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Fig. 1. Fabrication procedures of 1-3 piezoelectric composites.
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Fig. 2. Samples for full matrix constant determination of
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BCZT textured ceramics.
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F 1 JEHIRTFHPLHESETRIE R
Table 1.  Corresponding electromechanical para-
meters of piezoelectric vibrators.

Fe R T

e

R /mm WRSH  HHESK

LTE 12.01x2.46x0.32 s, k31, els, €55 da

LE  0.39x0.40x2.17 503, kas sts, dss
TSE ~ 0.32x2.19%x5.43 2, k15, €1, €5, dis, by

TE  0.62x6.52x6.50 By, ki, €55, e85 &y

Fs FL A AR 0 55 1 I 2 s PR V N T
p ZVTAE X B oy = V2, B 5 AR IS
RN E AT RSP R A T B R, SEge b, SR
RS K o [ 304 325 4303 [001] 0 [100] b i ) £
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S TA 5 mm x 5 mm x 2 mm FZEH{A 3£ 2
RGN T B B AN A] d m) b A P  R H
XoF 7 1) S T R . R AR v, kb e R
100 PR 3K 3 He H s B A 7 AR BB S AR5, it
S A AU R T SR R S B (F S S A
US55 AP P VR T A5 5 PR B T Tl B, 45 5 T
DA AR SRS, 8 P R ZE AR v A A% 38 )
THETR.

F2 MPRREAN T HOMAE R B D6 AR
Table 2.  Ultrasonic velocities and elastic stiffness

constants of ceramic samples.
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c® —cF =e'h=h'e=¢'B%¢ = h'e’h, (5)

d=es* =¢'g, (6)
e =dct = &°h, (7)
g=nhs"=p"d, (8)
h=gc® = G, (9)

e, s T sP 43 Ay e e 37 R H A7 A% L 2
TR, P AP 43 A HE S AR LAY RS S I
HWEL, €T A eS 4l A H Rz Je A LR L, BT A
BS 435k A FAZ Je A HL B B 23R d hy s FRL I AR
B, e HIEAN JIHEEL, g WIEHEHBEEE, B oVIE
LRI RE H A, ¢ AR PR

R T HAIE B AR SEERPE, R =&
BSUE Dy 12, R I R R I A 2 R 5
PEEEC A D e R R A N AT,
FbHARIE T AR RG, X L T X PR A 3 )
HOEL, LIS TR GG B HE I kS . Lk, SRk A
MEAIHLHL RS S REL (ks = 0.733, k5 = 0.504) 5 H
BRI (kyy = 0.732, kyy = 0.504) BEAT L
B R KA 22 <0.2%, IS T A
Bl Al . BT A DTS R

T A T S

2fan 2fan a %’
’Nfl’e Trfrf;: CE
k2 = cot( ),k2144, 10
1o 2fan 2fan 1 C4D4 ( )

A, fe MIEIRAR, fo, I FOEIRMR, Af =
fan — fre - WEAL, Kegg {EE FT L3 2P TETHL LR 5 R
Bk, Ak A (11) SHBEATAR TR, AT 452 0.72,
5 A R A BAR AR L, 22BN T 2%, Xk
—PIBUE T R A 1

k3s = k2 + ki — k3 x k7. (11)

3 #ER 5
3.1 Z#) BCZT MEMMUEHFIFEIR
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Fig. 3. (a) XRD patterns of random and textured ceramics;

10'11:_:2/ :

(b) cross-sectional SEM image of textured ceramics.

Lotgering [N FiE T8 LU B fio, A0 L2
AR RN RTY TR WS RNy A OLL N AT & G (EME G ST
LA BB DR ) PR B AN SRR, R I A e B )
FER, BRI A BE 25 A A RS . ik, SR EBSD
FARXTEUH BCZT Wi e A T X S A4 50 #t.
&l 4(a) B EBSD K BB 50 A LLLL R 3, K
BB AR [001]) 7 mEEPL AL, XTRAY (001) Al
K (I 4(b)) A (K 4(c)) K EBSDHL %L
P 0 ST AREE Y, SR B B db b A & BETE (001) 4.

30 S M1 AT BRI RO AT, T R SR B s 1 2 I
(full width at half maximum, FWHM) ZJ°4 3.4°,
A AR T SCHR AR T8 2 S L B FWHM 1
7°—9° 20220 i AR BCZT P Sokiify [001]¢
D5 e U] AR B, SRR 25 [001] ¢ J7 1) 14 £ B2
BN, AT RS SR R k.

