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The present invention relates to“ transmission ‘lines. 
More particularly, the invention relates to transmission 
lines such as are used in association‘ with. high frequency 
electronic devices. _ 

In modern shortwave techniques, transmission’ lines in 
forms familiarly known in the art as: wave: guides and 
coaxial lines are widely used. Because of the construc 
tion, these lines occupy a large amount of space, are 
heavy and are expensive to manufacture. 

Theoretically, a transmission‘ line composed of inner 
conductors of ?nite width and spaced between outer con 
ductors, which are parallel and of in?nite, width, would 
permit no radiation of high frequency energy from the 
line. By selecting the width of the outer conductors to 
be su?iciently greater than that of the. inner conductors, 
a transmission line of relatively low loss due to radiation. 
is obtained. _ 

As an alternative to Wave guides, such con?gurations 
may be adapted to printed and etched circuit techniques. 
As is well known in the prior art, con?gurations. that are 
in fact adapted to etched-circuit-techniqucsi involve the 
use of relatively thin conductors, for example, copper foil 
.00135 or .0027 of an inch thick. The propensity of such 
alternative con?gurations toward the propagation of high 
frequency energy in undesirable modes has, however, 
been the source of much di?iculty. 

It is therefore an object of the present invention‘ to pro 
vide an improved transmission line utilizing printed and 
etched circuit techniques which avoids the undesirable 
propagation modes of high. frequency energy. 

Other and further objects of the invention will be ap 
parent from the following description of typical embodi 
ments thereof, taken in connection with the accompany 
ing drawings. 

in accordance with this invention there is provided a 
composite high frequency electric transmission line struc 
ture, comprising a pair of elongated parallel planar dielec 
tric insulators with a thin, elongated, planar, inner con~ 
ductor disposed in parallel with and between the insula~ 
tors, the inner conductor being narrower than the'i'nsul’a 
tors. The transmission line also comprises a. pair of 
thin, elongated, parallel, planar, outer conductors afiixed 
to the outside surface of the insulators in insulated spaced’ 
relation to and in parallel with the inner conductors. 
The outer conductors are wider than the inner conduc 
tor. The transmission line also comprises’ conductive 
rods extending from the outer conductors through the 
dielectric insulators adjacent the narrower sides of the 
inner conductor for providing an electrical connection 
between the outer conductors. 
longitudinally and'transversely less than a half wave 
length apart at the operating frequency to provide a 
transmission line for propagating electromagnetic energy 
consisting substantially of a- pureTEM mode, ' 

In the accompanying drawings: 7 
Fig. 1 is a three-dimensional view of a preferred em 

bodiment of this invention; 

The rods’ are‘ spaced 
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Fig. 2 is a schematic diagram of a source of high fre 

quency energy connected to the embodiment of Fig. 1, 
shown in‘ section; 

Fig. 3 is a cross-sectional view of a three-plate trans 
mission line illustrating the disposition of the electric and. 
magnetic ?elds; 

Fig. 4 is a cross-sectional view of the‘ line in Fig. 4, 
illustrating a distorted ?eld pattern; and 

Fig. 5 is a cross-sectional view of a modi?cation of the 
line in Fig. 3. 

Referring now in more detail to the drawings, a thin, 
elongated, parallel, planar, etched-circuit-type conductor 
1 is attached to the upper surface of the elongated planar, 
dielectric insulator 2 with a suitable cement. A thin, elon 
gated, planar, etched-circuit-type, inner conductor 3 is‘ 
attached to the under surface of the dielectric 2 and to 
the upper surface of a dielectric 4. The dielectric in 
sulators are wider than and extend transversely beyondv 
the limits of the inner conductor 3 as shown. An elon 
gated, outer conductor 5, similar to‘ conductor 1 above, 
is attached to the under surface of the dielectric 4 in-paral 
lel with the insulators 2 and 4 and the conductors 1 and . 
3. The outer conductors 1' and 5 extend transversely 
beyond the limits of the inner conduct-or 3, the conduc 
tors 1 and 5v being wider than the inner conductor 3. 
Metallic rods 6’ provide an electrical connection between 
the conductors l and 5. The rods may be positioned 
in pairs separated transversely by less than a half-wave 
length at the operating frequency, as shown, and in the 
direction of the length of the line at longitudinal inter 
vals 8'which are preferably less than a quarter-wave length 
long. The rods 6 need not necessarily be spaced sym 
metrically as long as a suitable spacing therebetween is 
chosen. 

