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ABSTRACT: A microwave coaxial connector structure is dis 
closed which features mating contact elements shaped to pro 
vide automatic compensation for physical discontinuities 
caused by improper mating. The contact elements include a 
male portion having a diameter which varies along a segment 
thereof and a female portion which engages such segment and 
is displaced radially, more or less depending upon the degree 
of seating, or relative axial position, of the segment within the 
female portion. If contact elements are not fully seated a high 
impedance mismatch is caused by a radial gap therebetween. 
The invention structure operates to create a counterbalancing 
low impedance due to the radial expansion of the mating ele 
ment. The balancing low impedance is made to be physically 
close to the high impedance relative to signal wavelength. The 
invention is also taught in a reverse structure for outer con 
ductive mating parts of a connector. 
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TRANSMISSION LINE CONNECTOR WITH MEANS 
INCLUDING CAM SURFACES FOR ALTERING 
CONNECTOR ELEMENT DIMENSIONS TO 

COMPENSATE FOR JUNCTION GAPS, AND METHOD 
THEREFOR 

BACKGROUND OF THE INVENTION 

In high frequency coaxial connector devices, inner and 
outer conductive elements are typically connected to inner or 
outer conductors of a cable of some means a?ording a per 
manent or semiperrnanent type of termination. Portions of 
these elements are dimensioned and shaped to provide a mate 
able contact engagement which may be made and broken to 
interconnect two cables. In microwave applications considera 
ble care is used to maintain precise dimensions with respect to 
diameters of inner and outer conductive cable parts and the 
surfaces thereof and with respect to the positioning of dielec 
tric material within the cable. By the same token considerable 
precision is called for in connector devices used for such ca 
ble. The reason for the requirement of precision is that the 
cable and associated connector devices are used with signals 
which have very short wavelengths and even small physical 
discontinuities have a substantial and adverse effect. In mak 
ing a connector device which is intermateable the inner and 
outer conductive elements usually have spring members to 
facilitate mateability. Since the mating halves on the rear ends 
are permanently or semipermanently joined to the cable con 
ductive portions, these elements are relatively ?xed in an axial 
sense. Theoretically, a connector device should be made so 
that when the two halves are mated there is an exact joining of 
the ends of the inner and outer conductive elements with no 
radial gap. Practically speaking, this is not possible on even a 
limited production basis, since all manufactured parts have 
tolerances and variations are introduced in assembly. An 
under tolerance produces radial gaps in either the inner or 
outer conductive elements of the connector. An over 
tolerance may produce an axial loading of one or the other of 
the elements of the connector to cause an unwanted displace 
ment thereof with a radial gap created in the other elements. 
For this reason many of the prior art devices have been dimen 
sioned so as to provide a mating in only one or the other of the 
inner and outer conductive elements of the connector, usually 
in the outer conductor, with an expected gap left in the inner 
contact element. In certain instances connectors have been 
modi?ed to attempt to compensate for such gaps by a ?xed 
structure. On the whole, a ?xed structure is not satisfactory 
because there is constant variations from part to part. In many 
instances the ?xed structure does more harm than good and 
results in an overall poorer performance for given numbers of 
connectors. [ 

SUMMARY OF THE INVENTION 

The present invention relates to a method and means for 
compensating high frequency coaxial devices such as connec 
tors and the like. 

It is an object of the present invention to provide a simple 
and inexpensive way to automatically compensate for radial 
gaps in the inner and/or outer conductive elements of coaxial 
connectors and the like. It is another object to provide a 
method and means for compensation of coaxial connector 
devices which automatically adjusts itself in the presence of 
production and assembly tolerances causing variations in part 
dimensions or in part placement. It is yet another object to 
provide an improved coaxial connector device for high 
frequency applications. _ 
The foregoing objects are attained in the present invention 

by providing, in the mating parts of connector devices, sur 
faces shaped to be displaced in a radial sense inwardly and 
outwardly in proportion to an adjacent radial gap between the 