(a)
[001]c

[111]c
[101]¢
(b) (001) Intensity/ (c) (001) Intensity/
arb. units [001]¢ arb. units
u 21.83 E 20.88
0 0

TD

[111]¢
RD [101]¢

4 1y BOZT Mg % (% (a) EBSD [ . (b) (001) #% & 0
(c) (001) STk [#l
Fig. 4. (a) EBSD map, (b) (001) pole figure, and (c) (001)

inverse pole figure of the textured BCZT ceramic.

3.2 ¥ BCIT MEMEEMNEBESHE

F3XELT [001] 2 BCZT Wi & i stk &%
%, 3+ 5 PZT-5H JE HL P % (Comsol £ Fl =
2 SCHK [17)) SEATXT L. 80 BOZT B & v Akl
7 [ (R 5 K 2R e, R 11.0x 1010 N /m?, B&AIK
F PZT-5 H Y 11.7x10"° N/m?, £ BCZTTEHN
Tl I L dob 24, DT B 5 7 AR B RN A . AN
Hiu, 2149 BCZT B & 1) s 2 4 555 hy 26.7%
1012 m?/N, & T PZT-5H % 20.7x10 2 m?/N, i
— RS T AU M G IR A S, AR TR
PEREDLAL IR AT (A A, U BCZTHI %
TR LB 0 25 1 45 ] SRR, 2y T 1T AR
VLA WA L 04y = — 5, /55, A 0.01, BLIATEIZ
TN LT JokE [ AR s T -2 - T A ] WA 1
ALY 0y = —sbs /5%, TIK 0.79, PEIILEIZ T N AEAE
B FURHE RN . Poterala &5 23] fE21f4 Pb(Mg; 3N 3)
Tiy-PbTiO; (PMN-PT) P b & 8L T MBS,
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To18 4 e Mn 822414 PMN-PT B % 1A 4 Eb
Oy 5 -0.01 1 0.04, X ik — 2/ UE T ZUF4 4
BHARA L& 1) S 4B 5E o) B e B T f b
ML A1, L2 O e 232 I 7 34 RA 45 1] () 4, YRS
FLFSEAETE 0.3 224 (40 PZT-5H F% -k 0.3),
MU BCZT W& iy ARy [001] J7 R HES
SO SN N 2 IR S ) SR RRAE, sty (ER
N, sE H S BG R, FETTANA L 25 ~0.3. 28U F
BB SR ZN A 1) S TR HE R s AR R e R i
PEAL TR, E PR AR IR SR A R, T
A RAD AR B R AR, ST AR
EMESE S PR

*3 4 BCZT M% 5 PZT-5H M % (K1 Comsol

BRI RS SCHR [17]) B3k 5
Table 3.
compared to the PZT-5H ceramic (from the Comsol lib-
rary and Ref. [17]).

Elastic constants of textured BCZT ceramic

BCZT PZT-5H
511 /(101 N-m™2) 13.9 12.7
E, /(10" N-m2) 6.9 8.0
'15 /(10 N-m ?) 8.7 8.5
¢k, /(100 Nom 2) 11.0 11.7
E /(10" N-m 2) 47 2.3
9%]& E /(1010 N-m?) 2.9 2.3
e /(10" N-m2) 14.2 13.0
‘1’ /(10" N-m ?) 72 8.3
D5 /(10" N-m ?) 7.8 7.2
D /(10 N-m 2) 13.7 15.7
D /(10" N-m2) 6.3 4.2
Ds /(101 N-m 2) 2.9 2.4
sb, /(1012 m2N 1) 14.2 16.5
}i: /(1012 m2N1) -0.1 —4.8
s§3/(1012 mN) 112 85
sE2 /(102 m>N1) 26.7 20.7
E /(10 12 ) 21.4 43.5
Jnm %66
R sP, /(10 12 m*N ) 1.1 14.0
113 /(1012 m2N1) -3.1 -7.3
s, /(1012 m>N'1) -4.5 -3.1
533/(10 2 m2.N 1) 124 9.0
D /(1012 m2N1) 16.0 23.7
505 /(10 12 m>N'1) 34.1 42.6

FAXH T 41K BCZT B % 57 H PZT-5H
B 25 1) e FL R BRI A L E B 2K BCZT B %
FOUH B Y B PR RE, ) R R dyg M
605 pC/N, =T PZT-5H B 593 pC/N, Tl HHHL

