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SAW TECHNOLOGY I
(LY EHT JI S0 o3t o)
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1. A 2

2. SAWsl SAWS =) (fHiE)
3. g7 @ #AZ(ID transducer)

zAd EAste Bzt F 244 24 1€ A
st olm FlA A A4 (&35 5 acoustic wave)rt
Zt A 33 o F7} o] v] 18854 o 58 Rayleigh
A g8 TEHg e, 2 olFY AT F2 AT
e ehdql FAAA RAAS}) o] FolA gow], 1967
W Viktorovrl 2R A4 %A¢ wtel Asisie Ed
gk} (Surface Acoustic Wave, o] 3} SAW)S 54
o T ATZ LR ook vl L R - ARTH
o8] $-8o] FFA Aok ¥z B Fag(F
A MHz) gl A SAWe & %7h= 7l2480]
9l-o- Felf, SAW A « A=FT S8 28R
4 glvhE Ab4le] g1 FEgla, 19683 =] 54 Stanford
oo T He ARS Fuie =274 (transdu-
cer)E LiNbO; Al n2Es o] = (substrate)flel 53
A7l AR A, AANAZAA BFATEY wHEA
¢ 4dBE2 29 4 Jd9-e& umsig e, olnL 2

A ¢} Bulk Wave A=le] ¢ w34 30dB  #] 3
w she] G149 Aolgl . &, ©F¢] ZenithAtdl
AE ol wgr AR HHEA L PIT An2 ey
olEd A g -&g dEsgx, olH¥y SAW £4
of g QT BabskA] AF S 9

SAW7} olsl 2 FES WA 2 RE v g
L o] f w -l ot

(i) SAW &£2&
7| &l 4] A+€-5 & photolithography 1& &

‘planar structure’o] =& x4 IC
hrd 2 -X

* @A EiA Tk BETSH B - T

o] -5t AaAg ,lﬂr

(i) SAW &=pe] 452 2ol EH2FAY ¥
Al T2 wte} 7&*3 %D}. i ?éi}iﬂs‘f
2 ‘mask’E Ag-E4, SAW &3¢ 4% A4
+ =4 + g4

(iii) SAWS] A&z g=lsle] Asfdzed ¥
< 10° rEvh. ol Ewl, 3psec Fokol A=w}t
Ikm%E Aslelsr] #ld] SAWE zAl8 24 121
cmZJE Asbgket. w4 SAW 47349 g& ddE
54, L AAESAS A o] FAHL o) &34,
2} SAW £72 B 44 FnE HE 4+ U

(iv) SAW &atel A olal FuFol £3¢ el
FA S AR, Bag ArE AEHAY, A= o
£ A3E =g st 4

(v) SAWE atg 3 gb50]el 4], AlA) « 2bA4le o 3F
4+ R geod, ﬂ%-‘f——"%«l SAW 4719 Agse &
=4zt 84 % A5E Fan Y

SAW 24k oot e FHEE Qlstd F& A7
FAd = ETE ol g AL ugk. SAW
£218] A7t FEHUE E 144 & $ g

SAW &A% = 1d4 & 4 ,\l% A Y Az
Z 244 (signal processing)l] X1
T X7l APl Genx B
t}.

webd] "Wabe o] FE Fitel SAW &xte) gl
g B4l 8 $8E T2 AvlstnA sk ul, ey
ZelAE wld SAWS Sliaq 545 SAW 4414
71 A6 % &5 s 2.

2. SAWS SAW?S| Mul({#i%)

SAW &A% zebs] w84, ¥ 144 & 4 ¢
E 7 o] xul~%4 (transducer)® Ed RAAAAE.
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SAW TECHNOLOGY 1

T 1. SAW 4319 ¢4

SAW &=} o 2 N
oy iad 33

TET IS 5 &
ID Bl &2 FA Frequency filter Color TV integrated IF filter; Satelite multlplexers ECM

Inverse filter Clutter dominated Radar

Discriminator Analog FM demodulator

QOscillator Stable source(VHF-Microwave); Specialized communications

Frequency synthesizer

2] o A Altimetry, Analog MTI Radar, Communications path length

(Delay ULine)

