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TUNABLEMCROMINATURIZEDMCROWAVE 
FILTERS 

BACKGROUND OF THE INVENTION 

The general trend in microwave circuit manufactur 
ing is towards reduction of weight and volume. It has 
led to the development of what is usually called "strip' 
and "microstrip' technologies. These types of circuits 
are based on the property of thick metal film conduc 
tors coating an insulating substrate to guide microwave 
energy with very small loss. In the strip technology, 
tape shaped conductors are deposited on one face of a 
dielectric support, the opposite face of which is entirely 
backed with a metal coating. Three plate circuits have 
also been developed in which tape metal conductors 
are embedded in an insulator which carries two metal 
plates on its opposite faces. The present invention con 
cerns strip circuits. It is mainly directed to an improve 
ment of high power tunable filters. By high power is 
meant mean powers of a few watts and peak powers of 
several kilowatts. By tunable is meant a filter the cut 
off frequency of which can be shifted along a frequency 
band covering about one octave. 

PRIOR ART 

it has already been proposed to use the anisotropy of 
magnetic materials in strip circuit manufacture consist 
ing in the replacement of the dielectric substrate by a 
magnetic material with very poor conductivity. Non 
reciprocal properties thus developed are based on the 
gyromagnetic resonance and the differential phase shift 
which have been often described. 
The variation of ferrite material characteristics with 

variable magnetic field have already been used for the 
design of micro strip circuits. For instance U.S. Pat. ap 
plication Ser. No. 780,120 filed Nov. 29, 1968, (now 
U.S. Pat. No. 3,560,892) for "Improved microwave 
ferrite devices' is based on the variation of the permea 
bility of ferrite materials in order to widen the frequen 
cy band of a non-reciprocal device. The present inven 
tion is based on the use of the variation of the permea 
bility of magnetic materials in order to tune the 
resonance frequency of microstrip circuit elements 
which constitute a filter so as to shift the frequency 
band of this filter. 
The study of fixed frequency microstrip filters has 

been carried on at several locations. One of the publi 
cations on this subject has been issued by McGraw Hill 
in 1967 under the title: "Microwave filters impedance 
matching networks and coupling structures' by G.L. 
MATTHAEI, Leo Young & E.M.T. JONES. The par 
ticular problem of the design of tuned filters is men 
tioned on pages 472 to 475. 

SUMMARY OF THE INVENTION 

The tunable filters according to the invention are 
made of a conductive pattern of strips operating as a 
filter and deposited on a substrate made at least partly 
of an adjustable permeability ferrite material, two plugs 
connected to the pattern, a continuous conductive 
backing for said substrate and external means for 
establishing an adjustable D.C. magnetic field within 
said ferrite part of said substrate. The filter is a one or 
multicell pattern according to current practice. One of 
such well known patterns as described in the above 
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2 
mentioned book consists in three parallel strips for 
each cell of the filter. According to the invention the 
substrate for such strip pattern is wholly or partly made 
of a ferrite material the permeability of which is sensi 
tive to an external magnetic field. When the substrate is 
partly made of ferrite material, the substrate underlay 
ing at least part of the central strip of at least one cell is 
made of ferrite. When the conductive pattern consists 
of a disk and two diametrally opposed strips, the ferrite 
underlies the disk shaped conductor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be fully understood by reference 
to the following description and the accompanying 
drawings in which: 

FIGS. 1, 2, 3, 8 and 9 show plan views of filters ac 
cording to the invention. 

FIGS. 4 and 10 show cut-views offilters according to 
the invention. 

FIG. 5 shows the variation of the permeability of a 
ferrite material with respect to an external D.C. mag 
netic field. 

FIGS. 6 and 7 show the transmission characteristics 
of a filter according to FIG. 1. 

FIG. 11 shows the transmission characteristics of the 
filter of FIGS. 9 and 10. 

DETALED DESCRIPTION OF THE DRAWINGS 

In order to describe the invention, reference will be 
made to a one cell filter. As already mentioned, this 
should not be considered as a limitation of the scope of 
the invention which applies to any type of passive filter 
design, the impedance of which varies with frequency. 
It is also well known that some filter characteristics 
require the use of several identical cells to be 
established instead of only one cell as will be described. 
This is fully explained in the above mentioned book by 
Matthaei et al. 
The design of a particular filter required to match a 

given transmission characteristic is made by applica 
tion of a mathematical method which is well known to 
those skilled in the art and fully described in the above 
mentioned book. 

