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1. Abstract 

 
  A general approach for the description of the 
electrostatic field in an infinite regular electrode grating 
is presented. The general approach leads to four basic 
functions: a potential-basis, a voltage-basis, a dipole-
basis and a charge-basis. These four basic functions are 
four degrees of freedom to approximate an electrostatic 
field for IDT of different structures. On the other hand, 
the usage of these four basic functions in the synthesis 
problem leads to four types of the IDT topology 
implementation.  
   Generalized frequency element factors are written for 
the assumption the SAW waves propagate with different 
wave numbers within an electrode and within an inter-
electrode gap. This generalization explains the SAW 
spectrum behavior for high harmonics and especially for 
the SAW devices made up on piezo-film.  
 
 

2. Introduction 
 
 The exact solution for a two-dimensional electrostatic 
field of a finite SAW inter-digital transducer (IDT) [1,2] 
was modified for the effective numerical calculation in 
[3,4]. However, this solution is not suitable for applying 
the transversal filters theory and the linear programming 
in the synthesis problem. 
 In order to use the linear programming for the IDT 
topology calculation, the frequency response of the IDT 
was performed as multiplication of an element factor and 
an array factor [5-16]. Such a definition of the IDT 
frequency response became possible due to 
approximation of the electrostatic field of the IDT with 
the superposition of the basic solutions for an infinite 
electrode grating. Only two types of the basic solutions 
are widespread for the electrostatic field description. 
 
   They are  
• basic function suggested in [10,11,12,13], where 
only the zeroth electrode is hot with potential of +1 and 
others are grounded. We call this basic solution as a 
potential-basis. 
• basic function suggested in [6,7,8,9], where the 
electrodes enumerated from –∞ to zero are grounded and 
the electrodes enumerated from 1 to +∞ are hot with the 
voltage of +1. So the voltage on gap between the zeroth 
and the first electrodes equals +1, whereas the voltages 

on the other gaps are equal to zero. We call this basic 
solution as a voltage-basis. 
 
   The benefits of two other basic functions are shown in 
this paper.  
 
   They are  
• basic function presented in this paper, where only 
the zeroth electrode is charged with +1 and others keep 
no charge. We call this basic solution as a charge-basis. 
• basic function suggested in [14,15], where the 
zeroth electrode is charged with +1, the first electrode is 
charged with –1 and the other electrodes are isolated and 
keep no charge. So there is only one charged dipole 
formed by the zeroth and the first electrodes. We call this 
basic solution as a dipole-basis. 
  
   In practice the SAW IDT structure consists of a finite 
number of electrodes, so the use of the infinite grating 
models leads to inherent uncompensated electrostatic 
end-effect [6,8,9,16,17]. The main beneficial property of 
the usage of the charge-basis or the dipole-basis in 
comparison with the potential-basis or the voltage-basis 
is the fact that the electrostatic end-effect is approximated 
more exactly.  
  Quasi-static approach is applied for the frequency 
element factor definition. Generalized frequency element 
factors are modified, considering that the SAW waves 
propagate with different wave numbers within an 
electrode and within an inter-electrode gap. Such 
generalization of the quasi-static approach allows 
describing the SAW spectrum behavior for high 
harmonics and especially for the SAW devices made up 
on piezo-film. 
 
 

3. Prologue 
 

   The quasi-static approach simplifies the analysis of 
generalized SAW transducers [6,7]. This approach is 
based on the assumption that the charge density is 
dominated by an electrostatic term, defined as the charge 
density obtained when acoustic wave excitation is 
ignored. The frequency spectrum of the SAW acoustic 
potential ϕa(ω) on the left port of the launching 
transducer is expressed via the Fourier transform R(κ) of 
the charge distribution density ρ(x): 
 

                        ϕa(ω) = j Γs R(κ)                     (1) 
where   
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   Γs  is a constant, depending on the piezoelectric 
material and cut; this factor is a measure of the 
piezoelectric coupling of the substrate material. 
     j  is an imaginary unit; 
    ω is a cycle frequency; 
    κ  is a wave number, κ =  ω / V ; 
   V  is an effective SAW velocity; 
   R(κ) is the Fourier transform of the charge distribution 
density ρ(x). 
   The quasi-static approach assumes that the ρ(x) is the 
electrostatic charge distribution density. 
 
