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@ Radio frequency load resistor.

@ Radio frequency load resistor for terminating a coaxial
cable without reflection comprising a center conductor {28)
of uniform radius and an outer conductor (32) having a
radius which gradually decreases from the input {(12) to the
same radius as the center conductor (28}; the outer conduc-
tor (32) has a resistance provided by a thin film (50) of resis-
tive material thereon; the radius of the outer conductor (32)
and the resistance as a function of distance along the axis are o
correlated so that this load resistor produces minimal 2——1— war) T e
reflected energy, the RF energy being absorbed by the resis- n s
~tive film on the outer conductor {32) with the heat produced KN A s
w= thereby being readily dissipated into the surrounding /7 NG <0
< medium. %
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Radio frequency load resistor

This invention relates to a radio frequency load
resistor for terminating a radio frequency transmission
line, this load resistor comprising an input adapted to be
connected with a coaxial cable, a center conductor extending
from this input and terminating in a free end, and an outer
conductor extending from the input to a juncture with the
center conductor, the ratio of the radius of the outer con-
ductor to the radius of the center conductor varying inverse-
ly with the distance from the input.

Radio frequency (RF) load resistors are commonly
used to absorb the power output of a transmission line. Such
a device is used to replace the transmitting antenna in cir-
cumstances where radiated power would be undesirable, for ex-
ample during a tuning operation. Such loads may be required
to absorb power ranging from a few watts to several hundred
watts. Further, radio frequency load resistors are sometimes
required to have a voltage standing wave ratio of relatively
low value of about 1.10 or less.

In the prior art, RF load resistors have been
used which include a resistive center conductor for dissipat-
ing the RF energy. An outer conductor of conical shape pro-
vides the desired impedance characteristic and also serves
as a medium through which the heat energy is dissipated. A
heat sink comprising an oil filled can with external fins is
disposed over the conical outer conductor. This arrangement
relies upon heat transfer from the resistive center con-
ductor by convection and conduction through an air or oil
dielectric to the heat sink. This imposes a limit on the
cooling capacity for the load resistor. This device is of
relatively complex structure which'requires numerous parts.

The present invention overcomes the disadvantages
and limitations of the prior art radio frequency load resis-
torsby providing a radio frequéncy load resistor, for ter-

minating a radio frequency transmission line, which com-

rprises: an input adapted to be connected with a coaxial

cable; a center conductor extending from this input and
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terminating in a free end; and an outer conductor extending
from the input to a Jjuncture with the center conductor, the
ratio of the radius of the outer conductor to the radius of
the center conductor varying inversely with the distance
from the input, the outer conductor having a higher resis-
tance than the center conductor, and the value of this ratio
and the value of this resistance being correlated so that
the impedance of this load resistor is matched to the im-
pedance of the coaxial cable.

In accordance with the invention, an RF load re-
sistor is provided which exhibits a wide bandwidth with a
low voltage standing wave ratio and is capable of absorbing
high power. It is also of simple construction with few
parts.

The manner of carrying out the invention is de-
scribed in detail below with reference to the accompanying
drawings which illustrate two specific embodiments, in

which:

FIGURE 1 shows one embodiment of the RF load re-
sistor of this invention in a cross-sectional view;

FIGURE 2 is a view taken on lines 2-2 of FIGURE
1; and

FIGURE 3 shows another embodiment of the RF load
resistor of this invention. ‘

Referring now to the drawings, there is shown il-
lustrative embodiments of an RF load resistor for a coaxial
cable according to the invention. '

A termination for a non-resonant line which will
absorb transmitted power without reflection requires a re-
sistive load having an input impedance equal to the charac-
teristic impedance of the line. A coaxial cable having a
characteristic impedance of 50 ohms, for example, may be
terminated with a 50 ohm resistor connected across its
output end and the transmitted power will be dissipated in
the resistor with a minimum of reflection, In order to pro-
vide such a termination it is necessary to.couple the load
resistor to the coaxial cable in such a way that the load

resistor itself has an input dimpedance equal to the charac-

teristic impedance of the cable.
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Before proceeding with a detailed description of
the device of this invention, it will be helpful to consider
certain relationships regarding transmission line impedance.
A concentric line or coaxial cable has a characteristic im-
pedance which may be expressed as follows:

VE7T§ 1,

Zo = 2n In r1 (1

= permeability of free space
permittivity of free space

= inner radius of outer conductor, and

Lo S T 1 » A =
- N O
1

= radius of center conductor.

