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A7) &R F% A (electrically resonant structure), ¥4 Fuk A7) oA A2 (RF electrical energy source),
A7 AnE A7) 3R Fx2 A AZAse FHD)-A e FA T35 AE 2l (bidirectional RF transmission
line), 47| A% A #Ho] A= “Jf’é}/‘é A3gt7](directional coupler) 5& Z&3st=d ; A7) 2428 A7 33 F+%

Aol o] 7] 2l S (excitation signa) & &w3kaL, 7] Wk A7) = A7) T T2 XA Eolo= WHALE = AT
o] Aol A AALsFE, A7) &% % A (electrically resonant structure)?] 3w 2of & 51:0 FE= B89
s A3 A (apparatus)oll o1A 5 T F32 FA = AAH o A YA WALES)E A &L, 7] Ame
T FIFAA X Fx2 FA = G7] BEl ] ke FrEA AlESEA sk dYdaE ke AS 5 oE
o dubg oz A7 I3 F2 AAE Yol BEA o Z AV (KER) = A (piezoelectric material) 2 o] Fo{ 2= A
S 5H o= s
tH3E
=4
] A A

7] wof

By o 4 7] 3R % A (electrically resonant structure)d] eld @ 2o QS FE= Bgl#ke kS =Ast= A
Zolt), ol gt ¥ 3 X9 st A (D= FH 7] 8 Z(oscillator circuit)oll A o] 8% = 3%
|(surface acoustic wave resonator, SAW resonator)®|t}. Bt} o] AA|s}A], & g2 o]efst F317]
(resonator)”} 7§ A} A2 (driving electronics)®} 7HA] A&} &2 (sensing electronics)ol Al Ha] ol kA X5 =
e 5o ot &8l st o] &t

w7 7] =

W o] V(i) 7 DA skl el e Al el 71 ()2, (Frederick Terman ol &3 3] =AM ¥ 7h=
H3 55-6174 <1 "Ax} Tt} o) o Al Xy o] #H (Electronics and Radio Engineering)"#, =3 =A% 7= H3 40-
33904 91 William Orr °f 2]3F "g}t] @ 3 =5 (Radio Handbook)" 5ol A 71 Gl ® A H) E W0 E (transmitter)
9] dyElzof o A% FFA(radio transmission aerial)9] 01«4‘3/\‘? ] & (matching) A 71 & 7]1& (Hiff) o]t} o]
gk o 7] (Hln) o] 3o °1°1’\1 {5 E 2Hs Tl A IR FA Fakg OﬂLﬂxl WAHRF energy radiation)
S Hugto =z SV BAo R 3] 2o Q= ZH7he] S A(EWRATY, dE 2kl B FF A (ZEdE))e] dIa g v
o( atching) A1 4 B8 & x3sitt, ERxnY O a4 H WE Faro A 2hgates, A/ 2]] 27] A4 S(H)el o]
23 du s S AP A A a7E 27060 w3 (matching) BoHd, 3271 25 (el 3= o] dadx
S AdAo R WSk 7) A 7] ditell, ¥ o]/ xR AR Gk AlaE dydze] S92 wekd A3

7] (directional coupler)®l] ¢sto] BE Adlw =0, Wik 237 (directional coupler)E i3 (matching)o] A &+
2o A] Zol o wAlEE ARES =43} o)l ek AT, 2ole waba Hu At H 2 Akl v](H ek & A}