If we consider the SAW device consisting of two uniform 
SAW transducers, one of which operates as a launcher 
and the other operates as a detector, then the device 
response is proportional to the multiplication of the 
characteristic SAW IDT responses H1(ω)H2(ω). To 
analyze the devices, it is convenient to define H1(ω) and 
H2(ω) so that both of them would be written by the 
similar way H(ω) [6]. In our case the H(ω) is written by 
using the expression (1) for the charge distribution 
density, i.e.  
 

(2)        )( 
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ω

ω R
tU
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where 
 
     Ut    is a voltage applied to the SAW transducer. 
     W   is a width of the propagated SAW front.   
 
   So the problem of the SAW transducer frequency 
response definition is mainly the electrostatic problem 
and the functions ρ(x) and R(κ) definition problem.  
    The superposition method for the function ρ(x) 
definition may be applied for an infinite periodical 
electrode grating [5-15], i.e.  
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where ρo(x) is a basic function and A(n) is the n-th 
weight, associated with the n-th period of the grating, p is 
a grating period. So the function R(κ) is written as: 
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where Ro(κ) is an element factor[6], defined as the 
Fourier transform of the basic charge distribution density 
ρo(x). 
    
   Four types of basic functions: ρϕ(x) and Rϕ(κ) for 
potential-basis, ρu(x) and Ru(κ) for voltage-basis, ρq(x) 
and Rq(κ) for charge-basis, ρσ(x) and Rσ(κ) for dipole-
basis are presented in this paper. Here and further the 

subscript indexes ϕ, u, q, σ are used for potential-basis, 
voltage-basis, charge- basis, dipole-basis respectively. 
     
      Hitherto it was assumed that the SAW wave 
propagates with the wave-number κ independent of the 
coordinate x. However the electrode grating assumes that 
the electrical and mechanical boundary conditions depend 
on the coordinate x along the direction of the SAW 
propagation and thus the SAW velocity dispersion effect 
takes place around the electrode-gap boundaries. The 
simplest approximation of the SAW wave-number with 
κe within electrode and κg within inter-electrode gap 
suggests itself [18,19]. Let then κ be an effective wave-
number and r be a ratio r  = κe / κg .  In this case the SAW 
potential ϕa(ω) is described by the modified spectrum 
function Ro(κ,r) instead of Ro(κ). The physical meaning 
of the function Ro(κ,r) is that a modified frequency 
spectrum of the SAW excited by oscillated basic 
distributed charge ρo(x), therewith the SAW propagates 
with the wave-number κe  within electrodes and κg within 
gaps. Such a generalization of the element factor becomes 
essential for high harmonics, when the difference 
between κg and κe is expected to be significant, especially 
for devices working on piezo-films. 
   Note, that    Ro(κ, r =1)   ≡   Ro(κ). 
 
    The four functions: Rϕ(κ,r), Ru(κ,r), Rq(κ,r), Rσ(κ,r) 
are presented in this paper as well. 
 
 

4. Problem Formalization 
 
4.1. Two-dimensional problem 
 
To formalize the electrostatic problem we admit the 
following assumptions.  
• The infinite periodical sequence of the parallel 
electrodes is placed in the (X, Z) - plane. The intervals 
occupied by the electrodes along the X-axis are (an,bn). 
An electrode’s width equals w, w = bn – an, and the 
grating period equals p, p=bn–bn-1  (Figure-1). 
• The upper half-plane is the vacuum with the 
dielectric permittivity εo and the lower half-plane is a 
dielectric material with the effective dielectric 
permittivity εp. 
• The electrodes are infinitely long in Z-direction, 
so the electrostatic problem becomes two-dimensional in 
the (X, Y) - plane.  
• The electrodes have zero thickness and zero 
electrical resistance.  
• The electrodes are enumerated from –∞ to +∞.  

 
4.2. Complex potential 
 
     Let us consider a pair of potential functions in order to 
describe the two-dimensional electrostatic field. The first 
one is a two-dimensional electrostatic potential ϕ(x,y) 
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and the second one is a two-dimensional electrostatic flux 
function σ(x,y).  
   Let us introduce the complex potential 
 
        Φ(x,y) = ϕ(x,y) + jσ(x,y)    (5) 
 
in order to apply the theory of complex functions in the 
plane (X,Y) for the two-dimensional electrostatic field 
description. The complex potential Φ(x,y) must satisfy 
the Laplace’s equation in the upper half-space and in the 
lower half-space.  
   The Cauchy’s low links the functions ϕ(x,y) and σ(x,y), 
i.e. 