. pieces caused by variations in manufacturing dimensions or 
assembly techniques. With respect to center conductor struc 
tures, a pin element is provided with a segment which varies 
along its length from a predetermined minimum diameter to a 
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2 
predetermined maximum diameter. A mating ferrule portion 
includes an interiorly directed rib which rides upon such seg 
ment to enlarge the female portion outer diameter to an extent 
related to the relative axial position of the contact elements 
and the radial gap created by the lack of complete engage 
ment. The high impedance mismatch created by the radial gap 
is compensated for by an adjacent low impedance caused by a 
diameter increase. In another embodiment a similar structure 
is provided in the outer conductive portions of a connector to 
compensate for radial gaps de?ned between such portions. 

In the drawings: 
FIG. 1 is a perspective view of a coaxial connector joining 

two coaxial cables together for transmission of high frequency 
signal energy; 

FIG. 2 is a view of a structure similar to that of FIG. I, but 
with a portion of the connector cut away to depict the interior 
thereof; 

FIG. 3 is a schematic representation of the cross section of a 
connector in accordance with the prior an included to reveal 
one aspect of the problem solved by the present invention; 

FIG. 4 is a longitudinal view, partially sectioned and con 
siderably enlarged, showing the center contact structure of the 
invention in accordance with a preferred embodiment; 

FIG. 5 is a view of the structure shown in FIG. 4 but pulled 
apart to depict the action of the invention in providing com 
pensation; 

FIG. 6 is a perspective view of the structure shown in FIGS. 
4 and 5 in a disengaged position; 

FIG. 7 is a longitudinal and sectional view depicting the in 
vention as adapted to the outer conductive portions of a con 
nector; 

FIG. 8 is a view of the structure shown in fig. 7 slightly I 
pulled apart, depicting the invention structure in operation; 
and 

FIG. 9 is a plot of VSWR versus frequency in Ghz. showing 
the results of a controlled experiment utilizing a straight pin 
contact structure of the prior art and a version of the contact 
structure of the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

A connector cable assembly 10 is shown in FIG. I joining 
two coaxial cables to provide a path for the transmission of 
signal energy. Each cable 12 is, in the illustrative embodiment, 
identical and includes a center conductor l4 surrounded by a 
dielectric material 16 and an outer conductor 18. In 
microwave use, cable of this general construction is made with 
precision with close tolerances carried as to the diameters of 
the conductive elements and as to the characteristics of the 
dielectric material employed. Performance of the cable in 
microwave use depends in large measure upon how well the 
cable is made to avoid physical discontinuities and lack of 
concentricity. These facts are typical causes of signal loss and 
re?ections and a general deterioration of cable performance 
as a transmission line. 

Connectors for cable of the type shown in FIG. 1 are made 
of two halves, plug and jack, which are interrnateable and 
which provide some mechanical means for holding the halves 
together in use. Typically, each connector half is permanently 
or semipermanently joined to the cable with inner and outer 
conductive elements of each connector half joined to inner 
and outer conductive elements of the cable, respectively. Ap 
propriate joints may be made by soldering the metal elements 
of the connectors halves to the metal elements of the cable. 
Other ways are known for providing a clamping or wedging 
structure for terminating parts of the cable to the connector 
halves. In the showing of FIG. 2, connector 20 includes a half 
22 and a half 24. The half 24 includes a connector body in the 
form of a shell 26 threaded externally as at 41 on its forward 
end to mate with a ring 34 internally threaded and ?tted onto 
the body of half 22. The body of half 22 includes a shell which 
can be seen in part associated with numeral 32 in FIG. 2. The 
connector halves are hollow as mentioned and may include a 
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dielectric sleeve, such as 33 shown in FIG. 2, which extends 
along a portion of the interior and surrounds a center contact 
structure comprised of elements 36 and 44 as shown in FIG. 2. 
This contact structure is comprised of contact pin element 36 
and contact receptacle element 44, the latter having a spring 
action so as to receive the pin element in mating engagement. 
The rear portions of each of the shells 26 and 32 are ter 
minated to the cable outer conductors 18, by some suitable 
means such as a wedge ring. The contact elements are in a 
similar manner terminated to the center conductor elements 
14 of the cable as by being threaded therein or soldered 
thereto. The termination of the inner and outer conductive 
structures of the connector to the cable is, as mentioned, per 
manent or semipermanent, which means that the ends of such 
elements are ?xed relative to the ends of the cable. As a prac 
tical matter this means that relative to actual production and 
assembly of connectors onto cable, even very slight variations 
in the axial dimensions of the inner and outer conductive parts 
of the connector become signi?cant. 

