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The dispersion relation, radiation impedance and

insertion loss by two terminal and microstrip models for

forward and backward volume waves including a gap

between YIG and transducer are obtained for the first

time.

Introduction

We here obtain the dispersion relation, radiation
impedance and insertion loss for forward and backward

volume waves arising in multistrip magnetostatic trans-

ducers for a uniform current distribution. Included

for consideration are the meander line and parallel

grating, the presence of two ground planea simultane-

ously and the presence of an air gap between YIG sur-

face and the microstrip lines (see Figure 1). Compari-

sons are made between insertion loss based on our two

terminal model and insertion loss based on the micro–
strip modelill.

Dispersion Relation

As shown earlier[z~ ~131 we solve the boundary
value problem consisting of Maxwell’s equations, the

pyrometric relation and the constitutive relations

utilizing the Polder tensor. By considering the ap–

priate continuity and boundary conditions at the re-
gion junctions and boundaries and by taking the mag-

netostatic approximation and assuming there are no
variations of physical quantities in the z direction

(see Figure 1), we obtain a solution in the form of

a magnetostatic potential function.

In non YIG regions the function is of the form

II = (Aelkly+ Belkly)e-ikxei~t ( la)

and in the YIG region the function is of the form

I) = (A cos alkly + B sin ~lkly)e-ikxei’~jt (lb)

where . \*

(
yLHoMo

~2=- 1+ -—
~2H 2_f2

J

(2)

0

where *=1 for forward waves and *=-1 for backward

waves. Also, Ho is the biasing field magnitude,
y =2.8 mhz/oe, M

0
= 1750 oe and f = u/2.

The determination of the A and B constants in (1)

and (2) obtained by solving the boundary value problero
leads to the dispersion relation in the form F(k) = O

from which we find wave number k as a function of

frequency from
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where tl, g, d and 1 are the region thicknesses (see

Figure 1) and here, *=O for forward waves and *=1 for

backward waves. Equation (3) is solved numerically
by successive approximations. The principal value of
the inverse tangent function is taken from O to n.

An infinite number of solution modes of (3) can be
found by considering the multiplicity of the inverse

tangent function. Note that the solution waves are
the same for positive and negative k for each solu–

tion mode. It is also seen that (3) reduces to ex-
pressions obtained earlier141 when the gap g is

reduced to O.

Radiation Impedance

Upou satisfying the dispersion relation we find

all constants in (1) as in earlier analysis [21,[31.
The field equation~ for hx and by for all regions are

found from (1) and the Polder tensor with Fourier

transform analysis and contour integration. We then
obtain the magnetostatic wave power for positive and
negative k for each solution mode of (3). The funda-
mental mode contains most of the contribution to the

power as is expected. The radiation resistance for
positive and negative k are also identical and the
total radiation resistance is twice the resistance

from each wave, for every mode. The total resistance
for each mode is then of the form

2WUOIGI 2 !~
Rm = c
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where C is obtained separately for forward waves and

backward waves by integrating through the thickness

for all regions.
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In Eq. (6) k is positive and * = O for fOrward waves and
* = +1 for backward waves. When g = O, the above

reduces to the value obtained prev<ouslyE41 . ~ denotes

meander line or parallel grating, J(k) is the Fourier

transform for the uniform current and N is the number
of strip lines. The radiation reactance is then

found by numerically evaluating a Hilbert transform151,

completing the radiation impedance.

Insertion Ims

Now, the insertion loss as defined and measured
by commercial network analyzers such as the HP841OB

Microwave Network analyzer, can be obtained with the
help of Fig. 2. An MSW wave, launched by an input

transducer and which reaches an output transducer is

indicated by k in Fig. 2a. Transducer electrical

terminals through which total transducer current

flows are denoted by B and D.

t~e wave is r~~jesented

The power carried by

by the electrical power dis-

sipated in Rm . Here, we assume short connections

between source and transducer terminals so that in

Fig. 2b terminals A and C are connected, respec-
tively, to terminals B and D. Insertion loss for

the input transducer is defined as,

I.L. = -10 log10 TE (7)

where transmission efficiency, Tl?, is given by

power delivered to ~(+)

TE= (8)

Maximum power available

From Fig. 2b. power delivered tO ~ (+) is (1/2) ~(+)

1112With I=v/(~(+)+~(-)+Rg+jxm) and zg = Rg.
Maximum power available from source V, source impe-
dance is ,Rg, occurs when everything to the right of

terminals A and C in Fig. 2b is replaced by resis-

tance Rg. Maximum power available is then (1/2)
RglI’12 with I’=V/(2Rg).

When the preceding power expressions are sub-
stituted into Equations (7) and (8) insertion loss for
one transducer is obtained. Assuming reciprocal
coupling efficiency between electromagnetic system and
IISW, TE is squared and so the total insertion loss for

a Pair Of transducers is twice that given by Eq. (7).

10Lo(f)=2010grRg+::J21
This insertion loss is identical with S21

the transmission loss measured by the network

analyzer. Propagation loss can be included by

(9)

in d13,

adding

a term –76.4 (AH) T to Eq. (9), where Tg = grOup

5delay in microsecond s and AH is full linewidth in

oersteds. In this two terminal model ground plane
effects are contained in the parameters Rm and Xm.

In Figure 3 we obtain insertion loss for for–

ward volume waves from the two terminal model both
for no gap g and for a gap g = 25 p m. In Figure 4

we obtain insertion loss for backward volume waves

for a single element both from the two terminal

model and the microstrip model. In Figure 5 the

same quantities are obtained for a four element

parallel grating. In each of the above calcula-

tions the fundamental mode only is considered.

Conclusion

From the results presented in Figures 3-5

we see that the insertion loss obtained from the
two models under discussion are in very good agree–
ment and that the inclusion of a gap between the
YIG and the transducer is significant in that the

bandwidth is narrowed appreciably with increased
gap. An advantage of the two terminal model is

that fewer input parameters are required to cal-
culate insertion loss while an advantage of the

microstrip model is that microstrip input impe–

dance is found naturally.
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Fig. 1. Transducer geometry.
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Fig. 2a. Single multielement gratinq transducer
Fig. 3. Forward volume waves insertion loss -

without gap and with gap.showing electrical and source terminals.
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Fig. 2b. An equivalent electrical circuit for

a single MSW transducer.

Fig. 4. Backward volume waves insertion loss for

one element . two terminal and microstrip models.
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Fig. 5. Backward volume wave insertion loas - four element parallel grating -two terminal and microstrip mode15.
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