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This i‘riventio'n'rela‘tes to transmissionlines, and in par 
ticular to ‘strip transmission lines. 
Inmariy applications of strip transmission lines ‘in radio 

frequency systems, particularly in the microwave region 
of thefrequency spectrum, dielectric losses prove ‘to be 
a limitation from the standpoint of economic andetlicient 
operation. Moreover, in some utilizations, ‘it is de 
manded ‘that the effective electrical length‘of the circuit 
components remain substantially unin?uenced by changes 
in-the ambient temperature, so that performance will be 
of a constant and dependable nature. Also, it is im 
portant that undesired radiation losses be ‘kept to a mini 
mum. In the microwave‘ ?eld in particular, it is im—. 
portant ‘that these criteria‘ be realized without any vsac 
ri?c'e of the requirements for? light weight and miniaturiza 
tion. 

The/"advantages of ‘strip transmission line ‘microwave 
ccr'npbnent‘s-are'by now’well known. ‘ Among these are: 
lightweight, e‘as‘eof manufacture, ‘cheapn‘ess, miniaturiza 
tion, ‘etc. The possibility ‘of using‘printed circuit tech 
niq‘ues-“for 3the~~coristruction “of 'microwavetcircuits in 
vowing-‘strip transmission lines has‘be'en disclosed by 

Barrett, “Electronics, June 1952, and D. ‘D. Grieg 
amisH. »F.$E‘n‘g‘el'mann, ‘Pr‘oc. 51. , R. E., December ‘1952. 
vIn general, ‘these publications depict‘ three " types of 

ti'a'ri'smis'sion lines. The; closed strip or dielectric sand 
wieh transmission line comprises a narrow ribbon con 
ductor immersed in dielectric material, the‘wholebeing 
bounded by ‘?at metalliciplates. The second" type, ‘the 
open-strip‘trarismission line,~comp'rises ‘a ribbon‘ conduc 
torrseparatednom a metallic ground 'pla'ne‘by a"'di'ele‘c 
tri'cl'sla'b. The ‘third type, called the wirerabove-grou'n'd 
transmission line, consists of - a ‘wire or ‘cylindrical. ‘con 

10 

15 

20 

25 

30 

35 

40 

45 

ductorlsuppofted?above a ground planeby dielectric sup—' ‘ 
ports suitably positioned at spacedlinte‘rvals' longitudinally 
offth'e line. > 

n It‘ is an objectbf ‘this invention to provide a strip trans 
mission line- having} ‘low dielectric ‘and undesired‘ radiation 
losses. ' . 

It-is anotherbbje‘ct of‘the invention ‘to providea-strip 
transmission line " ‘which ‘has anrefféctive ‘electrical ‘ length 
which is substantially unin?uenced‘ by‘ changes inl‘a'mbient 
temperatures. t 

It is'another- ‘object to‘ provide a strip transmission line 
which ‘is lightweight, convenient to fabricate, and‘ which 
can ‘be arranged to ‘occupy- a relatively small amountof 
space. ‘ ' I ' p . ‘ 

In accordance "withlthe present invention, a transmis-' 
sion lin‘e is"pr'ovided'comprising apair ‘of metallic ground 
plates disposed‘ in parallel relation to‘ each other, andi‘at‘ 
anie'ifective electrical-distance of less than one halfiwave 
length ‘of “ the highest frequency of the energy to vbe 
propagated. ‘A‘Vthin sheet of dielectric‘ material ‘is sup 
portediin" spaced relation between the plates‘, the dielec 
tric having conductin‘gi‘nieans ; suitably ‘supported; thereon. 
The“ conducting means ‘cooperates with the “bounding 
platesgin guiding passage of the radio ‘frequencyenergy. 

