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THE EFFECT OF A STRONG EXTERNAL
ELECTRIC FIELD ON THE PROPERTIES OF SAW1)

KOSEK, M.?), ZELENKA, 1.2), Liberec

dent ST quartz, which corresponds to the relative change of resonator frequency of
about 5ppm.

computation should be useful, for example, in the design of SAW electric field
sensors, for the estimation of the range for the fine tuning of SAW resonators or
oscillators or for their frequency modulation.

- We suppose, in agreement with experiments, that the amplitude of the strain
generated by a SAW is small with respect to the strain created by an external
of the state at which the external field acts. This means that the relatively simple
perturbation theory [1] can be used instead of the general but complicated non-
linear theory [2]. The perturbation method has been extended and generalized in
order to include the piezoelectric effect and other mSonw:ﬂboEEmmEs@P namely
the electro-elastic effect and the electrostriction [3]. The resulting equations allow
to consider any of the important external field, .

In this paper we apply these equations to compute the influence of an external
electric field on the SAW velocity. According to the perturbation theory the pa-
rameters of the substrate under the action of an electric field are computed and
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then used m..o n.:o&@ the material parameters of the linear SAW equations. The
SAwW velocity in the presence of an external electric moEmmnoivzgm vwgmcma

of a standard method and the numerical results for important cuts of widely used
substrates are given. )

II. BASIC EQUATIONS

The use of the perturbation method consists of three steps:
(1) the solution of the nonlinear equations for the initial state
(2) the modification material parameters, . .
(3) the solution of the linear SAW equations with modified coefficients.

1
Sij = MAQQ +Uji + U iUy ;) , (1a)
Ei=-9; (1b)
. .
Lij = CijuSu + 3CiikimnSt1Smn ~ €xijmn Ex Spmn
1 o
—erij Ep — s HuiiEe By + Hm 1 (1)
1
D; = ;118 + 5 Cikimn S Smn + HijuE; Sy
1
+eEj + it EjEy + D{® (1d)
T + TiaUs s = p, 0, | (1)
Di; =0 (1)

the static electric condition (1f) are needed. Basic medium quantities are the elastic

displacement Ui and the electric potential ¢. Other used quantities are the ther-
Bomw.nﬁmmn mena.mm ij, the elastic strain'S;;, the electric field intensity E; and the
e s i bt

o : y the density p,, the elastic
:.Hom:r of the Snoum. and third rank Cijki and Cijrimy,, the linear and the quadratic
Plezoelectric stress-tensor components e;;; and €ikimn, the electrostriction Hiin
and the linear and quadratic permittivities €ij, €ij&. The Einstein summation rule

is used and the space derivatives are given by the indices followed by the comma.

The point above the symbol is used for the time derivative.
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In the vacuum above the medium only the Laplace equation for the electric
potential is needed

@ =0. 2)

We suppose that on the surface of the medium no external surface stress is
applied and no free electric charge is on it. The mechanical boundary conditions
have therefore the form )

n;(Tij + TjeUs i) = 0, (3a)

where n; are the components of the unit vector normal to the surface. The electric
boundary condition on the free surface requires the continuity of the potential and
the normal component of the electric displacement

ot =g, n; D} = n; Dy, (3b)
where the symbols + and — denote the vacuum and the material side of the sur-

face. The electric boundary condition for the surface covered with a thin perfectly
conducting film requires zero potential on it,

®=0. - (3¢)

The elastic displacement and the electric potential must vanish in the infinity.

The modified linear material parameters am.-mwg mmmv and mm& are given by these

equations :
(m) _ 7{)
Ciin = ...ﬂ.2+m:ﬁ.m. (4a)
" o /4 "
Cijk = ¢+ € epUnn

"o g ’ :
Cijkt = Ciji + CjnpUin

Ciikl = Cijkt + CijklmnSmn — enijrrEp

mmnv = mmz + nmw:Qw.a AAVV
€kt = €ikl + €ikimn Smn + HijuE;
mm:v = €ij + €ije By + Hiju Sy, (4¢)

i

l

where ¢, is the permittivity of the free space and 6 is the Kronecker m%.aro_. The
quantities U; and Sy; must be obtained by the solution of the nonlinear equations
(1a) through (1f). ‘
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The modified materia] parameters are substituted into well-know linear SAW
equations

(m)

Pothy = CijkiULEj + eg; Bk (5a)

e ma ~ Mo 0 (5b) -
D= (5¢)
ni(elfhus +e{Pe ;) = o (54)
¥ = &7, nje, % = n; (efupy - £M83)  (5e)
$ =0. (50)

and the remaining equations are the boundary conditions, mechanical A.m& and
electrical for free surface (5e) and short-circuited surface (5f). The SAW elastic
displacement and potencial are given by the symbols u; and &, respectively.

