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This invention relates to microwave transmission line 
terminations and more particularly to terminations for 
strip transmission lines of the type disclosed in US. Pat 
ent No. 2,913,686 issued November 17, 1959, which types 
essentially consist of two spaced apart parallel ground 
plates of a conductive material with at least one center 
conductor having a width substantially less than that of the 
groundplates, disposed midway between the plates and 
separated therefrom by a dielectric material. 

Presently, strip transmission line components are find 
ing Wide use in the microwave ?eld since they offer many 
advantages ‘over other microwave transmission devices. 
Strip transmission line components are easily and cheaply 
manufactured by printed circuit techniques, if desired, 
and are specially suited to achieving light weight and 
miniaturized circuit construction. 

Certain microwave techniques, such as those employing 
directional couplers, require the use of transmission line 
terminations. The terminating element should ideally 
provide a good impedance match for the line over a broad 
frequency band while having structural characteristics 
compatible with the physical con?guration of the micro 
wave transmission line. 

Previously, terminating elements employed for the 
newly developed strip line microwave transmission tech 
niques have not provided the broad band and compatible 
construction of terminations available for use with other 
microwave transmission line techniques, such as the disc 
termination used with coaxial lines. For this reason, 
prior attempts have been made to provide a suitable strip 
line terminating element by ?rst converting the energy 
?eld into a coaxial or other con?guration to permit use 
of the disc terminating element or the like. However, 
the energy ?eld transformation, among other things, re— 
quires use of mode suppression studs to surround the junc' 
tion to prevent the occurrence of undesired modes, and the 
line unbalance resulting at the junction limits the accept 
able band width of the termination. 

In the prior art, extensive use has been made of a strip 
line terminating element composed of a triangular shaped, 
thin ?lm of lossy material overlying a tapered end portion 
of the center conductor. For proper band width response, 
the triangular element must be made at least four to eight 
inches long, depending on the frequency of operation, 
and therefore requires excessive space when considered 
in light of the miniaturization sought by use of the strip 
line technique. ‘ 

In some cases, use has been made of a cylindrical shaped 
element of lossy material attached as an extension of the 
center conductor with the other end being connected by 
means of a metallic plate to the outer conductors. How 
ever, because of the change to a third dimension from the 
?at center conductor, high order modes are built up around 
the resistive element thus making the termination very 
frequency sensitive, that is, the termination functions cor 
rectly only in a very narrow band of frequencies. In 
addition, the length and diameter of the cylindrical termi 
nation must be varied with frequency for proper opera 
tion, and may thus be excessively long for proper minia 
turization. 

Therefore, it is an object of the present invention to pro 
vide an improved termination element for strip type mi 
crowave transmission lines. 

Another object of this invention is to provide an im 
proved terminating element for strip transmission line 
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components having broad band frequency characteristics 
and small space requirements. 
A further object of this invention is to provide an im 

proved termination for use in microwave strip transmis 
sion line components, such as directional couplers, where 
by the component exhibits broad band frequency char 
acteristics and miniature size. 

In accordance with the present invention, a termination 
element for a strip transmission line is provided by a 
pair of cylindrical resistors composed by a lossy material, 
each resistor being equal to an impedance value approx 
imately twice that of the strip line and connected between 
the end of the center conductor and an associated one of 
two ground plates. The end of the center conductor, in 
accordance with another aspect of the invention, is tapered 
to a width approximating the diameter of the two cylin~ 
drical resistors so that the electric ?eld will be concen 
trated within the lossy material. Among the advantages 
of using terminations in accordance with the present in 
vention are its simple construction, very precise balanced 
impedance match over a broad band of frequencies, and 
space conservation which results from the fact that the 
terminating element requires no additional space beyond 
the terminating point of the strip line section. 
The foregoing and other objects of the invention will be 

apparent from the following detailed description of the 
invention, and illustrated in the accompanying drawings, 
in which: 
FIG. 1 is a perspective view of a portion of a strip trans 

mission line containing the termination element of the 
present invention with a portion of the upper ground 
plate and upper dielectric layer removed; 

FIG. 2 is a top plan view of a strip transmission line 
similar to that illustrated in FIG. 1, including the termina 
tion element of the present invention, but with the upper 
plate and upper dielectric layer removed to show the con 
nection of the termination element to the tapered portion 
of the center conductor; 
FIG. 3 is a longitudinal cross-sectional view of the strip 

transmission line with the termination element of the 
present invention taken along line 3——3 which bisects the 
center conductor; and, 
FIG. 4 is a top plan view of a strip line directional cou 

pling having a termination element in accordance with the 
present invention. 

