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FATLL IM 458 T 1) s-ZnO/Dia A, #H5 T H
Rayleigh ¢ M1 Sezawa I 7E % [X 38 Bt 3T £7 #2 37 1
A DL, W 6 Frax, B Juy, |uz| B Jus] 53
AR R PEALFE R EI R (q T7IA) &, K
SEEIY) (o A o EAEE Y] (k)
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IR XTME B2, BT Jua| S8 2N, 1T wy FA us AHAL
M2 7/2, Fr DL RIS R BTE x) —x3 “PTH
YT B B e . ¥ 3 BB B kyhzao HH O 1.21 34
K F| 1.24, H Rayleigh ¥ 7 #% % & H 9\ 7] 7 &
F T HIME PR SR HEE Y& S
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— |u]
os MO —-— |u,
=== Juy
~1.0 s
0 0.5 1.0

HEXTIRIE
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_ 08 MO —-— |uy
===
—1.0 .
0 0.5 1.0
FHRT PRI
/]
ZnO _ .-~
Dia
— |y
== Juyl
===
—1.0 .
0 0.5 1.0
AHXTHRIE

SR 5w 3R 2, T Sezawa % 17 B8 K & (1 A2 4K,
5 UL 5 Z M S, ) R AE kihzno = 1.2263 FTI
I, e A 2L A% O% B 1) AR & HE L L e, X T
HE AL 3 BOM AR BE T R S K2 3 W AR AL
JEAL.

0.2 y
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/ Dia
/
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/
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~ —0.4ay!
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6 s-ZnO/Dia 7E I-M £5#4 F Rayleigh ¥ (M0) 55 Sezawa % (M1) TEAN A kyhzwo WAL (2) kihzo = 1.21; (b) kihzeo =

1.2263; (c) kihizno = 1.24
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£ B ZnO/Dia F v & 1 75 3 T 3% 4% 14 1),
ZnO R hzno WIHEREE 0 H B, X AMUEH
FEARAF T KM F A & R 2 K2 R = (1 75 55V,
I ISR Bl /N R e R s U120 T
AR B8 b F S R oo T 20K P A R, o e R AT
TEMNE 4 I 5 A EE LRRER.

T 5eF Rayleigh % (MO), M\ 5 rhiE= 3, £
I-F, F-1 fl M-I 4580, HLER & R 2 K? fEE A
UEEAFL, AE FT— AU AR A, 6 BT ] 4 o (0 4 ek P
e, T BARECEAN K, B DA 2 BT S 2K
MAE K> 15— WAL, AR K2 W REIR & (e
M-I 124 6.7%), AB XS RLET V, ZIAK (40 M-T
9 4493 m/s), IXERZ T AL G R i T A Y
A LA 7R M g58 R, T K2 7RI E T
AR, EHLXERI V, SO K, Bt DAE G AR 3 1)
PEH R TSR 28 1F, BT DUE R SEIR K2 IE(E 1Y
FEAMHEAT BT, BROA AL K2 R0V, #0810 H W,
AT AN K.

Xf T Sezawa ¥ (M1), M K&l 4 thwaf L&
B, 7F kihzno < 1.0(EK hzno < 0.1614) I i 7 i
(> 7000 m/s) [X 35k, HXFRT K 5 # 1-M, F-T1 fil M-I
ZERIH I K2 AR K, X EAR A R T AR 2R 1 B
F, ARV, £E G IX 380 B e SRRSO 1, A4S 24
T2 HIHMERERE K. 7E kihzno > 1.0(BX hzao > 0.161)
FROAEG P Tl X33, B AR B AN v, AH AT AR /)N,
B Z T Rayleigh 3, i BTN K2 1R &, #51E

K2 VAR BT V2 U 9 U8 B A, A TR RE AT DA H
e 133341,

XFT R (M2), MBS ] DUBH R 31,
15 F-1 45/ I K2 AR 71 (< 0.15%), FIT LLAR 3 B
P Sz 8844, AR I-E, 1-M A M-1 254 o, i AE
kihzao = 1.0(8% hzno = 0.164) BT ) K? #ewh, H
Xof ST B 4 R R B EE KT 10000 m/s, V,, AR
WIEH, R HI L IEE hzao WIAEE, A P RETE L
AR B I A s A