(6)
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where Ex(x,y) and Ey(x,y) are the components of the two-
dimensional electrostatic field intensity. The electrical 
boundary conditions for the complex potential Φ(x,y) 
along the line y=0 are 
 

Ex(x, y=0) ≡ 0 , x ∈  (an , bn)         (7a) 
Ey(x, y=0) ≡ 0 , x ∈  (bn , an+1)      (7b) 

 
    Let us introduce the designations for the uniform 
potential on the n-th electrode and for the uniform flux 
through the n-th gap between the n-th and the (n+1)-st 
electrodes:  
 

ϕ(n) ≡ ϕ(x, y=0), x ∈  (an,bn)       (ϕ.8) 
σ(n) ≡ σ(x, y=0), x ∈  (bn,an+1)    (σ.8) 

 
   Let us denote an integral charge on the n-th electrode 
by q(n) and a voltage on the n-th gap between the n-th 
and the (n+1)-st electrodes by u(n). 
  

u(n) = ϕ(n+1) - ϕ(n)                   (u.8) 
 

    By the Gauss’s law the free charge distribution density 
is equal to the jump of the electrostatic field displacement 
discontinuity on the metal space. So the integral charge 
q(n) on the n-th electrode may be expressed as the 
difference of the electrostatic field flux values between 
the neighboring gaps. 
  

q(n)/(εo+εp) = σ(n) - σ(n-1)        (q.8) 
 
4.3. Potential-basis formalization 
 
    By setting the following distribution of the potentials 
ϕ(n) 
 

ϕ(n) = +1 ,  n = 0      (ϕ.9a) 
ϕ(n) =  0  ,  n ≠ 0      (ϕ.9b) 

we build the potential-basis. The boundary conditions 
(ϕ.9a)-(ϕ.9b) have the physical meaning that the zeroth 
electrode is hot while others are grounded [6,7,8,9,10]. 
 
4.4. Voltage-basis formalization 
 
    The boundary conditions  
 

u(n) = +1 ,  n = 0      (u.9a) 
u(n) =  0  ,  n ≠ 0      (u.9b) 

 
[6,8,9] give the voltage-basis and have the physical 
meaning that the electrodes enumerated from –∞ to zero 
are grounded and the electrodes enumerated from 1 to +∞ 
are hot with potential of +1 .  
 
4.5. Dipole-basis formalization 
 
    By assigning the following distribution of the 
imaginary part of the complex potential 
 

σ(n) = +1 ,  n = 0      (σ.9a) 
σ(n) =  0  ,  n ≠ 0      (σ.9b) 

 
we build the dipole-basis boundary conditions. The 
boundary conditions (σ.9a)-(σ.9b) have the physical 
meaning that all the electrodes excluding both the zeroth 
and the first electrodes are isolated and keep no charge. 
The electrostatic voltage applied between the zeroth and 
the first electrodes is such that the zeroth one is charged 
with the positive value +1/(εo+εp)  and the first one is 
charged with the negative value –1/(εo+εp)  [14,15]. 
 
4.6. Charge-basis formalization 
 
      Let us assume that we have succeeded to charge the 
zeroth electrode with the free charge of (εo+εp)  while all 
the other electrodes keep zero charge, i.e. 
 

q(n)/(εo+εp)  = +1 ,  n = 0      (q.9a) 
q(n)               =  0  ,  n ≠ 0      (q.9b) 

 
Such a structure we call as charge-basis. 

 
 

5. Electrostatic Solution 
 
5.1. Solution for Potential-basis 
     
    The charge distribution density for the potential-basis 
is symmetrical around the zeroth electrode center. It is 
suitable to choose the point x=0 at the zeroth electrode 
center. The charge distribution density ρϕ(x) satisfying 
the potential-basis boundary conditions (ϕ.9a)-(ϕ.9b) is 
written by the following equation [6,10,11,12,13]:  
 

ρϕ(x) = 0,    x∈ (bm , am+1)         (ϕ.10a) 
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where: 
 
   m - is electrode number, 
   θ = πη ,   
   η is a metallization ratio, η = w/p , 
   w is an electrode width , 
   p is a grating period, 
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Ps (x) - is the Legendre function.  
 