H](voltage standing wave ratio)t} VSWR &1 Aol =d)E AALE 4= 9t} 1 o] HE VSWR & 248 A w3 E A
2®l(matched system)< 97| gt} HE FFH (i) olvt S gfle] Aol & thdatAl sk 3ol o8k, 18] il 3]
2o YU ARAIY T3 845 F7lshs Ao oato], A28 QJud o] tig 285 Adget 7]=Glilb)E 7]
ZSHEDE 979 4 Fu4: 221 FX(RF receiver) 2 KR A4S 93 4 Fu4 A3 (RF power)9] ]
ol gigk 7= A B8l 71 A A AE 2 olsETt. o] oA, YA WALE fiste] A A o
EdAoz AxyE A7) F2 F+ZF F X (remotely mounted electrically resonant structure)?] A3 @ AE A slE= &
Aol Bt T o= et olH g TX 72 FXA = BV 9 FaeE Aojstr] fste] W17 R A o] &=
Aol BFolth I3 & FX| 9k AR} A Alolo| Al AAE £Fo]of o] ?:’-Llﬁdioﬂ olsto] 3|2 o] AFS WA 517]
woll, 471 331 & A= 3 Aol 2o A AAET ol d T R FA o dudaes 2k, %
(humidity), ¥ W3 (strain) T3 2 AAA ) e = =, o= ANt ol gk :‘3“ A Fx FA = AA
(sensor)&4 o]-&d 4 Ut} o] AN &82 3 & FAEFE 77k kel U= Alo] [AA A (controlling
electronics)& A #3911, Ao XJX} FAR AY dEs fste], 18 AE Y SAHS st (FF Ao s, e v
OpH-A= wao=) 8 A48 F38Ath A7 2 2% 99, (AA 29 AgS A dtste]ofyt si=) F 317, =
= A AEZE T 22 ol { 101] A o, o] & 7] ( Hﬁ})oﬂ olsle] EAlE Uit
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oy
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B oatgo] B8 FR FZ X (resonant structure)d] Aol A= Alo] H A ZX](controlling electronics)ol]
st B & A ASE Aolal, 33 F2 Ao A2 E v - 92 A& A A FAH o] 7t e S sk Aol

shupe] ol whebA, B e A7) 37 % A (electrically resonant structure) ] J3 @z J3S FE &g
2ol 318 545 A X (apparatus) S XS], A7) FF F2 & X (electrically resonant structure ), T4 F344=
A 7] ol A &22(RF electrical energy source), A7) 222 A7] 32 3% Ao AAe= F(H)-AFAd e T4 F
<= A4 #el(bidirectional RF transmission line), A7) A4 gFely} B o] gl WA A 37| (directional coupler)
58 ¥ttt A AaE A 32 x ZAX ] o] 7] Al S (excitation signa)E & H8kaL, A7) e A= A
7] 331 & GA oA Eote = BALE = Als o] Agtoly S A= 3 72 X = AE Ao m A9
WA & 3HA 3L, 7] &228] Foxl Fapro A &3] -2 X = 7] B8] #ho] -2 Al&EA wstkst
= AYEAE 2= S 5o g

A7l 3 FZ2 ZAA = ol REAH o R A7 (HER) E 2 (piezo- electric material) & o] Fo x| = A& A 53t}
LA 7] (BT R) = 2 (piezoelectric material)S A9 (quartz) o) ) WA & zk& 413} o} (directionally oriented zinc
Ay

AAA 07 A UAE WAL HA] &5 33 7% F X = T FarE AU A = 3% 7% 4 A (non RF
radiating structure)®l A& A5t} A7) T3 F2 FA = st o] 9] JAEHYAE o} o] (interdigital array, IDA)?I
osle] A7]H oz o7|(Eie)E = AL Az st) JdE YA Y o7 o](interdigital array, IDA)E A (G 3= 4 g3k
T A2 AAE, 29 %9 T2 7](surface acoustic wave resonator, SAW resonator), £ A2% H3 3} ¥
Z17](shallow bulk acoustic wave resonator, SBAW resonator), =& °]9} A8 x| 52 AL EH o2 s}, T3
T2 A0 7 Ay A= QlE YA E o] go] ] 9 X (pitch)9t &% 3 &2 2] w2~ A A (mass loading) 5¢] tF4¥A
o =7 Q)T AL Mzl JE A E oo 2] ¥R (pitch)oll A thdA & &3 FF A2 WME(strain) &2 Q1(A) 3k
AE A5 s,

O:

7 tx"“if??](Stram)% o1 7}E = 0]--5( , 07 E = FRWE
(bending moment), 17F]= & (pressure), &= &J3te] dojuv= 4 &4 53 22 %E]%koﬂ g;:;}oq Jojr}, &
A F2 A 9] v 5 (mass loading)> 5H S F-AI7F SR8t FF 3 FX] o] xHO R {349 S5 95l &

& HEsh g Bl o] Yojurt.

