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Electrodynamic Theory of Multiport Structures
Using Magnetostatic Waves in Ferrite Films
and Its Applications

Sergei V. Zagriadski, Senior Member, |IEEE, Jaehoon Choi, and Hyeongdong Kim, Member, IEEE

Abstract—The paper presents an electrodynamic analysis
of tunable multiport ferrite-dielectric structures with parallel
transmission lines of an arbitrary type, coupled through propa-
gating magnetostatic modes of magnetized multilayered ferrite
films. The structures are supposed to be excited at one port by
an incident electromagnetic wave, and amplitudes and phases of
electromagnetic waves at other portsare obtained by an analytical
procedure. The model holds for an arbitrary direction of a
magnetizing field and describes the interaction of magnetostatic
modes in ferrite films of a finite width. The solution is obtained
in a self-consistent approach, i.e, a reaction of magnetostatic
waves (MSWSs) on transducers, which excite them, is taken into
account. Derived closed-form expressions for response functions
of multiports provide the base for the modeling of a wide class
of MSW devices: multichannel adjustable filters and delay lines,
directional couplers, frequency-selective power dividers, tunable
oscillatorsand activefilters, and multiport resonators. Thetheory
is also valid for the analysis of multi-element, interdigital, and
meander M SW transducers. Applications of a general theory are
demonstrated for numerical calculations of frequency responses
of surface and forward volume MSW filters, delay lines with new
types of strip-line transducers (two-port and T-type), and for the
analysis of a phenomenon of mutual coupling of transducers in
conventional devices.

Index  Terms—Ferrimagnetic  films, ferrite  devices,
magnetostatic waves (M SWs), microwave integrated circuits.

I. INTRODUCTION

AGNETOSTATIC wave (MSW) technology has been

advancing during recent years and is proposing effective
solutionsfor microwaveand UHF signal processing systems|[1].
Multiport circuits using ferrite films can significantly extend
applications of MSW devices providing the base for their novel
designs. Various MSW devices such as adjustable filters and
delay lines[2], [3], tunable oscillators and activefilters[4], [5],
directional couplers[6], frequency-selective power dividersand
multiport resonators[2], frequency and phase sel ective switchers
[7], and modulators are realized by using pin-diodes, varactors,
transistors, and Gunn diodes as terminations of transducers in
multiport structures. Microstrip multiport structures are aso
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used for the realization of MSW transducers themselves in
interdigital, meander, and unidirectional configurations [1],
[8], which can provide narrow-band frequency responses or
to reduce the insertion loss in devices due to the bidirectional
radiation of waves. The interaction of transducers in all these
multiport structures, especialy strong in the case of volume
MSW, and an arbitrary characteristic of loadings significantly
complicate the electrodynamic analysis of structures and such
analysis has not been performed until the present time [9]-{11].

As recently shown in [12], a self-consistent electrodynamic
problem of the MSW excitation and reception by a transducer
of an arbitrary type can be analytically solved in a general
case, if a complete set of eigenwaves propagating in a fer-
rite film and their dispersion characteristics are known. The
approximation for the obtained solution [12] depends on the
approximation for propagating waves—electrodynamic, mag-
netostatic, or dipole-exchange. The solution is constructed by
using an electromagnetic field distribution for a dominant mode
in a transmission line forming a transducer (in the absence
of a ferrite film). This approach can be extended to muilti-
port structures and arbitrary magnetized multilayered infinite
or finite-width ferrite films (MSW waveguides). Although, in
fact, an explicit form of eigenmodes in ferrite films and their
dispersion characteristics for such complicated structures are
known only for some specia cases (e.g., see [13]-{15]), the
possibility of constructing an analytical solution in a general
case is very attractive. Moreover, in calculations according
to this approach, there can be used numerical solutions for
MSW modes, applicable for arbitrary ferrite-dielectric waveg-
uiding structures [16], [17], dong with numerical solutions
for an electromagnetic field in dielectric-filled transmission
lines forming transducers (e.g., see [18], [19)]).

