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SYNTHESIS OF SAW DEVICESWITH THE DISPERSION IDT AND THE CURVILINEAR CENTER LINE OF
ELECTRODES ON THE BASISOF THE MODIFIED COM METHOD

V.F.Dmitriev
"Avangard-Elionica,195271,Russia,E-mail<elionica @rol.ru>

In the report the modified COM-eguations for designing
of a broad class of SAW devices such as filters,
resonators, dispersion delay lines are offered. On the
basis of the modified equations for coupled modes, the
method of synthesis and analysis of SAW devices such
as filters and dispersion delay lines using dispersion
IDT with curvilinear centerline of electrodes is
presented. The results of synthesis of the SAW filter and
dispersion delay line are compared to results of
experiment.
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At the designing of the wideband dispersion devices on
SAW, the IDT with curvilinear centerline of the
apertures of electrodes (slanted IDT) usually are used, -
ref.1. Usage of a slanted IDT allows to create both the
dispersion delay lines (DDL) with a quadratic phase
response and the filters which has a linear phase
response (fig.3). The method of synthesis of topology of
danted IDT was offered in paper - ref.l. The
computational method of frequency characteristics of
danted IDT, on a basis of “physica” model and
division of initial topology into channels, was reported
in paper - ref.2.
However, offered in ref.1, the approximate equations
for synthesis of topology of the SAW device, not
always gives adequate results. Besides, the designing of
SAW devices on the basis of a physica model not
always alows on given topology correctly to calculate
frequency characteristics. Therefore on a stage of
elaboration there is a necessity to correct topology of
IDT after manufacturing of the device. Besides that the
physical model does not take into account the influence
of such factors as the reflections in a system of IDT
electrodes and the triple transit signal.

1. MODIFIED COM -METHOD
Usually used a COM - theory (look, for example, ref.3),
based on a deduction and consequent solution of a
system of the inhomogeneous differential equations,
unfairly complicates the designing of the SAW devices.
Within the framework of such theory the account of
such factors as a changed period of structure,
apodization of electrodes, inhomogeneous distribution
of a surface charge on electrodes of IDT is difficult. All
listed factors can be simply enough taken into account
within the framework of a modified COM method
operating a partial cell of structure (one electrode of the
IDT or the reflective array).
Let's consider the SAW sdtructure as system of
electrodes with aternating polarity and both arbitrary
varying period and overlapping of adjacent electrodes.
Suppose, that the source of a signal by the amplitude of
Uy, is at the left. Consider the k-th electrode of the IDT
(fig.1,8). Plane waves R(Z,w) and S(Z,w) are two
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waves coupled between themselves and propagating in
the electrode structure of IDT. Moreover R(Z,w) is
propagated in a direction of an axis Z, and S(Z,w) in a
direction opposite to an axis Z. Homogeneous plane
waves we shall write in the form
R(Z,w)=R(w)exp(-jK2), S(Z, w)=S(w)exp(+KZ),
where R(w), S(w) - the complex amplitudes of the
corresponding waves, K- wave number.
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A wave Rg(Z,w) is drops on the k-th electrode of the
IDT at the left. A wave Sg.1(Z,w) is drops on the k-th
electrode on the right. Then, for complex amplitudes of
past waves, with account for of the mechanisms of
reflecting, transition and transformation with factor
&« (w) may be written

Sk(w)=r kN exp[-j (Ke-Ko)Px ] Ri(w)+

N1k (1 k)Y 2expl- (Ke-Ko) Pr] Sicea(0) +
+&k (N2« exp[-j (Ke-Ko)pk /2] Uo, (1)