F 2 AR 3 F45 T s-ZnO/Dia 1 p-ZnO/Dia 7E
DU F 3 77 =R JT = A 2 B id A AR A A
) — L Y ZnO B JFAH hzno~ A HAH L R AH
Voo HLEREA REK? 1V, BAHCRC /D, 3 v,
FRT AT 551 A LA Sk 2t 3o B i S V12 A
TBL v, £E DA f I B E hzao HIARAGAR
d(Vp)/d(fhzno) KFow, HAH R AT DL g
L AE f = 1 GHz I, PRl £ ) ZnO JiE 5
hzno WWERVEBETHEAAZE 1 nm IV, ZE4LAI KN, Hh
T IDT &3 A P EAE E Y um, LS AHEE v,
AL 1 m/s IS, SRR A I AR S R
1 £ MHZZ 1/A MHz. 32F5 78 ZnO /4 NIA
BRI VE L FE P, ZnO JE R R Bk 5 5 1 B8
— e SR AR E R ZE, BTl V, B
BB X T 2 2 250 25 A i Bk A /F BT 221
ZEAH.

R 2 s-ZnO/Dia EANFBIT 75 7T A =l 75 2 e e 1k 4R S 40 fi

AR Wb 77 2 hzao /A V,,/(m/s) K*/% d(V,)/ d(fhzao)/[(m/s)/(GHz-nm)]
I-F 0.18 6400 0.43 -171
MO I-M 0.19 6304 22 —1.40
F-I 0.14 6824 0.69 276
M-I 0.14 6816 223 -2.83
I-F 0.58 5229 3.62 —0.74
I-M 0.11 9045 245 —-10.39
Mi 0.58 5227 3.58 —-0.77
F-I 0.11 9133 1.84 —~10.08
0.20 6325 372 —4.18
M-I 0.11 9132 4.59 -10.15
0.20 6281 8.45 -5.13
3 0.16 11644 112 6.0
M2 I-M 0.16 11644 1.81 6.0
M-I 0.15 11929 0.72 -5.18
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# 3 p-ZnO/Dia TEA [FEURN /7 20T BT =Pt 208 SR ik R 1k M 7 2 40l
FEPAE W77 X hzno /A V,/(m/s) K2 /% d(V,)/d(fhzao)/[(m/s)(GHz-nm)]
I-F 0.23 5465 0.67 —1.16
Mo I-M 0.22 5483 2.76 —1.40
F-1 0.16 5986 0.99 —2.66
M-I 0.16 5979 2.50 —2.74
I-F 0.64 4649 2.99 —0.53
I-M 0.12 8455 1.76 —9.68
Mi 0.64 4647 2.96 ~0.55
F-1 0.10 9348 1.44 —-9.25
0.24 5428 1.98 —1.28
M-I 0.10 9347 3.06 —-9.23
0.25 5353 1.66 —-0.97
I-F 0.16 11276 1.17 —8.7
Mz I-M 0.15 11695 1.86 —17.82
M-1 0.14 12036 0.72 —6.03
TS5 S W B, L Si 2L 10— Zo DTS
Fioft, SR BEIT Ry 106 8 A 1R . AT e I /22064
2R (M2 kb > 4(8 hpia/A > 0.64) 5 i Frow/2=10
i, ZnO/Dia/Si 1 {1 75 2% [ % fl ik 44 & 2 4 o S -l N R L
Z0O/Dia 2 TTRAEBIS Si HE. T Rl k2 E e RN PR BT
e, FATTHR T F-I 454 T s-ZnO/Dia/Si 1 Rayleigh @ ) J TNhon/r=25
WAEAN[A] e WA R 5 hpi, I AR 3R AE, Q0 7 107 J
iR, 244 WA T hpi A BE. kihzao < 1.44 B, 07 05 Lo s 0
Rayleigh I I 3 K B8 1o i Aef i 1015 B 1) 4 38 38 ki lzno
(~ 5645 m/s), FIt LLH: #5684y e & 2 il o 5 4k 7= ) 7 s-ZnO/MDia/Si 7F F-1 41 F Rayleigh 75 AR 7 4 {1 A
A2 T MR i He S Y, WA 31 S i R ARG, 52 7 o PRI
B S (%) P T I O RN T R T 6 TR R T PR
‘a