Referring now to FIGS. 1, 2 and 3, wherein correspond 
ing parts in the various ?gures are indicated by the same 
reference numeral, there is illustrated a conventional strip 
transmission line including a pair of electrically conductive 
ground plates 10 and 11 spaced apart and arranged in a 
parallel relationship. A ?at center conductor 13 or con 
ductors having a width substantially less than the width 
of the conductive ground plates 10 and 11 is held in a 
position midway between the lower and upper ground 
plates 10 and 11 and separated therefrom by a lower 
layer 15 and an upper layer 16 of dielectric material, such 
as, glass, impregnated Teflon, air, or the like. 
A strip transmission line may be constructed by any 

of a number of well-known techniques whereby the afore 
mentioned arrangement of the conductors 10*, 11 and 13 
may be realized. Preferably, the strip transmission line 
may be conveniently fashioned by utilizing conventional 
printed circuit techniques to deposit copper strips on 
both sides of an elongated solid dielectric sheet, the 
copper deposited on one side comprising one of the 
ground plates 10 or 11 and the thinner strip of copper 
etched on the other side comprising the center conductor 
13. A second sheet of the solid dielectric has copper 
deposited on one side only to provide the other ground 
plate. The sheets may then be assembled with the use 
of suitable fasteners to form the strip transmission line. 
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Alternatively, strip transmission lines using an air dielec 
tric may be constructed by depositing at least one center 
conductor strip on a thin layer of dielectric material 
which is separated from the ground plates by dielectric 
spacers or by any other suitable technique. 

In accordance with the present invention, an improved 
terminating element may be provided for a strip trans— 
mission line by using two resistive plugs 18 and 19, prefcr~ 
ably cylindrically shaped, each extending perpendicularly 
from opposite sides of an end point on the center con 
ductor 13 to contact the upper and lower ground plates 
14) and 11. Each plug consists entirely of or is coated 
with a lossy material, such as a thin metal film or car 
bon particles held together by an approprite binder, and 
has an electrical impedance equal to approximating twice 
Z0, where Z0 is equal to the characteristic impedance of 
the strip transmission line. The plugs 18 and 19 may be 
inserted within holes drilled or otherwise formed to ex 
tend through the thickness of the ground plates 10 and 
11 to the surface of the center conductor 13. The plugs 
18 and 1h may have short metallic end sections 21 and 
22, and small amounts of solder or silver paint (not 
shown) may be used at both ends to secure the plugs in 
position and assure good electrical contact with the con 
ductors 10, 11 and 13. 
The best termination characteristics are achieved in ac 

cordance with a preferred form of the invention by using 
resistive plugs having diameters approximately one-quarter 
of the width of the center conductor 13 and insuring that 
the entire electrical ?eld in the transmission line is con 
centrated through the lossy material of the plugs 18 and 
19. Plugs having a diameter in the order of one-quarter 
to one-eighth the width of the center conductor 13 have 
been found to provide the best broad band match as a 
probable result of lower capacitive coupling between the 
center conductor 13 and the surfaces of the plugs 18 and 
19. However, to achieve proper ?eld concentration 
through the plugs, an end portion of the center conduc 
tor 13 in the order of one-sixteenth to one-eighth of a 
Wave length long is tapered to a Width approximating the 
lesser diameter of the resistive plugs 18 and 19. In this 
way almost all of the electric ?eld may be concentrated 
through the resistive material of the post to provide ex 
cellent termination characteristics. 
As will be obvious to those skilled in the art, the two 

resistive plugs 18 and 19 are the electrical equivalent of 
the two halves of a single plug extending from the upper 
ground plate 1% to the lower ground plate 11, and being 
contacted at its center by the end section of the center 
conductor 13. Therefore, a terminating element in ac 
cordance with this invention may be constructed using a 
single plug inserted into a hole extending through the 
entire transmission line with electrical contact being 
maintained with the center conductor 13 through a short 
central metallic portion of the plug, and with the upper 
and lower ground plates 1d and 11 through short end 
metallic portions. 