In this paper, such a unified technique, to provide solutions
for frequency responses of general multiports using MSWs in
multilayered thinferritefilms, ispresented as an extension of the
approach [12]. The developed theory is based on the analytical
solution of the system of singular integral equations, each pair of
equations formul ating a self-consistent el ectrodynamic problem
for an individual transducer. Electromagnetic coupling of trans-
ducers besides magnetostatic modes of ferrite filmsisneglected.
By using ageneral theory, numerical calculations are performed
for frequency responses of surface and forward volume MSW
filters and delay lines with new types of strip-line transducers
(two-port and T-type) and for the analysis of the phenomenon
of mutual coupling of transducers in conventional devices.

0018-9480/03$17.00 © 2003 IEEE
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Fig. 1. MSW multiport structure using multilayered ferrite film (z, are
longitudinal axes of transducers; S, and S are the cross and longitudinal
sections of the film).
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Il. GENERAL THEORY

Consider a multiport MSW structure with & parallel trans-
ducers of an arbitrary type coupled to an m-layered ferrite
film infinite along the y axis (Fig. 1). Ferrite layers can be
separated by dielectric layers, forming a multilayered ferrite-
dielectric waveguiding structure for MSWs. In the case of the
metallization of layers from above or from below, the structure
represents a system of paralel dot-lines.

The structure is excited at the port 1 at the frequency
w, and the magnetic field of the incident electromagnetic
wave of the dominant »-mode in the feeding transmission
line a 2, =0 is cH,. Terminations at ports give reflection
coefficients for transverse magnetic fields of incident elec-
tromagnetic waves I'y, (p =1,2,...,k) a 2, =0 (p # 1)
and I', at z, = L (which in a special case of meander-type
transducers may be reflection coefficients of neighboring trans-
ducers, transformed to a corresponding port). Eigenwaves of
the magnetization m,,; = m);(x, z) exp(—ik,y) of the jth
layer (j =1,2,...,m) and dispersion characteristics w,, (k)
of waves in a multilayered film, magnetized to the saturation
in an arbitrary direction 7, are supposed to be known (x is
the axis orthogonal to the ferrite film; %,, is the longitudinal
wavenumber of the nth mode). Letting in transmission lines
forming transducers there can propagate (in the absence of a
ferrite film) only fundamental electromagnetic modes of the
types p with the electromagnetic fields

E:I:p :E:I:pO (‘7;7 y) C:I:WPZP
Hy, =H., o (z,y)e

where ~,, are the propagation constants.

Using the principle of a superposition, the high-frequency
magnetization of the m-layered ferrite film interacting with the
pth transducer can be represented as

tivpzp (1)

m

M, = > M, 2

=1

where M,,; isthe high-frequency magnetization of the jth layer.
According to[12], themagnetic field of thistransducer, external
for thefilm, can be derived in the one-mode approximation from
the Lorentz lemmafor atransmission line, excited by the given
equivalent magnetic current éw oM, (1o i the permesbility of
free space). Thus, for (p # v), we have [12]

by = ¢, (2) H), + e, (2) HT, )

where
“”’“‘0 / dz, / (M, -H",
iwfio ,
Cp == / dzp/ (M,, - Hj)dS (4
p J2Z, s
H)=H,+,H_,
H'  =H_,+I;,H, (5)
N]’,’ =(1- Flpfgp) N, (6)
NP = /S {[E—p X Hp] - [Ep X H—p]}zp ds (7)
and for p = v

h, =[c+e¢ (z)H,,
—|—{c_ z2u) + [c+ e (D)) 12 ,,efQZA’”L}H_,, (8)

= WO/ d7,,/ (M, -H_,)dS

_ Wwro / dz, / (M, - H,) )

The normalization coefficient vV, in (9) is calculated according
to (7). The one-mode approximation (3) and (8) is valid, when
ferritefillsasmall part of atransmission-line cross section (that
takes place in most cases, when ferrite films are used).