Ric+1(00) =N (1 k) *exp[-j (Ke-Ko) Pk IRk () +
+r Nk €XP[-j (Ke-Ko) P ] Sic+1(0)+
+ &k (@)N2kexpl-j (Ke-Ko)Pk/2]Uo, 2

where rg - complex reflectivity from the k-th electrode,
ke - effective wave number, Ko =210 Pk , pK:ZK+l' Zk,
&« (w) - conversion efficiency of the k-th electrode, Nk
= Wy/Wo, Nk = Wx/Wo, W - maximum aperture,
W ik - overlapping of adjacent electrodes, W = Wy in
acase if the false electrodes are used and Wy = Wk if
the fase electrodes are not used. The phase
multiplicands of reflected (transduced) wavesis equal to
the phase difference from the center of reflecting
(transducing) waves up to the relevant boundaries of
cell - Zk for Sg(w) and Z,.; for Rk(w). The center of
reflecting (transducing) SAW is accepted in center of an
electrode. An effective wave number we shall calculate
aSKEZZTI'/AE:(d[VQ‘FLK (VM 'VO)/pK] 'ja,
where Vo — velocity of SAW on a free surface, Viy —
velocity of SAW under a metallized surface, a- total
losses at the propagation of SAW in electrode structure
per unit of length.
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The modification of a current in the bus of IDT is
caused by the transformation of direct waves, back
waves and voltage drops on capacity of an electrode:
I](((A))'I]@.l((&)) =Al K (00) =

+2&k (w)exp[-j (Ke-Ko) Pk /2] Rk(w) +

+28 () exp[-j (Ke-Ko) Pk /2] Sk(w)+ uX(C2/2)Uo. (3)
Now let's consider the members which are responsible
for the transformation at passing of the SAW through
the electrode of the IDT (fig.1,b). We shall take into
account that fact, that the excitation has distributed
character. Let's suppose that the direct and the back
transformation of SAW on electrodes happen to
identical efficiency, i.e. has mutual character.
Let's suppose that the distribution of a surface current
on electrodes of IDT J(Z) is known and that the
mechanism of transformation of SAW by a small site of
a surface current AZ of an electrode and all electrode
are similar. Then, by summarizing the contributions to
the transformation of SAW on a width of an electrode,
concerning its center Z ., and then passing to a limit

(AZy - 0), weshal receive
Lk/2
&k =Gafl (Z) exp [-] (wWVw-ko) Z]dZ, (4)

-Lx/2
where Ga — the acoustic radiation conductance on
frequency of a synchronism. The calculation of
distribution of a surface current on electrodes J(Z) in
the self-consistent problem or another words with the
accounts of the edge effects, final length of IDT and
reverse reaction of a piezoelectric can be calculated by a
method reported in -ref.4.
The equations (1) - (3) can be rewritten in a matrix form

Sk (@) P(1,1) P(12) P(1,3) Ri (@)
Ry (@) [qP(22) P(2,2) P(2,3) Sk () (5)
Al (@) | |P(3.1) P32 P@33) Uo

Then, P-matrix of the IDT is as a whole defined by a
series multiplication of P-matrixes describing each
electrode. The using of the eguations (1) - (3) with the
arbitrary coefficients &« (w) and nik which are writing
for two SAW-structures connected in series the
components of total P-matrix may be received.
The presented modified COM method alows to
calculate an input admittance of IDT in structure of the
filter or resonator with an arbitrary varying period and
aperture of electrodes of IDT and real distribution of a
surface current on the electrodes of IDT.
2.SYNTHESISOF SAW DEVICESWITH
SLANTED IDT.
Let's it is necessary to design a SAW device with a
dlanted IDT having amplitude response in the form of a
scaling down or scaling up at the magnification of
frequency. A problem of synthesis of topology of the
dlanted IDT we shall decide by the method similar
stated in ref.1. In this case the power, emitted by the
IDT in arequired frequency band should follow by the
expression
Uo’Ga(f)=PoK o(f), (6)

where G, (f) — conductivity of IDT, Po - power, emitted
by IDT on acenter frequency fo, Ko(f)=1+ Ky [f—f,]/Af,
Uo=const(f) - signal amplitude on an input IDT, Ky=
const(f) - factor of inclination of a frequency response.
For a scaling down of insertion losses in a high-
frequency region Ky > 0, and for linear growth of
insertion losses in a high-frequency region Ky < 0.
Carrying out the transformations similar to those that
has been executed in ref.1, for frequency dependence of
the aperture of IDT, we shall receive