It should be noted that the terminating elements con~ 
structed in accordance with this invention form a termi 
nating junction balanced with respect to the center con 
ductor 13 so that any undesired modes resulting from 
the right angle junction on one side are cancelled by 
those on the other thus obviating the need for suppression 
studs to suppress unwanted modes as required at an unbal~ 
anced junction. It has been determined that strip trans 
mission line components having such terminations olfer an 
excellent impedance for operating band widths in excess 
of 1000% of the center design frequency of the line. 

Referring now to FIG. 4, which illustrates a strip line 
directional coupling unit in accordance with this inven 
tion, it will be assumed that energy is transmitted along 
a portion of a primary strip transmission line 23 contain 
ing the center conductor 25 in the direction indicated by 
the arrows 26. In order to measure the amount of 
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power being transmitted in that direction, a unidirectional 
coupler is employed which consists of a short section of 
center conductor 27 disposed adjacent to and in parallel 
relation with the center conductor 25 in the primary line. 
In accordance with well-known principles, an inverse mode 
is induced in this parallel section 27 so that some of the 
microwave energy travelling in the direction indicated by 
the arrows 26 is coupled to travel along a secondary strip 
transmission line 29 in the opposite direction parallel to 
the main line 23, as indicated by the arrow 31. A termi 
nation at the other end of the parallel section 27 is pro 
vided in accordance with this invention by a resistive plug 
arrangement 33 connected to a short tapered end sec 
tion of the center conductor 27. In this manner, the line 
termination required for a unidirectional coupler is 
achieved with minimum space requirement, that is, in an 
area no more than required in providing the parallel 
strip line section 27, thereby permitting signi?cant reduc 
tion in the size of the coupling component. 
Although there has been described a preferred embodi 

ment of the invention, it will be understood that various 
changes in the details, which have been herein described 
and illustrated in order to explain the nature of the inven 
tion, may be made by those skilled in the art within the 
principle and scope of the invention as expressed in the 
appended claims. 
What is claimed is: 
1. A microwave termination comprising a pair of con 

ductive ground plates disposed in spaced apart parallel 
relationship, a center conductor disposed midway between 
said ground plates in parallel relation thereto, said center 
conductor having a normal width substantially less than 
the width of said ground plates and having an end por 
tion, a pair of cylindrically shaped resistive plugs with a 
diameter less than the normal width of said center con~ 
ductor disposed at said end portion of said center con 
ductor perpendicularly to the ground plates to electrically 
connect the end portion of said center conductor to each 
of the ground plates, said end portion being tapered to a 
?nal width matching the diameter of said plugs connected 
thereto, whereby the electric ?eld established between the 
center conductor and the ground plates is concentrated 
through said resistive plugs. 

2. A microwave termination for a microwave trans 
mission line comprising a pair of conductive ground plates 
disposed in the spaced apart parallel relationship, a center 
conductor disposed midway between said plates in a par 
allel relationship, said center conductor having a normal 
width substantially less than the width of said ground 
plates and having an end portion, a column of resistive 
material having a diameter less than the normal width 
of said center conductor disposed perpendicularly to said 
ground plates and electrically connecting both ground 
plates to the end portion of the center conductor, said 
column of resistive material having an impedance be 
tween said center conductor and one of said ground plates 
equal to approximately twice the characteristic imped 
ance of a transmission line composed of said conductive 
ground plates and said center conductor, said end por 
tion being tapered to a width less than the normal width 
of the center conductor at the point of connection to said 
column of resistive material to concentrate the electric 
?eld within the resistive material of said column, where 
by the electric ?eld for microwave energy transmitted 
is dissipated through said column of resistive material. 

3. In a strip line transmission system with a pair 
of conductive ground plates disposed in spaced apart 
parallel relationship and center conductor means dis 
posed midway between said plates in parallel relation 
ship and having an end section, said center conductor 
means having a normal width substantially less than said 
ground plates, a termination element comprising a tapered 
end section and a column of resistive material disposed 
perpendicular to said ground plates and electrically con 
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necting the tapered end section of said center conductor 
means at the point of least width to each of said ground 
plates, said column having a width approximately equal 
to the least width of the tapered end section of said 
center conductor means and having an impedance to 
match the impedance of said transmission line. 

