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ABSTRACT

The tuning efficiency of metal insert filter loaded with
ferrite slabs is defined and analysed. Three parameters
which dominate the filter tunability (ferrite slab
thickness, distance to narrow waveguide wall and
ferrite saturation magnetization ) are discussed. An
optimum combination of these parameters has been
found and new filter design based on modal scattering
method is presented. The improved filters can be tuned
over 60-70% of a standard waveguide band with an
insertion loss between 1 and 3 dB, depending on
frequency.

INTRODUCTION

The technology of microwave tunable filters may
involve scveral different tuning techniques such as
mechanical tuning (e.g. sliding waveguide walls [1]),
clectronic tuning (c.g. varactor diode controlled (filters
[2]) and ferrimagnetic resonance coupling (YIG-filters
[3], hexagonal ferrite resonators [4]). Waveguide filters,
which are tuned by changing the permeability of
ferritc slabs in the resonators were introduced recently
in several papers [8], [9],[10]. These devices have
cxcellent band pass filter characteristics (low insertion
loss, high rejection attenuation, wide stop-band
scparation, high selectivity), high power handling
capability,can be designed accurately, manufactured at
low cost and do not requirc adjustment after assembly .
In this respect they rival the customary YIG-filters.
However, their principal drawback is the limited
tuning range (about 30% of a waveguide band).

In the following we will describe how this tuning
range can be doubled by carcfuly analysis and
optimizing the parameters which determine the tuning
cfficiency.

THEORY

The tuning efficiency of a magnetically tuned filter
may be defined as

fo[Hdc2] - fo[H dc1]

Af =
niAto] Hdc2 - Hdel

(1)
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where fo[H dc? and fo[H dcllare the frequencies corresponding
1o the dc-magnetic field strenghts Hdc2 andHdcl
;respectively.  This definition of tuning efficiency is
gencraly valid and thus may be apllied to the particular
structure shown in Fig. la. In this filter design, the
resonator scctions are partially filled with ferrite
material. Such an arrangement appears to be superior
to the structures described in {10], which contain two
lateral ferrite plates extending across the entire filter,
including the coupling sections.
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Fig. 1: Magnetically tunable band-pass filter

a) E-plane tuned metal insert filter with multiple
ferrite slabs; b) key building blocks for field theory
treatment resonator rcgion
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In order to ensurc similar tuning conditions for
diffcrent ferrite materials, the starting value for the dc
magnetic ficld will always be set to Hdcl =0. The upper
value depends on frequency; for Ku-band it is about
Hdc =10%/m. Hence the tuning region is quasi -linear for
all possible materials. The demagnetized ferrite ( Hde =0)

may be characterized by a scalar permeability, with
approximatc values given by the experimental
rclations in [7].

For the ficld thcory trcatment of the investigated

structures the modal S-matrix method is applicd [8]. The
S-matrix expressions for the septated waveguide
coupling sections and symetrically loaded resonator
regions (Fig. 1b) are described in [51 and [9],
respectively. Matching  the transversal field
components at z=0 and incorporating the finite lenghts
of the scctions leads to the modal two-port scattering
matrices of the related key-building blocks which are
appropriately cascaded to form the overall S-matrix of

the filter structure:
S1) S12
[S] = (2)
S29) (S22
In (2), (S2) is thc submatrix containing the complex
modal transmission cocfficients. The filter response is
obtaincd as an cxpression for the frequency-depedent
inscrtion loss:
/S =-201oglS (1,1 3
21 g [ 21( )] (3)
dB

where clement (1,1) denotes the
of the component.