LR B4 gss M 23.6x103 Vom LPal, % PZT-5H
PEE 19.7x103 V-m LPa ! 27 20%, X B E K H
21t BCZT P % i) He e P 4 Re 2 76 B R B
Al REEE PZT-5H. X B H 2 H S, £ 4Pk
L RSO R AL RIS, LR85 /N T e
A dyg M (SO ARSI, 32 SR R R v s v A
ERLRIK A K dss=Ds A/ (T5A)=Q/F , H A5
FIHIE RN N dag = (DsA — el B3 A) /(T3 A) =
(Q — el E3A)/F , X AT, Dy WA, Ty
KRS, Q AHLf, F o). SEBRERET o
SRIE B XfELIN G HACE AR/ N, Fr LA Z 0 T %
Ey s, 30 A D F R B UE I =
e PR RE 7 IHT, 200 BCZT F% ) A ti v i
BreS, N 1341, ¥ PZT-5H (&5, ~1434) FFA% 6%,
AR HLEECA B T/ N LA, IRER S5 -5 k)

# 4  4M BCZT 5 PZT-5H Mg % (& Comsol

BRI S S0k [17]) 19 F R HL o 4
Table 4.
textured BCZT ceramic compared to the PZT-5H
ceramic (from the Comsol library and Ref. [17]).

Piezoelectric and dielectric constants of

BCZT PZT-5H

e15/(C-m?) 16.2 17.0

e31/(C-m?) -5.8 6.6

e33/(C-m?) 17.8 23.3

dis /(1012 C:NY) 347 741

ds1 /(10712 C:N'Y) —281 ~274

R dss /(1012 C:N'1) 605 593
WH g5/(103 VmtPal) 156 26.8
g31/(10% V-m “Pa!) -11.0 -9.1
g33/(103 V-m -Pa 1) 23.6 19.7

s /(105 VoY) 9.8 11.3

ha1 /(105 VoY) 4.9 5.1

has /(10° Vom'Y) 15.0 18.0

k15 0.50 0.51

Bl k31 0.47 0.39
Liiitey k33 0.73 0.75
A ki 0.44 0.51
kyp 0.63 0.65

31 /<0 1871 1704

€33/€0 1341 1434

€11 /€0 2507 3130

S els/e0 2892 3400
WA B31/(10~eq) 5.3 5.9"
B55/(10~*e0) 75 7.0"
11/(107%e0) 4.0 3.2"

B33/ (107 %e0) 35 2.9°

T Ak FPZT-SHACRUR, MR Bij =1/es; HEAL,
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S B X R S BCZT W 7E i e BE f
Jof FH R SRR TR /N, HAAR A A H o 850 B Tk
ANELZE, R m R S R . ZEAILE AR A PERE i, 4
1 BCZT W& ARG REL ko 0.44,
PZT-5H F#AIK 16%, HHINMFR G REL ks M 0.73,
5 PZT-5H 1 0.75 SEARY, RWALH BCZT P
BRI HA S LR eR. 25
I, 818 BOZT P e B i e e PR RE AT L 40T
PZT-5H, [F]HSEE0A 8 45, e e i 2 pe 1k
HE gas AR 35 FRMEAE SO | 1R R USRS 4 g
R B SRR B, FA B A LB 1
EYN IR

3.3 41ty BCZT MEV RS R

s B S B ML HL R B R P 2 0 3 5 10 LT R
SR, T IRAE SRR A R BT AR
PR, A S S0k [24], W T EM TEEK
T L I 2R P HL R R & R AU A B A, DLV
[001] ¢ 7 1] (s J7 1) AR Ak 04 B AR 1 A i 1 SR AF
TG, & X KRG =H/R, Hh H AL
BT 1) A T R, R A (B AR A A R T A
2, E 5 FR.

P 5 AT B s L R s A
Fig. 5. Schematic plot of the cylindrical piezoelectric reson-

ator.