For convenience, the constant terms may be combined and re-
presented by k so that the characteristic impedance may be
expressed as:

. (2)

The impedance of a coaxial line is, of course,
significantly increased by inserting a resistor in the line.
This can be done by inserting a section of line which has
the outer conductor made up of a dielectric substrate having
a layer of resistive material thereon to provide a "lumped"
resistance. A conductor comprising a resistive film on the
surface of a dielectric substrate will have a resistance

value:
R = 84 (3)
Where:
p = resistivity of the film material

[oF
I

length along the axis, and

= cross-sectional area of the film.

7 A load resistor may be constructed so that it
will have an-input impedance equal to the characteristic im-
pedance of a coaxial line by correlating the change of lump-
ed resistance along the line with the change of distributed



10

15

20

25

0023437
e

impedance along the line. For this purpose, at every in-
crement of distance along the line, the cumulative lumped re-
sistance should be offset by the cumulative reduction of
distributed impedance of the line. This can be realized by
making:

dz _ dR
x ° T @ ()
Where:
Y2
Z =k lnTF“' = distributed impedance
1
R =84 - lumped resist d
= = umped resistance, an

™
"

distance along the axis of the re-
sistor from the input end.

In general, according to this invention, a load
resistor has a distributed impedance which is decreased
gradually along the line while the cumulative lumped re-
sistance is increased gradually along the line. Accordingly,
the ratio of the inner radius of the outer conductor to the
radius of the center conductor decreases along the line ac-
cording to a predetermined function and the cumulative lump-
ed resistance increases according to a predetermined func-
tion, the functions being correlated in such a manner
that reflection of energy .by the resistor is minimized.

In a first embodiment of this invention, the
radius of the center conductor is uniform along the line
and the radius of the outer conductor decreases according
to an exponential function of distance along the line. The
particular function is derived from equation (2) and (4)

30 to obtain:

35

Z = k 1n—;i— , (2)
Z(d-k)
and, r, = r,e dk : _ . (5)
. Where: '
e = base of naturaljlogarithms
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Z = characteristic impedance of the
line being terminated

d = length of resistive element, and

a constant of proportionality.

With a radius rs for the outer conductor, as given in equa-
tion (5), the cumulative value of lumped resistance must in-
crease linearly with distance along the line. From inspec-
tion of equation (3) it will be seen that:

R . e (6)

which shows that resistance per unit length is constant if
the cross-sectional area A is constant. For a thin film on
the inner surface of a cylinder, the cross-sectional area

of the film on a c¢ylinder of radius r is approximately:
A = 21 rt (7)

Thus the area A will be constant along the line if the prod-
uct of the radius r and film thickness t is constant. This
relationship of film thickness and radius is obtained by de-
positing the thin film by sputtering the film material from
a wire coaxially disposed within an outer conductor having
a radius which varies according to equation (5). From equa-

tion (7), it will be seen that the thickness of the film is
given by:

b= o (8)

Thus, where the cross-sectional area A is held constant,
the thickness of the film varies inversely with the inner
radius of the outer conductor.

In a second embodiment of the invention, the
radius of the center conductor is uniform along the line
and the radius of the outer conductor decreases according
to a linear function of distance along the line. With the
radius increasing linearly, the cumulative value of lumped
resistance must increase according to a predetermined func-
tion. That function is satisfied by a uniform thickness of
the(resistive material. This‘can'be provided by a tumbling

operation to coat the outer conductor with a resistive
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material such as carbon particles.