‘ éThe'above las well-asYifurither-objects of thetinve‘ntion 
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will ‘be more readily understood‘from the ‘following ‘de 
scription taken in conjunction with the accompanying 
drawings wherein: 

Figure 1 is a perspective view of a section of strip 
transmission line in accordance with one illustrative em 
bodiment of this invention; 

Figure 2 is a ?ux plot showing the electric ?eld lines 
associated with conducting means positioned with perfect 
symmetry between bounding plates; 

Figure 3 is ‘a flux plot- showing the distortion of the 
electric ?eld lines as a result of offsetting the conducting 
means, t 

Figure 4 is a'perspective view of a section of strip 
transmission line in accordance with another illustrative 
embodiment of this invention, and , 

Figure 5 is a view, partially in longitudinal cross-sec 
tion, of a section of strip‘transmission line of the inven 
tion, with coaxial line ?ttings connected thereto. 

Referring now to Figure 1, there is disclosed one illus 
trative embodiment of astrip transmission line in accord 
ance with my invention, for use in a radio frequency 
system. Reference numeral 1 denotes a thin sheet of 
dielectric material positioned in spaced relation between 
a pair of metallic ground plates 2, by means of metallic 
or dielectric support members 3. The spacing 4 between 
‘the ground‘p‘lates 2'should not exceed an electrical length 
of A min/2, that is, one half wavelength of the highest 
frequency of the energy to be propagated, and much 
smaller spacings have been found advantageous and are 
commonly usediin practice. A conducting means, shown 
generally atv 5, for ‘guiding passage of the radio frequency 
energy along the transmission line is rigidly secured to the 
thin dielectric sheet ‘1‘. The conducting means comprises 
a strip of metallic conductor material 6 ‘which may ‘be 
conveniently fashioned by printed circuit techniques. As 
will‘be noted, i‘n'Figure 1' the conducting'means 6 is'posi 
tione'd on only one side of the dielectric. 
The support members 3 are arranged at‘convenient 

location's,>far enough removed from the lateral‘edges of 
the conductor '6 so as to be substantially outside the 
region‘whe're‘the electric ?eld ‘lines are concentrated; 
Roughly speaking'the distance 7 between‘ ‘the members 
S‘and'the‘ne‘ar'edges of conductor 6 shouldbe'equal'to, 
or vgreater than, the distance 4 between the ground 
plates 2. I 
At this point some of the advantages of the transmis 

sion-"lin'e just described ove‘r prior ‘art types will be ob 
viousjwhile other advantages will necessitate further "dis 
cussion. ' 

As is known, the velocity of propagation and wave 
length of'hilgh’frequency- energy; passing‘ through a dielec 
trio is dependent ‘upon the nature of‘the vdielectric mate 
rial, 'and 'more‘speci?cally upon the dielectric constant 
of‘thedielectric' medium. Further, the‘ dielectric constant 
itself is a function of the ambient temperature, so that 
with ‘variations ‘in' temperature, the effective electrical 
length of the ‘circuit elements will be changed. These 
variations inielectr-ical-‘length are particularly undesirable 
and troublesomein the dielectricsandwich ‘and open'strip 
transmission line types". ‘Moreover, therattenuation in 
astrip transmission ‘li'nefis increased by the presence of the 
dielectric ‘material. ‘In the line. shown in Figure ’1,“the' 
dielectric material 1 is kept at ‘a minimum consis'tent‘wit‘h 
the requirements for structuralirigidity, so that the eif'ective 
electrical lengths of‘the-‘circuitcompo'nents remain sub 
stantiallyconstant‘throughout the ."range of temperature 
changes experienced‘ under practical operating conditions. 
In addition, dielectric losses ‘are largely eliminated. 