D5 AR L, A SCfl R R R Ak R IR AN
T, WRAFEMN
D,=D,=0,E,=E, =0, (12)

X D, M D, AR Ay ﬁrﬂﬁ%i‘

B, Fl B, WA oy 7T 4,
Py, o I REAS TR S EIAAE, B S, =
Sy, Ty =Ty . ZWSHIYIRE, AKX Rk N

Sl = SlflTl —+ SII:QTl + S}lngS + dzlEza (13)
Sg = 2S§3T1 + 8]3:‘3T3 + dz3E27 (14)
Dz = 2d21T1 + dZ3T3 + EEZEZ (15)

XFREKIE IR T, G — oo, KN )57
BT =T, ~0, (13) XAfiifb A

S° = s5 T3 + d . E.. (16)

XTI T IR, 078 5w /A [ AR L

YIFHG, 5IASKRAE GAXWRE <(G), S 3+*
LR/
Si = (sisT5 + daE.) H(G)ﬁ (17)

f2
XL fy, fo 7B RE T YAl FIAE 1) A S 8O0 A IR Sl At
AR, AR A LT O A

{(m? = (i)} { 1)’ - (1)}

= I?(f,H)*(fH)*, (18)
A PSS RR, HEERIE [0, 1) Z ),
2
i (my 1
r= \/1 ( ¢ ) h (51{31 + 3]132)’ ()

Horrny, ¢RI MR T RE nlo(n) = (1 — o) Ii(n)
c0(©) = (1= 52 ) 10 AL £ 0 1 3R

11

TR TR S OU T, AR 10 AR RETT ) AR TR A R

D
o= ;\/%if (20)
1 E
fo= gy (21)
Al X, ST R
tan X
1— k2 a;‘( =0.

SR (18) ZURIAL £/, £ N f, FoihaRUNTF

1 2
fiH =\ /87(2/)\/46]??3)(12 +cEC2G? — \/16(0?3)

X[ — 8k B X2¢2 (1 - 2I'%) G2 + (¢8,) A6,

[ 1 2
f2H = 8712/)\/461333)(‘2 + C%1C2G2 + \/16(6?3)

X — 8 B X2¢2 (1 —2T2) G2 + (&) 4G,

(22)
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P p RMEHEE. 24 Goolif, 5 = S M)
i (16) 5K, (17) ] %0

. fi L 2Xk(G) g _
Jim wp = Jdim =g eV =1
(23)
M k(G FbXTF:
_ G¢ cfy
S, AR H
~ G(¢ i N
SR\ @, e 2

EX g(G) M

_GC | e N
oa)= 2X [ 35 (1=172) fo
W RER IR AL G R EBUE Lh:

1 1 1 1
=297+ =STs+ =537+ -D.E,
U 251 1+252 2+253 3+2

= U, + 2U, + Uy, (25)
Un

=2 26

A (26)

Kb U, U, AUy 5350 A EAEFIRE . SRPEREFIA
HLAE. (13) 2. (14) 20, (15) 20, (24) 2URA (25) =L,
R4 (26) 20, SRGHLAFEG R kAT

BT RSO Kb R 2L, sl A T
25| 7 4 BCTZ M PZT-5H V&AL
BH by BERAREL G (0.1 < G < 10) (78 fL £k
(1% 6). PR RH S HCR K 3 FIE 4 258,
SEREM, M G ~ 0.1, 8185 BCTZ 1 PZT-5H J&
HLIR A LR S R kg YA B ER/ DN, X0
) k, (E4390 0.44 (BCTZ) F10.51 (PZT-5H). Bl
BHRAREW GG, BRADEIY kg 52 B 23
e B2t T HORIRAS, XY ks (E 53 501
0.73 (BCTZ) A1 0.75 (PZT-5H), &5 R EUE T HL

0.8

0.7

0.6

Coupling coefficient kgt

Textured BCZT

0.1 1 10
Aspect ratio G

Kl 6 Uy BOZT My & 5 PZT-5H M %G AL A& &R
B ko MAR LG G A M

Fig. 6. Comparison of G dependence of electromechanical
coupling coefficient k. between textured BCZT and PZT-
5H ceramics.

HU S RECTEB B TSk, BT RS,
G AR EF 4 B, PIFIA R LR RS REL ko
352k 0.71 (BCTZ) A1 0.74 (PZT-5H), JEA T
T kag, HARRT kyy (HX/NT 3%.