The high-frequency magnetization of a ferrite layer, excited
by the given magnetic field of an external source, can be
represented as an integral mode expansion into longitudinal
wavenumbers of eigenwaves, with expansion coefficients
being obtained from the linearized Landau-Lifshitz equation
[12]. Residues of the integral give propagating MSWs, while
its principle value comprises the local magnetization, which
induces the magnetic field, giving, in the sum with the external
field, the near field of a source. If, in the structure under
consideration, the near field of the pth transducer vanishes in
the vicinity of neighboring transducers, the magnetization of
the jth layer in the neighborhood of the pth transducer can be
represented following [12], as the sum of the magnetization
excited by the pth transducer and the magnetization of prop-
agating MSW coming from other transducers, with magnetic
fields of transducersh,, (p = 1,2,...,k) being considered as
external fields of an assumed distribution

oo
ij = E / cnpmnjdkn
n — o0
p—1
. — ke — ./
— 2me E E res (cnqmnje henlgp k”l‘“’)
w+

n g—1
k .
+2mi > > res (cnqmm ezknqu—knqu) .
n q=p+1 w=
(10)
The expansion coefficients are obtained as [12]
o= [ (o),
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where

_i(x.ij 1

Pnj = T,

(Pnj I27T/ [m?w X m?;;] dSJ_
S1 K

(12)

W — W

(13)

wherewnr; = poyMs;, v isthe gyromagnetic ratio, M;; isthe
saturation magnetization of the jthferritelayer, V; isthevolume
of the jth layer, and I, is the distance between the ¢th and the
pth transducers. Indexes w in (10) indicate the direction of the
propagation of resonantly excited MSW (w,, = w) aong the
y axis and the residues are calculated for corresponding eigen-
waves in the coordinate system of the gth transducer. It is as-
sumed in (10) that k,, (w, = wy) > 0, ky(w, =w_) < 0and
kL (wp = wy) > 0, where k!, = yAH; [V, isthe imagi-
nary part of the wavenumber at the frequency w, which takes
into account the loss in ferrite [20], AHy, is the half-linewidth
of the ferromagnetic resonance (in a general case depending on
the wavenumber k,,), and V,,.. = dwn/dk, is the group ve-
locity of the wave. Note that in a general case koq # Knw—

The system of singular integral (3), (8), and (10) for the
unknown magnetic fields h,, and the magnetizations M,,; (p =
1,2,...,k 5 =1,2,...,m) formulates the self-consistent
electrodynamic problem for the structure. On the other hand,
this system can be considered, as equations for unknown
integral parameters c+,(z,) (4) and (9), which give complex
variable amplitudes of electromagnetic waves in transducers
propagating along and opposite the z,, axis. If the distribution
of the magnetization in eigenwaves is known, it is possible to
resolve (3), (8), and (10) in ageneral case by reducing themto a
system of linear algebraic equations. Response functions of the
structurearethen expressed interms of these variablesaccording
to [12]. Substituting the magnetic field (1) into the system of
singular integral equations and considering transmission lines
with adominant quasi-T wave with atransverse magnetic field,
so that, Hyp,. =0, Hpo = H_po = H* [12], the solution
of the system for a fundamental MSW mode, which has no
variation of the magnetization over the z,, axes, can be obtained
as given in (14), shown at the bottom of this page, and

Cp (ZV) = (Gi’y”z” — 1) CL0, _
Cc_, (z,,) = (efi%zp _ efi'ny) 0, } s for p=v (]_5)

where the constants c,o (p = 1,2, .. ., k) satisfy the kth-order
system of linear algebraic equations

(16)

k
Z qucqo = Z Ap
q=1

Coefficients W, form a square matrix T with the following
elements:

for q #v
iQS?qu, q<p
Wyp =4 —2i5,Ryp,, q>p an
yp (1 =y, —i2s,F), q=7p
and
for g =v
10,1y, r<p
Wz/p = _ipz/Rz/pa v>p (18)
Yv —ip,Fy, vV =p.