III. EFFECT OF EXTERNAL ELECTRIC FIELD

p
of the effect of the external electric field is the solution of nonlinear equations
(1a) through (If) for the initial state. We suppose that only the external electric
field acts and there are no free charges on the surface of the medium so that the
absolute terms in the constitutive equations (1c) and (1d) are zero. The solution
gets considerably simpler if we make two approximations:
(1) the electric field and the mechanical displacement and the strain generated by

this field are all homogeneous and static,

(2) the terms with products of strain or of displacement gradients U; ; are negli- -

gible.
The first approximation is satisfied satisfactorily because of very small penetra-
n de

of linear elasticity follows from the equation (1a)

Sij =85 =Usj = Uj ;. (6a)

In the equation (1c) the term with a product of strain is not considered. As the
electric field is static, the right-hand side of the equation (Ie) is zero. After the
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pth and very high frequency of a SAW in SAW devices. The computations.

substitution from equations (6a) and the reduced equation (1c) into this equation
and after neglecting all terms with the product of strain the equation of motion
(1e) is reduced to .
2
Due to the homogeneity of the strain and the electric field the electric condition
(1f) is valid identically. After the substitution from equations (6b) into the reduced .

Tj = enje BuSit + = Hutje Eo i Siy. (6b)

“eéquation (1c) we obtain a set of linear equations for the strain, which can be solved

by standard methods, From the identity (6a) we know the displacement gradients
and from equations (1d) we compute the electric displacement.

Since the electric field is given, all quantities in equations (4a) through (4¢) are
known. The procedure connected with the second step of the previous chapter is
very simple and the solution of the third step uses a standard technique.

IV. NUMERICAL RESULTS

electric field Intensity is limited by a vacuum, air or a material electric break-
down. The changes due to the electric field should be compared with the changes
produced by other second-order effects, namely temperature effects.

In the case of quartz we did not include the electrostriction because there is a
great discrepancy in the published values [4]. We have investigated the well-know
cuts of quartz somewhat in detail. On all the investigated cuts the maximum
SAW relative velocity change was less than 10 ppm, which corresponds with one
exception to the temperature change less than 0.5K so that only the temperature
independent ST cut quariz should be considered. On this cut the SAW velocity is
affected only by the electric field parallel to the SAW beam axis and the sensitivity
to the electric field intensity is 8.10"2m/V . This value corresponds to the valye
for volume waves [5]. The maximum relative velocity change is therefore about
6 ppm. On rotated ST quartz substrates with respect to thickness the normal
electric field acts too and the relative change of SAW velocity by this field for a
rotation with an angle of 46 degrees is 5.10"2m/V . In this case a stronger electric
field can be used, unfortunately the phase and group velocity are not collinear.

On cuts of lithium niobate the sensitivity of SAW velocity to the applied ex-
ternal electric field is greater than for quartz, but there are no cuts with a zero
temperature coefficient of SAW velocity. For example, on the YZ cut the temper-
ature changes of SAW velocity exceed strongly the field changes.

In SAW resonators and other devices the relative change of frequency is given
by both the relative velocity change and the relative dimension change (strain) in
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the direction of a cavity length. For ST cut quartz the maximum relative frequency
change is about 5§ pPpm. ,

V. CONCLUSIONS

The generalized perturbation method [3] has been applied to the problem of
SAW Propagation in the presence of a strong external electric field. It is found
that the €quations of the initia] state, in which the electric field acts only, can.

be linearized so that their solution can be greatly simplified. The numerical com-

is practically impossible. On YZ lithium niobate the sensitivity to the external

electric field is greater but the temperature dependence seriously complicates the )

Practical use of this effect in the SAW devices mentioned above.
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A

BIIMSIHUE CHUJIBLHOTrO wmmMHm.mamﬁwH.O WEHNHHUECHON..OH.O
IIOJIsI HA CBOVNCTBA IIAB

C npumenenmen o6meif reopun Bo3Mmymenumit u yyerom HennHedROCTel Ma-
TepHaJia BBIYKCIIeHa 33aBHCHMOCTL CcKopoctu IIAB Ha BHeIHeM oJieKTpuy-
€CKkoM none. Kak nokazany PacyeThl, B cpaBHenuy ¢ TeMIepaTy pHEIMY apdex-
TaMM, ucienyemnri 8¢ dekT okasmBaercy O4UeH ManbM. Makcumanproe u3yye-
HUE OTHOCHTennLHOH CKODOCTH orpaHuyeHo AonycTumolf uHTeHCHBHOCTLIO Bie-
KPUECKOro o M cocramiger 6.10~% npu HesaBUCHUMOM OT TeMnepatyprr CT
KBapue. Dro COOTBeuByeT OTHOCUTEJFHOMY M3MeHeHuIo HACTOTH pezoHaTopa
B 5.10™8,
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