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FAST ALGORITHM FOR ADMITTANCE CALCULATION
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Abstract - Analytic formulae for calculation of the surface acoustic wave (SAW) transduce:
admittance comprising acoustic radiation conductance and susceptance are deduced neglecting
multiple interelectrode SAW interactions (quasi-static approximation). Based on the aperture
channelizing technique, an acoustic admittance is treated as a sum of the channel admittances. By
applying a special summation technique for the apodized periodic SAW transducers, the general
formula is converted to the recurrent form resulting in considerable reduction of computation time.

Introduction

Calculation of a SAW transducer admittance is an integral part of the computer-aided design
of SAW bandpass filters. Accyrate modeling is necessary 1o evaluate a priori SAW filter insertion
loss, simulate frequency response distortion due to the electrical interaction with source and load,
match SAW devices. Unfortunately, rigorous analysis techniques [1] are impracticable due to their
complexity and computation slowness. Usually, the equivalent circuit model of the uniform SAW
transducer is used [2] and aperture-channelizing technique {3-5] is applied for apodized SAW
transducers. As a rule, it is radiation conductiance that can be determined within SAW model and
numeric Hilbert transformation is performed to calculate radiation susceptance [3].

Calculations are simplified in the quasi-static approximation [5] where the superposition
principle can be applied to calculate radiation conductance of an unapodized periodic SAW
transducer with an arbitrary polarity sequence [3, 4]. Unfortunately, simple analytic formulae
comprising both radiation conductance and susceptance were deduced for uniform multielectrode
transducers only [5].

In the present paper, analytic recurrent formulae {or SAW transducer admittance calculation
comprising acoustic conductance and susceptance are deduced in quasi-static approximation.

Admittance Calculation
For the calculation of the acoustic admittance Y(@w)=G(@w)+/B(w) , an apodized SAW

transducer is subdivided into uniform (unapodized) acoustical channels as shown in Fig.1. The total
transducer admittance can be determined as a sum of channel admittances

V@)= X1 (0), M

where Y,(@)=G,(@)+jB,(w) is the elemental admittance of the i-th channel with the aperture W,. The
channel conductance G,(w) is given by the following expression [5]

G, (@) =W | F,(k)ptk) |’ (2)

with the channel array factor

Fy=xF ¢ /P 3)

and the element factor
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2sin s
k)=&————P.(cosA), 4
Pl = & e Beosty) )
where k=aw/v — SAW wave number, v — SAW velocity; I" =k’/2¢ — substrate constant. &° —
electromechanical coupling factor; e=g,+¢g, — cffective permittivity, s=kp/27-n — normalized

frequency variable, n=[kp/27] - space harmonic number, P_ (-cosA)- Legendre function..
P, (cosA) - Legendre polynomial, A=zna/p.

Fig.1. Aperture channelizing

The algorithm proceeds as follows. First, the coordinates y;, i=1,N of the transversal gaps of
an apodized IDT comprising N fingers are lexicographically sorted in the increasing order and the
transducer is subdivided into N parallel acoustic tracks (channels), with the channel boundaries
given by the coordinates y;. As two neighbour channels differ with a polarity of one finger only, one
exponent of the type exp(-jkx,) is needed to recurrently compute the elemental frequency response
of the channel where x; is the x-coordinate of the finger at the channel boundary y;. An example of
the polarity sequences corresponding to different channels in Fig. 1 is given in the table.

Polarity sequences for different channels

N 1 2 3 5 6 7
P, + + + + + +
P, + + + + + +
r,’ + + - + + +
r* + - + - + +
P T [ - [+ | - +
Pn() I h + i + - ’1:'
P,’ - - + - e - -
P,° - N = - - -

Therefore, we obtain the following recurrent relation for the radiation conductance
Gy(w) = g(@W; | Fy(k) [, (5)
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g(o)=alpk)", (6)
F=F, -2 R=xe /M @
By substitution of the Eq.(7) into Eq.(5) we obtain afier transformations the recurrent formula
G,(2) =,%V—‘—G._1 —Wg(w)Re{E_]ef’“' }+4W, g(@). ®)

I

The radiation susceptance can be calculated as the Hilbert transformation of the radiation
conductance [5]

o]

B(0) = H{G(@) }= -~ ) SCRPNS

)
@0

By applying the Hilbert transformation (9) to the Eq.(8) we deduce the following equation for the

channe] susceptance

B,(@) = ;VVK«B -4W,Re { H {g(m) F_ e’ }}+ 4w, H{g)}. (10)
-1
Using the Sochotzky-Plemel formulae [6, 7] for the Koshi-type integral with singularity on the real
axis, we derive the following closed-form relation

Re iH{g(w)Fl_l L }f: Im {g(a))F,_1 o IR } an
After closed-form integration (11) we obtain

74 o
B,(w)= By ~4W, Im{g(w)F,_, e/ }+4W, Hig@} —(12)
1-1
The last term in the Eq. (12) should be calculated by numerical integration. It depends on the
metallization ratio as a parameter and can be approximated by the elemental functions.
By combining the Eqgs. (8) and (12) the formula for SAW transducer admittance comprising
radiation conductance and susceptance takes the recurrent form

Y(@) =§'-—Y,-,<m>+ AY(@), (13)

AY, (@) =4, g(@) (1= F e |+ 45 W, H {20 ). (14)

The static capacitance of an apodized SAW transducer can be found in the closed-form using
the technique [9], for example.

Calculation Example and Experimental Results

An example of the modeled and measured admittance characteristics for a SAW bandpass
filter is shown in Fig. 2. The SAW filter has the central frequency f;=479.5 MHz, passband width A
f3=27 MHz, shape factor K3,.40=1.8. The input and output transducers with split fingers have an
aperture =340 um, metallization ratio #=0.5, and electrode numbers N;=60 and N,=351,
respectively. The substrate material is the ¥128°X lithium niobate with electromechanical coupling
factor ¥=5.5 % and permittivity £=55¢. Input and output capacitances were calculated by applying
the technique [9]. Both unapodized and apodized SAW transducer admittances were calculated
using the Eq. (13). Results of the admittance calculation for SAW transducer with split fingers show
good agreement with measured admittance characteristics.
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Fig.2. Modeled and measured admittance characteristics
Conclusion

The recurrent formulae for admittance calculation of the apodized SAW transducer have been
deduced in quasi-static approximatioh, which allow to reduce considerably the computation time.
Given a sorted transversal gap coordinates, the computation time depends linearly on the finger
number N and it is basically the same as the time required for the frequency response calculation
using the Fourier transform. As for a particular IDT sorting is a single-time frequency-independent
procedure, it does not contribute considerably to the overall computation time. Quick sorting
algorithms can be applied to long transducers. To further reduce the computation time, all the &V
exponents involved in computation at a particular frequency can be calculated a priori and stored in
memory, with the recurrent procedure comprising summation and multiplication operations only.
The proposed computational algorithmm can be applied to both periodic and non-periodic
transducers, for example, to chirp transducers. The examples of the admittance calculation are
presented which show good correspondence of the modeled and experimental results.
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