The column of absolute terms in (16) is proportiona to the
amplitude ¢ of the incident electromagnetic wave at the port
1v

_(JV’YV_lTVpcv
Ap = QV’Y;lRVpC7 p<v
q,,’}/l,_lF,,C, p=v.

In (17)—(19), the following notations are introduced:
Ty
21y,

p>v
(19)

sp =L+ 1z (e_i””’ L (e‘”vﬁ — 1)2

1Y
I .
+ 2 (CWPL — 1)2
2ty,

1 7
— Iyl [L o (chwh — 1)}

1) +

(20)

po=[2 (L + e E = 1) 4 Ty, (1= e E)’]
X (i’y,,)_l (21)
Qp = (]_ — C_i"/pr‘) (1 + I‘Qpc—i"/pﬁ) (22)

. m
S S
J
p

N,
j=1 n

LTk
|:I I C_iknlqp_k:zlqp:|

T, =—2mw

qnji-png

m
PIPILY

=1 n

. eik” l‘]P _k’fl lqp}

(23)
w+

W
Ry, =—27 £o
q

N,

[Ipnﬂ;nj

24
X (24)

o
W

Ho
I, = N
P

(25)

m 00
S enillpl d,

j=1 n

where the “integrals of an excitation” [12]

Ipnj = / (Hpo . m:U) dSJ

3

(26)

arecalculated inthe coordinate system of the pth transducer. The
parameters s, p,,, and ¢, depend only on the electrical lengths

cp (2p) = (€777 — 1) cpo + 'y (1 — €725 ) g0,
c_p (Zp) — (G_iA/va _ G_iA/v L) €po + F2p (ei”/v L _ ei'Vva) Cpo,

} , forp £Zv (149
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of transducers and the reflection coefficients of terminations
at corresponding ports. Diagonal components of the matrix
W contain the complex “parameters of coupling” I, (25),
which completely characterize the coupling of each transducer
to the film [12], while off-diagonal components describe the
mutual coupling of transducers. The parameters 17, [see (23)]
and matrix elements below the diagona determine the signal
transit from the gth transducer to the pth one (¢ < p) and
Ry, [see (24)] with the matrix elements above the diagonal
characterize their back coupling.

Response functions of the structure are easily expressed in
the terms of (14) and (15) from the field representations (3) and
(8). Transmission coefficients for the magnetic fields of inci-
dent el ectromagnetic waves from the port 1 to the ports 1p and

2p(p # v) are

¢, (0) Hpo ¢p (L) Hpo
D — p p D — P p
1y CH,,O p CH,,O (27)
and from the port 11 to the port 2v is
» L —ivy L
p,, — et Dle . 29)

c

The reflection coefficient from the input port of the structure
reads

Iy — {c_,, (0) +Tye 2L c+ ¢, (L)]} '

(29)

If different types of transmission lines are employed as trans-
ducersin the structure, the following normalization of transmis-
sion coefficients is required:

H, [N
Ki IDZ . —p, 21,2
p pHpO Nu ¢

so that the power transmission coefficient (in dB) is calculated
as

(30)

by = 201og | Ky (3D
while the phase of K, gives the phase shift between electro-
magnetic fields of wavesincident at the portsip (i = 1,2; p =
1,2,...,k; p # v) and the port 1». In the case when feeding
transmission lines of the device and transmission lines forming
the transducers (in the absence of aferrite film) have different

characteristicimpedances, the resultant transmission coefficient
for incident waves should take into account these step disconti-
nuities, according to [12].

I1l. PHENOMENON OF MUTUAL INFLUENCE OF TRANSDUCERS
IN MSW FILTERS AND DELAY LINES

Consider a conventional MSW filter (delay line) containing
an input and one output transducer. Denote by the index v all
the values relating to the input transducer and by the index 1.
relating to the output one. Resolving the algebraic system (16),
we have (32) and (33), shown at the bottom of this page. Using
these relations and (29) and (30), it is not difficult to obtain
closed-form expressionsfor response functions of the device. In
particular, the transmission coefficient for the magnetic fields of
incident electromagnetic wavesfrom port 11 to port 1, reads as
givenin (34), shown at the bottom of this page.