Tapped delay line
Bit matched filter
Acoustic amplifier
PSK matched filter

PN PSK generator
Digital delay line
Touch Sensitive

equalizer; Time ordering

Radar clutter reference; ECM; SSR

Digital communications PSK demodulator

Long delay for TV frame storage

Spread spetrum communications; IFF; Integrated communications;
Navigation and Identification

Link analysis; Spread spectrum communications

Recirculating memory; Data and bandwitdh compression; Sonar
Man-machine interface; Glass intrusion

HFel~ER]  ARAA
(Multistrip Coupler)

] Improved devices

Signal routing

o8 F oA

(Dlsperser)

Compressive receiver
Variable delay line

High resolution Radar; Navigation; Group delay equalizers
Spectral analysis
Range calibration; Target simulation; Electron timing; ECM

u) A | 4 | Convolver Spread spectrum communications; Radio astronomy; FFT processor
(Nonlinearity) Acoustic imaging Non-destructive testing
Acousto-optic Displays, Cameras
# o] B A o] = Signal routing

(Wave guide)

Acoustic IC,s

Subminiature signal processing sub-systems

£ $PAEE HE g, A ERLATAE
Adzz AEdH NE FAL & 5 A5 7104

0 A

=, Rayleigh wave, Bleustein-Gulyaev waves-9| 1 .
"SAW (¥ 14 acoustic medium)Fo4d, SAW & - ‘r(\ la "’*/;)
zbel] =2 ao]lx Rayleigh waves] 71234 47| - -t ir/'k”
Aeted Aekel 4snz @k — T
. 4"‘&—4—/‘ +— -1
SAW(Rayleigh wave)& A AIHQ (s - fES - 8 : 14 4
1 i j
/—):;:a;i gcoustic medium _Efgg :ﬁ:x::ic e ‘-'H—I- - - ‘ At
3 28 2. SAWel &af o4 mAlel AL W4
matehing [t Boz o %44 kel B sAreldnl FeH A
] st AL Tt 29 24 SAWY Ao} (fE8) o
g8 EZh B A1 945 vl ofd 3w
b

o Wsshe Fel o AR o] AL Wt

input

R LA g A€ € 5 At

output

. SAWE 238 WAL, deld =) 13}7&4
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18| 4. Rayleigh Wave?] <=8 45

E 2 F48 A o SAW =lAH4

ol & s o A7l — 74 o |Photolithography
A A R O Ao eI A B s S EE e
Bi;,GeOyq (110) (110) 1,680 ~1.4 —140 1.4 280
PZT—4 2-F-ulgk 8l ) 2.20 ~6. 0% — 2.4 6 370
Quartz ST X 3,158 ¢ 0.17 21 530
Quartz Y X 3,173 4.1 —24 0.22 19 530
LiNbO, Y Z 3,495 1.6 —85 4.5 4 580
AlIN-on X VA 6.17 — — 0.63 11 1030
Sapphire
G 1. &0 AL ElAFAY IALL L5me|v
2. Ast FAEE Fubg 1GHze] AT gholwh.
* Zgl4~ 37TMHze| & gk

AGFrdor gz, HAz sbg FudxE g
o]¢} Tl $elnk A eh. 2.4 3¢ Rayleigh wave
¢ HAZ ol AAE mglr. Rayleigh
wavez A2 90°¢ 14 A7t I Hs}4E (shear
component)s} Zs}4-E(compressional component)
o] ¥4 eldy gAEFE T

SAWY AstE%E 4 GHzrtx g Falgd a6
A, Fipst Al A (S, ] RAAe s
dispersionless) SAW &7}l AH8d 4 & F2 A
25 d T AsSEe 45 AERE = 244 ¥
+ 95

SAWSY Ast4x Bulk waved 713 &

&=

rlo

2o} ok 10%3 % Lavl, olAL ARAY mH B
E(stiffness)7} bulk A4)¢] FErEErl Aoz =
7w gl Ewe] sHFe st olste] = (trap)g
YA Hel, ‘slow wave’ TEE 27 w Fo|uh

ALd A Fab 1GHza SAWSY Za =7 5 24
dedl, o FEL AnrEselry s ZEi]
Z A (deh - A Fgell S Aol BAA
A48 AsFAEE Foi4 AFY WAL das,
HetA] SAW &abe] A4 4@Fs4sl 4 GHzA =
= Mgt

T, SAWS 54¢ wdter oA, SAWY 1
AL 9 FaFd a4 A dA= SAWSY W
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SAW TECHNOLOGY 1

AdsEe 4ee A, A9 F4& A¥He=
H(FAHA AT, 4ARE SAWY AF
o] A o] sPol 4YstA ghon], SAWS WA
e AP Fe zHEA I SAWS wag4 &

2 &, v T el Fag Ao AFAH.

