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CONNECTOR FOR INTERCONNECTION 0F 
SYMMETRICAL AND ASYMMETRICAL 

TRANSMISSION LINES I 

The present invention relates to an electrical connec 
tor, and, more specifically, to an electrical connector 
for providing a frequency independent interconnection 
of symmetrical and asymmetrical transmission lines. 
Development in printed circuit techniques has resulted 
in a generally unshielded ?at con?guration in the form 
of a strip conductor and a single plane, ground conduc‘ 
tor separated by a dielectric layer. Since one side of the 
strip conductor is air and the other side is a high-dielec 
tric material, the coaxial strip is an unbalanced, or 
asymmetrical, transmission line. The high-dielectric 
properties of the dielectric layer, or substrate, is 
designed to contain and shape the distribution of elec 
tromagnetic energy transmitted over the strip conduc 
tor. By contrast, in a symmetrical shielded transmission 
line, commonly in the form of a coaxial cable, the elec 
tromagnetic energy is distributed symmetrically within 
the encircling dielectric filling the shape between the 
center conductor and the shield or outer conductor. 
The invention comprises a connector for purposely 
shaping the symmetrical energy distribution of the 
shielded transmission system in such a way that the 
electromagnetic energy is no longer symmetrically dis 
tributed, but is distributed in a con?guration which ap 
proximates that of the unsymmetrical transmission line 
into which such electromagnetic energy is to be trans 
mitted. ‘ ‘ e 

'To accomplish such objectives, the interconnection 
of a symmetrical transmission line with anasymmetri 
cal line must take place with minimum electrical 
discontinuity. A suitable connector is required which is 
capable of low VSWR transition from symmetrical line 
to. asymmetrical line. There has been developed a 
number of connection techniques, all of which involve 
anchoring the shielded transmission line at a specific 
distance from the connection to the asymmetrical line. 
A flat tab interface connects» the shielded transmission 
line to the flat unshielded line. The tab must be rela 
tively thin to prevent capacitive effects with the con 
ductors and dielectric of the unshielded line. Soldering 
or bonding may be used, or a clamping device may be 
used, to maintain a ?xed gripping force of the tab to the 
asymmetrical line. Such‘ technique prevents de?ection 
of the interconnection beyondva desired minimum and 
maintains adequate gripping forces between the tab 
and unshielded'line. 
The present invention has been derived to accom 

modate and compliment the existing interconnection 
techniques, and enhances the desirable electrical pro 
perties of the interconnection, thereby improving the 
suitability for microelectronic applications at 
microwave frequencies, for example, in the form of 
microwave integrated circuits (MIC). 

According to the invention, the connector is pro 
vided with a} deformation in the form of a reduced cross 
sectional conductor portion which is positioned 
laterally offset from the longitudinal axis of the center 
conductor of a symmetrical transmission line. The off 
set conductor portion thus modi?es and shapes the nor 
mally uniform distribution of electromagnetic energy 
transmitted over the symmetrical transmission line to a 
con?gurationsimilar to the shape of electromagnetic 
energyto'be transmitted over the asymmetrical trans 
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2 
mission line. Such a technique provides a connector 
which is suitable for an interconnection using coaxial 
cable, and which has a broad band frequency response 
to provide an interconnection which is frequency inde 
pendent and capable of low VSWR transitions. 

Accordingly, it is an object of the present invention 
to provide a frequency independent connector capable 
of interconnecting a symmetrical transmission line 
electrically of an asymmetrical transmission line. 
Another object of the present invention is to provide 

a method and apparatus in the form of a connector for 
interconnecting a symmetrical transmission line to an 
asymmetrical transmission line with minimum electri 
cal discontinuity. 
Another object of the present invention is to provide 

a frequency independent connector for a symmetrical 
transmission line with an extended tab for registration 
with an asymmetrical transmission line, a deformed 
portion of the connector shaping the normally symmet 
rically distributed electromagnetic energy to a con?gu 
ration which approximates the shape, of the elec 
tromagnetic energy to be transmitted by the asymmet 
rical transmission line. . 