'In-FigureVZ there is-shown a ?ux plot (TEM mode)‘ 
in a lateral cross-sectionaL-plane of-the transmission: line 
of Fig. 1.. ‘In. order to simplifyrthe- discussion, only-the, 
electric ?eld lines have been shown, it being under 
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stood, that the magnetic ?eld lines are everywhere normal 
to the electric ?eld lines. For the same reason, the thin 
dielectric has been removed from the ?gure. As will be 
apparent from a study of Figure 2, perfect ?eld symmetry 
prevails, and the electric ?eld lines do not cross a plane 
exactly centered between the ground plates and parallel 
thereto (designated “Neutral Plane”). The outer regions 
8, 9 tend to become ?eld free because the mode existing 
in the central region is beyond cutoff 'in regions 8 and 
9. Stated differently, with the ground plate spacing 4 
less than a half-wavelength, as heretofore mentioned, in 
the regions 8 and 9 lateral of the conducting means 5 
the ground plates function as a waveguide beyond cutoff 
for the fundamental TEM mode of propagation illus 
trated in Figure 2, so that the ?elds in the lateral direc 
tions are rapidly attenuated. For this reason it is possible 
to effect great savings by arranging several independent 
circuits in close physical proximity without obtaining 
troublesome interference between adjacent lines (pro 
vided normode is excited which is capable of propagating 
between the bounding ground plates). It is usually 
desirable to operate in the fundamental TEM mode of 
propagation. In order to discourage higher frequency 
modes it is found advantageous to select the width W of 
the conductor 6 so that the sum of the width of the strip 
plus the spacing 4 between the ground plates is less than 
a half-wavelength of the energy to be propagated, al 
though theory indicates a slightly more lenient condition. 

In practice there may be some departure from the exact 
centered parallel position of the center conductor between 
the ground planes, illustrated in Figure 2. In such case 
the electric ?eld pattern will be distorted from that shown 
in Figure 2, and undesired modes of propagation may 
be excited. The nature and amount of such departures 
which are permissible depend upon the, performance de 
sired of the line, and upon the particular application in 
which it is used. 
One such type of departure is offsetting, wherein the 

central conductor is closer to one ground plate than to 
the other but remains parallel thereto. This is illustrated 
in Figure 3. ‘ 

Referring to Fig. 3, as the conducting means 5 is moved 
closer to one bounding plate than to the other, that is, 
the conducting means is offset, then the tendency is for 
more and more electric ?eld lines to terminate on the 
nearer plate. In order to illustrate this effect, an ex 
aggerated offsetting of the conducting means 5 is shown 
in Figure 4. Very few of the electric ?eld lines terminate 
on the lower plate, so that the ?eld pattern is distorted 
and an undesired mode can be excited. It has been 
found from experiment that as much as 10% offset in one 
direction or the other can be tolerated in most applica 
tions. 

In some applications the excitation of undesired modes 
can be tolerated, and the amount of coupling to an 
undesired mode will depend upon the problem encoun 
tered. For example, When very high Q networks are ne 
cessitated, the coupling between different parts of the cir 
cuit plumbing and the undesired mode may be unaccept~ 
able, even if very small by ordinary standards. Roughly 
speaking, one can state that the amount of coupling that 
may be tolerated when the Q is 1000, is one where the 
undesired mode is 1A00(, (60 db) of the desired mode. 
As a trough rule of thumb it has been found that accept 
able coupling is inversely proportional to the maximum 
Q desired. 
The closed stn'p transmission line has a characteristic 

impedance (Z0) which, to a ?rst approximation, is in 
dependent of the exact centering of the inner strip con 
ductor between the ground plates. This is not the situa 
tion in the open strip and the wire-above-ground trans 
mission lines where the characteristic impedance (Z0) is 
a function of the distance between the conductor and the 
ground plate. However, in the structure of Figure 1, it 
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may at times be desirable to off-center the conducting 
means slightly in order to compensate for the presence 
of the conducting means 5 on only one side of the di 
electric. 
The open strip transmission line and the wire-above 

ground line of the prior art are of course limiting cases 
of complete off-centering, since one of the ground plates 
is at in?nity with respect to the other. The desired 
and the undesired modes then coincide, and the electrical 
coupling between adjacent circuit elements is such as to 
prevent their utilization in many applications, such as for 
example, high Q circuits and feeds for antenna systems. 
This is of course a serious limitation, particularly in ap 
plication to strip transmission line plumbing system. The 
transmission line of Figure 1 on the other band possesses 
no such design limitations. 
Another illustrative embodiment of the invention is 