In Fig. 2 the outer conductors 1 and 5 are connected 
to the ground side of a source, 13 of high frequency 
energy. The other side of the source 13 is connected 
to the inner conductor 3. 
The three-plate transmission line has similar character 

istics to- coaxial transmission lines and supports the same 
mode of propagation, familiarly‘ known in the art as 
TEM. The three-plate line comprises two parallel outer 
conductors 14 and‘ a parallel inner conductor 16 of less 
er width, as shown in Fig. 3. Electric'?elds i7 and mag 
netic ?elds 18 are balanced if the inner conductor 16 is 
centrally located with respect to the outer conductors 14‘ 
and 15, that is, d, equals d,. A dielectric material sepa 
rating the conductors must be mechanically and elec 
trically homogeneous to maintain the balance of ?elds as 
shown. The term “TEM” is employed because the elec 
tric and magnetic ?elds are transverse with respect to the 

As long as the ?elds con?ned‘ direction of propagation. 
within all and d, are electrically equal and opposite, a‘ 
pure TEM mode will prevail and the outer conductors 
14 and 15' will always have the same potential. 
Unbalance between the electric’?elds may be effected by 

lack of homogeneity of the dielectric material separating 
the conductors or by mechanical displacement of inner 
conductor 16-as shown inFig. 4. Due to the unbalance, 
a net difference in- potential between conductors 1'4 and’ 
i5 permits part of the energy to‘ be propagated in a differ‘ 
ent mode. Although this mode of propagation may a'c'— 
count for only a small component of the total ?el'dl, it is 
a radiating component‘ and, therefore, contributes to‘ the 
lossesv of the transmission. line andv permits undesirable‘ 
coupling with other‘ systems. 
To overcome thediiference in potential between outer 

conductors? 14: and 15, conductive members 19' may‘ be 
added to short the outer conductors together as in Fig. 5. 
Since the conductors 14, 15 and 19 complete a boundary 
condition for wave guide propagation, for example TE 
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mode, the parameters of this system must be so chosen 
that the cut-off frequency for wave guide operation is 
higher than the operating frequency of the line. The 
conductive elements 19 must be spaced less than a half 
wave length-apart at the desired operating frequency. 
Since the parameter effects of the elements 19 are limited, 
they must also be spaced longitudinally 'less than a half 
wave length apart to substantially con?ne the propagated 
energy Within the con?nes of the outer conductors. 
The term half-wave length as employed herein refers 

to the wave length of the energy propagated by the line 
and varies with the dielectric constant of the insulating 
materials. 

While there has been hereinbefore described What are 
at present considered preferred embodiments of the in 
vention, it will be apparent that many and various changes 
and modi?cations may be made with respect to the em 
bodiments illustrated without departing from the spirit 
of the invention. It will be understood, therefore, that 
all those changes and modi?cations as fall fairly within 
the scope of the present invention, as de?ned in the ap 
pended claims, are to be considered as a part of the pres 
ent invention. 
What is claimed is: 
1. A composite, high-frequency, electrical, transmission 

line, comprising: a pair of thin, elongated, parallel, planar, 
outer conductors; a thin, elongated, planar, inner con~ 
ductor in parallel with and between said outer conduc 
tors, said inner conductor being of lesser width than 
said outer conductors; solid dielectric material wider than 
said inner conductor and disposed between said inner and 
outer conductors for securing said inner conductor in in 
sulated, spaced relation with respect to said outer con 
ductors; and conductive rods adjacent the narrow sides 
of said inner conductor extending from said outer con 
ductors through said dielectric material for providing an 
electrical connection between said outer conductors,‘ said 
rods being spaced longitudinally and transversely less 
than a half wavelength apart at the operating frequency 
to provide, thereby, a transmission line for propagating 
high-frequency, electromagnetic energy consisting sub 
stantially of a pure TEM mode. 

2. A composite, high-frequency, electrical, transmis 
sion line, comprising: a pair of thin, elongated, parallel, 
planar, outer conductors; a thin, elongated, planar, inner 
conductor in parallel with and between said outer con 
ductors, said inner conductor being of lesser width than 
said outer conductors; solid dielectric material wider 
than said inner conductor and disposed between said inner 
and outer conductors for securing said inner conductor 
in insulated spaced relation with respect to said outer con~ 
ductor; and conductive rods aligned adjacent the narrow 
sides of said inner conductor extending from said outer 
conductors through said dielectric material for providing 
an electrical connection between said outer conductors, 
said rods being spaced longitudinally and transversely less 
than a half wavelength apart at the operating frequency 
to provide, thereby, a transmission line for propagating 
high-frequency, electromagnetic energy consisting substan 
tially of a pure TEM mode. 