W(f) = W(fo) [fo/f] Ko(f) { [(Re )+

X2 ()11 [(Re )+X2(fo)] 12 (7)

where W(fo) - aperture of IDT on a center frequency
selected from a condition of absence of a diffraction and
apermissible level of insertion losses, Rg - resistance of
the generator, X(f) —imaginary part of IDT impedance.
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The position of centerline of the apertures of IDT
electrodes we shall define from a condition of constant
of IDT length in a transverse direction for each X-
coordinate: Lerr(X)=Ngre(f)A/2=const,
Neee(f)=Ff [T/Af]"2 -ref.1, where T - dispersion delay in
IDT, Af - bandwidth of IDT. From consideration of a
fig.2 it is possible to write expressions:
tg (p_|_=W|/L EFE, (8)
tg @ = AX/AZ;, (9)
where AX;= X js11—Xi,AZ (=7 ;1 —Z ; - distance on X
and Z axes between the coordinates of centers of i-th
and i+1- th of IDT electrodes, W; - aperture of an i-th
electrode, @, - angles of inclination of boundary of
the apertures and centerline of electrodes respectively,
concerning an axes Z (fig. 2). In case of a slow varying
of the aperture of IDT (W i1 - Wi ) / W 41 < <1,
curvature of aline of centers of electrodes slowly varies
also. In this case @, = @,. Then, from eq.(3) and eq.(4) it
ispossibleto receive AX; = AZ W /L grrand X j41 =
Xi+AX iju X 1=0, Z -coordinates of electrodes are
determined by a standard manner.
3. ANALYSISOF SAW DEVICESWITH

SLANTED IDT
Let's consider the SAW device with dispersion IDT and
curvilinear centerline of electrodes (fig. 3). Calculation
of IDT matrix of conductivity we shall perform on the
basis of modified COM method and the method of
division of initial SAW structure on channels.
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Components of an input admittance of IDT we shall
define as the sum of partial conductivities of all
channels

Nk

Y(ly,my)zz YK(Iy,my), (10)

k=1
where N - number of channels, Y (Iy, my) -
component of a matrix of an input admittance in the k-
th channel, 1y=1,2, my=1,2. Number of channels, into
which the structure is divided, should be taken enough,
that the results of caculation of frequency
characteristics do not vary at increasing of Nx. The
contribution of the k-th channel Y(ly,my) in the total
conductivity of the SAW device we shall define,
considering the k-th channel as the independent SAW
device, and using the components of P-matrixes of the
input IDT-A P®W(lp,mp) and the output IDT-B
P®(Ip,mp) in the k-th channel. Then, for an input
admittance of the k-th channel we shall receive
Yr(1.1)=P*(3,3)+

+PO (1,)PP (32)PMy(23)/Yko,  (11)

Y«(1,2)=P*(3,2P®x(1,3)®«/Y ko, (12)
Y« (2,2)=P¥(2,3)P®3,1)®«/Y ko, (13)
Y« (2,2)=P®%(3,3)+

+PP (2,2P® (1,3)P®(3,1)/Y ko, (14)

where Y xo= (®x) *— P¥(2,2) P®y (1,1),
@ = EXP(j2rn Z®® /) —a 2"®)), z#® =z®), _
Z®W,, —distance between the first electrode IDT-B and
last electrode IDT-A (fig. 3), A - wavelength on a free
surface.
The calculation of components P®y(lp,mp) and
P& (Ip,mp) is perform on the basis of amodified COM
method. In order to synchronize the channels among
themselvesit is necessary to take into account the initial
phase for the first electrode of each channel IDT-A
(IDT-B). For this purpose in the components of a P-
matrix of a equation (5) we shall add the phase factors
for the first electrodes of each channel:

PALY) =P @AY [FY {z® 1%  (15)