disclosed in Figure 4. The structure shown is similar'to 
that shown in Figure 1, except that the conducting means 
5 is formed by two conductive strips 6, 6’ ?xedly secured 
to opposite sides of the thin dielectric sheet in registered 
relationship. Thus the strips 6, 6' normally operate elec 
trically as a single conductor. This embodiment has 
the additional advantage of being inherently symmetrical, 
since the conductors 6, 6' are equidistant respectively 
from the ground plates 2, with only air-dielectric be 
tween respective conductors and ground plates. Another 
advantage derives from the fact that the thin dielectric 1 
lies substantially in a neutral plane in so far as the elec 
tric ?eld between the bounding plates 2 is concerned, and 
in a substantially zero electric ?eld between conductive 
strips 6, 6’, so that dielectric losses are reduced to such 
an extent as to be almost entirely eliminated. 
The above discussion concerning departures from an 

exactly centered parallel position of the central conduct 
ing means 5 applies also to the embodiment of Figure 4. 

In the usual operation of the line shown in Figure 4, 
the conductors 6, 6' are fed in parallel. In such case 
spurious resonances may be introduced. In order to 
avoid this result, the opposed conductors 6, 6’ are shown 
electrically connected by means of metallic connectors 
11 spaced longitudinally along the transmission line. Ad 
vantageously these connectors 11 may be rivets, metal 
ized holes or the like for establishing the requisite elec 
trical contact between the conductors. The purpose in 
establishing electrical contact between opposed conduc~ 
tors 6, 6’ is to maintain them at the same potential at 
each cross-section, so that spurious resonances cannot 
occur. To assure freedom from such spurious reso 
nances, the distance 12 between adajcent connectors 11 
may be made less than one-half wavelength at the high 
est operating frequency. 
With the transmission line shown in Figure 4, circuit 

elements have been designed with Q’s equal to or higher 
ihan those obtained with conventional air-?lled coaxial 
mes. 

Figure 5 shows a conventional manner of coupling a 
strip transmission line to ordinary coaxial line. Here 
each end of a strip transmission line section 13 is pro 
vided with coaxial line ?ttings 14, 14' of conventional 
construction. As shown, the strip transmission line sec 
tion 13 is constructed as in Figure 4, with the central 
conducting means comprising a pair of ?at conductive 
strips 6, 6' a?ixed to opposite sides of the dielectric sheet 
1 in registered relationship. The dielectric sheet is sup 
ported by members 3 in parallel relationship with the 
ground plates 2 and midway therebetween. 
The coaxial ?tting 14 has its outer conductor 15 con 

nected to the ground plates 2 in any suitable manner, 
here shown as by ?anges 16, 16’ which are bolted to 
gether. The conductor 17 of the coaxial ?tting is cen 
trally supported in outer conductor 15 by any suitable 
means, here shown as an insulating ring 18. This central 
conductor 17 is conductively attached to the two con 
ductive strips 6, 6'. The coaxial ?tting 14’ is similarly 
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connected tqtheothcrsend, (it the Strip transmission line 
13. Thuspthe conductiverstrips 6, 6' are fed; in. parallel 
as above‘described.‘ As- ‘is’ common :practice, the coaxial ' 

The parallel feeding of strips 6, ’6’ causes correspond 
ing ends thereofto ‘be at the same relative potential at 
all times, and‘ thus, ‘in the absence of. spurious reso 
naiices, causes opposed areas of the strips throughout the 
length thereof to be at substantially the same potential. 
However, if spurious resonances are troublesome, the 
strips may be electrically connected at spaced points 
along the length thereof by rivets, 'etc., as described in 

?ttings are threaded» to ‘permit- ready} attachment of co 

connection with Figure 4. ‘ v 
As used in this speci?cation, landiin the claims to {fol 

low, the term transmission line- is used in the broadest 
sense accordance with current us'a‘gein the radio fre 
quency'iar-t. r Thus inv contemplation 'of the instant ‘inven 
tion, the transmission-line may ‘be‘us'e'd vto transmit en 
ergy aslna 'res'bnant circuit, fas-a-circuitelement such as a 
wave ?lter,“ 'inetallic-insulators-or~the‘5like, as an aid ‘in 
impedanceimatchingetct- T - i 

