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Appendix D 


Determ.ination of the Im.pedance 

20 in Term.s of AVIV 

We now determine the impedance Zo in Eq. (2.5.35) for a piezoelectric medium 
excited by a charge at its surface. We drop the subscript n where convenient and 
write Eq. (2.5.27) in the form 

dA  .  jWf 
dz -- + JkA = 4 p dl = -

jw . (D.I) 
. 4 

where u = PsW, Ps is assumed to be uniform over the width W of the beam, and 
4>­ is the potential at the surface normalized to unit power. 

We define a quantity Zo with the dimensions of impedance 

4>04>6' 
Zo ­- (D.2)2 

Then, by assuming 4>0 is real because of the normalization employed, Eq. (D.I) 
can be written in the form 

+jkA (D.3) 

This coupling impedance is a measure of the strength of the electrical potential at 
the surface of the substrate and, hence, the coupling to an interdigital transducer 
placed on the substrate. It can be calculated directly by carrying out the field 
theory for Rayleigh wave propagation along the substrate. Alternatively, it can 
be related to J(2 or to AVIV. 

We shall now show how to relate the impedance Zo to AVIV, the relative 
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(D.4) 

change in the velocity of the wave when a perfect conductor is laid down on the 
substrate. 

When a perfect conductor is laid down on the substrate, the propagation 
-constant of the wave changes from k to k'. We assume that Ik' kl «Ikl. In 

this case, A now varies as exp (-jk'z) , as does the surface charge on the metal 
cr(z) . We can therefore write Eq. (D.3) in the form 

k' w(2Zo)112cr- =k 
4A 

We now need a further relation between cr(z) and A(z) to determine the 
change in k. This can be obtained by considering the potential at the metal 
conductor, which is made up of two parts: (1) the potential due to the surface wave 
q,a, where 

q,a = Aq,o (D.5) 

and (2) the electrostatic potential q,s due to the charge cr itself. The total potential 
at the surface is 

(D.6) 

=At a perfect conductor, we have the simple condition <p o. 
The solution of Poisson's or Laplace's equation creates a potential <Ps' the 

electrostatic potential, due to a charge distribution cr(z) , which varies as exp ( -jk' z) . 
Using the notation of Eq. (D.6), the solution of Laplace's equation in the region 
y & 0 is 

= - 13<ps = Ck' -k'Y -jk 'ZEys e e (D.?)
13y 

For the region y < 0 within the substrate, if the substrate is semi-infinite so 
that <Ps � 0 as y � - ce, then 

=<Ps Dek'Yejk'z 

E = 
ys -Dk'ek'Ye-jk'z (D.8) 

E = ,·k'Dek'Ye-jk'zzs 

where C and D are constants. 
=The electrostatic potential is continuous at y = 0, so that C D. Further­

more, the value of Dy must obey the boundary condition 

- D-E- Dy+s - =- (D.9)- E ys - ys 
w 
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where the substrate is assumed to be isotropic, with a permittivity E, and the medium 
above the substrate has a permittivity Eo· 

It then follows that 

(D.lO)4>5(0) = k'w(eo 
(J" 

+ e) 

This is the electrostatic potential at the surface of the substrate due to the 
surface charge in the conductor. We can now use Eqs. (D.4)-(D.6) and Eq. (D.lO), 
with the condition that 4>(0) = 0, to obtain 

YV k - k' - w4w4>5-= = (Eo + e) (D.ll)V k' 

It follows that 

AVzo - 2 I I (D.12)_ 

WW (EO + e) V 

Thus the impedance Zo is directly proportional to the quantity Y VI V, the 
relative change in acoustic velocity when an infinitesimally thin metal conductor is 
laid down on the piezoelectric substrate. 
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