Referring now to FIGURE 1, a first preferred em-
bodiment of the RF load resistor is shown. The load re-
sistor comprises, in general, a coaxial input 12 and a load
resistor 14. The input 12 is adapted to be connected with
the output end of the coaxial cable (not shown) which is fed
from an RF generator. The power supplied by the coaxial
cable to the input 12 is to be dissipated in the load re-
sistor 14.

The input 12 includes a conventional coaxial
cable connector member comprising an outer metal sleeve or
terminal 18 and a center metal pin or terminal 20. The
sleeve 18 contains a dielectric body 22, such as Teflon,
which supports the center pin 20 coaxially of the sleeve
18. Additionally, the sleeve 18 is provided with a screw
thread 24 for mating engagement with the associated con-
nector member on the end of a coaxial cable.

The input 12 also includes a transition section
or adapter 16 for the purpose of adapting the coaxial cable
to the input of the load resistor 14. The adapter 16 in-
creases the sizes of the conductors with a minimum of dis-
continuity in the impedance of the line. The adapter 16 com-
prises an outer conductor or sleeve 26 which is an integral
extension of the sleeve 18, with an increased inside diam-~
eter. A center conductor 28, which is larger than the pin
20, extends from an integral connection with the pin and
terminates in a free end 30. The conductor 28 is the center
conductor for both the transition section or adaptér 16 and
the load resistor 14. The center conductor 28 is a cylindri-
cal metal rod of uniform diameter.

The load resistor comprises a portion of the
center conductor 28 and an outer membér 32 of dielectric ma-
terial which is preferably a ceramic material such as alu-
mina or berylia. The outer member.32 defines ah axial bore
34 with an input section 36 of uniform diameter which is
equal to that of sleeve 26. The axial bore 34 of the mem-
ber 32 also includes an elongated horn-shaped load seqtionr
38. The load section 38 of the bore is of tapered diameter
which gradually diminishes from the diameter of the inbut '

A1 e b o

[P
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section 36 to the diameter of the center conductor 28 at
the free end 30 thereof. The bore 34 is defined by an inner
wall surface 40 which is a surface of revolution and hence
has a circular transverse cross-section at all locations.

As described subsequently, the wall surface L0 serves as a
substrate for a thin layer of film 50 of resistive material.

The outer member 32 is mounted on the adapter 16
by a flange 42 which is secured to the member 32 by a sol-
der ring 44. The free end 30 of the center conductor 28 is
conductively connected with the outer member 32 by a solder
ring U6.

A thin film 50 of resistive material is de-
posited on the inner surface of the load section 38 of the
outer member 32. The inner surface 40 of the outer member
32 has a radius which is an exponential function of dis-
tance along the axis of the inner conductor 28. In particu-
lar, the radius of the inner surface 40 is given by equa-
tion (5) above. The film is suitably a metallic film, pre-
ferably gold, and has a thickness which gradually increases
with decreasing diameter of the surface 40. The thickness
of the film 50 is such that the resistance is a linear
function of distance along the line in order to prevent re-
flection of energy from the load resistor. In particular,
the thickness of the film is inversely proportional to the
radius of the inner surface. As described above with refer-
ence to this first embodiment, this vafiation of film
thickness may be obtained by sputtering of the metal onto
the inner surface 40. For example, the thin film is suit-
ably sputtered onto the inner surface from an axially dis-
posed wire extending the length of the outer member 32.

The outer member 32, as shown in FIGURES 1 and
2, is generally cylindrical in its outline configuration.
It is preferably a monolithic structure of ceramic ma-
terial having good heat transfer properties. The outer mem-

ber 32 includes a plurality of radially extending heat dis-

‘sipating fins 52.