Other objects and many attendant advantages of the 
present invention will be apparent from perusal of the 
following detailed description taken in conjunction 
with the accompanying drawings, wherein: 

FIG. 1 is an enlarged elevation of a preferred em 
bodiment of a connector according to the present in 
vention; 

FIG. 2 is an enlarged fragmentary plan of the 
preferred embodiment as shown in FIG. 1; 

FIG. 3 is an enlarged side elevation of the preferred 
embodiment as shown in FIG. 1; 

FIG. .4 is an enlarged elevation in section illustrating 
the connector as shown in FIG. 1 provided with encir 
cling dielectric and electricalshielding in the form of 
an electrical coupling; 

FIG. 5 , is an enlarged fragmentary elevation of 
another preferred embodiment according to the 
present invention; 

FIG. 6 is anenlarged end 
ment as shown in FIG. 5; 
l FIG. 7 is an enlarged fragmentary elevation of yet 
another embodiment according to the present inven 
tion; 

FIG. 8 is an enlarged end elevation of the preferred 
embodiment as shown in FIG. 7; and 

FIG. 9 is a schematic illustrating an exemplary asym 
metrical transmission line and the typical distribution 
of electromagnetic energy transmitted by the line. 
With more particular reference to FIGS. 1-3 of the 

drawings, there is shown generally at 1 a preferred em 
bodiment of a connector according to the present in 
vention. The connector is in the form of an electrical 
terminal and includes a sleeve-shaped receptacle 2 hav 
ing a plurality of circumferentially spaced, cantilever 
spring ?ngers 4 de?ned by slits therebetween, one of 
which is shown at 6. The receptacle is provided with an 
end recess 8 between the spring ?ngers for receiving 
the end of a center conductor of a shielded symmetrical 
transmission line, not shown. The terminal is provided 
with an enlarged diameter annular collar 10 located 
medially between the receptacle and a generally cylin 
drical conductor portion 12 of the terminal 1. The con 

elevation of the embodi 
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ductor portion 12 is located coaxially with the center 
line 14 of the receptacle 2. Consequently, the cylindri 
cal conductor portion 12 is additionally symmetrical 
with the center line of the shielded symmetrical trans 
mission line. The conductor portion 12 is provided with 
a coaxial extending conductor portion 16 of reduced 
circular cross section. As shown in FIG. 3, the reduced 
conductor portion 16 is provided with an extending, 
further reduced cylindrical portion 18, which is pro 
vided with a pair of recessed opposed planar surfaces 
20 and 22, resulting in a further reduced conductor 
portion generally of rectangular con?guration. In addi 
tion, the reduced rectangular configuration is further 
reduced in cross section by a pair of opposed, laterally 
recessed planar surfaces 24 and 26 de?ning a project 
ing rectangular tab for registration with the center con 
ductor of an asymmetrical transmission line, not 
shown. In addition, the terminal is provided with a 
lanced-out portion 28 which is parallel to but offset 
from the longitudinal axis 14 of the symmetrical trans 
mission line conductor and the receptacle 2. The 
lanced-out portion 28 is connected at its ends to the 
rectangular conductor portion by arcuate conductor 
portions 30 and 32. Such arcuate portions, together 
with the reduced cylindrical portion 16, are provided in 
tandem relationship for a deformation of enlarged sym 
metrical terminal geometry to the unsymmetrical and 
offset reduced cross section geometry of the lanced-out 
portion 28. Accordingly, electromagnetic energy trans 
mitted from the symmetrical transmission line will be 
gradually shaped to an unsymmetrical con?guration as 
such energy is transmitted over the tandem reduced 
cylindrical portion and the offset lanced-out portion 
28. 
With reference to FIG. 4, a coupling for receiving the 

