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HIGH-IMPEDANCE RADIO FREQUENCY COAX-
JAL LINE HAVING FERRITE SLEEVE IN DI-
ELECTRIC SPACE
Helmut L. Brueckmann, Little Silver, N.J., assignor to the
United States of America as represented by the Secre-
tary of the Army
Filed Apr. 30, 1963, Ser. No. 277,427
3 Claims. (CL 333—96)

(Granted under Title 35, U.S. Code (1952), sec. 266)

The invention described herein may be manufactured
and used by or for the Government for governmental
purposes without the payment of any royalty thereon.

This invention relates to radio frequency devices such
as transmission lines and transformers and more partic-
ularly to a novel and useful means by which such devices
may be provided with a high characteristic impedance.

High characteristic impedance, K, is desirable for radio
frequency transmission lines in many applications. Con-
ventional fransmission lines of high K and small size
usually have high loss factors, low power handling capa-
city and poor stability. One embodiment of the present
invention comprises a coaxial transmission line which is
free of these deficiencies to a high degree. The same
principles are be utilized to provide a radio frequency
transformer with improved broadband characteristics.

Briefly stated, an illustrative emmbodiment of the present
invention comprises a coaxial transmission line in which
the space between inner and outer conductors is only
partially filled with a ferrite dielectric. It has been found
that this structure results in a higher characteristic impe-
dance than would be obtained with an air-dielectric line or
with a line completely filled with ferrite. A mathematical
analysis is given by which this effect can be optimized and
predicted in terms of the line dimensions.

It is therefore an object of this invention to provide
novel and improved high impedance radio frequency
devices.

A more specific object of the invention is to provide a
high impedance radio frequency transmission line of the
coaxial type.

Other objects and advantages of the present invention
as well as an illustrative embodiment thereof will be
found in the following detailed description, in which:

FIGS. 1 and 2 are end and side sectional views respec-
tively of a coaxial transmission line constructed according
to the teachings of this invention.

FIG. 3 illustrates the use of such a line in a transmission
system.

FIG. 4 is a graph useful in designing a line of the type

- illustrated.

FIGS. 1 and 2 illustrate a coaxial transmission line
which embodies the novel features of this invention. The
line consists of outer conductor 6, inner conductor 7, and
ferrite dielectric 8. According to the teachings of the
present invention, the tubular ferrite dielectric 8 does not
fill the entire space between the inner and outer conduc-
tors. In the illustrated embodiment there are air gaps
between the inner conductor and the ferrite and the center
conductor and the ferrite. This structure resulfs in a line
of high characteristic impedance, as will become apparent
from the following mathematical analysis. The line
dimensions are shown in FIG. 1, 2r is the dimension of the
inner conductor, 2R, is the inner diameter of the ferrite
dielectric tube, 2R, is the outer dimension thereof, and 2R
is the inner diameter of the outer conductor. Although
the ferrite material within theline has been termed a “die-
electric,” it should be noted that this material also has
magnetic properties, since its relative permeability is
greater than unity, and it is the combination of its dielec-
tric and magnetic properties which affect the parameters
of a line containing ferrite.
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The relative effective permeability, uess, and the dielec-
tric constant, e, of a coaxial transmission line which. is
partially filled with ferrite are determined by the relative
permeability, ., dielectric constant, ¢, of the ferrite itself
as well' as the dimensions of the coaxial line. For the
coaxial line of FIGS:. 1 and 2, it can be shown that:
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These values of effective permeability and dielectric con-
stant in turn determine the effective characteristic imped-
ance, Ky, of the line, according to the following relation:

pott g [bett Kty E)
€oif Kaie= €oft 27 ln<7" @)

wherein Ky, is the characteristic impedance of the same
line when filled only with air and Ky is the characteristic
impedance of free space, a constant equal to 377 ohms.
The effective propagation velocity, Ve, of such a: line is
given by the following relation:

Keff=

L
W/ﬂeff * €eff
wherein c is the velocity of light.