In operation of the load resistor shown in FIG-
URES 1 and 2, the radio frequency energy fed to the resis-
tor is converted to heat energy in the resistive film 50,
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The heat is transferred from the resistive film by conduc-
tion through the outer member 32 and is dissipated to the
surrounding atmosphere or other medium through the fins 52.
It is to be noted that in this embodiment of the invention
the heat energy is uniformly distributed along the axis of
the load section 38 of the resistor. This is obtained be-
cause the resistance is a linear function of distance along
the axis and hence the power loss is uniformly distributed
along the axis. This distribution of power loss is highly
advantageous in heat transfer from the resistive film to
the surrounding atmosphere.

A second embodiment of the invention is disclosed
in FIGURE 3; in this embodiment all of the parts are the
same as those in the embodiment of FIGURES 1 and 2 except
for the ceramic member 32. Accordingly, the same parts in
the embodiment of FIGURE 3 are designated with the same ref-
erence characters as used in FIGURE 1. The description given
above with reference to FIGURES 1 and 2 is applicable to
FIGURE 3 except for the outer member 32'. The difference be-
tween member 32' and member 32 is in the shape of the axial
bore 34' in the load section 38' and the thickness of the
resistive film 50'. As described above with reference to
the second embodiment, the inner radius of the outer con-
ductor, i.e. the surface 40' increases as a linear function
of distance along the line. In this embodiment the film 50!
of resistive material is of uniform thickness over the sur-
face 40'. The film 50' of resistive material is suitably a
layer of carbon particles which have been applied with uni-
form thickness. The operation of the embodiment of FIGURE 3
is the same as described above except that it does not have
the advantage of uniform distribution of power loss along
the axis of the load resistor.
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Claims:

1. Radio frequency load resistor for terminating
a radio frequency transmission line, said load resistor (14)
comprising: an input (12) adapted to be connected with a co-
axial cable; a center conductor (28) extending from said in-
put (12) and terminating in a free end (30); and an outer
conductor (32;32') extending from said input (12) to a junc-
ture (46) with the center conductor (28), the ratio of the
radius of the outer conductor (32;32') to the radius of the
center conductor (28) varying inversely with the distance
from said input (12); characterized in that the outer con-
ductor (32;32') has a higher resistance than the center con-
ductor (28), and the value of said ratio and the value of
said resistance are correlated so that the impedance of
said load resistor (14) is matched to the impedance of the
coaxial cable.

2. Radio frequency load resistor as claimed in
claim 1, characterized in that the center conductor (28)
has a uniform radius from said input (12) to said juncture
(46) and the outer conductor (32;32') has a radius which
gradually decreases from said input (12) to said juncture
(46).

3. Radio frequency load resistor as claimed in
claim 2, characterized in that the outer conductor (32;32')
comprises a dielectric substrate (32;32') with a film (50;
50') of resistive material on the inner surface thereof.

Iy, Radio frequency load resistor as claimed in
claim 3, characterized in that the radius of the inner sur-
face of the dielectric substrate (32) is an exponential
function of the distance from said input (12).

5. Radio frequency load resistor as claimed in
claim 4, characterized in that the resistive film (50) has
a constant value of resistance per unit distance along the
axis of the dielectric substrate (32).

6. Radio frequency load resistor as claimed in
claim 5, characterized in that the resistive film (50) has
a thickness which varies inversely as the radius of the in-
ner surface of the dielectric substrate (32).

7. Radio frequeicy load resistor as claimed in
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claim 3, characterized in that the radius of the inner sur-
face of the dielectric substrate (32') is a linear function
of the distance along the axis thereof from said input (12).
8. Radio frequency load resistor as claimed in
claim 7, characterized in that the resistive film has an in-
creasing value of resistance per unit distance along the -
axis of the dielectric substrate (32'). '
9. Radio frequency load resistor as claimed in
claim 8, characterized in that the resistive film has a uni-
form thickness.
10. Radio frequency load resistor as claimed in
claim 3, characterized in that the dielectric substrate (32;
32') is a body of ceramic material.
11. Radio frequency load resistor as claimed in
claim 10, characterized in that said body of ceramic ma-
terial includes heat dissipating fins (52) thereon.
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