terminal and providing a cylindrical outer conductor 
which is electrically contacted at respective opposite 
ends by the outer conductor of the symmetrical trans 
mission line and the ground conductor of the asymmet 
rical transmission line. 1 is illustrated generally at 34. 
The coupling includes a reduced diameter bore 36 
communicating with a first enlarged diameter recess 
38, which, in turn, communicates with an elongated 
second stepped enlarged diameter recess 40, which 
communicates with another enlarged diameter stepped 
recess 42 provided in one end 44 of the coupling 34. 
The bore 36 is provided with a sleeve liner 46 of dielec 
tric material. The recess 40 is provided with a sleeve 
dielectric 48, a portion 50 of which is received in the 
recess 38. The terminal 1 is inserted within the 
coupling such that the dielectric sleeve 48 mechani 
cally supports the conductor portion 12 of the terminal. 
The offset portion 28 of the conductor is received free 
ly within the dielectric sleeve 46, and the tab 25 of the 
terminal protrudes from the coupling member for regis 
tration with the conductor of an asymmetrical trans 
mission line, not shown. The collar 10 of the terminal is 
in registration against the dielectric 48, and another 
dielectric sleeve 52 is received in the recess 40 in regis 
tration against the collar 10 for supporting the recepta 
cle 2 of the terminal. In operation, a coaxial cable, not 
shown, may be inserted in a plug type connector which 
is received in the recess 42 with the center conductor 
thereof protruding and received in the receptacle 2. 
With the exception of the tab 25 which protrudes from 
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4 
the coupling, the entire length of the connector 1 is 
received in encircling dielectric material contained 
within the coupling. Thus the conductor portions 2 and 
12 are a continuation of, and are symmetrical with, the 
longitudinal axis of the center conductor of the sym 
metrical transmission line. The offset center conductor 
portion 28 however is not symmetrical, although it is 
shielded when received within the surrounding dielec 
tric and the coupling. Accordingly, electromagnetic 
energy transmitted over the symmetrical transmission 
line remains symmetrically distributed as it is trans 
mitted over the conductor portions 2 and 12. However, 
the cylindrical portion 12 has been deformed to form a 
transition into a reduced cylindrical conductor portion 
16 and the conductor portion 28 which is offset from 
the longitudinal axis 14 of the symmetrical transmission 
line. Accordingly, the symmetrical distribution of the 
transmission of electromagnetic energy is shaped by 
the offset reduced cross sectional portion of the con 
nector to an asymmetric ‘con?guration substantially 
equal to or approximating the distribution of the elec 
tromagnetic energy to be transmitted through the 
asymmetric transmission line. Accordingly, the con 
nector 1 provides an interconnection between a sym 
metrical and an asymmetrical transmission line with a 
minimum electrical discontinuity. Such connector is 
well suited for a miniature coaxial cable interconnec 
tion capable of low VSWR transitions between the 
cable and the asymmetrical transmission line. 

In a modi?cation of the terminal 1, the receptacle 2 
and the collar 10 may be eliminated, and the conductor 
portions 12, 16 and 18, together with the tab 25 may be 
fabricated directly on the conductor of a shielded sym 
metrical transmission line. Thus the connector 1 may 
be fabricated as the part of the symmetrical transmis 
sion line conductor, or a separate terminal for connec 
tion to the conductor. 
An additional preferred embodiment is illustrated in 

FIGS. 5 and 6, wherein a modi?ed connector is shown 
generally at 53 and is formed directly on the center 
conductor of a shielded symmetrical-transmission line, 
the center conductor of which is shown at 54 the encir 
cling dielectric shown in part at 56 and the outer con 
ductor not shown. The center conductor 54 is provided 
with a reduced diameter elongated end portion 58 
de?ned by cylindrical surface 60. The reduced diame 
ter portion 58 is thus of reduced circular cross section 
and is coaxial with the longitudinal axis 62 of the 
shielded symmetrical transmission line. A substantially 
elongated portion of the reduced cylindrical conductor 
portion 58 is provided with a planar surface 64 formed 
by milling, for example. The conductor portion 58 is 
further provided with a pair of opposed laterally 
recessed planar surfaces 68 and 70, which may be 
formed simultaneously by a straddle milling operation, 
for example. Accordingly, the conductor portion 58 is 
provided with an elongated conductor portion which is 
further reduced in cross section and is generally of D 
shaped con?guration as de?ned by the surfaces 64,70, 
60 and 68, as shown clockwise in FIG. 6. In addition, 
the D-shaped conductor portion is offset from the 
center line 62 of the shielded, symmetrical transmission 
line. As a further addition, the D-shaped conductor 
portion is provided with an inverted planar recess sur 
face 72 which cooperates with the planar surface 64 to 
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form a generally rectangular tab 74 which is contiguous 
with the laterally offset portion of the conductor and 
which is positioned coaxially with the longitudinal axis 
62. ~ 

