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This invention- relates to high performance coaxial
connectors and to a method of compensating connectors
for broad-band signal frequency use.

It is an object of the invention to provide an improved
method of compensating coaxial connectors for opera-
tion with minimized signal distortion' and loss over a
broad range of signal frequencies. .

It is a further object of the invention to provide im-
proved coaxial connector constructions having a relative-
ly low, flat VSWR over a broad range of signal fre-
quencies.

The continuing and expanding development of com-
munication equipments utilizing signal frequencies in the
kilomegacycle range has produced a complementary need
for high performance coaxial connectors of all types
and sizes. The history of the technical development of
coaxial connectors has been to adapt available connectors
by modification to the extended signal frequency ranges
and to the newly developed coaxial cables for such ranges.
While the features of mechanical interconnection utilized
in prior art devices are often satisfactory with respect to
connectors utilized in the higher frequency ranges, the
electrical characteristics of connectors designed -for op-
eration in use with signal frequencies ranging from sev-
eral hundred to several thousand megacycles have proven
to be less than optimum or even inadequate due to limita-
tions forced on the connector design by mechanical con-
siderations. . :

The present invention provides a novel method of
connector design and an improved connector construc-
tion related to such method and various parts thereof.
In order to fully develop the novel method of the in-
vention and the connector construction contemplated, a
theoretical treatment of problems and the contemplated
solution will first be given, followed by an exemplary
connector construction utilizing aspects of the method
of the invention.

In the drawings:

FIGURE 1 is a schematic diagram of a generalized
lossless connector including examples of mismatch
sources;

FIGURE 2 is a schematic diagram depicting charac-
teristic impedance mismatches;

FIGURE 3 is a plot of standing wave ratios resulting
from impedance mismatches over the frequency range
0-12; gHz.

FIGURE 4 is a schematic diagram representing com-
pensation of a discontinuity capacitance;

FIGURE 5 is a schematic diagram representing com-
pensation with discontinuity capacitance pairs;

FIGURE 6 is a plot of standing wave ratios identified
with different capacitance relationships for the capacitance
pairs of FIGURE 5;

" FIGURE 7 is a plot showing the effect of impedance
on length of matching sections as related to an optimum
standing wave ratio at a frequency of 10; gHz.

FIGURE 8 is a plot showing the effect of impedance
on standing wave ratio where the length of a given sec-
tion is optimized in accordance with FIGURE 7;

FIGURE 9a is a schematic diagram of a connector in-
cluding intermating halves and typical diameter changes
necessary to achieve mechanical interconnection;

FIGURE 9b is an equivalent circuit diagram for the
‘connector of FIGURE 9;
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FIGURE 9c is a representation of impedance levels in
different sections of an exemplary connector embodi-
ment made in accordance with the invention and having
the configuration of the connector of FIGURE 9;

FIGURE 10 is a connector cross-section showing radial
laminations of various materials included to facilitate
manipulation of the method of the invention;

FIGURE 11 is a plot of standing wave ratio versus
frequency showing the performance of the connector ex-
ample included in the specification as compared with a
typical performance curve for the prior art; and

FIGURE 12 is a schematic diagram of a partly com-
pensated connector.

The objective of the coaxial connector is to provide
a transmission path between coaxial cable paths, which

- is at least as good with respect to signal distortion and
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energy loss as that of the particular cable utilized. Ideal-
ly, a given connector should be physically identical to
an incremental length of the particular cable to satisfy
this requirement. Unfortunately, because of the require-
ment that cable halves be joined by a connection at least
as strong, with respect to pull test, as the cable itself,
connector design must deviate from the suggested ideal
with various means of interlocking cable halves required.
The more usual approach is to utilize threaded or bayonet
type connector assemblies adapted to be crimped or other-
wise affixed to each half of cables to be joined with some
additional structure, including a threaded or bayonet type
portion having intermating male and female parts to com-
plete paths for the inner and outer conductors of the
cable. The practical result of this requirement is that
numerous changes in diameter and in conductive path
spacing must be made along the length of the connector.
An example of this is shown in U.S. Patent No. 2,540,012,
granted Jan. 30, 1951, to Dr. O. M. Salati.

It will be realized that, for each change in diameter
of conductive paths or dielectric material laminations,
there may occur a change in the characteristic impedance
of the connector representing a characteristic impedance
mismatch.

Abrupt changes in conductor diameters represent dis-
continuities which behave as capacitances shunting the
conductive paths at each point in a connector at the
point at which diameter changes occur. Both factors act
as defects which, in varying degrees, produce reflections
resulting in interferences between incident and reflected
waves carrying a standing wave pattern. This phenomena
can seriously reduce the efficiency of energy flow.

In FIGURE 1 a broad generalization of any connec-
tor is schematically represented to include any type of
discontinuity or mismatch source. The length of the con-
nector represented as S is shown to be made up of a series
of incremental or finite lengths S;, Sg, Ss, . . . S,. Length
S exists between a transmission path such as a coaxial
cable having a characteristic impedance Z, and a further
transmission path which could be any suitable coaxial
connector interface including a further coaxial cable
half having the characteristics impedance Z,. Along the
length S of the connector are capacitances Cy, Cs, C; ...
Cu representing discontinuity capacitances occurring at
the possible points of conductor diameter changes. Be-
tween each of these capacitances are impedance sections
Zy,Z5, Zs, . . . Z, representing the characteristic imped-
ances of each of the sections 1, 2, 3, . . . n. The section
lines A—A and B—B represent possible points looking
into the connector shown in FIGURE 1 from lengths ds
and S, respectively.