FIG. 3 represents a section through a connector having cer— 
tain features in accordance with the prior art. The outer con 
ductive elements of the connector are depicted as OC and the 
center contact elements are depicted as CC. As can be 
discerned, the outer conductive elements are butted together 
as at BJ and the inner conductive elements are intennated 
with a slight radial gap or space S left therebetween. This is 
one way connectors are made. Dimensions of the connector 
are set so as to provide a butt joint on the outer conductor ele 
ment with some gap left between the center conductive ele 
ments. If this were not done and if tolerance permitted a butt 
joint to occur in the center conductive element before closure 
of the outer conductive elements, the connector halves could 
not be ?tted together without jamming and forcing the center 
conductive elements. What happens when this occurs is that 
the elements usually bow to one side, as indicated by the 
dotted line, to destroy concentricity and effectively ruin high 
frequency perfonnance as a transmission line. Another possi 
bility is that the binding together of the elements will tend to 
jam the center conductors and cause a bow elsewhere or 
center conductor slippage within the cable dielectric, if the 
coaxial cable segments are relatively short. One known prior 
art connector utilized for moderately high frequency applica 
tion is known as a Type-N connector. The gap S is purposely 
designed to prevent the foregoing problem. An interior ring in 
the outer conductor OC, shown as C, is provided to compen 
sate for the gap S, caused by leaving some clearance between 
the center conductor pin and receptacle elements. The com 
pensator C e?'ectively changes the diameter D as to CC to 
compensate for the change in diameter d in CC caused by gap 
S. One of the problems with the prior art connectors utilizing 
this type of compensation is that the gap S varies from connec 
tor to connector. Since compensator C is machined into the 
structure, it cannot change and frequently results in an over 
compensation or an under-compensation, which may be worse 
than having no compensation at all. Put another way, connec 
tors of the prior art with structures for compensating for 
diameter changes included to assure mateability are ?xed 
structures and cannot accommodate variations in placement 
of center conductor elements, which variations are necessary 
for mateability. 