4. In a strip transmission line system having a pair 
of conductive ground plates disposed in spaced apart 
parallel relationship and having a center conductor means 
having a normal width substantially less than said ground 
plates for carrying electrical energy disposed midway 
between said plate in parallel relationship, a terminating 
element comprising means for providing a column of 
resistive material disposed perpendicular to said ground 
plates and electrically connecting said center conductor 
means with each of said ground plates, and including a 
tapered section of said center conductor means in which 
the width of said center conductor means ‘is reduced to 
approximately correspond to the width of said column 
at the point of connection, the width of said column 
being substantially less than the normal width of said 
center conductor, whereby the electric ?eld of the elec 
tric energy is dissipated through said column of resistive 
material. 

5. In a strip transmission line having a pair of con 
ductive ground plates disposed in spaced apart parallel 
relationship with a center conductor for carrying elec 
trical energy disposed midway between said plates in a 
parallel relationship, said center conductor having a 
normal width substantially less than the width of said 
ground plates, a terminating element comprising a 
tapered end section of said center conductor with a 
smaller width, and means for providing a cylindrically 
shaped column of resistive material having a diameter 
less than the normal width of said center conductor dis 
posed perpendicular to said ground plates and to said 
center conductor for establishing electrical contact be 
tween the tapered end section of said center conductor 
and each of said ground plates, said resistive material 
having an impedance between said center conductor and 
one of said ground plates equal to approximately twice 
the characteristic impedance of said transmission line, 
whereby the electric ?eld established between said center 
conductor and said ground plates is concentrated by the 
tapered end section through said column means to each 
of said ground plates. 

6. In a strip transmission line system including a pair 
of conductive ground plates disposed in spaced apart 
parallel relationship with a center conductor means hav 
ing a normal width substantially less than said ground 
plates disposed midway between said ground plates and in 
parallel relationship thereto for transmitting electrical en 
ergy, the termination element comprising means composed 
essentially of a resistive material disposed perpendicularly 
to the ground plates and electrically connecting each of 
said ground plates to the center conductor at a connection 
point, said resistive material being cylindrically shaped 
with a diameter less than the normal width of said center 
conductor, and means including a shaped end section of 
the center conductor with a tapered width for concen 
trating the electrical energy transmitted in the resistive 
material of the connecting means at the connection point. 

7. In a unidirectional microwave coupling component 
having a pair of conductive ground plates disposed in 
spaced apart parallel relationship, a primary center con 
ductor disposed in a plane midway between and parallel 
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to said ground plates for transmitting electrical energy 
from a ?rst point to a second point in space, and a sec 
ondary center conductor having a normal width disposed 
adjacent to and in the same plane as said primary center 
conductor and having a section disposed adjacent to and 
parallel with said primary center conductor to transmit 
a portion of the electrical energy transmitted by said 
primary center conductor to a third point, the improve 
ment comprising a column of resistive material less than 
the normal width of said secondary center conductor 
disposed perpendicularly to said ground plates for elec 
trically connecting one end of said secondary center 
conductor to each of the ground plates, and a tapered 
end section on the center conductor for concentrating 
the electrical ?eld being transmitted by said secondary 
center conductor through said column. 

8. In a unidirectional microwave coupling component 
for a stripline transmission system, said coupling com 
ponent having a pair of conductive ground plates dis 
posed in spaced apart parallel relationship with primary 
and secondary center conductors disposed adjacent and 
parallel to one another in a plane midway between and 
parallel to said ground plates so that the secondary 
center conductor transmits a portion of the electrical 
energy transmitted by said primary center conductor, an 
improved termination element for one end of the sec 
ondary center conductor comprising a tapered end sec 
tion at said one end of said secondary conductor, and a 
column of resistive material disposed perpendicular to 
said ground plates and electrically connecting the end 
of the tapered end section with each of said ground plates, 
the width of said column corresponding to the width of 
the end of the tapered end section which is substantially 
less than the untapered portion of said second center 
conductor, whereby the electric ?eld of the electrical 
energy transmitted toward the tapered end section of 
the center conductor is dissipated in said column of re 
sistive material. 
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