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FIG. 3A
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FIG. 3B
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FIG. 8

200

100 - Q i e B R R TR ,.

Piezoelectric Constant dz; (pC/N)

0 i 1 i 1 i | L i
0960 0980 1000 1020 1040 1060 1080 1100 1.120

Factor e



9/14

(anfea AIeniqre ue :x ‘] pue gN JO SUO ISed] Ik i ‘TeloW I[e[e JO pUry U0 ISed 18 1Y)
SO™1g*11* 'y :(aseyd A1epuooas) aseyd [e1s£10 puoosg
(amonns a)ysaolad B SOIMINSUOD Jey) anfeA ATeniqIe ue if ‘onfea ATRNIGIE UR 12 ‘] = P+9+4+D)
JOQNP (PeD’r1%eN ) :(eseyd ureur) sseyd 1e1sA10 1sI114

S0 081 001 | so | o S sro | aN S| 90 |0L0T | 6v0°0 | 2200 | vLYO | SsvO | €S
o 96T 9L6 co | uw s S0 | aN S | 90°€ | 0LO°T | 6€0°0 | 2200 | vL¥O | O¥O | TS
170 A eret | 20 | 59 s S0 | AN S | 90€ | 0LOT | 6€0°0 | 2200 | vLYO | 9PO | TS
o SLI ezt | so | vz s S0 | AN S| 90°€ | 0L | 6€0°0 | TZ00 | vLYO | ¥9¥O | OFS
o 991 it | so | zZ s S0 | AN 3 | 90¢ | 0L0'T | 6€0°0 | T200 | pLYO | ¥9PO | 6ES
o ILT 091 | so | 3v c o | aN 3 | 90 | 0L0T | 6€0°0 | 2200 | bLYO | O¥O | 8ES
0 0L osTt | S0 | W S S0 | AN S| 90 | 00T | 6€0°0 | 2200 | pLYO | ¥O¥O | LES
810 661 6111 | S0 | od s 10 | AN 3 | 90¢ [oLoT | 6€0°0 | zzo0 | pLyO | pO¥O | 9€S
8%°0 00z wol | 0 | oS s s10 | aN 3 | 90¢ | 0L0'T | 6€0°0 | Z200 | P8Y0 | SSPO | SES
8€°0 8€T 586 RS S sT0 | aN 3 | 90¢ [0L0t | 6€0°0 | 2200 | b8v0 | ssvo | peS
90 081 00l | so | m S S0 | aN X | 90¢ [oLo1 | 600 | zzoo | v8vo | ssyo|  ges
€70 0L 0€IT o | — S S0 | aN 3 | o0¢ [0Lo1 | 6£0°0 | 2zoo | 8150 | 12v0 | (80S) zeS
LE'O $6 s€e 1 | m 0 ~ | — — Jooe fooor| o | o |ooso|ooso| 1es
1€0 56 0E¥ 0o | — 0 = [ = — Jooe oot | o [ozoo|osvo|osro| tvos
o mmﬁww ( ﬂ\mw MM@ HMMWMMQ grow | [een Awﬁ% x Eo_mzm - X | f 2 p > q v e
NP | omoaroozog | A | i onpuppy | 7000 | (Gseud Ampuooas e )
I yd 1e1s£10 puodeg oseyd [e1s£10 18I1,]

6 DI




10/14

U O “Do08 :SUONIPUOD Juswamsed}y  ('Jo

(on[eA A1emiqie ue :x ‘], pue qN JO QU0 1Sea] Je :g ‘[eIoUl I{e)[e JO PULy SUO 1SBI[ 18 1Y)
SOy ((eseyd A1epuooas) aseyd [eISAI0 pu0odg
(armonns 91{sa01ad B SIMIISUOD Jey) anfea AreNIqIe UR ;f ‘onfeA AlRNIGIE UR 12 ‘] = P+I+4+D)
JOaN°Pe°r1%eNCS]) ((aseyd ureur) aseyd [e1SA10 ISIT]

6 $0°So od ‘nD Y ST'0 aN p: | 90'¢ 0LO'T | 6€£0°0 | 2200 | ¥8V°0 | SSPO ¢es
L 0 - g ST°0 aN p:! 90°¢ 0LO'T | 6£0°0 | TCO0O | 8ISO | 1Ty O 80S
12 0 = 0 = = — 00t 001 0 0200 | 06¥0 | 06¥°0 v0S
¢ 0 == 0 = = = 00t 00T 0 0 0050 | 0050 £0S
(wrwy/AY) Hiow BN AWMMMV x EoMoE EQ«MB@ 4 ? P 7 1 2
(3 L KIepuo029s (aseyd Arepuooos) (eseyd ureur) dduwres
Sqeonddy [EISW 9ABIPPY JO AU aseyd [eISAI0 Pu0dag aseyd E@Qo 1811