The midband frequencies fo[Hdcl ], fol Hdc2 ] may be
dectermined directly from the filter responses. The
paramcters which dominate the tuning efficiency arc (
sce Fig. 1b): relative ferrite slab thickness wf /a, rclative
distance between narrow  waveguide wall and ferrite
insert, wa /a , and the relative saturation magnetization of
the ferrite material ®m /o , where a = wavcguide width, f=
operating frequency, ® =2% f , wm = yMs. The influence of

TE 10 mode on cither side

these paramcters on the wavelenght, in the ferrite
loaded E-plane resonators has been discussed
previously [11]. The proper choice of the ferrite
saturation magnetization is of major importance for

desired operation of each ferrite device in a given
frcquency range. For optimal tuning range, Ms should be
large enough to provide a steep permeability slope, yct
the lossy resonance region should be sufficiently far
away. The importance of the air gaps between ferrite
and narrow waveguide walls was discussed in previous
papers [10], [12]. Snyder [12] pointed out the existence
of small lateral air gaps duc to waveguide fabrication
tolerances, but he did not take them into account in his
analysis. Wc know now that they can cause great
differences betwecn theory and cxperiment. This small
distance, usually ecstimated to be of the oreder of the
waveguide corner radius, may be increaseed on
purpose and thus become an additional parameter with
considerable influence on the filter tuning efficiency.

The ferritc slab thickness is of similar importance for
efficient tunability. It was shown in [8] that the filters
loaded with slabs thinner than 0.035 times the
waveguide width, can not be tuned over a satisfactory
range. However, when resonators are filled with too
large amount of high permittivity ferrite material the
higher order modes may propagate and the ecnergy
absorption even outside the resonance region may
become critical.

RESULTS

In the following figures the functional dependency
between tuning efficiency and various tuning
parameters will be shown. Fig. 2 shows how the ferrite
slab thickncss affects the filter tunability. The tuning
efficiency grows almost exponentially with increasing
slab thickness up to a value of wf /a =0.75. Beyond this
limit, higher order modes start to propagate and
drastically alter the characteristics of the filter. Fig. 3
demonstrates a guasi-linear growth of the filter tuning

efficiency with increasing saturation magnetization.
The optimum Ms for a given frequency range lies
usually below the maximum value for commercially

avaiable materials (5000 Gs). Fig.4 shows the effect of
the distance separating slabs and waveguide wall, on
the tuning efficiency. Again the _ characteristics
becomes meaningsless beyond wa /a > 2 10”7 “duc to the onset
of higher-order mode propagation.
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Fig. 2 Tuning efficiency as a function of norma-
lized ferrite slab thickness.
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Fig. 3 Tuning efficiency as a function of norma-
lized saturation magnetization,
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Fig. 4 Tuning efficiency as a function of norma-
lized slab-waveguide wall distance.

Having thus obtained the effect of the various tuning
parameters on tuning efficiency, we were able to select
an optimum combination of these parameters and to
maximize the tuning range of the magnetically tunable
filters. To demonstrate the dramatic increase in tuning
range obtained with our new approach, we have
compared two Ku-band filters in Fig. 5. The first (Fig.
5.a) was presented in [9] and provided the best results
published so far. Its tuning range goes from 14.25 to 16.
GHz. The saturation magnetization of the ferrite
material is 2.24 105A/m. The second filter (Fig. 5b) was
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designed using our tuning range optimization which
calls for an optimal saturation magnetization of 2.810°
A/m and the dimensions specified in Fig. 5b. The new
filter can be tuned from 13 to 17 GHz without sacrifice
in overall filter performance.

REFERENCES

1. G. L. Matthaei, L. Young, and E M.T. Jonecs,
"Microwave Filters, Impedanc-Matching Networks, and
Coupling Strucures. " New York: McGraw-Hill1964, ch.
17.

2. S. Toyoda, " Variable bandpass filters using varactor
diodes " IEEE TransMicrowave Theory Tech., vol. MTT-29,
pp. 356-362, Apr. 1981

3. R. F. Fierstad, "Some design considerations and
realizations of iris-coupleYIG-tuned filters in the 12-40
GHz region ", IEEE Trans. Microwave Theor Tech., vol.
MTT-18, pp. 205-212, Apr. 1970

4, D. Nicholson, "Ferrite tuned millimeter wave
bandpass filters with higoff resonance isolation,” in
IEEE MTT-S Int. Symp. Dig., (New York), May 1988,pp.
867-870.