WekA] A7) (directional coupler)t ¥ ¢t7](transformer), W29 B g %] (Maxwell Bridge, £Fo]o] 2}9l), &= &=
A7) (Lange coupler) 59 ZS A a3k},

T Fuk A% F2A(RF transmission line)2 H](JF)-HZ 21-2<21 23 7] (non-contacting in-line coupler)E 3]

HiE)sl=d, o]y 3t 7“%7] 25 A gAY EZx5= Mety](untuned or tuned transformer), @ o] A (laser), 33}+o]
At A7) g&oly A F314= A7) (optical, capacitive or RF coupler) 5¢1 AS A3 3},

PA(RE) N, FA Fa AS 21l Fab 229k 31 2 =] Alolo A <4 A 7] A=A (continuous electrical
conductor)e| t}.

A7) &R G2 ZAXE "o JFS W= 34 FA(rotating member) 2] X W (surface)d] A X5 =4d], ¢l-g}l 2
714l &3te] v (JF)-F & 1 FARE, 183l A7) 3 FAlel A 7] o 7] AE e} 7] vhatE = 4l
ol AEE 7hsetA st

o] ZEAIE S, 7] GO -AFY FA T A% 99, ¥ T2 P, G 4P, 293 -2l 2
7 514 o= shtel #g o] FwA 24405 oY (matching) = A% A

e Fad wiS Fxstke] Aghe] fle A (EEDA okl o] ANH = Glik)E Felt):
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T 1 g, By A HA AAdE 7=Geil) sk WX (ayout)E YERAT
% 2 =, W3k 237 Al (directional coupler signal)®] &8 9] X230} W slsl= I Alo] o] A S YENAY

%= 3 &, 7] A& (excitation signal)oll #3}e] vkl 23] 415 (directional coupler signal)9] &2 9] $743}, H3

she Qud 2 Abolol RS vhehaiet ;

it
o

% 4 =, 829 E(bending moment)ol] FFE W= H(beam)d}, W FW(beam surface)d] Axd F2

o3
[e]
(resonant structure) 5& YebiT); 283

5%, B uge] A AA S 71 &G A layou & e,

1: 5 a4 A7) ol YA &22(RF electrical energy source)
21 A7) I % AR (electrically resonant structure)
£ 23y} F27|(surface acoustic wave resonator, SAW resonator)

: ¥k A7) (directional coupler)

w

5 (-4 FH FA e A% el

(bidirectional RF transmission line)

793 o W (strained surface)

tlo
e

8 : W (beam)

9 : Sl YR " o] g o|(interdigital array, IDA)
10 : ¢ % I 2 A E (external bending moment)
AA] o

L1 & ¥ o HX(apparatus)®] 3 WA AAde| Eﬁa A 32 A E Yepdch wEd A3
(3)(directional coupler)E A (&)= F(H)-ATFA o] X Fa4= A4 #12(5)(bidirectional RF transmission
line)& E3to], 4 F344 A7) ol d*x] 22(1)(RF electrical energy source)+ 7P A 3d A 9] o X & WA )
A = A7) TR % A (2)(electrically resonant structure)ol] A7 H o2 AR,

A387)=, &3 2 ZAX(2)= 14 %f?}ﬁ‘r 77| (surface acoustic wave resonator, SAW resonator), &
W F &-gkul 37 7] (shallow bulk acoustic wave resonator, SBAW resonator), T+ 0] 9} A 4 52 AL &
] o 2 st=d|, 49 (quartz) o} W k % zr3= A3} o} (directionally oriented zinc oxide) 53 2-& <F& 7] (B %)
&2 (piezoelectric material) & F8-2 07 o] Zo]xt}, o]#| 3t T A 7|(resonator)= o] A7 F o7 of 7| (Ehd)A| 2 4=
A+ AE Y AE o7 o] (interdigital array %— x s}

oX o

FA Fae A7) YA Ax(D)E AEH o R 3|2 FA Fao A of 7] =34 Al & (excitation frequency signal)
g %’T}?ED} 3|29 T FuprE Az (Del 9fste] &u s e Fagrol A&eA m A (matching) sk =5 %1 43 4]
(9] Rzt ARRGE, T 72 FA@e] FFAE LE UAE 7 72 FA@e] A5l flolA, ol
NUA &= A(D)E ThA] AR ] @8-S Aotk I3 -2 X (2)9] A7 11 A5 S ()l ke A 7] Hﬂfoﬂ
2ol Slae] BitHE FoFE o4 829 21 T340l w4 (matching) 5 A 31, VA= B FE FA(DNA
Z222(DE TA] ghabE Aol whakad A7) (3)E Bolet o]t WALy &= YA & SA g, ek 2973 W