In the assumption of anegligible back coupling of the output
transducer to theinput one (R,,,, = 0), thisexpression coincides
with the earlier obtained result [12]. As it follows from (34),
(23), and (24), the mutual influence of transducersissmall inthe
caseof the high magneticlossinferrite and thelarge distance be-
tween transducers, when exp [— (kif, + K/, ) l,,] < 1, and
aso under the significant asymmetry of the radiation of MSW,
when

[IHTLI:n[w_ << lIvnI;n (35)

wt°
Thistakes placefor surface MSWsin the case of the strong cou-
pling of transducersto aferritefilm. Inlow-lossfiltersusing sur-
face M SWs, when the optimum coupling is achieved by moving
away transducersfromafilm [12], the condition (35) may not be
satisfied. In al cases, the phenomenon of the mutual coupling
of transducers appears to be more apparent for volume MSWSs,
when amplitudes of waves, radiated in opposite directions, are
equal to each other.

Since the term T, R,,, ~ exp(—tknwt — t|knw—|)l, in
the denominator of (34) varies rapidly with the frequency, the
strong back coupling of transducers can cause passband ripples
in the frequency responses of the devices. As seen from (34),
this effect will be the strongest when

1-— Flurgu =~ 0. (36)
In the case of alarge difference in characteristic impedances of
afeeding transmission line and aline forming atransducer, this

ic @ {Fo iy (L =T1,00,) + 25, F | + 25,0, R}

Cpo =— s B 32
O (i 4 o) [ive (1= D1lo) + 28,50 + 25,00 Rory (32)
C(_ZVTVH
Cuo = - 33
"o (v + 2o b)) 17 (1 = Diplop) + 25, F0] + 25,0 T Ry 33
N T,
Ky = Qv e £ (34)

Ny (v + pod) [ive (1= Tup Top) + 25, F,] + 25,0, T Roy
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Fig. 2. Cross section of astrip-line MSW transducer.

condition is approximately satisfied for a short-circuited trans-
ducer of aresonant length L ~ An/2, (n = 1,2,3,...), where
A isthe length of an electromagnetic wave in the absence of a
ferrite film.

Thedelay timein delay linesisusually defined astherelation
7 = lyu/ Ve [1], which takes into account only the process of
the propagation of waves between transducers. As seen from
(34) and (23), the total phase shiftin adelay line @y issummed
up of the phase shift k..., +{,.,., associated with the propagation
of waves, and an additional phase shift, caused by the processes
of the excitation and the reception of waves. Thelatter hasrapid
variations with the frequency in the case of the strong back cou-
pling of transducers. The correct determination of thetime delay
of asignal in adevice requires the generalization of the defini-
tion of this notion as follows:

by
T= B (37
where the total phase shift in a deviceis obtained from (34), as
Oy = arg(K11).

Numerical calculationswere performed for alinear dispersive
forward volumeM SW delay lineusing Y I G film and transducers
on the base of asymmetrical strip-line with the dielectric filling
of the relative permittivity £ = 10 (Fig. 2). Input and output
transducers were supposed to be identical and connected to
feeding transmission lines having the characteristic impedance
of 50 Q. Eigenwave functions of the magnetization, used in
the computations, are presented in [9] and take into account
the influence of metal screens at the distances ¢ and s from
the film. The electromagnetic field of a strip-line was used
in the form obtained in [21].

Results of numerical calculations presented in Figs. 3 and 4
correspond to open-circuited (at the second ends) transducers
and to the following set of the parameters of the structure: 4 =
0.5mm, b =30 pm, d=15pum w=0,L=6mm,1,, =
12mm, M, = 140-10% A/m, and AH, = 16 A/m. Theinternal
magnetizing field is H; = 143.2 - 102 A/m.