(i) SAWS sl ae, AgHen F4AEE AR
4 o B3 FAH L JFsA G EA

(ii) harmonic generation, freq. mixing, param-
etric amplification®¢] » A3 FHF LA 4, co-
nvolutionst correlationg FE 4 = SAW £3
8 ALe A5 AHESR.

E 2.9& o] A= FAS Arkel, Asiabgy, K2
8 Nopt.5¢ A7 Vel gl&vl, o= A43dE
F2 SAWY 79 A &d FAHA sl Ee, &
Ao A ARsrl =z ek

Q
i

o,

k=]

3. o 7|(Excitation) 3! 7 £(Detection),
(IDtransducer)

29 46l vehd Rayleigh waved] WH4EE &
v AAe xw 29 59 2ewl, 288 wvhud &
AL uEAR 4 g EWLFA A2H (transducer
system)e] ™, Rayleigh waved 474 471% + g
o} olElgt EWAFA Aoz, F2ID Bl
= A (interdigital transducer)s} ae¢l&dl, ID =
AFA L 19651 Whites} Voltmered] &3] & £
Asgen, »nE 53¢ photolithography W o
2 ¢ 10004 $A9 FEHEE ADS A= 4
o F2A7 Aelth (2F 6)

X3
A

us MAXi UM
sHear
displacement

P

7-X|
Uy /s U3Sin (RN -Vat)

Wiz Ui COSCRR:~Vat)

Uiz maximum
compressional
displacement

gl 5. Rayleigh Waves] 19142
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38 6. SAWE oA37 ga gAEd 549 ID
EfRA2FA.
z29 63 2 A4 A EAL Quartzel I,
Rayleigh waves} ¢1715 & w7 & (mechanism)&
Asum w3 22
a2g 7 ()4 ID 22 FAd RF 4585 <7bskd
28 7 (b), (€ & AA A-Fe] wAR . (2
A ze] Ashalgke] ) E3 E, AolelE 90°9 4
27+ glor, o] AAd &3 Quar £, LY 7
AW 9 (elastic strain)e 4R & F(converse piezo-
electric effect)el &4,
e;=dE; D
& : -4 8l g (elastic strain)
d i A A 4(piezoelectric modulus)
E;: A4
2 Folxle.
Quartz(Symmetry class, 32)o] Wl & gt G A<
(piezoeleciric strain matrix)&,
diu dyp ¢+ di o+
. e o dy die
olmz, AA E Eol 8§ Quartze]l ¢ =4
Wy,
51=duE1 (2)
ee=d k.
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38 7. ID ERARAE o]-&% Quartz Erll4 9
Rayleigh Wave$] &7

w. e,=d,;, E,
e,.=d,, E, 3
es=dys E,
7F =
AANA, A28 a3 &7t AEHA, Rayleigh

waveE TFAg (29 7 (d) && Rayleigh wave
8 Fa AR (2E 59 u)olH, et HSPHE(2E 5
S w)alwl, o)gk s\ AA E3 E, Abelel 90°¢]
A7 dorz, oF s—F wid u; Aol X 90°
9] QAR A (B &, e v B8 F bulk
A 8 sEe R vebdE)

o] % ol 715 Rayleigh wavex 1D = =544
27 (finger)s] 43¢l "= upef FFow AsialEvl
olw =2 %A kA3 ek AstEl Rayleigh
wavel Al AlAT2Y ID B 2546 g, o
W A3 era) FHdirect piezoelectric effect)E
Eatd AAH A5z 9Pse] ALt R o] 3
A= Bk FA b ge] AASAR, dd 4o
= 24, Rayleigh wave® 18} o) g4 719
Ad F3E o] 4 47 - A EH

TREGE H0% H IR 19814 35

@)
T }.
TCT Batw)  Ga(wW)
[{-1}
I T
) ! e« experiment
- !
- Ba(witwe = theory
B L.
R
~t
]
ol Gc(l‘/ fo| \Y )
o —— 1 .
L) [ ] 05 10 i