The free charge q(m), induced on  the m-th electrode in 
the potential-basis is written as: 
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The integral in (ϕ.11a) is simplified for metallization 
ratio, η = 0.5: 
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The value σϕ(m) of the electrostatic field flux through the 
gap between m-th and (m+1)-st electrodes in the 
potential-basis is expressed as: 
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After a number of simplifications for the ratio η=0.5 , it 
is written as: 
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   The potential-basis element factor Rϕ(κ), defined as the 
Fourier transform of the charge distribution density ρϕ(x), 
is equal to [6,10,11,12] 
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   The usage of the potential-basis leads to interpretation 
of the Ro(κ) in (4) as Rϕ(κ)  and the weights A(n) get 
meaning of applied potentials to electrodes. 
 
   The frequency spectrum Rϕ(κ,r), that is considered the 
SAW propagates with the wave number κe  within 
electrodes and κg within gaps, is defined as: 
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5.2. Solution for Voltage-basis  
 
   The charge distribution density for the voltage-basis is 
anti-symmetrical around the zeroth gap center x=p/2. It is 
suitable to choose the shifted coordinate ξ = x-p/2, so the 
point ξ=0 lies at the zeroth gap center. The charge 
distribution density ρu(ξ) satisfying the voltage-basis 
boundary conditions (u.9a)-(u.9b) is written by the 
following equation:  
 

ρu(ξ)=0,   ξ=x-p/2,  x∈ (bm , am+1)    (u.10a) 
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The solution ρϕ(x) (ϕ.10a)-(ϕ.10b) for the charge 
distribution of the potential-basis may be considered as 
superposition of  the voltage-basis solutions: 
 

ρϕ(x) = ρu(ξ-p) – ρu(ξ) , ξ = x-p/2     (u.10c) 
 
And conversely, the solution ρu(ξ) (u.10a)-(u.10b) for the 
charge distribution of the voltage-basis may be 
considered as superposition of  the potentials-basis 
solutions: 
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The free charge qu(m), induced on  the m-th electrode in 
the voltage-basis, is written as: 
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The integral in (u.11a) is simplified for the metallization 
ratio, η = 0.5: 
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   The value σu(m) of the electrostatic field flux through 
the gap between m-th and (m+1)-st electrodes in the 
voltage-basis, that is defined according to the Gauss’s 
low 

, )12.(               )()( unqm u

m

n
u ∑

−∞=

=σ �

 
losses a physical meaning in this case as well as in the 
case of the hot electrodes with numbers +∞. So, the 
voltage-basis is the non-physical meaning abstraction. Let 
us remind that the superposition of two voltage-basis 
functions (u.10c) has the physical meaning of the 
potential-basis function. 
 
    The voltage-basis element factor Ru(κ), defined as the 
Fourier transform of the charge distribution density ρu(x), 
is equal to [6]: 
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The usage of the voltage-basis leads to interpretation of 
the Ro(κ) in (4) as Ru(κ)  and weight A(n) gets meaning 
of applied voltages between the (n+1)-st electrode and the 
n-th one. For apodised structures this weight is 
proportional to the n-th inter-electrode overlap. This fact 
does the voltage-basis as well as the potential-basis 
suitable to analyze and to implement an IDT of uniform 
and apodised topology, when the end-effect is not 
essential. 
 
   The frequency spectrum Ru(κ,r), that is considered the 
SAW propagates with the wave number κe  within 
electrodes and κg within gaps, is defined as: 
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5.3. Solution for Dipole-basis 
 
The charge distribution density for the dipole-basis is 
symmetrical around the zeroth gap center x=p/2. So as 
well as in the voltage-basis case, it is suitable to choose 
shifted coordinate ξ = x-p/2, so the point ξ=0 lies at the 
zeroth gap center. The charge distribution density ρσ(ξ), 
satisfying the dipole-basis boundary conditions (σ.9a)-
(σ.9b), is written by the following equation [14,15]:  
 