Figs. 3 and 4 show that the back coupling of transducersin
MSW delay lines can cause passband ripples in frequency de-
pendencies both of the power transmission coefficient and of
the delay time, as in both cases amplitudes of these ripples are
larger at the lower end of the frequency band. Note that these
phenomena were earlier observed in [22] by Marcelli et al. The
authors showed that the triple transit of the backoupled signal
between transducers cause the passband ripplesin [22].

16
5000 5100 5200 5300 5400

Mliz

Fig. 3. Power transmission coefficient (in decibels) of a linear dispersive
forward volume MSW delay line in a frequency band (dotted curve—back
coupling of transducers neglected).

7
S 2010

7
15010

5050 5100 5150 5200 5250 5300 5350 5400 MHz

Fig. 4. Delay time (in seconds) of alinear dispersive forward volume MSW
delay line in a frequency band (dotted curve—back coupling of transducers
neglected).

IV. MSW FILTERS AND DELAY LINES WITH
Two-PORT TRANSDUCERS

Consider an MSW filter (delay line) with anew type of trans-
ducer, which will bereferred to astwo-port transducers (Fig. 5).
They areformed of two parallel transducers of an arbitrary type,
with the second transducer terminating the first one through a
transmission-line section. In such structures, unlike usua me-
ander configurations [1], connecting transmission lines are lo-
cated outside aferrite film and can be comparatively long, while
the coupling between transducers through aferrite film is real-
ized only by propagating MSW modes. The structure is excited
at port 11 and has an arbitrary loading at output port 14. There-
flection coefficientsI'y», I'13, and I"y4 at the section z = 0 are
supposed to be given.

The application of the general procedure, developed in
Section 11, to this structure requires the solution of a self-con-
sistent problem for determination of the reflection coefficients
Iy, (p = 1,2,3,4) at section z = L, since loadings of the
first and third transducers depend both on the coupling of
transducers 1,2 and 3,4 through a ferrite film and on their back
coupling through transmission-line sections. Let us write down
the equations of this self-consistent problem. Denote, as a,,
the amplitudes of electromagnetic waves, which propagate in
connecting transmission lines at section » = L, as shown in
Fig. 5. Then, the reflection coefficients can be written down in
the form

]_"21 :%e—i"/le
ay

ay _;
]_"22 =—e¢ iyLiz

(39)
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Fig. 5. MSW filter (delay line) with two-port transducers.

where L5 and L34 are the lengths of connecting transmission
linesand +y isthe propagation constant of afundamental electro-
magnetic wavein theselines. It isobviousthat these coefficients
are related as follows:

Ty = ([gg) e 27k

Dag = (Day) ' e 27Llss, (39)

Using (3), (8), (14), and (15), one can represent amplitudes of
electromagnetic wavesin connecting transmission linesthrough
the amplitudes of €l ectromagnetic wavesincident at the ports 2p
of the transducers at the section z = L as

a; =c+ec (L) =c+ (""" = 1) cro (40)
ap=cp (L) = (1—e7"") (7" +T1p) o,
p=234. (41)

Resolving the system of algebraic equations (38)—41), we can
find the reflection coefficients at ports 2p and then apply agen-
eral procedure, where these coefficients were considered to be
known.

Numerica calculations were performed for a surface MSW
filter (narrow-band delay line) with short-circuited strip-line
two-port transducers connected to the feeding transmission
lines with the characteristic impedance 50 2. Results of the
calculations, shown in Fig. 6, correspond to the following set
of parameters of the structure (the notations are the same as
inFig.2: h = 0.5mm, b = 250 ym, d = 16 um, w = 0,
L =35mm, Lis = L3y = 2.5 mm, M, = 60.8 - 10> A/m,
AHy =48 A/Im,and £ = 9.8. Theinternal magnetizing field is
H; = 42.4 - 10°® A/m. The distance between inner transducers
is2.5 mm.

