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Outline

 Impetus for an acoustic-electric feed through

» Presentation of a network model that is exact in 1D

» Compare this model to model derived from Wave
equation and linear equation of piezoelectricity

*L.ook at changes to the efficiency when dielectric and piezoelectric
losses are included

» Look effects of using hard rather than soft PZ T



Acoustic Electric Feed-throughs

Use piezoelectric to generate stress wave through

A mechanical barrier - Stress wave generates voltage
on a secondary piezoelectric- Transfer of energy and
Information using stress waves
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Model
Parameters

Material Properties

8;93 clamped complex permittivity
cg open circuit complex elastic stiffness

k, complex electromechanical coupling
2 _ 2 [oD.S _ 32,8 /D
k. =e; /c33833 =hye]; /c33
_ [.D /.8
hy; = kN5, /€5

Mason’s Model (Generator) p=density, t= thickness, A=area

s
€5, A _
o =— : Nl - C01h33,
4
D D
Zy = p; 4V, =A1\/p1 €y, F1=£D=a) %
Vi €33,
Z,, =iZ,, tan(T 2, /2) Zg = —iZ, cse(l'yt,)
Mason’s Model (Reciever) p=density, t= thickness, A=area
s
€5, A
02 = B N, :CozhsjZ
z,
Zy=p, szlz)zAzﬂpz cstz F2=£D=w %
vy Ca3,
Zy =iZ,, tan(T,t,/2) Zgy =il csc(Tyt, )
Wall Properties  p=density, t= thickness, A=area
Z,, =iz, tan(T ¢, /2) Z,, =~iZ, csc(T z,)
szprwvazAw pwcs r =—a—)—=a) E‘i

Tail mass properties p=density, t= thickness, A=area
Z =L, tan(r RtR) termination impedance

- D _ D w
Zy = pr AV = Ap Py € Iy=—F=o Lg
Ve Cx

Head Mass properties p=density, t= thickness, A=area
Zy =il tan(F i L) termination impedance

Z,=p, A,V =A4\p, ¢] I, =-

Load Impedance =Z




Input Impedance Calculation

[
»

702
Zxl=7 T Zx2=7x1-7202 %3 = N;sz Zx4 =Zs2+ 7Zx3
75 = Ze4_ L2+ ZIR) Zx6 = Zx5 + Zt2 + Ztw 727 = 76 LSV
(Zl‘2 + ZtR + Zx4) 7Zx6 + Zsw
Z8=2xT+ Zw+ 26l zx9= e8P ZL) 70 704 740
(Zx8 + Zt1 + ZtL)
Zx10 Zx13 = Zx12Z—O1
Zxl1=22 Zx12=2x11-Z01 (Zx12 + Z01)

s, 7

Y13=1/Zx13 ———————» )
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Voltage and Current Across Receive Piezoelectric

The current through the electrical port of the transmit piezoelectric is therefore

I=V/Zx13

The current through the transformer on the electrical side of the transmit piezoelectric is

I12=7 201 Piezoelectric Piezoelectric
, (Z01+ Zx2 L
The velocity (current) through the transformer on the mechanical side is  Front Mass Wall Tail Mass
12
Vv3=-—
N1

The velocity (current) of the left face of the wall is

Zt1 + ZtL
Zt1+ ZtL + Zx8

v4 =v3

The velocity (current) at the right face of the wall is

Zs0
Zs0+ Zx6

v =v4



Voltage and Current Across Receive Piezoelectric

The velocity (current) into the mechanical side of the receive transformer of the piezoelectric is

Zt2 + ZtR
Zt2 + ZIR + Zx4

v6 = v5

The current through the electrical side of the transformer for the receive piezoelectric is
I 7 = V6N 2 Piezoelectric - Piezoelectric
Front Mass Wall Tail Mass

The current through the load resistor 1s

I, =17-2%2_
202+ 7

The Voltage across the load resistor is

o
Il

I,Z




Power, Efficiency, Voltage Gain

The power delivered to the load resistor is
P, =Re(V,1,)
Power efficiency of the acoustic electrical feed-through is therefore

Re(V I ) Piezoelectric Piezoelectric
]7 = TN LTLT
L Re(VI ) Front Mass Wall Tail Mass

—__

The voltage gain is

Ay = |VL|/|V‘




Example 1, Comparison to Hu et al. Calculation

Table 2. Data used by Hu et al.! to calculate response of the power transfer efficiency.
The transmit and receive piezoelectric transducers were of the same material and head

and tail masses were not used.