In accordance with the invention concept, as shown in FIG. 
2, and in greater detail in FIGS. 4-6, the center contact ele 
ments 36 and 44 are made mateable, as in the prior art; the 
element 36 serving as a pin member and the element 44 serv 
ing as a spring receptacle member. These elements are dimen 
sioned as in the prior art to assure mateability of a connector 
structure by avoiding axial butting of the elements tending to 
cock the elements to one side or to load the center conductors 
of cable to which they are attached. FIG. 4 shows the center 
contact elements mated together in an approximation of max 
imum expected displacement of such elements 36 and 44, 
relative of the axial or length direction thereof of the ele 
ments. FIG. 5 shows the elements in an approximation of 
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4 
nominal displacement, it being apparent from FIG. 5 that the 
elements could be backed away more than is shown to in 
crease the spacing S to a quantity slightly greater than is 
shown. As can be seen in FIGS. 4, 5 and 6, the pin contact ele 
ment 36 includes a forward segment comprised of portions 38, 
40 and 42. The portion 38 tapers inwardly toward the body of 
the contact element to de?ne a cam surface and the portion 
42 tapers inwardly away from the body of such element. The 
portion 38 is preferably of a length slightly greater than the 
maximum displacement of contact elements 36 and 44, in 
cluding all design tolerances, both manufacturing and as 
sembly. The portion 40 is of substantially constant diameter. 
Contact element 44, which is a receptacle, includes an interior 
bore 46 adapted to receive the forward segment of pin 36 in 
serted therewithin. The bore 46 has a diameter to receive por 
tion 40 without being expanded radially. The forward end of 
the receptacle contact element 44 is made resilient by thin 
axial slots 48, fonned therein to de?ne spring ?ngers 50. Slots 
48 are minimized in width to minimize changes in the effective 
outer diameter of the center contact structure. It is worth 
mentioning that slots which run axially in an outer or inner 
conductor have much less effect as sources of re?ection or 
causes of impedance mismatch than do slots of the same effec 
tive width and depth, which exist in a radial sense in conduc 
tors. The interior end portions of spring ?ngers springs 50 in 
clude interior projections or lips shown as 52 in FIGS. 4-—6. 
These lips are dimensioned so as to provide an interior radial 
surface of engagement providing a camming action when en 
gaged with the cam surfaces on portion 38 of the pin 36. The 
bore 46 and the lips 52 are dimensioned to receive the forward 
segment of pin 36 in the manner shown in FIG. 4 effectively 
expanding the diameter of receptacle 44 very little when gap S 
is very small. When 5 becomes larger due to displacement of 
elements 36 and 44, the cam surface of portion 38 engages lips 
52 to cam the spring ?ngers 50 outwardly increasing the effec~ 
tive outer diameter of receptacle 44. In general, a decrease in 
the diameter of the center contact elements as caused by the 
gap or space S causes effective increase in impedance in coax 
ial planes including S and an increase in the effective diameter 
of the center contact elements causes a corresponding 
decrease in the impedance in the planes containing such 
diameter increase. By an appropriate shaping of the surfaces 
heretofore described, the diameter d may be made of vary as a 
function of gap S and thus provide a compensation for S. It is 
worth noting that the effective increase in diameter of the end 
of receptacle 44 is adjacent to gap S. As long as these dif~ 
ferences in diameter are close together relative to the 
wavelength of the highest frequency employed in use, an ef 
fective compensation will be obtained and a reduced 
mismatch caused by S will result. 

FIG. 9 shows a plot of VSWR vs. frequency in Ghz. for 
center contact elements having a straight segment as is shown 
in FIG. 3 and a tapered segment like that of FIGS. 4-—6. The 
solid line plots represent the straight pin segments of the prior 
art. Plotted in a dotted line is VSWR over a frequency range 
for the tapered segment made in accordance with the inven 
tion. The plot shown in FIG. 9 is based upon a controlled ex 
periment with contact elements ?tted within a transmission 
line. The uppermost lines (solid and dotted) represent the seg 
ments for S equal to 0.025 10.002 of an inch, respectively. 
The lower lines represent the straight and tapered segments 
when S is equal to very near zero. As can be discerned, the 
provision of the tapered segment in accordance with the in 
vention represents a very substantial improvement in per 
formance in terms of VSWR. 

In an actual embodiment used for the foregoing experiment 
the portion 38 was 0. I00 of an inch in length, tapering from a 
diameter ofO. l 74 of an inch to a diameter of 0. l 33 of an inch. 
The contact element was 0.244 of an inch in diameter. The 
mating element included a lip 0.135 of an inch in inner diame 
ter from a bore 0.180 of an inch in inner diameter. 
Turning now to FIGS. 7 and 8, a connector 60 is shown with 

the invention concept rendered in the outer conductive struc 
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ture of the connector. Element 62 represents one connector 
half threaded on the outside for mating with threading internal 
to a nut 72_ slidably mounted on a mating connector half 70. 
The interior of element 60 is beveled as at 64 to facilitate in 
sertion of a spring portion 73 of the other connector half 70. 
At the interior end of 64 a reduced surface 66 which de?nes a 
cam surface is provided to receive and cam the end lips 74 of 
connector half 70 inwardly proportional to the axial spacing 
between 62 and 70. FIG. 8 shows the connector elements 
pulled slightly apart. FIGS. 7 and 8 show the center contact 
elements 68 and 76 of the two halves bottomed or closed 
together. The embodiment of FIG. 7 is intended for use where 
a positive fit of the center contact elements is desired. This 
may occur with certain types of cable or with certain lengths 
of cable. ' 