It should be understood ‘that ‘the embodiments of the 
invention are illustrative only,‘ and other modi?cations 
within “the-scope ‘of‘the' ‘appended claims will occur to 
those skilled in the anrrdm ‘a consideration of the struc 
tures shown togetherwith the teachings hereof. ‘ 

1. A microwave transmission line which comprises a 
pair ofispacediisubstantially parallelconductive surfaces 
forming ‘ground “platesjthe-spacing; of-said‘g‘round plates 
being less than a half-wavelength of )the highest fre 
quency of the energy to be propagated, a central con 
ducting means including at least one elongated conduc 
tive surface a?’ixed to a sheet of dielectric and positioned 
substantially midway between said ground plates, said 
dielectric sheet being spaced from both ground plates 
and having a thickness small compared to said spacing of 
the ground plates, the space between the portions of the 
ground plates opposed to said central'conducting means 
and extending laterally a substantial distance on both 
sides thereof being substantially air-dielectric except for 
said dielectric sheet and central conducting means, said 
central conducting means cooperating with said ground 
plates to transmit radio frequency energy along the trans 
mission line, both of said ground plates extending later 
ally beyond the lateral edges of said conducting means 
a distance at least as great as the spacing of said ground 
plates. 

2. A microwave transmission line according to claim 1 
wherein the central conducting means comprises a pair 
of metallic conductors mounted on opposite sides of the 
dielectric sheet and operating electrically as substantially 
a single conductor. . 

3. A microwave transmission line according to claim 1 
in which the conducting means comprises a ?at conduc~ 
tor having a plane surface substantially parallel to said 
pair of plates. 

4. A microwave transmission line according to claim 1 
in which the central conducting means comprises a pair 
of ?at conductors mounted on opposite sides of said di 
electric and having respective plane surfaces substantially 
parallel to said ground plates, said pair of ?at conductors 
operating electrically as substantially a single conductor. 

5. A microwave transmission line according to claim 1 
in which the thin dielectric material is supported in a 
region lateral of said central conducting means and sub 
stantially free of electric ?eld lines. 

6. A microwave transmission line according to claim 1 
in which the central conducting means comprises a pair 
of flat conductors mounted on opposite sides of said di 
electric and having respective plane surfaces substantially 
parallel to said pair of ground plates, and a plurality of 
metallic connectors, said connectors passing through the 
dielectric material and electrically interconnecting the 
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said conduetorsat spaeedgiritenvals, said intervalsheing 
lessrthanl one half‘wave length-at said highest-frequency. 
. A microwave transmission line which. comprises a 
pair ,of ‘spaced ‘substantially parallel , conductive surfaces 
forming groundrplates,1 the spacing of said‘ ground plates 
being less than a‘ half-wavelength of_the highest -fre' 
quency of the _._energy to. be. propagated, a central con 
ductingqmeans including at least one elongated flat con‘ 
ductive surface a?ixedto a sheet of dielectric and ‘posi 
tioned substantially midway between said ‘ground plates 
and substantially parallel therewith, said dielectric sheet 
being spacedifrom- both ground plates and having a thick 
ness small compared to-said» spacing of theground-plates, 
the space betweentheéportions of theground —pl~ates,;op— 
posed to'said centralgconducting means and ‘extending 
laterally a. substantial distance ‘on both sides thereof be 
ing ‘; substantially;air-dielectric except for vsaid dielectric 
sheet and ‘central conducting means, said central con 
ducting means cooperating with said ground plates to 
transmit radigpfrequency energy along the transmission 
line in‘the} TEMiirnode of. propagation, said-1 ground plates 
extending laterally beyond-the lateral edges of‘said cen 
t'ralconducting-means; a‘distance'at least-as greatqas the 
spacingfof- said ground plates. 7 