Value
Property
Density of Piezoelectric (kg/m?) 7500
Density of wall (kg/m?) 7850
Area of piezoelectric on wall (m?) 0.01
Wall thickness (m) 0.006
Transmit Piezoelectric thickness (m) 0.002
Receive Piezoelectric thickness (m) 0.001
Piezoelectric Coefficient e,, (C/m?) 23.3
Permittivity (F/m) €5,; 1.302x108
Elastic stiffness at constant Field cE,; (N/m?) 11.7x1019(1+0.011)
Thickness Coupling 0.513(1-0.003681)
Elastic stiffness at constant Displacement cP,; (N/m?) 15.87x1019(1+0.007371)
Elastic stiffhess of wall ¢, (N/m?) 26.9x10'0(1+0.011)

[1] Y. Hu, X. Zhang, J. Yang, Q. Jiang, *“ Transmitting Electric Energy Through a Metal Wall by Acoustic Waves Using Piezoelectric
Transducers, IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, 50, 7, pp. 773-781, 2003




Example 1, Comparison to Hu et al. Calculation

Voitage Ratio vs Freq Input Admitance vs Frequency
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Input admittance and voltage gain identical to Hu et al. Curves



Example 1, Comparison to Hu et al. Calculation

1.0

Efficiency vs Frequency at various ZL

ZL=50 ohms
ZL=40 ohms
ZL=30 ohms
ZL=20 ohms
ZL=10 ohms
ZL=5 ohms
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ZL.=3 ohms
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ZL=1 ohm
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Power Efficiency identical to Hu et al. Curves
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Example 2, Application of Real loss

Table 3. Data used to study the acoustic-electric feedthrough with measured coefficients for the piezoelectric
(Motorola 3203HD — now CTS Wireless Products). This material is a soft PZT with similar nominal properties
to SH. The transmit and receive piezoelectric transducers were of the same material and head and tail masses

were not used.

Value
Property
Density of Piezoelectric (kg/m?) 7850
Density of wall (kg/m?) 7850
Area of piezoelectric on wall (m?) 0.01
Wall thickness (m) 0.006
Transmit Piezoelectric thickness (m) 0.002
Receive Piezoelectric thickness (m) 0.001
Piezoelectric Coefficient e,; (C/m?) 23.38(1-0.034951)
Permittivity (F/m) €5;, 1.061x10-3(1-0.04851)
Elastic stiffness at constant Field c&,; (N/m?) 12.28x10'9(1+0.02531)
Thickness Coupling 0.5435(1-0.016491)
Elastic stiffness at constant Displacement cP,, (N/m?) 17.43x10'°(1+0.01151)
Elastic stiffness of wall ¢, (N/m?) 26.9x10'9(1+0.011)
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Example 2, Application of Real loss

Input Admitance vs Frequency

—— Z =20 ohms
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Accounting for dielectric and piezoelectric loss lowers the Input admittance
maximum and the maximum of the voltage gain
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Example 2, Application of Real loss

Efficiency vs Frequency at various ZL

Efficiency vs Frequency at various ZL ro
T Zlioonms
ZL=30 ohms
08 s - . A
——— Z1=500hms 2 étfi o:ms
— — —  ZL=40 chms 2025 ohme
ZL =30 ohms
ZL=20 ohms
0.6 - ZL=10 ohms .

Z1.=5 ohms s
ZL=4 ohms
ZL=3 ohms
ZL=2 ohms
ZL=1 ohm

0 500 1000 1500 2000
Frequency (kHz)

0 500 1000 1500 2000
Frequency (kHz)

Maximum of Power Efficiency reduced slightly at resonance
and drastically away from peaks



Example 3, Application of Hard PZT with loss

Table 4. Data used to study the acoustic-electric feedthrough with measured coefficients
for the piezoelectric (Morgan Matroc PZT-8). This material is a hard PZT with similar

nominal properties to Navy III. The transmit and receive piezoelectric transducers were

of the same material and head and tail masses were not used.

Value
Property
Density of Piezoelectric (kg/m?) 7750
Density of wall (kg/m?) 7850
Area of piezoelectric on wall (m?) 0.01
Wall thickness (m) 0.006
Transmit Piezoelectric thickness (m) 0.002
Receive Piezoelectric thickness (m) 0.001
Piezoelectric Coefficient e,, (C/m?) 12.3(1+0.00151)
Permittivity (F/m) €5, 6.16x10-(1-0.0031)
Elastic stiffness at constant Field c&,; (N/m?) 16.1x10'°(1+0.0021)
Thickness Coupling 0.364(1+0.000631)
Elastic stiffness at constant Displacement cP,; (N/m?) 18.6x10'°(1+0.00251)
Elastic stiffness of wall ¢, (N/m?) 26.9x10'9(1+0.011)




Example 3, Application of Hard PZT with loss

Input Admitance vs Frequency Viah e R 5 B ey
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Using Hard PZT with loss lowers the Input admittance
maximum and the maximum of the voltage gain further



Example 3, Application of Hard PZT with loss

Efficiency vs Frequency at various ZL

Efficiency vs Frequency at various ZL
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Conclusions
A equivalent network model for acoustic electric feedthrough
was presented

« The model produced identical results of a more cumbersome
model solved from the wave equation and linear piezoelectric
Equations

« Accounting for dielectric and piezoelectric losses reduced the
efficiency, voltage gain and input admittance

« Using hard PZT with loss reduced the efficiency, voltage gain
and input admittance even further.

« The power efficiency is limited ultimately by the mechanical
loss of the most “lossy’” component