As in the previous example, the invention structure is in 
tended to compensate for the spacing S by producing propor 
tional changes in D, thereby accommodating different produc 
tion and assembly tolerances. As can be seen when gap, S is in 
creased due to spacing apart of 62 and 70 to create a high im 
pedance segment, the interior of spring portion 73 is cammed 
in to provide a compensating segment of low impedance just 
adjacent the location of S. By controlling the dimensions of 
cam surface 66 and 74, the high impedance section can be 
made to balance out the low impedance section. 

It will be seen that in the embodiment of the invention 
represented in FIGS. 4-6, the cam surface or portion 38 ex 
tends generally outwardly from the longitudinal center of the 
connector with the lips 52 extending inwardly so as to ride on 
the said cam surface. Conversely, in the embodiment shown in 
FIGS. 7 and 8, the cam surface 66 is directed generally in 
wardly toward the longitudinal center of the connector and 
the lips 74 are directed generally outwardly to engage cam 
surface 66. 
The foregoing embodiments have been disclosed relative to 

coaxial cable connectors. The invention contemplates uses 
with noncoaxial high frequency connector devices. Since the 
drawings are in plane it is believed that the concept as applied 
to flat cable or ribbon cable connectors should be readily ap 
parent. As long as system requirements specify that im 
pedance needs to be de?ned in terms of the geometry of the 
conductors, whatever their shape, the concept of automatic 
compensation at the junction of mating parts is contemplated 
as of possible advantageous application. 
The invention also contemplates that contact element seg 

ments may be shaped to produce nonlinear effects as by curv 
ing the tapered portion 38 in a suitable manner. In certain ap 
plications it may be desirable to achieve a given minimum 
mismatch at a junction. Within the limits of tolerancing, the 
invention may be so used and is contemplated for such use by 
appropriately adjusting the dimensions of the mating contact 
elements. 

Having now disclosed my concept in tenns intended to ena 
ble its practice in preferred modes, I de?ne it through the ap 
pended claims: 

lclaim: 
1. In a connection of high frequency transmission lines 

de?ned by inner and outer conductors spaced apart to an ex 
tent to define a given characteristic impedance, a connector 
device having inner and outer conductive elements spaced 
apart to define a characteristic impedance substantially 
similar to said given characteristic impedance, the said ele 
ments including surfaces shaped to provide intermating to 
form a junction with said elements being mechanically and 
electrically joined to corresponding inner and outer conduc 
tors of said line, the said elements being dimensioned so that 
either the inner or outer portions thereof are substantially 
closed together with the other portions being dimensioned to 
not quite close together creating a radial gap to accommodate 
production and assembly tolerances and prevent displacement 
of said elements and/or the conductors of said line, the said 
other portions of said elements including mating surfaces 
shaped to provide a radial expansion or contraction altering 
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6 
the radial spacing between the'inner and outer elements in 
proportion to the length of said gap to create balancing im 
pedance effects proximate one another at said junction to 
compensate for said gap. 

2. In a connector for use with high frequency transmission 
line of the type comprised of conductors spaced apart to 
de?ne a given characteristic impedance, said connector in 
cluding corresponding conductive elements spaced apart to 
de?ne essentially said given characteristic impedance, said 
conductive elements including at least a pair of mating por 
tions which have surfaces shaped to provide intermating to 
form a junction, with means on the ends thereof operable to 
effect a transverse displacement of the surfaces of said por 
tions altering the spacing between said elements in proportion 
to the extent of axial mating of the portions and any cor 
responding alternation in transverse dimension of the surface 
of the portions at said junction whereby to provide an auto 
matic compensation for gaps created at said junction. 