The connector 53 may also be formed as a separate 
terminal for connecting a symmetrical transmission line 
conductor, the center being formed directly on the 
conductor as shown. For example, the conductor por 
tions 54 and 58, and the tab 74, may be fabricated into 
an electrical terminal having the enlarged annular col 
lar l0 and the receptacle 2 as shown in FIG. 1, formed 
on the end of the conductor portion 54. Accordingly, 
the connector 53 is suitable for fabrication as part of a 
transmission line conductor for an electrical terminal 
for connection to the transmission line conductor. 
With reference to FIGS. 7 and 8, a modi?cation .of 

the connector shown in’ FIG. 5 will be described in 
detail. The modi?ed connector, generally indicated at 
76, includes a generally cylindrical conductor portion 
78 which may be formed directly on the shielded con 
ductor of a symmetrical transmission line. The ‘outer 
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conductor is not shown and the partially shown encir- . 
cling dielectric of the transmission line is indicated'at 
80, with the center line or longitudinal axis of the trans 
mission line indicated at 82. The conductor portion 78 
is provided with an extending elongated conductor por 
tion 84 which is laterally offset from the center line 82 
and is of reduced circular cross section. A reduced 
cross section conductor portion 84 may be formed by 
milling, for example, and is provided with an inverted 
planar surface 86, also formed by milling, for example. 
The planar surface 86 cooperates with the cylindrical 
surface of the conductor portion 84 to form a D-shaped 
cross section tab adjacent to the longitudinal axis 82 for 
registration with the conductor of an asymmetrictrans 
mission line. The conductor portion 84 adjacent to the 
planar surface 86 is also of D-shaped cross section and 
is in tandem relationship to the remainder of the 
reduced circular cross sectionconductor portion 84. 

Instead of being formed directly on the symmetrical 
transmission line conductor, the connector 76 may be 
fabricated into, a separate electrical terminal for con 
nection to the conductor. For example, the conductor ' 
portions 78 and 84-and the tab 86 may be fabricated 
into an electrical terminal having the enlarged annular 
collar 10 and the receptacle 2 as shown in FIG. 1, 
formed on the end of the conductor portion 78. 

Either of the terminals 53 or 76 may be inserted 
within the exemplary coupling 34 with the tabs 74 and 
86 thereof in registration with the conductorgof an 
asymmetrical transmission line. Electromagnetic ener 
gy transmitted through the connectors 53 or 76 will be 
distributed and shaped by the reduced cross sectional 
conductor portions 58 and 84, and further by the offset 
conductor portions 64 and 84, to an unsymmetrical 
con?guration approximating the con?guration of elec 
tromagnetic energy to be transmitted through the 
asymmetrical transmission line. 
A schematic representation of a typical asymmetrical 

transmission line is shown generally at 88 in FIG. 9. 
The transmission line includes a composite center con 
ductor fabricated from a chrome layer 90 and a gold or 
copper layer 92. A ground plane is also formed of com 
posite metal layers 94 of chrome and 96 of gold or 
copper. A relatively thick layer of dielectric material 
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6 
98 is interposed between the conductor and ground 
plane and is designed to contain the electromagnetic 
energy‘yto be transmitted over the center conductor. 
Additionally, the dielectric 98 distributes and shapes 
the transmitted electromagnetic energy into a con?gu 
ration of ?ux lines such as that shown in 100, which dis 
tribution is unsymmetrical about the center conductor. 
Thus in each preferred embodiment of a connector ac 
cording to the present invention, each terminal is 
deformed to provide a reduced cross sectional conduc 
tor portion and a tandem offset conductor portion for 
gradually shaping the electromagnetic energy trans 
mitted over the connector from a symmetrical distribu 
tion to an unsymmetrical distribution equal to or ap 
proximating the distribution of flux lines, shown by the 
exemplary flux lines 100, of the unsymmetrical trans; 
mission line into which such electromagnetic energy is 
to be transmitted. Accordingly, each connector ac 
cording to the present invention provides an intercon 
nection for transmitted electromagnetic energy 
originating in either of the symmetrical or asymmetri 
cal transmission lines and transferred to the other. 
Although several preferred embodiments and 

modi?cations of the present invention have been 
described and illustrated in detail, other embodiments 
and modi?cations are apparent to one having ordinary 
skill in the art and as de?ned in the spirit and scope of 
the present invention contained in the appended 
claims. For example, in applications wherein the con 
ductor is of relatively small ‘diameter, the reduced 
diameter conductor portion may be eliminated with the 
result that the connector includes only the offset con 
ductor portion which‘ shapes the transmitted elec 
tromagnetic energy to a desired con?guration. 
What is claimed is: g 