E T4 BCZT lENERBAEREE

ARSCHERELL 1-3 B R oL A A RHE S e L i
FEAREAF A% O R P MR, AR E IR T f A
S5REWIATE L 1-3 5. 1-3 RERE
G AT DN HIL R AR G F 88 e R 1Y SR B iR Bl A
Kk EF (AR BRI IR by £
(FEAR). SMiEfl 1-3 B AR AR L S,
i i B A 5 U A B SRk AR, B mR2 =
a?, RZBIMH R, a BUEHELK, W H/ja=
H/(VxR) = G/y/m . FETHIHE A PR REL
FERL 4 G > 4 B, 208 BCTZ Al PZT-5H FEH IR
TAYDBEE BB ke FAEIT T kas . B, Y
JEH/MER K ESHKE H o > 2.3 0, 1-:3 81K
AR BENS SCIUEE S LR & R AL, X —45ieh
JE4E 1-3 BRURHE SRR AL T EIR AR

& 7 A 1-3 B4 BCZT Ml PZT-5H JE L5
AR FE A RECFBE BT L, e /MR
H}~0.53 mm, F& K ~220 pm, JEH/NMER H/ ol
Jg2.4. 1-3 BIZK) BCZT B AW EHONLEFE S &

3.4
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Bk M 0.6, B4 BCZT B k, (~0.44) $2T}
36.4%, Yk T 1-3 BRI NI L B 4 3503 (1) 3 i
N R FELS BUNAE (~0.72) 24 16.7%, %25
SR REVR T R A W I A R A = A 1 — 2 2 o
N T, T BN ) i S AR K A2 B ) ) 2 I A AN
AR, 1-3 BIZUK) BCZT FEHLE AR R 7 BT
4 12.36 MRayl, % PZT-5H (&K T 4.79 MRayl,
L BH 7 5 ) 1 VG BC 7K R A= 4 21 20 A5 A RS BT
(~1.5 MRayl) /i 57 7, A7 B2 (i }]Z44 BCZT JEH
S PPRHRAR T S 1 P e e

1.00 25
{20
0.75 1 17.15
0.60 0.62 5 =
1 1o >
12. >
< 0.50 36 g
{110 §
0.25 i
5
0

Textured BCZT PZT-5H

7 1-3 WU BCZT M PZT-5H Ji L &2 A b k) 9 P i
ZHOT I
Fig. 7. Property comparison between 1-3 textured BCZT

and PZT-5H piezoelectric composites.

K 1-3 B4 BCZT I E SRR T
FREERT, B HMERE S 1-3 B PZT-5H FEHUB S i
REAS EATXT LA, 25 RN 8 Fn (M S HhhEa
[l AR ), 5 HABIE T 1-3 BHLE SR
WA PERES B T g, 25 a3k 5 g, 4
BCZT @A REAF i AIFEN-33.0 dB, 53
HRARIE (1) PZT-5H FEHUEB A HREdHEE (-33.0 dB),
B R R ST A, H6 dB S8Rk 107.1%,
WAL T PZT-5H H LR REAR 1Y 74.5% 20,
EJESETHER | RSHAIE 1-3 % PMN-PT, PIN-
PMN-PT 55 He H A R g 2720

RS A PERE IR T4 BCZT Mk £
REELRGYE: B 5%, 1-3 B4 BCZT KA &
MRS BEAT 57K BT 22 5 58/ )N, BTG fic B
Py Hk, 4149 BCZT FEEIRA B H 8,  50%AIK
TIFIRHLZS, e F R 75 4 R A IR BT 1) BEL
PUASL 22, YR T ARG SE. J15b, 814
BCZT P % stttk 2 e 55 5, 8K, JE B 5 [l hif
R oy BRI, P LA O SE A, e 2K
BCZT P& HAT R 45 10 S0k, VR [001] ¢ J7 1]

WRALBTIE B 4 DRTFREERN (110) F AZRALIRE,
N 4 mm FEKTFRAELEH, 2B 44 AL (40)
B TREBEAA Y. 40 T FERE B FRAK T 5 B2 Bk
22 BRETE T R A BHAL I DT R v e L R A
5 R PR B, R LA O S A A BRRE 1 i
(. 1-3 BUZUH BOZT Fk L A R RE AR D SE 3 1
AT P e R RS A I R R | 7 S A P B RT
KT 7 PR 25 S R 0 S I i

Frequency/MHz

0 1 2 3 4 5 6
500 T T T T T T
1 =30
|4
250 1 _40
s 2
£ 0 250 7
) ]
< 2
= g
£ 1-60 3
Q. —25 +
g 250 5
< 1-70 2
—500
4 —80
—750 ! L —90
13 14 15 16
Time/ps