In contrast to conventional MSW transducers, the presence of
additional elements in two-port transducers provides the capa
bility of adjusting frequency responses of filtersand delay lines.
Thus, the variation of lengths of connecting transmission lines
leads to the appearance of additional minimums of a transmis-
sion coefficient (Fig. 6) and the frequency positions of the ad-
ditional minimums depend on the lengths of these lines (in a
general case these lengths may be different ones). This enables
to realize much narrower passbands of filtersand a higher steep-
ness of their transmission characteristics. Of special interest are
narrow-band M SW delay lineswith two-port transducers, which
can be used in magnetically tunable multi-octave oscillators as
an element of a feedback loop of a transistor amplifier. Their
specific phase characteristics enable us to realize the principle
of the compensation of frequency-dependent phase shiftsin an
oscillator circuit [4] that results in the elimination of a typical

dB ©

40

\

-60 1
MHz

2340 2360 2380
Fig. 6. Power transmission (in decibels) coefficient of a surface MSW filter
(delay line) with two-port transducers in a frequency band for different lengths
of connecting transmission lines (in millimeters).

Output

Fig. 7. MSW filter (delay line) with T-type transducers.

defect of conventional MSW oscillators—frequency jumping
during tuning.

V. MSW FILTERS AND DELAY LINES WITH
T-TYPE TRANSDUCERS

Consider an MSW filter (delay line) with transducers of the
T-type, which are connected symmetrically to feeding transmis-
sion lines, as shown in Fig. 7. Earlier such multiport structures
were not analyzed and the comparison of their performance
with devices, having conventional transducers, is of significant
interest.

In the case of surface MSWs, with transducers magnetized
aong their axes, feeding transmission lines do not excite
waves and their interaction with aferrite film can be neglected.
To apply a genera approach of Section Il to calculations of
frequency responses of the MSW filter (delay line) with T-type
transducers, we take into account a longitudinal symmetry of
the device. For that, the transmission coefficient for incident
electromagnetic waves can be computed, using (30), as for
conventional transducers of a half-length, and with the loading
at the first end of the output transducer in the form of the
shunt impedance of the output transmission line and the input
impedance of the transducer of a half-length.

In Fig. 8, a comparison is shown of frequency responses of
surface MSW filters (delay lines) with short-circuited strip-line
transducers of the T-type and conventional ones. The structures
have the following parameters (notations correspond to Figs. 2
and7):h =05mm, b =75um,d=15pum, w = 15 um,
L=4mm,l =5mm, M, = 140 - 10> A/m, AHy = 20 A/m,
and € = 10. The internal magnetizing field is H; = 89.2 -
102 A/m. The feeding transmission lines have the characteristic
impedance 50 (2.
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5400

5000 5200

Fig. 8. Power transmission coefficient (in decibels) in a frequency band for
a surface MSW filter (delay line) with T-type transducers (solid curve) and
conventional transducers (dotted curve).

At lower frequencies of the band, the power transmission
coefficients of both devices coincide, while at higher frequen-
ciesthefilter (delay line) with T-type transducers has a smaller
transmission coefficient. This enables us to draw a conclusion
that T-type transducers can be employed for the realization of
narrow-band devices.

V1. CONCLUSION

We have suggested a unified approach to the electrody-
namic analysis of general multiport structures using MSWsin
multilayered ferrite films. The solution holds for an arbitrary
direction of a magnetizing field and for arbitrary loadings and
types of transmission lines forming a structure. An interaction
of magnetostatic modes through the magnetic field of a trans-
ducer, which excites them, and an interference of modes at
output transducers are taken into account. Derived closed-form
expressions for response functions of multiports enable us to
use, if necessary, known numerical solutions for MSWs in
ferrite-dielectric waveguiding structures and for an electro-
magnetic field in dielectric-filled transmission lines forming
transducers. Obtained solutions provide the basis for modeling
of awide class of adjustable MSW passive and active devices.
Numerical examples of the application of a general theory
have been given for surface and forward volume MSW filters
and delay lines using strip-line transducers. It has been shown
that in conventional delay lines experimentally observed pass-
band ripples in frequency dependencies of the transmission
coefficient and the delay time are caused by back coupling of
the output transducer to the input one. New types of MSW
transducers for filters and delay lines (two-port and T-type)
have been proposed, and their performance has been analyzed.
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