Av‘microwa‘ve, transmission ‘line which comprises- a 
pairlof spacedjsubstantially parallel ‘conductive surfaces 
formingtground pIatesL-the spacingof said ground plates 
being less, than»; a ‘half-wavelength’ ;of the, highest fre 
quency’of the energy‘ to_be..propagated,- a sheet of dielec 
tric-positioned substantially midway between said kground 
plates‘” and substantially'fparallel; therewith and‘ {spaced 
therefrom, a pair of elongated ?at conductive surfaces 
a?ixed to opposite sides of said dielectric sheet in regis 
tered relationship with opposed areas at substantially the 
same potential to form a central conducting means, said 
central conducting means cooperating with said ground 
plates to transmit radio frequency energy along the trans 
mission line, said ground plates extending'laterally be 
yond the lateral edges of said central conducting means 
a distance at least as great as the spacing of said ground 
plates. ' , 

9. Almicrowave transmission line which comprises a 
‘pair of spaced substantially parallel conductive surfaces 
forming ground plates, the spacing of said ground plates 
being less than a half-wavelength of the highest fre 
quency of the energy to be propagated, a sheet of dielec 
tric positioned substantially midway between said ground 
plates and substantially parallel therewith, the thickness 
of said dielectric sheet being small compared to the spac 
ing of said ground plates, a pair of elongated ?at con 
ductive surfaces af?xed to opposite sides of said dielec 
tric sheet in registered relationship with opposed areas 
at substantially the same potential to form a central 
conducting means, said central conducting means co 
operating With said ground plates to transmit radio fre 
quency energy along the transmission line in the TEM 
mode of propagation, said ground plates extending later 
ally- beyond the lateral edges of said central conducting 
means a distance at least as great as the spacing of said 
ground plates. 

10. A microwave transmission line which comprises a 
pair of spaced substantially parallel conductive surfaces 
forming ground plates, the spacing of said ground plates 
being less than a half-wavelength of the highest fre 
quency of the energy to be propagated, a central con 
ducting means including at least one elongated ?at con 
ductive surface applied to a sheet of dielectric and posi 
tioned substantially midway between said ground plates 
and substantially parallel therewith, said dielectric sheet 
being spaced from both ground plates and having a thick 
ness small compared to said spacing of the ground 
plates, the space between the portions of the ground 
plates opposed to said central conducting means and ex 
tending laterally a substantial distance on both sides 
thereof being substantially air-dielectric except for said 
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dielectric sheet and central conducting means, said cen 
tral conducting means cooperating with said ground 
plates to transmit radio frequency energy along the trans 
mission line with the portions of said dielectric sheet lat 
eral of said central conducting means lying substantially 
in the neutral plane of the electric ?eld for the TEM 
mode of propagation, both of said‘ ground plates extend— 
ing laterally beyond the lateral edges of said conducting 
means a distance at least as great as the spacing ‘of said 
ground plates. 7 

11. A microwave transmission line which comprises a 
pair of spaced substantially parallel conductive surfaces 
forming ground plates, the spacing of said ground plates 
being less than a half-wavelength of thehighest fre 
quency of the energy to be propagated, a sheet of dielec 
tric positioned substantially midway between said ground 
plates and substantially parallel therewith, said‘ dielectric 
sheet being spaced from both ground plates and having 
a thickness small compared to said spacing of the 
ground plates, a pair of elongated ?at conductive sur 
‘faces a?ixed to opposite sides of said dielectric sheet in 
registered relationship with opposed areas substantially 
the same potential to form acentral conducting means, 
the space between the portions of the ground, plates op 
posed to said central conducting means and extending 
laterally a substantial distance on both sides thereof be 
ing substantially air-dielectric except for said dielectric 
sheet and central conducting means, said central con~ 
ducting means cooperating with said ground plates to 
transmit radio frequency energy along the transmission 
line with the portions of said dielectric sheet lateral of 
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said ‘central conducting‘ means lying substantially in the 
neutral plane of the electric ?eld for the TEM mode of 
propagation, both of'said ground plates extending later 
ally beyond the lateral edges of said conducting means 
a distance at least as great as the spacing of said ground 
plates, and supporting means for said dielectric sheet lo 
cated laterally of said central conducting means a dis 
tance at least as great as the spacing of said ground 
plates. 
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