Calculations will set the length, the width and the 
relative location the conductive pattern elements coat 
ing one face of the substrate such as strips. They are 
made of thick conductive films (a few tens of microns) 
which are deposited on the substrate by any high preci 
sion technology such as : silk screen or enrichment 
through electrolytic deposition of a thin film design ob 
tained by photoetching and so on. FIG. 1 shows a first 
embodiment of the filter consisting of three strips 1, 2, 
3 coating a homogeneous magnetic material substrate 
4. Strips 1 and 3 are the input and output strips of the 
filter and are connected to coaxial plugs not shown. 
Their width is selected so as to provide impedance 
matching with the plugs. The underface of the substrate 
is entirely coated with a metal sheet which does not ap 
pear on the top view. The dimensions of strip 2 are 
chosen according to the above cited mathematical 
process in order to obtain the filtering characteristic 
required. External means, not shown on the figure, are 
provided to establish a D.C. magnetic field within the 
substrate either perpendicular to the plane of the strips 
or along this plane and parallel to the width of the 
strips. 
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FIG. 2 shows an embodiment in which the strips 1, 2, 
3 are deposited and a composite substrate made of 
three parts 5, 6 and 7. The central part 6 is made of 
magnetic material as was the substrate 4 in the preced 
ing embodiment. Parts 5 and 7 are made of a non-mag 
netic dielectric material with low microwave losses 
such for instance as alumina. As shown, the medium 
strip 2 lies entirely on part 6 of the substrate. Input and 
output strip conductors 1 and 3 are deposited on the 
dielectric parts of the substrate. 
On the third embodiment shown on FIG. 3, the sub 

strate is made of a central part 6' of magnetic material 
and external parts 5' and 7' are made of dielectric 
material. As shown, the central part 6' of the substrate 
is shorter than the central strip 2 of the filter. An exter 
nal means not shown on the drawing establishes a D.C. 
magnetic field within the substrate part 6'. The central 
strip 2 of the filter lies partly on the magnetic material 
6' and partly on the dielectric material 5'. This feature 
provides an additional design parameter which consists 
of the ratio between Land L that is the respective 
length of the central strip 2 on the dielectric 5' and the 
magnetic 6' parts of the substrate. The calculations of 
this circuit based on the theory mentioned in the above 
cited book allows one to obtain the resonance frequen 
cy of a design according to FIG. 1 or 2, where the cen 
tral strip 2 rests on an homogeneous substrate. In the 
case of the embodiment of FIG. 3 the electrical con 
tinuity of the circuit is obtained provided that in the 
plane where 5' and 6' meet the admittance of the cir 
cuit is zero. In other words, the admittance of that part 
of the filter which is coated on the magnetic material 
should be equal but of opposite sign to the admittance 
of that part of the filter coating the dielectric part of the 
substrate. This can be written as: 

27tl. Ve, | 2tl. Vue, tan (r t!) = – l tan (style- le) No ele No 
where 
A= is the wavelength in the air 
e = permittivity of dielectric 5' 
e and u = permittivity and permeability of the mag 

netic material 6'. 
As shown, the wavelength is related to the permea 

bility of the substrate and will therefore vary when the 
permeability changes. 

FIG. 4 shows a sectional view of the above embodi 
ments of the invention along a plane perpendicular to 
the substrate faces and to the length of the strips in 
which 2 refers to the section of the central strips, 6 
shows the substrate and 10, the continuous metal coat 
ing of the underface of the substrate. The housing 
which usually carries the connecting plugs has not been 
shown. The external means for establishing the D.C. 
magnetic field within the substrate is shown as consist 
ing of the two permanent magnets 11 and 11' as 
sociated with two electromagnets made of a ferrite core 
13 and 13' surrounded by respectively coils 14 and 14'. 
The two coils are series connected. The D.C. field due 
to the permanent magnets is selected so as to maintain 
the resonance frequency at the center of the band. Ac 
cording to the direction of the current flow in the coils, 
the electromagnet field will be added to or substracted 
from the permanent magnetic field. A ferrite shunt 15 
closes the magnetic circuit in order to prevent any loss 
of magnetic energy and stray magnetic fields. 
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4 
FIG. 5 shows the variation of the effective permea 

bility of the commercially available ferrite sold by 
TRANS-TECH under the type reference G. 1004 with 
respect to the magnetic field, the measurement being 
carried at 7GHz. Between points A and B of the curve, 
the variation law is monotonic and decreasing with in 
creasing magnetic field value. As is obvious, part CD of 
the curve could also be used, but for technological 
reasons, it is obviously preferred to use the lower field 
part of the curve. 