0l D4




11/14

aseyd SOQNFILY  61¢T :oseyd JIN

oseyd SOANILLY  SITT :oseyd SIIN

:(eseyd A1epuooas) aseyd [eIsAI0 puodag

(oInjonns nysacled B SAININSUOD JBY) AN[eA ATeniqie Ue ;f ‘onfeA ATeNIqIR UB 13 ‘[ = P+2+4+D)
0N (PeD’rT%eN"Y) ((eseyd urewr) aseyd [e1SA10 1811

61€T ‘SITI 61T ‘STTI S0 UN ¢ 90°¢ 0L0'T | 6£0°0 | 2200 | vL¥'0 | ¥9¥'0 | (6 OID THS
CIT1 SITI ¢0o uz S 90'¢ 0LO'T | 600 | 2200 | vL¥O | ¥9¥'0 | (6 DIA) OPS
61¢T 61¢l ¢o °d Y 90°€ | 0LO'T | 6£0°0 | 2200 | ¥Lv'0 | ¥9¥°0 | (6 DLI) 9¢€S
61¢€T 61¢l 00 od ‘0D S 90°€ | OLO'T | 6£0°0 | 2200 | ¥8%°0 | SS¥'0 | (6 DID) SES
SITT — ¢0 ‘0D S 90°¢ | 0LO'T | 6€0°0 | 2200 | ¥8%0 | SS¥'0 | (6 DI €S
SITI ST 0 B 1[4 90'¢ | OLO'T | 6€0°0 | TT00 | 8150 | 1TH0 | (b DI TIS
CITI 81! 0 = 01 90°¢ | OLO'T | 6€0°0 | TTO0 | 8IS0 | ITK0O | (¥ ™OID) OIS
SIT1 SITI 0 s Y 90'c 0LO'T | 6£0°0 | 200 | 8IS0 | ITv0 | (#DIA) 80S
STl — 0 - € 90°¢ | 0L0'T | 6€0°0 | TTOO | 8IS0 | IT¥'0 | (¥ DI 90S

94 TOW B0 (910w) i 2 p ) q D
(SAxF-NW4L) (@ax) aseyd
aseyd JIN aseyd STIN [B10W SABIPPY A1epuooas (oseyd ureur) ojdweg
30 o0, aseyd [e1sA10 1811

oseyd [e1SAI0 puooas se aseyd SOANLLY SUIXIW JO 98D Y,

[T DI4




12/14

oseqd SOANFILY  61€T :oseyd J[IN

oseyd SOGNILY  STT1 :eseyd IN

:(eseyd A1epuooass) aseyd [e1sAIo puodag

(emionns apysaorod e SAIMINSUOD Jey) ANJeA ATeniqie Uue if ‘onfea Areniqie ue 12 ‘[ = p+2+4+v)
0qN° (PeD’ 118N :(oseyd urewr) aseyd [eISAI0 1811

61¢T 61¢l g0 UN Y Lo | 080T [ 6¥0°0 | €600 | €050 | 9IV0 LSS
61¢tT 61¢l g0 uz S Lo | OLO'T | 6¥0°0 | TCO0 | 80S0 | 12PO 9¢S
61¢l 61¢l S0 2 ¢ 90'¢ | 0LO'T | 6600 | CTO0 | SISO | ITrO ¢es
61¢l 61¢l $0‘s0 o ‘) S 90¢ | 0L0°T | 6600 | TTOO | ¥8Y'0 | SSYVO 12D
61¢T S S0 np S 90°'c | 0LO'T | 6€00 | TTOO | ¥8%'0 | SSVO €SS
61¢l 61¢l 0 - S 90°'t¢ | 0LO°T | 6800 | CCO0 | 8IS0 | ITVO ¢SS
61¢l — 0 — g 90¢ | 0LO'T | 6600 | TCOO | 8ISO | 1T¥O 1SS
9410 eI (9 10u1) i 2 p 2 q v
(SaEFWAL) (@Ix) aseyd . -
oseyd Y IN aseyd LN [BJOUI SATIPPY Arepuooes (eseyd ureur) ldureg
U 10 JueIHON) aseyd 1eIsA10 1511

aseyd [eIsAI0 puodas se aseyd 6QQNELL I SUIXTW JO ased Y],

¢l DId




SOSTIQNS8 011 S8 03 :(oseyd A1epuooas) aseyd [eIsA10 puodas

(sonns anysaorad v saINIISUOD 1Y) an[eA ATenIqIe U i/ ‘On[eA AIeniqre Ue :2 ‘] = Zp+[P+2+G+D ‘Bg Puk IS ‘8D JO U0 1sBI] 1@ 17D ‘1D)
(aseyd ureur) aseyd [eISAID ISI1