Dividing Equation 1 by Equation 2, the following rela-
tion obtains:
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The product of Equation 1 and 2 is as follows:

(:ur -
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It can be seen from Equation 3 that the effective charac-
teristic impedance of a line partially filled with ferrite is
greater than that of the same line with an air dielectric
by a factor equal to the square root of Equation 5. Simi-
larly, the velocity of propagation in such a line is inversely
proportional to the square root of Equation 6.

FIG. 4 is a plot of pers/ecrr and uess- €opr Versus the ratio
of R/r to Ry/R; of the coaxial line of FIGS. 1 and 2 when
partially filled with a ferrite which is commercially known.
as type Q,, having relative permeability,. u,, of 38.3 and
dielectric constant, €, of 5.37. From FIG. 4, it can be
seen that if
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T
is equal to 1, corresponding to a coaxial line completely

filled with ferrite, the value of pes;/€cs; is approximately 7.
The - characteristic impedance of such a line is then in-
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creased by a factor equal to the square root of 7 compared
to an air-dielectric line. For values of

R

r
iz
Ry
greater than 1, corresponding to lines only partially filled
with ferrite, the value of wuesr/ecr; increases, reaches a
rather broad maximum, and then decreases, as can be
seen in FIGURE 4.

A general relation for the proportion of air and fer-
rite which maximizes the characteristic impedance for a
given line is obtained by equating the derivative of the
quotient uers/eerr With respect to Ry/R; or R/, to zero. In
either case, it is found that the maximum occurs when:

BN_1T_& 1 77.,.RB
ln(Rl>-—2[5r'—"1 pr——l:l lnr )

The abcissa in FIG. 4 indicates the portion or per-
centage of the space between the inner and outer con-
ductors which is occupied by the ferrite dielectric. For
example, the maximum value of pers/eery and hence also
the maximum characteristic impedance of the line occurs
at

B> Iw

R,

approximately to 2.5. However, the maximum of this
curve is a broad one and all of the values between 2.0
and 3.0 are substantially equal to the maximum. As-
suming a coaxial line with R=10 and r=1, the maximum
characteristic impedance occurs if the ferrite tube has an
outer diameter four times its inner diameter, There are
several ferrite tube dimensions which satisfy this relation.
The ferrite tube may be tightly fit over the inner con-
ductor with a single air gap between the ferrite and outer
conductor, or the air gap may be solely between the inner
conductor and the ferrite tube or two air gaps may be pro-
vided as shown in FIG. 1. In the above example with
R=10 and r=1, the ferrite tube may have an inner di-
ameter of 1 and outer diameter of 4, an inner diameter of
2 and outer diameter of 8, or an outer diameter of 10
and inner diameter of 2.5. All of these ferrite tube sizes
satisfy the criterion for maximum characteristic imped-
ance and the particular values chosen will depend on other
design considerations. For example, R can be chosen larg-
er than R, by an amount just equal to the manufacturing
tolerances. Most of the radial air gap is then between the
inner conductor and the ferrite. This design minimizes
the magnetic flux density in the ferrite and results in maxi-
mum power handling capability, but also results in maxi-
mum volume and weight of ferrite. If the cost or weight
of the ferrite is the limiting factor, the ferrite tube should
be designed to fit tightly around the inner conductor.

Also plotted on the graph of FIG. 4 is the product
tere*€oze 'Which determines the propagation velocity of
the line according to Equation 4. The propagation veloc-
ity is seen to increase with increasing characteristic im-
pedance, This fact is important where the inventive con-
" cepts disclosed herein are embodied in such devices as de-
lay lines or shorted or open stubs. FIG. 4 enables the
designer to predict the physical length of line necessary
to achieve a desired electrical length or delay.