W, AL REIFE /N T 1073 dB/A I B3 AL 3% 45
FEXT 23 B A0 T LL 2. £ DA A A v ot 1 7
BEATEE G KN, 2 hzeo /A BN, ZnO/Dia/Si
H 1 NI IR IR hpi, 52 /0 B R hpia > 24 A REZ
W& Si At JEE F S2 I, eI ZnO/Dia/Si H A A5 2 1
FetE S ZnO/Dia W B A AR R, 1 i SOk (1]
SEIG KA AR AE ZnO/Dia/Si 3 BT, 5 T
H4 NI BT hpig = 20 pmBel, MR 3 4F1 IDT 4
WA =68 8 umll, BARWE L hpi, > 24, BT LA s
B4R 5 A A5 ZnO/Dia 75 2% T 4 1t 45
REFE1FIRLT.

AL UL BE B R D B A, HEF T ZnO ¥
J55/4: WA E 1-F, I-M, F-I i1 M- DY il 4644 F
A BN BE B R A, A T RUFE T2
fm ZnO(002) ¥ 5/ 2 i 4 NIl ATERL i ZnO(002) ¥
L/ 2 it < WA DU el Jh 26 4 7 2 T e A =X ) A
TR AL R A R BO T 28, i i 5 A O SRk
SE 0 UM 1 P, BRAIE T AR ST B VR B R
BEA, ITHS 45 R R A o B R B 1) AT
S THT U PR AR R, FEML R B R BO0 Bl 2% 1 1
ANFIFN ZnO MRS HU 2 R BURAS 2, 1 HL 2
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ZnO JEJEH/INNE, £ 85 ZnO H i) K2 45 AT g Lo
ZnO FHIK; 2) 1F Rayleigh 3 F1 Sezawa I AH 3 J&
T B I RER X3, UL AR S RACE I T R
AR LB, X A 5% X I I PR AR A RS
TR A I B 0%, B Ja A SCHIH T ZnO B 4>
WA 5 7 DY 38sh 7 20T R = 7 2 T 8 A X

) — L g R 7S S 24, I ZnO R IR AL
FLRE £ 2R B80S A S R AL 5, IX S SO0 T )
AR hpia > 2 (A D9 SR FAR A ) 1) ZnO/E )|
A1/Si R TS ERE T, B DO T i A< M A S R T
G F R B AN BAT S B A,
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Abstract

In the last twenty years, the ZnO/diamond layered structure for surface acoustic wave (SAW) devices have been widely studied
and have attracted great attention, due to its advantages of high acoustic velocity, high electromechanical coupling coefficient and
high power durability. Distinguished from the conventional single-crystal substrate (such as quartz, lithium niobate), ZnO/diamond
layered structure shows dispersive SAW properties, which can be excited by four ways: interdigital transducer (IDT)/ZnO/diamond,
IDT/ZnO/shorting metal/diamond, ZnO/IDT/diamond, and shorting metal/ ZnO/IDT/diamond. In this paper, the formulation based on
the stiffness matrix method for calculating the effective permittivity of ZnO/diamond layered structure under four excitation conditions
is given first. Then, by using this formulation, the SAW properties of the monocrystalline ZnO (002) film on polycrystalline diamond
and the polycrystalline ZnO (002) film on polycrystalline diamond are calculated respectively. Based on the results of calculation, the
ZnO film thicknesses qualified to design and fabricate SAW device are analyzed in detail. Finally, we discuss the function of diamond

film thickness of ZnO/diamond/Si layered structure so as to avoid the influence of the silicon substrate on the SAW properties.

Keywords: surface acoustic wave, piezoelectric multilayered structure, effective permittivity, stiffness matrix
method
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