OAN’(#FZD 1D TeN"Y) ¢

payoed Ajasopo jou 0 = 0 LOE | 80T | T10°0 | 6€£0°0 | TTOO | 8LY'O | 6¥Y'0 | Bd ®D 18S

paxoed A1asoo jou 1606060 | 1Z ‘uZ a4 nD S 60°¢ | TI'T | 1100 | 6€0°0 | TZTO'O | 8LV0 | 6¥v'0 | BL BD 08S

Iv°0 S0T 00ST 1°60°C0°C0 | 1ZUZ ™ ‘1D S LOE | 60T | I10°0 | 6£0°0 | 2200 | 8L¥°0 | 6¥¥0 | B ‘BD 6LS

6€°0 pLI 09¢1 1°6°0°6°0°6°0 | IZUZ a4 nD S 10€ | 860 | 1100 | 6£0°0 | 2200 | 8LY0 | 6¥¥0 | B ‘BD 8LS

St'0 S61 00€1 [°60°S0 170D ‘IN S 90'¢ | 801 | 1100 | ¥€0°0 | TTO'O | LESO | 96€°0 | IS ‘ED LLS

LEO 44! 0L0T 16060 17 ‘0D ‘IN S 90'¢ | 801 0 | Sv00 | 2200 | LESO | 96€0 €D 9LS

€0 Izt 886 [°60°C0 1Z ‘o4 ‘nD S S0€ | LYO'T | 2100 | 6€0°0 | TTOO | 8LY'O | 6¥¥°0 | B BD LS

1ZA\ €8 #06 16060 17 91 ‘nD S 10€ | 860 | 2100 | 6£0°0 | TTO0 | 8L¥0 | 6¥%°0 | BL BD vLS

%0 €81 8zl 1°60°S0 1Z 0D IN S LOE | 80°T | T10°0 | 6€0°0 | 2200 | TESO | 96€°0 | IS®D €LS

€%°0 681 62€1 16060 IZ ‘nD ‘IN S LOE | 801 0 | 0S00 | 2200 | 2TESO | 96€E0 €D LS

9%°0 S0T LIET 1°60°60 17 ‘2 ‘0D S LOS | 80°T | 1100 | 6€£0°0 | 2200 | TESO | 96€°0 | BL ‘BD 1LS

L. LY 112 8LT1 1°60°60 IZ 9 ‘np S LOE | 80T | 110°0 | 6€0°0 | TTOO | 8LY'O | 6¥¥°0 | 1S ‘BD 0LS

ml 8%°0 L1T 06¢1 1°60°60 17 ‘o ‘D S L€ | 801 0 | 0S00 | Tzo0 | 8LYO | 6¥F0 €D 69S

—~ 150 €ST 0SST 1°60°60°S0 | 1Z ‘UZ °g ‘0D S LOE | 80T | T10°0 | 6€£0°0 | TZTOO | 8LY'O | 6¥F°0 | BL ®D 89S

LY'0 S0z Shpl 16060 17 ‘U7 ‘o S L0E | 80T | 1100 | 6€0°0 | TTOO | 8LY'O | 6¥¥°0 | BE ®D L9S

750 274 2081 1°€0°90 17 ‘9 ‘n) S LOE | 80'T | 110°0 | 6€0°0 | TTOO | 8LY'O | 6¥V'0 | 'L ‘BD 99S

S0 vET 08%1 1°60°C0 17 94 ‘nD S LOE | 80T | 1T0°0 | 6€0°0 | TTO'O | 8L¥'0 | 6¥V'0 | 'L ®D §9S

9%°0 €0T 484! 160 1Z ‘uz S LOE | 80T | 110°0 | 6€0°0 | TTOO | 8LY'O | 6¥¥°0 | BL D ¥9S

o 81 Sovl 1°60 17 94 S LO'E | 80T | T10°0 | 6€0°0 | TTOO | 8LYO | 6v4'0 | Bd ®D £98

050 $TT 0LET 160 1Z 0D S LOE | 80T | 1100 | 6€0°0 | TTOO | 8LY'O | 6¥¥'0 | ®d ‘®D 79S

o 681 LOTT I 17 S LOE | 80T | 110°0 | 6€0°0 | TZOO | 8LY'0 | 6vF°0 | ®d ‘BD 19S
LEO S6 SeT I no 0 00€ | 001 0 0 0000 | 00S'0 | 00S0 e (6 DL 1€S
1€0 6 oomw 0 = 0 00€ | 001 0 0 | 0200 | 06v°0 | 0640 ED (6 DIA) v0S