The physical explanation of the maximum exhibited
by the characteristic impedance of the disclosed coaxial
line is the fact that as the amount of ferrite therein is de-
creased, both uep and e decrease but ey decreases
faster than ueg; up to a certain point, The ferrite has been
illustrated in tubular shape since this shape results in ease
of analysis and construction, however other shapes can
be used without departing from the teachings of the
present invention. For example, the ferrite may contact
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both the inner and outer conductors of the coaxial line
with material removed from the ferrite in the form of
longitudinal slots or recesses. With this structure the
ferrite also serves as a support for the center conductor.

The design principles which have been applied herein
1o coaxial lines may be also applied to other types of trans-
mission lines comprising two or more conductors, for
example, so-called strip transmission lines or balanced
shielded lines. The inner and outer surfaces of the fer-
rite are then no longer cylinders, but take the shape of
equipotential surfaces of the electrostatic field. The
relation between the air gaps and the characteristic im-
pedance of such transmission lines when partially filled
with ferrite is more difficult to derive mathematically,
however it can be derived empirically.

FIG. 3 illustrates a transmission system including a
source of radio frequency energy 11 and a load 13, inter-
connected by a coaxial line 6 of the type illustrated in
FIGS. 1 and 2. As is well known, the impedance of
energy source 11, the transmission line and the load im-
pedance are all interrelated by considerations of maxi-
mum power transfer, reflections and standing wave ratio.
Thus it can be seen that the high and controliable charac-
teristic impedance of the transmission line disclosed here-
in permits much mere flexibility in the choice of energy
sources and loads in systems such as those of FIG. 3.

The above design principles can be applied by analogy
to radio frequency transformers, especially to those for
use at the higher frequencies. A shorted coaxial stub
partially filled with ferrite may be considered as a tubular
core with a one-turn winding therson, the winding com-
prising the inner and outer conductors of the stub. This
winding can be converted to a multi-turn winding by slic-
ing the conductors along the stub axis and connecting the
strips so obtained in series instead of parallel, without
changing the basic field configuration. The addition of a
second winding on this core renders this stub a trans-
former. The same factors which produce a high charac-
teristic impedance in the stub will yield a high open-cir-
cuit impedance for the transformer, which in turn will
result in a broadband characteristic for the transformer.

While the invention has been illustrated by a specific
embodiment, many modifications therein will occur to
those skilled in the art without departing from the in-
ventive concepts disclosed herein. Accordingly the in-
vention should be limited only by the scope of the ap-
pended claims.

‘What is claimed is:

1. A high-impedance coaxial transmission line compris-
ing, an inner conductor and a coaxial outer conductor,
the space between said inner and outer conductors being
partially filled by a tubular-shaped type Qg ferrite di-
electric, the ratio of the quotient of the inner diameter
of said outer conductor and the diameter of said inner
conductor to the quotient of the outer and inner diameters
of said ferrite dielectric being approximately 2.5.

2. A high-impedance transmission line comprising, an
inner conductor and an outer conductor coaxial therewith,
a tubular-shaped type Q, ferrite dielectric partially filling
the space between said inner and outer conductor, said
dielectric being coaxial with said conductors, the ratio of
the quotient of the inner diameter of said outer conductor
and the diameter of said inner conductor to the quotient
of the outer and inner diameters of said ferrite dielectric
being approximately 2.5, a source of radio frequency
energy connected between said inner and outer conductors
at one end of said transmission line and a load connected
between said inner and outer conductors at the other end
of said transmission line.

3. A high-impedance coaxial {ransmission line compris-
ing, a cylindrical inner comnductor, a hollow cylindrical
outer conductor coaxial therewith, a hollow cylinder of
ferrite positioned between said inner and outer conductors
and coaxial with each of said cenductors, the ratio of the
quotient of the inner diameter of said outer conductor
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and the diameter of said inner conductor to the quotient
of the outer diameter of said cylinder of ferrite and the
inner diameter of said cylinder of ferrite being approxi-
mately 2.5
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