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49:» Impedance Matrix
F2 F1 — ~ N C D
u, u, F1 Z/tan(wd/u)  Z/sin(wd/u) h/w u,
F2 |=-j.| z/sin(wd/u) z/tan(wd/u) h/w |.] u,
13
v3 h/w h/w 1/wCO i3
: \ y \ J/ \ /
v3

CO=cA/d ; Z=puA ; h piezoelectric constant
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PSPICE netlist
.subckt Thickness E F B C PSPICE Model

co E 0 {co}

cneg E x {-C0}

rl x 0 100meg

fxmr 0 x vsl %h*co%

exmr 1 0 x 0 {h*CO

vsl C 1

tech F 0 B 0 z0={ZpztT} td={tdT} Vs, . "GO ¢ 13
|

C -
.ends H = - 3
Exmr xmr co V
777
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New Unified Model

A. lulaet al.,
IEEE Trans. On Ultrasonics, Ferroelectrics and Frequency Control, 1998

V=18 () + B () ¢
Jw Jw JwCO
with
k = 2t/r

h : piezoelectric constant

u : particle velocity

A
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A. lula et al.,

New Unified Model

U. Model

IEEE Trans. On Ultrasonics, Ferroelectrics and Frequency Control, 1998

v:hﬁ(u1+u2)+
jw

3

KNy |
U, +U,) +
(Uz +Uy) iwCo

with
33 k = 2t/r

h : piezoelectric constant

u : particle velocity
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Polytech'Montpellier U. Model
A. lulaetal,
IEEE Trans. On Ultrasonics, Ferroelectrics and Frequency Control, 1998
h kh i
V=—23 (U +Uy) + —1 (Ug +Uy) + -
Jw Jw JwCO
3 P with
ﬂ Ca3 k=2t/r
Cqq h : piezoelectric constant
I //”'/ /////ﬁ u : particle velocity
VT /// E

i

u= (C/p)llz
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A. lulaetal,
IEEE Trans. On Ultrasonics, Ferroelectrics and Frequency Control, 1998

v:hﬁ(u1+u2) + k_h31 (Ug +Uy) + - |
Jw Jw JwCO

i — JWCOV - h33CO(U1 + UZ) — kh31CO(U3 + U4)

i
= o
_hWCO
\Y co 1= h33CO(U 1+U2)

\ l,=kh 31CO(U 3+u 4)
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New Unified Model
i = jWCOV — h33CO(Uy + U,) — khy,CO(U4 + Uy)

f

thickness — h33i/jW fplanar — h31i/jW

\

1 1
Fihickness = h33CO{V - iWCO h33CO(u; +Uy) - mkh31CO(U3 + U4)}

1 1
f = h,,COl v — ———Kh,,CO(u; +uy,) — h,,CO(u, +u
planar 31 |: jWCO 31 (3 4) jWCO 33 (1 2)}
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1 1
T — h33CO{V - iWCO h33CO(U; +Uy) - thMCO(US + U4)}
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\ é__ <> 2=h3;CO(V+y+x) ‘fplanar
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New Unified Model

[AF T

giﬁ

U. Model

F4

| Vsl) u1+u2

co ¥h33CO(U1+U2)

N

=h33CO(V+y+X)

I (VSZ) VSZ

yus+u,

| kh3lCO(u3+u4) /\+
? —————— T e,=h3,CO(v+y+X)
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New Unified Model

10000 (Q) New Unified Model

Measurement
000 /
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