9
ar
[}
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¢}7] (transformer), W24 B 2] x| (Maxwell bridge)(Wjw] 2 ¢}o]o] &2l TA o] dt}), B H = 23] (Lange
coupler) & X33 }L 22 FAH PO F(h)olA sl RS i A AR71(3)9] 8 7] Fakare
71 (A = = Fol A gk, X G2 FA(2)LF A2=(1) /\}014 s Eat ] 4 bl (IF)-v A (mismatch) ] =24 W
ZE = 2E3 H” ol F71(HD = &= Fa5ro] 7| &= gt}

31 HU
OE
o°"

3k
pud

T2 5, 3 32 FA ()0 #ete] @) SAHEE A5 MES e 3|27 "I I E A w) A = 9]
S (Impedance matched)" W A %o] F2&E& HAR Ha1, 33 Fx2 4 1(2)4 IS Eabd ol B R iZjoﬂ*i Hol A uj,
=]

A A% SAUE 34 T2 AA Dl AR 02 2D A Ls) i o, 34 T (@)
I Aol W A Aol Sele] 5 A et Ao el £ 1 4A)
A1 5] el A A WA, Bl @ ol 4440 FA PE G2

9 Felo] gluh 21% A5 o sl
o 3Rk 2o(DReh ) AL U ol A & AR ek AR, v v R-vh P o) A FDTS A s
°]

;37 2 AR (2)0] duE o #ale], o] 7] MG thEte] DA (4o SAHEE AT Yaks
1 BIER) - o] WS A A s, sEAIRE, A dgFo g QA #he dA sk A
&8l 9]}‘5}04, T T2 FA(2)9] W (strain)o] Y 2 dF(mass loading) &2 AR, T3 F2 FA(2)9] ¢
1l A7) A5k, RF3 94 Tl A gk}, e B5= o] &4 = Ut

T4 = 9 IARAE(10)(external bending moment)ol] &S = Hl(beam)d] = WS WS FH(7)(strained

surface)o] A@AAH o2 uAHEA A=+ FH S8y 34 7](2)(surface acoustic wave resonator, SAW resonator)
o] (U S 2k, &% & FA(resonant structure)E YERHTH ﬁ‘?i(7)4 M-S w3k dodd o Qe thE Z8 %l
AA, e F-el A JAZFEE) = = FH (tension), = W)l A7FGE) ¥ = 45 dh%(compression load), =+ H(8)
o d S Yol %, e W(Q)o] Hed () xHe] FiEs EH b J(8)9] shite] :Hel QA7HEE )=
= 949 o et 2y EE, jQ) A= BH(T Y M (strain)> W 59 3-317](2)(surface acoustic wave

resonator, SAW resonator)°l] &2 v %31, o2 3 W (strain)°l &5} AH A 4G of# o] (interdigital array, IDA)
o] ¥ X (pitch)E W3}A|7]aL, F7|(vapour)t XEW &3 FZ7](2)(surface acoustic wave resonator, SAW
resonator)®] Wl T2 =L 5 o] gt A& olste] W S F X 7](2)(surface acoustic wave resonator, SAW
resonator)®] I A AE HASAIZITE A=A, S8 FA7F EAlete] 194 233 33171(2)(surface acoustlc
wave resonator, SAW resonator)®] ¥HOZ FA7} S4HE Aol 5t e S &2 v E B 95},

W &-gknl 7] (2)(surface acoustic wave resonator, SAW resonator)®] w2 3% (mass loading)ol] ¥3}E 4o 7‘
T ATH(E o] A 2F5).