5. R. Vahldieck, J.Borncmann, F.Amdt and D.
Graucrholz, "Optimized waveguidE-planc mectal insert
filters for millimeter-wave applications,” 1EEE

TransMicrowave Theory Tech., vol. MTT-3(, pp. 65-69,
Jan. 1983,

6. F.Arndt, J.Bornemann, D.Grauerholz, and
R.Vahldieck, "Thcory and desigof low-inscrtion loss
fin-line filters," IEEE Trans. Microwave Theory
Tech.,vol. MTT-30, pp. 155-163, Fcb. 1982.

7. J.J. Green and F. Sandy, "A catalog of low power loss
parameters and high powertreshold for partially
magnetized devices,” IEEE Trans, Microwave Theory
Tech.,vol. MTT-22, pp. 645-651, May 1974.

8. J. Uher, J. Bomemann, and F. Amdt, "Ferrite tunable
metal insert filter,"Electron. Lett., vol. 23, pp. 804-806,
July 1987.

9. J. Uher, J. Bornemann, and F. Arndt, "Magnetically
tunable low insertion Jlosmicrowave and mm-wave
band-pass filters with high power handling
capabilityin  Proceedings of Canadian Conf. on
Electrical and Computer Eng., (Vancouver),

November 1988, pp. 464-467.

10. J.Uher, J. Bornemann, and F.Arndt, "Magnetically
tunable rectangular wavcguidE-plane integrated
ciruits filters,” IEEE Trans. Microwave Theory Tech.,vol.
MTT-36, pp. 1014-1022, June 1988.

11. S. Sensiper, "Resonance loss propertics of ferrites
in 9Gc¢ region,” Proc. IRE,vol. 44, pp. 1334-1342, 1956.

12.  R. V. Snyder, "Stepped-ferritc tunable cvanescent
filters, ". IEEE Trans.Microwave Theory Tech., vol
MTT-29, pp. 364-371, Apr. 1981.



11/3,,]

dB

60

w};_:,:':'—_—z :J :;Ha( ] 60 4}:;:;'-:1 E = ( |
T T T T8 A e |
50_%».’*:;'_—___—312:1" cj::' );::] — | 50—‘\’“_ " l‘([j lm*[‘“] C]
\ \ x
\\. 7//'* s, Ny
40 — 77 —= y ! l 7
o \\ [ dB ‘\ ’ 7
A WAl
30 - I Vo \
IR 30 ‘ r j
|1 | A \ \ j
20 4 | f 20 U Il ‘l \
] l] ” ‘| / Hdz/ .
10 ‘ | ux\ . i Hdc l
A4 AN .
H H L. H ] _
0 ity o2 %‘F i IH;cll Hdc3!u‘
13.0 140 150 160 170 18.0 0 A . ]
f/[GHZ] 13.0 14.0 15.0 160 7.0 18.0
b {/[GHz] —

Fig. 5 Magnetically tunable E-plane metal insert filter for Ku-band.

a) design without tuning efficiency optimiztion steps,
design data: Ferrite TTI-2800, a=2b=15.799mm, 1=0.19 mm
w =0.lmm, w dmm,l=1 = 3.59mm, 1 =1 =8.916mm, 1 =1
9.217mm, H I=0., H2= 1.75 10 A/m, Pg =2410 A/m

b) extended tuning range design

design data: Ferrite TT2-3500, a=2b=15.799mm, 1=0.19mm,
wf= L15Smm. w = 0.17mm, ]1= 1 =2238mm, | 2= 1 =10.504 mm,

Wl

a
I =1_=8915mm,1 = 10.548mm, H -ficld like in Fig. 5 a.
3 5 4 dc
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