J3 8 (a) ID =EflaFA¢ LzZrise
(b) 257528 o] 4% B4y IAE
A2 ID Ef 254 oJErjuas o2
Aok AP ¥ @

ID Efl2FAd d g =48 A48 5L = FY
Stanford # 4 T &l o FoiF o, A
%713 Z(piezoelectric equivalent circuit)sl modal
analysise]l 9 T8 $ glov), Y4z AHaR
o2 Aaa, T Asbdg R &

7t g TSR ERARAY yAR %}v}.
ol Bgk RA—AAA Foslee TE 5 g,

3 8 (a)d Hol& Aol vz FA zhlel r3t 5}
#5713 2 (shunt equivalent circuit)e] =}

34 8 (a)f S7HERY Gulo)e wWAEHE 2
(radiation conductance), B,(w)¥ wa} A48 2
(radiation susceptance), Cr= 3 A4 bols] &3
(capacitance)Z& Jebdel. s, 29 8 (b A
29 AN Qe ID Ed2F49 o =¥ 8 2(admi-
ttance)d] o] Ex2} A A3 v msl =& Fol=)

ID E&FAE 2 Bde] vlx] AR = a}
o]l olefi} ¥fed(end-fired antenna array)st »

7] sl Eell, 2 99 F(bandwidth)e] 3 %‘94 -
o 99 ABA}. DG YA el gold ID Az
F-A7F AR 8 Aolst SAWSE] slzm el @ w) o] 3}
AR, &7 F=tg(synchronism frequency)s} z-Zu}
WA E, HAel 24 FAFE 2 & o7 F(net ex-
citation)= 4l deog ol =}y Aols 7
EJEAFAE Aden -’a‘r A9 Ee 724 e

ID ER&AR49 Y E9R L Glo)¥,
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SAW TECHNOLOGY 1

G.(0)=G,, (sinz/z) W
Go: FAFAS 0ol 48] FATYRE
X=aN[(w—w)/ws] '

N:gA%Y 4
2 FAAR, EfaFAd A Alstd A3 4ats
* AUAE ALY F9 A5 N v)dEEz,
Gol N2of wlal @+t @, Gok ID E2R44 A
71 &%3 g A& SRR

Gy=04/7) k0 N s (5)
K: faaAd g4+

Cr: Ef 2F%A %N ##)

ERAFAE TEsErE, 4 EK(source)s18] A
4}3] 2 (matching circuit)7} ¥ 4357 & EflA
FA Y Fsb2e(frequency response), E#H A%
A FAAQ T2 FEI = S A A3
. B AFAE AR 2 (B (0))7F vz
7l Rl Cre} vh¢d 9= &(inductance)g =4
Heow AP Lot F AP, o) AL G
FH=2Y Q%

Q=wCr/Go=n/4K*N (6)

o] Aok ¥4 4 444 EFAFAHY QE N3} 3ol
A ERAFAY ddFe F2 o] QFEE QU

AR, A We AGHL o] Fghe] LA Q
SEL
N2=rg/4K? @

Q Aol LiNbOE 2 £d, #4 945 ¢ 2
AR F(N)E, 5z (=47 "=

=, Gt Cr7t 2F JAAd vH sz, EY
ATAE AAE o YAY AolE ZAHNA G Al
29¢ F3FAE 4 . 2¥ 9= 50 ohm 4154
5 LiNbO, 25 14 A71A 9 ER2FAEAT

17;1 o Falgd G4 el WEEd g v £

=} o] Ay, G4 YA M P A9 F
S b AL AfEd s R E

g, g B2 SAW £Adq4, ERAFAY 9
2wt oy - AEd 2AA g3, &34 §5E
A s e Fed deld EdaAFAY A=
A Fagk FAlolw ofu &bl QA BE OF
S}4L 2 (T(f) : frequency response)e] Fa3+ FA
7+ A&, SAW £419] ID Elfl2F49 FA$d:
LS £u2k(h(¢) : impulse response)e] 23+

A7 Ak, (h(®)E Fourierd o &84,  T(H=E
e A : : .

b)=[" T(f)-expliznft) df] ®

5 AFE

;27;

o | /

AV L/

N=5-
N=3
|

i 1 \fo 1 1
' o2 Ha 126
frequency, (MHg)