1. A connector housed within a tubular coupling for 
a transition connection between a center conductor of 
a symmetrical transmission line and a corresponding 
conductor of an asymmetrical transmission line, said 
connector comprising: ' 

a substantially symmetrical conductor portion of said 
connector being electrically connected to and 
coaxially aligned with said center conductor of 
said symmetrical transmission line, 

a reduced cross sectional conductor portion being 
generally parallel with and extending outwardly 
from said symmetrical conductor portion, 

an offset portion of said reduced cross sectional con 
ductor portion being offset from the longitudinal 
axis of said symmetrical conductor portion, said 
offset portion of said reduced cross sectional con 
ductor portion being lanced-out of said reduced 
cross sectional conductor portion, 

a tab extending outwardly from the end of said 
reduced cross sectional conductor portion and 
generally parallel with said symmetrical conductor 
portion for registration with said corresponding 
conductor of said asymmetrical transmission line 
whereby, ' 

said offset portion of said reduced cross sectional con 
ductor portion purposely shapes the normally uniform 
distribution of electromagnetic energy transmitted over 
said connector to an unsymmetrical distribution of a 
con?guration similar to that of the electromagnetic 
energy to be transmitted over said asymmetrical trans 
mission line. 
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2. A connector housed within a tubular coupling for 
a transition connection between a center conductor of 
a symmetrical transmission line and a corresponding 
conductor of an asymmetrical transmission line, said 
connector comprising: 

a substantially symmetrical conductor portion of said 
connector being electrically connected to and 
coaxially aligned with said center conductor of 
said symmetrical transmission line, 

a reduced cross sectional conductor portion being 
generally parallel with and extending outwardly 
from said symmetrical conductor portion, 

an offset portion of said reduced cross sectional con~ 
ductor portion being offset from the longitudinal 
axis of said symmetrical conductor portion, 

a tab extending outwardly from the end of said 
reduced cross sectional conductor portion and 
generally parallel with said symmetrical conductor 
portion for registration with said corresponding 
conductor of said asymmetrical transmission line, 

said tab being of rectangular cross section and said 
offset portion of said reduced cross sectional con 
ductor portion being generally of D-shaped con 
figuration whereby, said offset portion of said 
reduced cross sectional conductor portion pur 
posely shapes the normally uniform distribution of 
electromagnetic energy transmitted over said con 
nector to an unsymmetrical distribution of a con 
figuration similar to that of the electromagnetic 
enerby to be transmitted over said asymmetrical 
transmission line. 
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8 
3. A connector housed within a tubular coupling for 

a transition connection between a center conductor of 
a symmetrical transmission line and a corresponding 
conductor of an asymmetrical transmission line, said 
connector comprising: i 

a substantially symmetrical conductor portion of said 
connector being electrically connected to and 
coaxially aligned with said center conductor of 
said symmetrical transmission line, 

a reduced cross sectional conductor portion being 
generally parallel with and extending outwardly 
from said symmetrical conductor portion, 

said reduced cross sectional conductor portion being 
offset from the longitudinal axis of said symmetri 
cal conductor portion, 

a tab extending outwardly from the end of said 
reduced cross sectional conductor portion and 
generally parallel with said symmetrical conductor 
portion for registration with said corresponding 
conductor of said asymmetrical transmission line, 

said tab being D-shaped and said reduced cross sec 
tion conductor being cylindrical whereby, said 
reduced cross sectional conductor portion pur 
posely shapes the normally uniform distribution of 
electromagnetic energy transmitted over said con 
nector to an unsymmetrical distribution of a con 
?guration similar to that of the electromagnetic 
energy to be transmitted over said asymmetrical 
transmission line. 
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