSS BpFeEATiE it
o GBI A R AL KRS BN R 3.1 FoR .

3.2 FESIERIALEEAIREMA RETE

B30T, RREALEAS IR IR AT T BIRTHE, I ICE TR
fRIRA EARE . ArEE DU EAR R o B RAE R I A B8 2 s SRR,
BT W REGD G, I HR ) A8 H S RO i ) T S AR ROy R
AN R WME. RN R BEREAT SLER G B R M BT
BTN BRI DR AE o PR 75 2058 5 07 B0 79 i S [ R 4o Tk s kAT
BBt 5.

FEARTF, B Jex s 2 T BRSSO T REKEHT 1T R, i 2
B E IRARLI AN BJR, BB EBRIEE, XREER
W5 R RE 22 TR R R BATR T . BR R T T AEAN R FOA B I RCR

3.2.1 HFSS &=

PR 3.1 R R SHAE HESS Aoy 1 s 23 S 0] B A FLAR RS A5t rEL NG R
2k, WKl 3.4 fios.

RERFEHR A HFSS N B A BLE 1 RO3010, F& e AR SEE L
Ko REBIEWOTLINLG R E T8 B TR . WA RS HoF
M i IR AR TIH, FER-TF i S & E N perfect B 5636 HLEE, M)
SR A R R 2678 45 o AE AR FE AT E T 350 X280 X280 KIS &mT, 1Rk
BEF[ETIIEERT RE TN V43K, SHEDERE, HNmHEEN
the perfect match layer 58K ULHCEA A, ARAU TR IZT B R i v, 4345077 20
WHE N Interpolating fi{EIxL, ML 1.5GHz, #1804 3.5GHz, HAHUPKHN
0.001GHz.

FFE 31, WENSHHAT 0.0mm SRS, B2 TE 32 F
AR S SRR 2 SRR BE N 0. 7mm FIRIEE IR S11 fhZk anfd 3.5
Flise $2H0 S11 HhZ2 i B A st Birsss B (R AR DR S I R 2R RIS R AT, BRIk
BUERAIZE N 2.627GHz, F HIRMK A5 S11Z41°4-10dB, 22 I L K 28 it BH A DT T
FEEERAT . TS SRR S S BRE BT, SRR 2 R AR AR AR, BT iE
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i 1 iRA
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P 3.4 £ HFSS H [ R Eift ka1
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Z (GHz)

Bl 3.5 REALBASVIIRIRE T S11 2k
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3 5 A E B LA RS A0 FL NG R 2R A B g
& 3.2 HFSS flifb G IR &S50

REZH EAgIEN
L, 30mm
W, 30mm
to 0.2mm

tmin 0.2mm
h 1.27mm
Ly 33mm

W, 33mm

Ly 43mm

Wy, 33mm

Lap 12.7mm

Wap 1.6mm
Lf 34mm

Wy 1.6mm

3.2.2 fHE4R

e HFSS B =S RIBRERE, wl UL R B KU . RIER 3.2,
WEZAMM ¢ N 0.2 E 1.2mm, KN 0.1mm. AR T AEZSE
JE ) S11 #hZk, W&l 3.6 Fizs.

0
,5 —
—~~ _10 -
m
z
b
n -15F
_20 —
_25 —
-30 L L

B (GHz)
B 3.6 AN A2 S IRIBER T (R0 A R 2R 1 iR A6
MELE 3.6 &5k S11 #14ZR, W RLUKILREAE 2RI B E 3G, S11 2k
B 2 [ A S A AL B, B IR R B R iR AT AR 2 38K . X AF S TR A%

IR B ——fi 5 R B R L ARG, SR U B, IR AT B A
fits. AAMERI 3.3 PridiC Bl R, « BORRy, AHF 2SS EEARL & Pt
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BRI e /S, X 3R AR IR RIBUE AR 2, T =5 S RIS ¢ 1
BRI, ¢ K, RIS REUE N . RN AT DU I ¢ RO, S11 BR/AMEER K,
XA A FEAIE R BTG B FE A [F S 301

PEEUH &N AR RO ISR, e R Z R A E 5 2 S PR R
FEIR R K, K 3.7,

HHE 3.7 T, IR A R AR BT LB T EA T 2 R, HJE K
ARE R IR E AN TR KA ZIKHIZAUER RN 0.99, KEHRLIEIRI
RS AIRRE BT KRR, MEMRE, BFE 32 WS4 R,
3.7 NZRMA KRR RAZLHRIAR RN 0.94, 7ESEBR TAEH A T Rt 4L %
e iserl, A DUR R R 5 A SR IR R B L TR R RS TAEH
SFET LM R AN R 808 BB AT AR IR AR R A, 3K 3.8 N
R FA. WFENX 3.7, 38, RHZKIMEMES R H R GE&EKEHN
1552MHz/mm, K H &G 153 2015 R BUE N 820 MHz/mm, ] B 45 R R 4
SRR LR G 1R R AL A A B AR S RS, (R R iT .

f(GHz):—Q732+184t+L7Knmn 3.7)
f (GHz) =0.82t +1.99(mm) (3.8)
3.2
o EIRMIE
PESH
3.0 b ——y=0.82x+1.99(R?=0.94)
| = =y=-0.72x%+1.84x+1.71(R?=0.99)
e
_28F
N
T
O
@26-
g L
ﬁz4—
2.2
7
2.0 | °
" 1 " 1
0.0 0.5 1.0