B 84Uk BOTZ 7 1 Al i i ol -5 050 i
Fig. 8. Pulse-echo waveform and frequency spectrum of tex-

tured BCTZ ultrasonic transducers.
F 5 BT BCZT 5 HAM R 5 e &%
PEREXS HE
Table 5. Performance compassion of ultrasonic

transducers based on textured BCZT and other ma-

terials.
S FUOER -6 dBHF AR ABGE
oV /MHz i /% /dB
4HBCZT 3.0 107.1 -33.0
PZT-5H 3.26 74.5 -32.9
PMN-PT . f26) 2.52 56.35 -35.78
PMN-PT 27 6.9 102 -32.3
PIN-PMN-PT 28] 1.95 94.6 -21.1
4 %

AR TGG %My il % 4144 BCZT K
%, FEVRITY (001 e BE BRI, SR B
Joorv98%, FWHM~3.4°. R H] 24 1w 45 4 i 75
AN T —E5H AR W MENLRE S5
S5 R, SRAUN I T (A ) 07 A5 41 o) 20 0 4
AUk BCZT B & 52 B0 0 98 4% ) S Pk I S LU 1)
W1 AT N UK BCZT B % 1Y 6 H M BE dyg
(605 pC/N) KHLAELFRAPERE ks (0.73) 5 PZT-5H
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0 g55 (23.6x103 V-m LPa!) 3 PZT-5H $£71 20%,
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BT A FEEE ST DL RS A RS — R,
R TR kyy B Ky ARASHIHEAR FE AP A5 BR 1, 52
T AEEIUTIE R FHLHR o it . 38T
IARRISE ) 1-3 BIZIH BCZT &4 B A e ft
#TE 3.0 MHz Tl A A SE8L T 107.1% 196 dB
WL, ML T SCERIRE LT PZT-5H (%R FL HapE
e HASH AFE (-33.0 dB) 55 PZT-5H J H # fig
AN, AT SERIAT B PMN-PT 850 1 BB 25
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Abstract

Ultrasound diagnostic technology demonstrates unique clinical value in cardiovascular monitoring, precise
ophthalmic diagnosis, and interventional therapy, and possesses the advantages of high efficiency, safety, non-
invasiveness, and significant cost-effectiveness. The performance of transducer that is a core component of
ultrasound imaging systems directly determines the image resolution. Piezoelectric materials, essential for the
acoustic-to-electric energy conversion, exhibit piezoelectric and electromechanical properties that obviously
affect the transducer sensitivity and bandwidth. Although commercial Pb(Zr,Ti)O; (PZT) ceramics offer
excellent properties, the toxicity of the lead element in the entire material preparation, service life, and disposal
process pose significant risks to human health and ecosystems.

The [001]c-textured lead-free (Ba,Ca)(Zr,Ti)O3 (BCZT) ceramics are fabricated by the template grain
growth (TGG) method. The materials demonstrate high piezoelectricity, elevated sound velocity, and low
dielectric constant, making them highly suitable for developing high-sensitivity and large-bandwidth ultrasonic
transducers. However, critical limitations are also existent: 1) the absence of full-matrix electromechanical
i Piezoelectric coefficient d;,
design, and 2) the restriction of electromechanical coupling coefficient k calculations to extreme aspect ratios.

properties such as dielectric constant e and elastic constant s;; essential for device
The failure to accurately simulate the evolution of k£ under finite aspect ratio severely limits the practical
applications.

To overcome such challenges, highly [00]]c-oriented textured BCZT ceramics (texture degree fy ~ 98%)
are synthesized via TGG. By combining resonance-antiresonance spectroscopy with pulse-echo ultrasonic
measurements, the dataset of complete full-matrix electromechanical property is established for the first time.
The textured BCZT ceramics exhibit strong anisotropic Poisson’s ratios. Their piezoelectric coefficient ds3
(605 pC/N) and electromechanical coupling coefficient kg3 (0.73) are comparable to those of PZT-5H ceramics,
while the piezoelectric voltage constant g3 (23.6 x 102 V-m Pa!) is 20 % higher than that of PZT-5H.

By using the piezoelectric constitutive equations, a theoretical model is developed to predict k at an
arbitrary aspect ratio. Based on this model developed, the 1-3 type BCZT composite transducer with high

sensitivity and wide frequency band is designed and fabricated, exhibiting a center frequency of ~3.0 MHz. The
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BCZT transducer achieves an insertion loss of —33.0 dB. The —6 dB bandwidth is as high as 107.1%, which is
superior to the ultrasonic transducer made of PZT-5H composite reported in the literature. This work not only
provides complete electromechanical parameters for lead-free piezoelectric device applications but also lays a

theoretical and technical foundation for developing high-performance, eco-friendly ultrasonic diagnostic

equipments.
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