PM(12) =P (1,2 FO{z% 1, (16)
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Fig.3.
P™(1,3) = P (1,3) FA{Z® 1}, 17)
PW(2,1) = PY(1,2), (18)
PM3,1) =P (3,1) F® {z®x 1}, (19)

where F®, {(z® 1 ¥ = EXP (j 2n ZW1 /iy — @
Z(A)K‘l ), Z(A)K’]_ :Z(A)Lk - Z(A)]_ — distance between the
first electrode in the k-th channel of IDT-A (with
number L) and the first electrode of all IDT-A, v -
wavelength under a metallized surface (contact bus).
The other components of a P-matrix for the first
electrode remain without a changing.

For the last electrodes of each channel IDT-A the
components of a P-matrix with account of the phase

factor will be:
P™(1,2) = P(1,2) FAAZ 5}, (20)
PW(2,1) = PW (1,2), (21)
PM22) =P22) [ FAAZ® % (22)
PM(2,3) = P(2,3) FAAZ 5}, (23)
P™(3,2) = P(3,2) FM,{z®y 1}, (24)

where F®,(z®, 5) = EXP ( j2rZ% oy — a0 ZWy ),
Z®y =z®z®),, - distance between the last
electrode of al IDT (with number N) and last electrode
in the k-th channel (Mk). The other components of a P-
matrix for the last electrode remain without a changing.
The similar expressions can be written for IDT-B with
components P®(I,m), and condition F®,(z®, ,)=1,
because a phase change of a wave outside IDT-B
unessentialy. Now the components of a P-matrix of the
k-th channe P®(lp,mp) and P®y(lp,mp) can be
calculated by a multiplication of the relevant
components for the el s%trod&e in each channel
M™%k
PAB), (Ip,mp) =T F{PAB, (I, m)}, (25)
n :LA,BK
where Lg, Mg - the numbers of the first and last of the
electrodes in each channel. The product in eq.(25)
should be understood as a calculation of the series
products defined by the equations analogies to eq.(1) -
(3), but which are written for the two adjacent
electrodes.
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4. THE RESALTSOF DESIGNING OF THE
FILTER AND DDL WITH DISPERSION
SLANTED IDT.

The filter with the dispersion IDT and parameters: fo=
105 MHz, Af=10 MHz, K=1.45 was designed by the
offered method, and then is made on a substrate of
LiNbO; Y, Z-cut, size by 13x3.5mm? For the
necessary squareness of the frequency response of the
filter on the basis of the procedure of synthesis was

established

J) output

Fig.4 Topology of the filter

that, the dispersion delay in the each IDT should be
equal to 1.9 ps a Afe=15 MHz and Ky=0.3. The
aperture of electrodes on a center frequency W (fo)
should be equal to 11 X, Each of the IDT should
include 403 split of the electrodes. The topology of the
filter is presented in fig.4. The measured frequency
characteristics of the filter are presented in fig. 5a, and
the results of
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fig.5,a. Measured responses of the filter.
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Fig.5,b. Calculated responses of thefilter.
calculations by a modified COM method are presented
in fig.5b. The phase characteristic of the filter ®(f) is
presented by the deviations from the linear law: A® =
D(f) - 21T o (fo— ), where T =2.3179 psis delay on the
frequency fo.

By the offered method the dispersion delay lines were
designed, and then are made on substrates of LiNbO;
Y,Z-cut. Up-chirp (without apodization) and down-
chirp (with Taylor weighting) has the parameters: fo =
700MHz, Af =200 MHz, T=0.6 ps. With the using of
the procedure of the synthesis has been established that
the flat response of the up-chirp take place if Ky =0,
Af,=260 MHz and T.=0.34 us for every IDT,

W (fo)=25%. Each of the danted IDT includes 549 of
electrodes. The frequency responses of up-chirp and
down-chirp are presented in fig6 and fig.7
respectively. The calculated and measured values of the
minimum insertion losses were -18.2 dB and -22 dB
respectively.
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Fig.7. Frequency responses of the down-chirp
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