=R JE B (mm)
B 3.7 IR 5 2R R B 2 TR ) 9K &

3.3 KIS
WA 3.2 MRS, ZHE) ST T T RS, B
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55 3 F AR A FLARAR & 10 U P R IR

Kl 3.8, BEEIR ARIEHE, M7 e, ks RESEMN,
R RE . B R 2RI 75 EAR L 1, K SMA $2 AR B B2 70 Hh P T Ry 28
o

RIS BE S REVEIRAZR &R, 58 T WE 3.9 Msein e &,
Horb B8 R LI M 6 BRI 6 o RE SN & HIMAL%
P Wi I REMBKIBSA, WK 3.100). MAEFEI7ERN
+£12.5mm, F¥5EE0.01mm, “FATEE0.01mm , %% 5 27 A (b e i o i, fr
TG0 E WA TFES KA. BT TFamMR N eSS, N
TR G O R A VERE I REIA, 4 TR 2 1 15t L0 40 R A S 2 ik H = el
A 0 ML JIMRE SCHE ol e FE LS T S 1) B R AS T I . Bk, 4%
@A S I, IR 2 1R 45t Fi 38 4 A0 S0 70 2 T ) B R B R AR AR AL, R 2k
IS E N G

Kl 3.8 REft A KK

I AR R T & R LI T &5 2 B s, BRI & B AR
Bt 50kHz-6.3GHz HIME#ERE ML DT (LiteVNA) FIEHE REER AR, $L
ERERM T W EASGEL N 1500MHz, 2 1E4 3500MHz, 45508 1024,
W R 2Rl I [F P R IE R B I R E WA T A, R T DO R HUR IR T & .
g, WREBREREA 1.2mm FFHNN, - G836 EER, B/
0.1lmm, ex—K S11 £dE, BHETRIEEE RN 0.2mm.
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RELWMWAFE

RO
VNA) ()]

B 3.10 (a) RERSZIRMGCF 65 (0) B RET &

Kl 3,11 skieililfg 2 S11 thdk, SOi R RAGHLRES, BEES
SIRIBRE IR, ST 2R fe . A SR B IRSZ, 19 2S00 1 ik
PR G AREERR R, WE 3.12. LGSR SRS RA AR, T8
JRRAE: 1. PR RE B RGN R, SRR RSTE 20-40um, SEFRT
VR BB R ) RT3 SR R EE VSR 5, X B se e vh 3 AT B S
FEANT i iit, XHEX 332 B RAnBRIEER/N, AR GEREUR” 45k,
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39



55 3 B A UR BRI FLAE R A N R A R
SEAIEXPAT: 3. LI AN AN, (A ARIRIRE AR 4. MNBET G
R

S11(dB)

A% (GHz)

B 311 Se86 RS 21 AN ) 2RI B R RE R (1 S11 ih 2k

KI3INERBUE L SLhR R RXT L. B 3.12 f15€ 3.3 i LA H:

FANAIBRIERE 0.2~1.2mm B, 5256507 AP S B IR R H 2. —
TR A R B ILE BB T 0.9, Hdbh A ERINPLA REER
T 0.99, RUIRLEALIEIS TAEMERERLF, BERT LR 2R & DU AL a8
i, WATRLRA R &G, DRI T S RS FE

PR BRERTE A B () R U J7 T CL & i ik 7 2 A g 3t () 788 0 M R 4%
LIRES . RSB R RS, B M b iR e, AR RS AR S
o R B RS o

IS OB RIAE S SRR, DL R S SR BE e R AR AR 1T LUK A% SR 2% 1 =
2. REUEHATEWM . XU AL RSB AR A R, BRSNS, X
— 7R DA BRI AL A 1 R R AR RS, AT o L R R AN R e
tbah, ZERTEAER . DEE. ARSI

3.3 17 R W5 S PR R AU R

REF (MHz/mm) LR A IR IA
A E 820 30~1546
A SR 818 70~1583
SCHR61] 116 B}
Hk[62] 60
SCHR[54] 120
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o ERHIR
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B 3.12 ()BT R ISR 52 R BC R (D)7 45 R 5 LR E5 RATH

3.4 RE/G

A B E A TR B FLAR R S R R A E N AR A AR 1 T
TETT . B ARSI, g
(1) Wit 1 2RI B A FLAR R 5 151 G 7 R e S R R AR5 3K,
RIEAL s B AR, WEAABEPIMGE. Ve, RIS S hiEs
KA XYL TR HEESH, G2l HFSS ALHE | R4k Bt i
BBH
(2) £ HFSS H50F e 21 5 1R 2 A S A R AT 2 < I B 52 JEE 2 Mg o
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DAABEAY S m A A A s 2 AR B B A A . USSR, iR RS R R
U, RAH IR IA S 20 R BUENEEDY 112MHz/mm~1552MHz/mm, KA
LR A S 215 REE N 820 MHz/mm, KM R4 7730 R B KT 0.9,

(3) LT RIREAL KRR, ot ViR E, Bl kR
W28 o3 BT AT M. DIAES SRR W, SR A ik ith & -545 20 1) R BUETE Dy
70~1583MHz/mm, RHZMEME1F3015 REEH 818MHz/mm, L0153 3
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