=5, 2] 7 A A s detdi= -2kl 297 (in-line coupler)= &3 & FA(2)9] 7hAE f9d

2 H(FE)-AZE AL 755 8te A% #JA(B)olA &) o= 54, 9-#2 237](6)(in-line coupler)E A
AH o vy A7) &= A% 7](intimately matched capacitive coupler)d & A7, A (L)l Fx¥ W7,
TEREA &2 WSy, el A, Fstelu B Faka AT 5 23 5 9

A7 =Gl E 3 AR A d el T HA AAd 55 o] 88 e B A S8 EASH. dE =W, A WA
A AN+ ool Q= = 4 oA Vel Ax Y 29 E(bending moment) & A3t o] &2 4 9t}

B2 A3 M (torque induced strain)ol] G &S v 314 (o] §19)9] 4—11 —_rLZ: A2(2)7} A X
He s SR s 7 HA Ao e o] &E 5 =, 1-2l A7)l ko] v -FHEF A o= 3)d F
Aol Al & FAZ 7] a5t vALE = 21 E 5] AEE 7HsshAl Stk 2 g o) ’é}?‘]S’Jr “o“?éoﬂ o)sfo] ujf-g- & 4l
& o]7] A (very low signal excitation power)S Z22(1)d ¢&te] &3 o7t 91, +% A A (driving
electron1c5)9} A A=A =] (sensing electronics)ol A Hz] Boj A AR5 &= 3 ](resonator)‘j— olgs 2= g},
aHER, 22 254 w9 or|(HikR) s AES 8 ek e S8 34, 183 WM E(strain), st%(load),
oE, 2E F5, 7k EA T3 2L =Y S A= FY 274 (explosive env1ronment) T oL s 34 B

o A =3l

g o] ARGCEAD T F ol A Blojubx] a1, @l theh vkt Aol & o vk A, FEl 71w T4 |
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AT

A6 el Aol 7] e F2E2)9] 7P dydaTt
g ofeo](IDA) 2] ﬂﬂ HBtRNE oprlH = e S
whe S5k f1 FA.

A TZE(2)9 HH/k Z A} (mass loading) ¥ 3}<} Q1€ t] A
A7) ZRA FZE0] Qut Ao 9L 1 X B

AT 0.

ALLUA3 Y 6% WA 7L ol Gol DI, 371 B2 TEB(@)0) WY (strain)§ L EADA A
Al 2= o], o] ¥ (strain)e] A7) 3 F+Z2E(2)ol 4TS MA = AS SH o= g+ 7] 3] o] o)uE Ao
AL v A= Tl i Sy 917 A,

T 11

A7 Fell 2 01*1 A7 F 2@ vl AR, SRk 22 = o), B, 54 fAlse] =4 W a3
TE2E=Q2) FWo R fFA4 Fol g, ofHE e SRR she H7] ¥ 72 dudze] dFS A =

#gko] 7ke .2_;9~]-7] Q3 =],

AT 12.
Al 1E WA 3@ Al

6 0 Eis 8
W BEAEN), e P2 AR AL EPOR e Y] T TR JIEs
5] 98 A,

AT% 13

A1 A3, A6 WA 7, Al 10 & A 11 & T o= g &l lojA, 7] RF A% 2kl(5)2 H-4d =4 <l
-2l AEH(6)E FASHH, A7) v-HE4 -2kl AS6)= T2E U F2HA F2 Q7] delA, gt
A AZY, A718%8 7A1EE, = RF 715210 As SA R o= 17 o3 72w dydzd S A =

Fo| e A8 A AAL

3T 14.



A1 A3, A6 WA 73, Al 107 WA 11 & T o= 3 &l 9lofA, 7] RF dF 2l(5)2 g A] 4
(D9} 33 F2E2) 7] A% A7) AEA 28 5P ohe 17] 34 F2Ee] Auesc] Jabg vAx Zel%
o 4k S A% 9

4T% 15.

AL UA 3 A6 WA 7R, A 10 WA 113 F o= 3 gl glofA], 37] 7] B TERE@)E WG W
= 570 ) Tlol el 3, -2kl A2 G)o] ) WFA 02, A7) olv] B} A HA R A%
A7) AR A B AV HA RARRE AEEE AL AR ok A7) 24 TR vgse gL nAE B

2] ghe A8 A &AL

3T% 16.

A 13 A 38, Al 6 WA 73 St &l
= 7] FHEEREF A 211(5), 33 :rLZ\—%(Z), A &g AE2(3), 18]aL <l
& (matching) &= & AL EA o7 3= d7] 32 FXE9 Jyuud 2 o

A, 7] old A (D)9 =9 dyjds
-2k AZ(6) T shfol 3 o] FAx
A= =@ whs S48 9

Fl

z
N
.

=

=

H
)
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