3. In a connector for use with high frequency transmission 
line of the type comprised of conductors spaced apart to 
define a given characteristic impedance, said connector in 
cluding corresponding conductive elements spaced apart to 
de?ne essentially said given characteristic impedance, said 
conductive elements including at least a pair of mating por 
tions which have surfaces shaped to provide intermating to 
form a junction, with means on the ends thereof operable to 
effect a transverse displacement of the surface of said portions 
altering the spacing between said elements in proportion to 
the extent of axial mating of the portions and any correspond 
ing alteration in transverse dimension of the surfaces of the 
portions at said junction whereby to provide an automatic 
compensation for gaps created at said junction, said means 
comprising a cam surface on one mating portion and a lip on a 
second mating portion, the second mating portion having 
spring means biasing said lip to engage said cam surface so as 
to directly displace the surface of said second mating portion 
transversely in proportion to the position of said lip on said 
cam surface relative to the length axis of the mating portions. 

4. In a connector for use with high frequency transmission 
line of the type comprised of conductors spaced apart to 
de?ne a given characteristic impedance, said connector in 
cluding corresponding conductive elements spaced apart to 
de?ne essentially said given characteristic impedance, said 
conductive elements including at least a pair of mating por 
tions which have surfaces shaped to provide intermating to 
form a junction, with means one the ends thereof operable to 
effect a transverse displacement of the surface of said portions 
altering the spacing between said elements inproportion to 
the extent of axial mating of the portions and any correspond 
ing alteration in transverse dimension of the surfaces of the 
portions at said junction whereby to provide an automatic 
compensation for gaps created at said junction, said means 
comprising a cam surface on one of said mating portions ex 
tended generally outwardly from the longitudinal center of 
said connector with another of said mating portions including 
a lip extending inwardly in a position to ride on said cam sur 
face, the said other portion having spring means to bias said lip 
against said cam surface so as to cause said other portion to 
respond dimensionally to the position of said lip on said cam 
surface. 

5. In a connector for use with high frequency transmission 
line of the type comprised of conductors spaced apart to 
de?ne a given characteristic impedance, said connector in 
cluding corresponding conductive elements spaced apart to 
de?ne essentially said given characteristic impedance, said 
conductive elements including at least a pair of mating por 
tions which have surfaces shaped to provide intermating to 
form a junction, with means on the ends thereof operable to 
effect a transverse displacement of the surface of said portions 
altering the spacing between said elements in proportion to 
the extent of axial mating of the portions and any correspond 
ing alteration in transverse dimension of the surfaces of the. 
portions at said junction whereby to provide an automatic 
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compensation for gaps created at said junction, said means 
comprising a cam surface on one of said mating portions 
directed generally inwardly toward the longitudinal center of 
said connector and another of said mating portions includes a 
lip directed generally outwardly, with said other portion in 
cluding spring means to bias said lip into engagement with said 
cam surface and alter the transverse dimensional con?gura 
tion of said other portion in proportion to the relative axial 
position of the mating portions. 

6. A method for automatically compensating for physical 
changes in a connector that joins high frequency transmission 
line cables of the type comprised of conductors spaced apart 
to de?ne a given characteristic impedance, wherein said con 
nector includes corresponding conductive portions spaced 
apart to de?ne essentially said given characteristic impedance, 
said method comprising the steps of providing mating connec 
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8 
tor halves for inner and outer cable conductors, dimensioning 
said connector halves at a region of junction thereof so that 
one portion of each connector half closes axially to define a 
substantially gap-free surface with the other portions of the 
connector halves dimensioned so as to not quite close, thereby 
creating a radial gap to accommodate production and as 
sembly tolerances, providing on at least one half of said other 
portions at the region of junction a means responsive to the 
axial position of the mated connector halves to expand or con 
tract radially and radially displace the surface of one of said 
portions adjacent to said radial gap to compensate for varia 
tions in the length of said gap by producing a variation in im 
pedance opposite and substantially proportional to impedance 
variations caused by said gap. 
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