ρσ(ξ)=0,   ξ=x-p/2,  x∈ (bm , am+1)      (σ.10a) 
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  The voltage uσ(m) in the gap between the m-th and the 
(m+1)-st electrodes in the dipole-basis structure is: 
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The integral in (σ.11a) may be simplified for the 
metallization ratio η = 0.5, i.e. 
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The associated potential ϕσ(m) on the m-th electrode in 
the dipole-basis structure is equal to: 
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The integral in (σ.12a) may be simplified for the 
metallization ratio η = 0.5, i.e. 
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The dipole-basis element factor Rσ(κ), defined as the 
Fourier transform of the charge distribution density ρσ(x), 
is equal to [14,15] 
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The usage of the dipole-basis leads to interpretation of the 
Ro(κ) in (4) as the Rσ(κ) and the weights A(n) get 
meaning of electrostatic field flux values through the 
inter-electrode gaps. An absence of charges outside of 
IDT is described with zero electrostatic flux. So the 
electrostatic end-effect is approximated by A(n) = 0, for 
all numbers n lying out of the IDT inter-electrode gap 
numbers. This fact advantageously distinguishes the 
dipole-basis from the both potential-basis and voltage-
basis with accurate approximation of the electrostatic 
end-effect.  
  
   The frequency spectrum Rσ(κ,r), that is considered the 
SAW propagates with the wave number κe  within 
electrodes and κg within gaps, is defined as: 
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5.4. Solution for Charge-basis 
 
The charge distribution density for the charge-basis is 
symmetrical around the zeroth electrode center. It is 
suitable to choose the point x=0 at the zeroth electrode 
center. The charge distribution density ρq(x) satisfying 
the charge-basis boundary conditions (q.9a)-(q.9b), 
saying that the zeroth electrode has free charge equal 
(εo+εp)  while all the other electrodes keep zero charge, is 
written by the following equation: 
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   The solution ρσ(ξ) (σ.10a)-(σ.10b) for the charge 
distribution of the dipole-basis may be considered as  the 
superposition of  the charge-basis solutions: 
 

ρσ(ξ) = ρq(x) – ρq(x-p) ,  ξ = x - p/2   (q.10c) 
 
And conversely, the solution ρq(x) (q.10a)-(q.10b) for the 
charge distribution of the charge-basis may be considered 
as the superposition of  the dipole-basis solutions: 
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The inter-electrode voltages uq(m) on  the m-th gap in the 
charge-basis is written as:  
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The integral in (q.11a) is simplified for metallization 
ratio, η = 0.5: 
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   The associated potential ϕq(m) on the m-th electrode in 
the charge-basis structure, which is defined as sum of 
voltages 
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n
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losses a physical meaning in this case as well as the not-
zero sum charge of the system. So, the charge-basis is the 
non-physical meaning abstraction. Let us remind that the 
superposition of two charge-basis functions (q.10c) has 
the physical meaning of the dipole-basis function. 
 
   The charge-basis element factor Rq(κ) defined as the 
Fourier transform of the charge distribution density ρq(x) 
is equal to 
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   The use of the charge-basis leads to interpretation of the 
Ro(κ) in (4) as the Rq(κ) and the weights A(n) get 
meaning of charges induced on electrodes. An absence of 
charges outside of IDT is described with zero charges on 
electrodes. So the electrostatic end-effect is approximated 
by A(n) = 0, for all numbers n out of the IDT electrodes 
numbers. So the charge-basis as well as dipole-basis 
advantageously distinguish from the both potential-basis 
and voltage-basis with accurate approximation of the 
electrostatic end-effect. 
 

   The frequency spectrum Rq(κ,r), that is considered the 
SAW propagates with the wave number κe  within 
electrodes and κg within gaps, is defined as: 
 

10   , 
2

 
                  

    ,   
)1(1

11
               

)1(      where

    , 1
2

 
for                      

.14)(          
)  (

) (
      

)(

),(

≤≤−=

=
+

=

−+=

+≤≤

=
+ −

+

s n
p

s

r
r-

)-)((r-

n
p

n

q
CosP

CosPrR

e

g

ge

s

n

po

q

π
κ

κ
κ

η
ηγ

κηηκκ
π

κ
θ
θ

εε
κ γ

 

 
 

6. Calculations 
 

 Calculations of the charge distribution for the four basic 
structures are presented in the Figures-2,3. The 
comparison of the end-effects does the usage of the 
dipole-basis be the most preferable. 
 
  The element factor and the modified frequency spectrum 
of SAW for the dipole-basis are presented in the Figure-
4. The function Rσ(κ,r) was calculated for the 
metallization ratio η=0.5 with assumption the parameter 
r=1.1. This calculation shows the difference between the 
functions Rσ(κ) and Rσ(κ,r) in the high harmonics range. 