FIG. 6 shows the measured resonance curve of a 
filter according to FIG. 1 designed with the following 
data: 

strips 1 and 3: length .65 mm 
width .60 mm 
strip 2 : length 7.62mm 
width 38 mm 

The curve in FIG. 6 is obtained with a substrate made 
of G. 1004 ferrite from TRANS-TECH with an external 
applied field of 2,000 Oersteds (refer to FIG. 5). As 
shown, the bandwidth at 3 dB is about 200 MHz and at 
tenuation at the resonance frequency about 1.5 dB. 
The characteristics of this filter do not change when ap 
plied power reaches a few watts. 
FIG. 7 shows the variation of the resonance frequen 

cy of the above filter with the external magnetic field. 
As has been measured in the frequency band between 
6.5 and 7.5 GHz, the bandwidth and the attenuation 
remain substantially the unchanged. 
FIGS. 8 and 9 show two filter designs using micros 

trip technology. The central conductors 2 and 2 
respectively are capacitatively coupled with the exter 
nal conductors which are designed as impedance 
matching sections shown respectively at 1-3, and 18 
38. Such patterns are well known from the teaching of 
Matthaei. According to the invention, the substrate is 
at least partially made of ferromagnetic material in the 
region which underlies central conductor 2. 

FIG. 10 shows a cut view of a filter design according 
to the pattern shown in FIG. 8. The characteristics of 
this filter are represented in FIG. 11. Insertion loss or 
(interrupted line) and the central operating frequency 
(continuous line) are given for different values of D.C. 
magnetic field. 
As shown in FIG. 10, the substrate 4 supports on its 

upper face the conductive pattern and lies in a casing 
22 made of an aluminum alloy which defines with the 
upper face of the substrate an airfilled cavity. Casing 22 
acts as the conductive plane shown at 10 in FIG. 4. Two 
mild steel wafers 20 and 21 are set in openings of casing 
22 so as to concentrate the magnetic field in the vicini 
ty of the central conductor 2 of the conductive pat 
tern. The magnetic field is established by the two per 
manent magnets 11 and 11" associated with the elec 
tromagnets 14 and 14'. Shield 23 made of mild steel 
concentrates the magnetic field around the circuit. 
Casing 22 carries two output connectors which have 
been omitted for the sake of clarity. Permanent mag 
nets 11 and 11' establish within conductor 2 a mag 
netic field chosen so that the central operating frequen 
cy of the filter corresponds to the lower extremity of 
the band in which the filter is tunable. Additional field 
due to electromagnets 14 and 14' is added to the per 
manent magnet field so as to bring the central frequen 
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cy of the filter to the desired value. The actual dimen 
sions of the filter design are as follows: 
L = 8.5 mm 
l= 4.2 mm 

Thickness of substrate 4 is : 1.0 mm. It is made of a fer 
rite supplied by Lignes Telegraphiques et 
Telephoniques under the trade type number 6307. The 
magnetic field due to magnets 11 and 11" is 1,800 
Oersteds. The maximum value of the magnetic field is 
4,000 Oersteds. The tuning range of the filter is 6.2 to 9 
GHz as shown in FIG. 11. In this frequency range, in 
sertion loss remains lower than 5 dB. 
What we claim: 
1. A tunable microwave filter comprising in com 

bination: 
a. a composite substrate including a first rectangular 

dielectric ferromagnetic part and at least one 
second rectangular dielectric non-ferromagnetic 
part, said first and second parts being arranged 
side by side in contact with each other; 

b. a conductive pattern formed of at least three thick 
film conductors located side by side on one face of 
said substrate, capacitively coupled to each other, 
the central one of said conductors extending at 
least partially over both parts of said substrate; 

c. a continuous conductive sheet on the face of said 
substrate opposite said one face; 

d. connecting plugs connected to the other two of 
said film conductors; 

e. external means for establishing an adjustable D.C. 
magnetic field within said ferromagnetic substrate 
part; and 

f. magnetic shielding means for concentrating said 
magnetic field within said substrate. 

2. A tunable microwave filter according to claim 1 in 
which said means for establishing an adjustable D.C. 
magnetic field consists in two permanent magnets 

6 
located on both sides of said substrate and two elec 
tromagnets located on both sides of said substrate seri 
ally connected to an adjustable current feed. 

3. A tunable microwave filter comprising in com 
5 bination: 

a. a composite substrate including a first part of insu 
lating dielectric non-magnetic material and a 
second part of ferromagnetic material, said parts 
being arranged inside by side contiguous relation; 

b. a continuous conductive plate on a first face of 
said substrate; 

c. a conductive thick film pattern on a face of said 
substrate opposite said first face, said pattern hav 
ing at least three capacitively coupled strips, the 
first and third of which serve as matching sections 
and the second as a resonator, said second strip 
being disposed over both substrate parts, the rela 
tionship being such that 

10 

15 

20 tan (al ve). - I u. tan (als ye) No ee No 
where: 

No is the wavelength in air of the energy propagat 
ing in the filter, 

25 e is the permittivity of the dielectric of said sub 
strate first part, 

e and pu are respectively the permittivity and the 
ermeability of said substrate second part, L L2 are SES the ERS SE second 

strip extending on said substrate first and second 
parts; 

d. external means for establishing an adjustable D.C. 
magnetic field within said substrate second part; 

e. shielding means for concentrating said magnetic 
field within said substrate; and 

f, two connecting plugs respectively connected to 
said first and third thick film strips. 
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