10308%. 3 0, g
suginos | MDD | gy | Bow | mew | G | 42 @ e ] o | e ] |
Ted1ueyoowx ol1ve ) )4 oldure
Mmooy | CoRte07atd | St [e1w 2ATIPPY o ol

¢l DI4




*(e7040 [ewIaY) 91} I} JUSWae J11n03[20z3ard ayl Jo sanyadoid oy se)
amjeradura) wooI je Juowa? o1o3[e0zard oy Jo sanradoid owosrsozard oy arenfeag  (€)
‘(ornye1adwa) yoes Je oy | 2w SUIp[oy) Uy O, Z JO 918l ISea100p/aseaIoul aInjeraduwa) € je

1.4.£1.4

%02 9 02 2 06 060T PUB D,08T “De0T “De0ST D08~ JO 3[9A0 [EULIY) 0 JUSWd[e 011da20zatd a3 103[gng ()

"(Quawra[e oLos[20za1d oy Jo seradoad renmur oyl se) aamjeraduws) WOOI J JUSWI[S J1NI9[a0zard ay) Jo

2,051 5051 sonzodoid ornoora0zatd ay) ojenfeA? PUE 1BISOWISY) B UT JUSWA[R S1109[90za1d M MMMMH uwmrm

SOSVTIQNSB 0L 80y :(aseyd Arepuodss) aseyd [BIsAI0 puodas

(amyonns AnysA01ad B $9ININSUOD ey} anjeA Areniqie ue if ‘onfes ATeniqIe Ue :2 ‘1 = gp+[P+2+G+D ‘@ PUB IS ‘BD) JO 9UO 1SB3] 18 17D ‘1D)

0N’ (#zD™P10°11%eN"3)) :(sseyd ureur) aseyd 1e1sh1o IsiL]

¥'0r- ev'o 87’0 1°6°0°60 1Z 94 ‘np S LOE | 801 0 | 0S0°0 | TT00 |8LVO | 6¥¥0 BD (€1 DI 69S

81~ Sv'0 160 1°€0°60°C0 | IZuZ 9d‘nD ¢ LOE | 80T | T10'0 | 6€0°0 | TTOO | 8LY'O | 6vH°0 | Bd ‘8D | (€1 'DIL) 89S

i €1C LEO LY'0 1°60°60 17 U7 4 S LO'E | 80'T | T10°0 | 6€0°0 | TTOO | 8LV'O | 6¥F°0 | B “BD | (€1 'OII) LSS

w 1295 144Y S0 1060 TZ 99 ‘nD S LO'E | SO'T | T10°0 | 6€0°0 | 2200 | 8L¥0 | 6¥v°0 | ed BD | (€1 DIA) 69S

1°9¢- 1240 9%0 1°60 17 uz ¢ LO'E | 80T | 1100 | 6€0°0 | TTO0 | 8LY'O | 6¥¥°0 | B 8D | (€1 D) ¥9S

ek 9¢'0 wo 1°60 17 g S LOE | 80T | IT0°0 | 6€0°0 | TTOO | 8L¥'0 | 6¥¥'0 | ed "BD | (€I DIA) £€9S

00z 0¥0 050 1°60 IZnD Y LO'E | 80T | T10°0 | 6€0°0 | TTO'O | 8L¥0 | 6¥°0 | BE ®D | (€1 DIA) 29S

8T 0 (440 I Z S LOE | 80°T | 1100 | 6€0°0 | 2TO'0 | 8LV'0 | 6¥¥°0 | Bd “BD | (€1 DI 19S

96T e0 ev0 0 — Y 90°¢ | LO'T 0 6£0°0 | TCTO'O | 8IS0 | 1Z¥0 €D (6 DL T€S

iD= cro LEO I o 0 00¢ [ 00T 0 0 0 0050 | 0050 — (6 DID) 1€S

LLY 010 I€0 0 == 0 00c [ 00T 0 0 0200 | 06¥v°0 | 06¥°0 eD (6 DIA) +0S

9 9[0Ad ‘
Wmﬁ __mwwwu Mrﬁm 910w eI Awﬂ% o o | | P | 0 q v Hmweww
o[ 10308 Suridnos ATepu0oas (eseyd utew) SIS
[BOTURY WO [E1W SALIPPY JO juauoy aseyd Hsmbo 18I

1 DI4