8

conversion loss, (d83
B ®
]
/—

¥ o
L]

=
-]

a8 9. ID =R2549 YA 4743, 5, 70 A%
9 A

ID Efl 2% A AP 2E Arlsld AnzE
HolE fd BRA2FA AFT2A HE A E Z
E AAAQ H9ge] At o] Wy SAW HE&
(Rayleigh wave) 2]l 2 %444 FF7tez what
Ho] A, 2¥ 109 ID =lj2F 4404 24
EYLFA S5 FY& Wdor Astste
=8 ad7 ERAFAY F79) Aeld wel A &gt
P F= AL &+ deh Ao A QY2 $
2 h()E SAWS £x &5 WAz AT Ay
ol g Q¢ F U A 8¢ gugsi, ozt
L EP2TH Aol o8] HxwizsA A sktrun-
cated sinuscidal wave)2 Xy sinX/X 1Y s}
G $-E gL g gk olebfe A4 w4 9
Hx e, & SAW 2219 Fupd g5be], Ed 2T
A9 AL A} AHFE DALY AxE o] W
A Zo g AAIGE AL ¢ F Y ERY
2%A 4 o7 A4 Ee] std(wave source)d| 4 $4+

243 E V15 FE AdE, ERATH

L2 3

impulse &
——[-1 q %T f\\
‘ i |u| € E’ \/ /\/‘
HII RUL
response _> fru||n-n<“_+
ey e
inpulse ,T\ )
AR ER
B o 11
: impulse £~ ! -
b response L> S —_—
e . ] frequency
3@ 10. ID Ed2FA e JHL 27 Fojg S
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of g Lkt Yl Fog $HE dE AE W
o3t ek

uheF AZY w9 Folgdel aFH = A1 A
olwl 2 $ure sinX/X YU AQul, o] T4
A4 29 10 (bl A nol: A o], IAL A

ez zAH, (sinX/X)gsA 180° 44t
ERJLAFA A FEAT AR FAFSE 6
HA =E

o] Ast el ¥ & §rbst Falegate]l oy
10 (b)g) A Fol RAAA, JANA BEH2F4 F
zot QB2 AAE E ‘.‘— gleh Fsje ot
o] A% A4F st okl , (8inX/X) §He) 2
A Fejel A A7 "H%—(rlpple)‘é =3sta g4
Folth, el AARZE ERAFAY T BEAA
wA g sbEe], Bl awAY FAE 48 LTI A
a7t Az quasdelzsd W& Askg & 47
%= ‘phase front distortion’ u F-off o]o}7-& o] H &
) gdyg2grte] g gt

o2l §F &5} ‘finger breaking weighting®}] ¢

L1011 S I0) 12110 STV V111100 a1 A7 1111 g US040 ST TT g VY11 EET] S NERTY o S ETTE T SSTUTSTE] o SNTE T g ST o ST T T SN

oo} o] GRS HEY THE A=

ALA7 Bk
of

SHER, BRARTE, GREE £
B 5200 FEHAK 30f~508 mst
206—2253, 267—0213

2 %0 KW 8RR GREHRED 15 A

22 ARl mEfAje] RESHAA ubt
® 2d¢ RANTELS

[ LR [T g SN EHT1HT e ST N TET1 i SSTHTTEY] o T SNV AN ST [

BEs, BRE, BNMER. B BEWFE NRBN BRBRRT ?’Eﬂ-ﬁﬁnﬂ T B BW

AR BTER, BUERE. EdbiEE. sUEER, BbEd, BE BSKR® MERN BR

Of 2 FERERR(E R WEM s E BRE =8)
R ARELSRE@WEZRGD) AR FE KER 11-4 BEES 306%
@ RXREFE EXESE & RESAS Axde @ES o2 ARG Sz 4 A5 9

54 A+E ne s TAE AYNAA bt

T T T T S T T 1 S I T r~md T~ N S ) S

ERRGIE F304%8 £ 35 19814 318

g8 A ¢ e o] WL ofd JAE AR
AASE HAd 2 JAY T FE4 Ausiney
71 2 2 (open circuit)E AR M4 AZFL& zAstE A
o, et B HE WHEE AAgzm g+
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