3. A composite, high-frequency, electrical, transmission 
line, comprising: a pair of elongated, parallel, planar, 
outer conductors; a thin, elongated, planar, inner con 
ductor disposed in parallel with and in insulated, spaced 
relation between said outer conductors, said inner con 
ductor being narrower than said outer conductors, with 
said outer conductors extending transversely beyond the 
limits of said inner conductor; and conductive rods adja' 
cent the narrow sides of said inner conductor and ex 
tending from said outer conductors for providing an elec~ 
trical connection between said outer conductors, said rods‘ 
being spaced longitudinally and transversely less than a 
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half wavelength apart at the operating frequency to pro 
vide, thereby, a transmission line for propagating high 
frequency, electromagnetic energy consisting substantially 
of a pure TEM mode. 

4. A composite, high-frequency, electrical, transmission 
line, comprising: a pair of elongated, parallel, planar di 
electric insulators; a thin, elongated, planar, inner con“ 
ductor disposed in parallel with and between said insula 
tors, said inner conductor being narrower than said in‘ 
sulators; a pair of thin, elongated, parallel, planar, outer 
conductors a?ixed to the outside surfaces of said insula 
tors in insulated, spaced relation to and in parallel with 
said inner conductor, said outer conductors being wider 
than said inner conductor; and conductive rods extending 
from said outer conductors through said dielectric insula~ 
tors adjacent the narrower sides of said inner conductor 
for providing an ‘electrical connection between said outer 
conductors, said rods being spaced longitudinally and 
transversely less than a half wavelength apart at the oper 
ating frequency to provide, thereby, a transmission line 
for propagating high-frequency, electromagnetic energy 
consisting substantially of a pure TEM mode. 

5. A composite, high-frequency, electrical, transmission 
line, comprising: a pair of elongated, parallel, planar, di 
electric insulators; a thin, elongated, planar, inner con 
ductor af?xed to said insulators in parallel with and be 
tween said insulators, said inner conductor being nar 
rower than said insulators, with said insulators extend 
ing transversely beyond the limits of said inner conductor; 
a pair of thin, elongated, parallel, planar, outer conduc 
tors affixed to the outside surfaces of said insulators in 
insulated, spaced relation to and in parallel with said inner 
conductor, said outer conductors being wider than and 
extending transversely beyond the limits of said inner 
conductor;' and conductive rods extending from said outer 
conductors through said dielectric insulators adjacent the 
narrower sides of said inner conductor for providing 
an electrical connection between said outer conductors, 
said rods being spaced longitudinally and transversely 
less than a half wavelength apart at the operating fre 
quency to provide, thereby, a transmission line for prop» 
agating high-frequency, electromagnetic energy consist~ 
ing substantially of a pure TEM mode. 

6. A composite, high-frequency, electrical, transmission 
line, comprising: a pair of elongated, parallel, planar, di 
electric insulators; a thin, elongated, planar, inner con 
ductor disposed in parallel ‘with and between said insula 
tors, said inner conductor being narrower than said in 
sulators; a pair of thin, elongated, parallel, planar, outer 
conductors a?ixed to the outside surfaces of said insulators 
in insulated, spaced relationto and in parallel with said 
inner conductor, said outer conductors being wider than 
said inner conductor; and conductive rods extending from 
said outer conductors through said dielectric insulators 
and aligned adjacent the narrower sides of said inner con 
ductor for providing an electrical connection between said 
outer conductors, said rods being spaced longitudinally 
and transversely less than a half wavelength apart at the 
operating ‘frequency to provide, thereby, a transmission 
line for propagating high-frequency, electromagnetic en 
ergy consisting substantially of a pure TEM mode. 

References Cited in the file of this patent 

UNITED STATES PATENTS 

2,231,602 Southworth ___________ __ Feb. 11, 1941 
2,531,777 Marshall _____________ __ Nov. 28, 1950 
2,575,571 Wheeler ______________ M Nov. 20, 1951 
2,603,749 Kock ________________ __ July 15, 1952 

OTHER REFERENCES 

Barrett: “Etched Sheets Serve as Microwave Compo 
nents,” Electronics, June 1952, pages 11448. 