SESSION C   Piezoelectric and cryogenic oscillators, resonators, baw and saw and materials

C-101



EFTF’02 16th European Frequency and Time Forum

C-102

7. References 
 
 

1. L.L.Goryshnik, S.N.Kondratiev, - Radiotekh. 
Electron. 8, 1719 (1974) [English transl:Sov. 
Phys.-Radio Eng. Electron.,vol.19, No. 8, pp.1719-
1728 (1974)] 

 
 

2. L.L.Goryshnik, S.N.Kondratiev, - Radiotekh. 
Electron., No. 1, 151 (1978) [English transl:Sov. 
Phys.-Radio Eng. Electron., No. 1, 151 (1978)] 

 
 

3. S.P.Stepura, Calculation of the SAW transducers 
electrical characteristics  – Electron. Techn. 
Ser.10, Microelectronic devices, issue 5(29)-
1981,pp.53-56 

 
 

4. S.N.Kondratiev, J.A.Khabarov, - 
Electron.Tech. 3(90), 27 (1990) 

 
 

5. H.Engan, Excitation of elastic surface waves by 
spatial harmonics of interdigital transducers, – 
IEEE Trans. Electron Devices, vol. ED-16, No. 12, 
pp. 1014-1017, (1969) 

 
 

6. D.Morgan, Surface-wave devices for signal 
processing, Chapter-4, Elsevier, Amsterdam, 1985.  

 
 

7. D.P.Morgan, Quasi-static analysis of 
generalized SAW transducers using the Green’s 
function method, – IEEE Trans. SU-27, 111-123 
(1980) 

 
 

8. B.Lewis, P.M.Jordan, R.F. Milsom and D.P. 
Morgan, Charge and field superposition methods 
for analysis of generalized SAW interdigital 
transducers, – IEEE Ultrasonics Symp., 1978, 
pp.709-714. 

 
 

9. D.P.Morgan, B.Lewis and J.G.Metcalfe, 
Fundamental charge distributions for surface-wave 
interdigital transducer analysis, – Electronics Lett. 
15, 583-585 (1979).  

 
 

10. S.Datta, B.J.Hunsinger, and D.C.Malocha, A 
generalized model for periodic transducers with 
arbitrary voltages – IEEE Trans. Sonics and 
Ultrason., vol. SU-26, No.3, pp.235-242, (1979).  

 

11. S.Datta and B.J.Hunsinger, Element factor for 
periodic transducers – IEEE Trans. SU-27, 42-44 
(1980) 

 
 

12. R.C.Peach, A general approach to the 
electrostatic problem of the SAW IDT – IEEE 
Trans. SU-28, 96-105 (1981) 

 
 

13. A.Rukhlenko, Charge Distribution and 
Capacitance Calculation for Generalized Periodic 
SAW Transducers Using Floquet’s Technique – 
IEEE Ultrason. Symp., 1994, pp.325-329 

 
 

14. Yu.M.Abramov, V.P.Dunzov, and V.S.Orlov, 
Electrostatic Field Model with the Given Charges 
on Electrodes of the Infinit Periodic Grating – 
Theses of the Report of the IV School-Seminar 
“Acoustic Electronic Devices”. USSR Ministry of 
Communication, Moscow-1991, p.24 

 
 

15. Yu.Abramov and V.Dunzov,  Approximation of 
Electrostatic End-Effect in IDT Topology Using 
Dipole-Basis – 14-th EFTF Symposium, Torino – 
2000. 

 
 

16. C.S.Hartmann and B.G.Secrest, End effects in 
interdigital surface wave transducers – IEEE 
Ultrason. Symposium, 1972, pp.413-416 

 
 

17. H.Skeie and A.Ronnekliev, Electrostatic 
neighbour and end effects in weighted surface 
wave transducers – IEEE Ultrasonics Symposium, 
1976, pp.540-542. 

 
 

18. Yu.M.Abramov, V.P.Dunzov, and V.S.Orlov, 
Frequency Spectrum of SAW with Account of 
Difference of Its Transmission Velocity on a Free 
Surface from that under the IDT Electrodes – 
Theses of the Report of the IV School-Seminar 
“Acoustic Electronic Devices”. USSR Ministry of 
Communication, Moscow-1991, p.5 

 
 

19. Yuri Abramov, Generalization of Frequency 
Element Factor Considering the SAW Velocity 
Dispersion Effect, – 15-th EFTF Symposium 
Materials, Neushatel-2001, p 311-314. 