In general, the maximum standing wave ratio, SWR,
resulting from m individual sources, of any nature, is
the product of the individual contributions of each source.
This is known as the combination principle as discussed
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by J. W. E. Griemsmann, in the publication, “Hand-

book of Design and Performance of Cable Connectors -

for Micro-Wave Use,” Bu-Ships, Index No. N.E.~110718,
May 1956. A number of small energy reflection sources
may, through their phase relationship, produce a large
SWR. This is expressed as:

E

Pmnx._ilrlpi Eq 1

For an impedance match at B—B, FIGURE 1, any
7, and C; or any combination of elements may be con-
sidered to complete the match; and any is the equivalent
of others. This is demonstrated as follows. Consider the
length of the transmission line, S, of the connector of
FIGURE 1, to be the matching device. With respect to
admittance, Y, conductance, G, and susceptance, B, for
the admittance at point A—A in FIGURE 1, the gen-
eral relationship is Y =G a+Ba.
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In terms of S, and the phase constant g, the foregoing

may be expressed as: B

— : _Yn(YO—an tan ﬁnsn)
Ya=CatiBa=—"y ¥ tan 5.5,

Eq. 2
The real parts provide the conditions for a conductance
match,
_Y.(¥y—Ga)
tan 'BDSD_ BAYo Eq. 3

For a susceptance match, the imaginary parts provide the
required condition,

_ BaYy
tan BuSn=g 5 "y Eq. 4
For an admittance match
By=[(1—GaZy) (GaY (— Y ?) 1* Eq. 5

In the above relationships the susceptance, B,, may
assume any positive or negative value. The conductance,
however, must be limited to positive values, G5=0.

In general, G, and B, are different functions of fre-
quently expressed as:

Bpy=hi(f)

Ga=hy(f)

The match is frequently sensitive except for singular
points, as indicated by the relationship obtained from
Eqgs. 5,6, and 7

_Galu(f)
A7 ()

Eq. 6

B [(1—GaZo) (GaYo— Y212

Eq. 8

Because of this, and in general, a perfectly flat line,
SWR=1, as viewed from point B—B over a broad-band
of frequency, cannot be obtained by compensating mis-
matches. In other words, by following the above relation-
ships, compensation to substantially pg=1 may be ob-
tained at few, if any, of the frequencies present in a
broad-band frequency spectrum. However, within the
rigorous restriction of Eq. 5 a practical approach to a
flat line may be made. The method of the invention con-
templates achieving a connector having a relatively flat
standing wave ratio over a broad range of frequencies by
the use of novel arrangements of compensating sections
and spacing therebetween. This approach contrasts mate-
rially from that of the prior art, as for example, in the
Salati patent above mentioned.

In FIGURE.2 a schematic diagram of a connector is

Eq. 7
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shown having a length S and an impedance Z to inter-

connect transmission line paths having characteristic im-
pedances Z,. The standing wave ratio, pa as viewed at
A—A may be expressed as: )

_14ma|_2Z

SIS Tz 7

Eq. 10

70

75

4

where T' represents the reflection coefficient at A—A.
The characteristic impedance Z being greater than Z, rep-
resents a mismatch when viewed from B—B such that

e Z(Za cOt Bs+iZ)
B™"Z cot Bs+3Z0 Eq. 11

FIGURE 3 shows pa and pg in a plot of p versus f
wherein f* is in gHz.; Zy=50 ohms; Z=352 ohms;
S=0.1/'\. As will be apparent from the curves in FIG-
URE 3, when

by
S—az, e=1,3,5,... Eq. 12
then
pe=(Z/Zy)*=pp?, Z>Z, Eq. 13

This is in conformity with Eq. 1 above. The variation of
ps Wwith frequpency is limited to 1<pp<pa2. As will be
apparent from FIGURE 3, the envelope, ps? is the locus
of points satisfying Eq. 13 for all values of S, The con-
tribution of a Z-type mismatch may be relatively large
at low frequencies, especially in an electrically long con-
nector wherein a multicplicity of maxima may occur over
a given frequency range. An electrically short connector
is desirable for the fewest maxima and careful design
with respect to the particular Z, of the cable must be
made to provide minimum values of pmax.

Considering now discontinuity capacitances, FIGURE
4 depicts a schematic diagram with a connector of length
S having characteristic admittance Y; placed between
transmission paths having characteristic admittances Y
with C representing a particular discontinuity capacitance.
Considering «=2x=f and 8 as the phase constant for the
section S, the conditions for an admittance match at
B—B may be expressed as:

Y1(Yo—jY: tan 8s)

Ya=Yo+jul= Y:1—j¥, tan fs

Eq. 14

For a susceptance match, the imaginary parts of Eq. 14
give

tan Bg =T°iC:Z—Z°—q
Zy 2, Eq. 15
From this, when S is small so that
tan BS=pS radians Eq. 16
then S may be expressed as follows:
‘ ﬂ[Zi_Z{I 7;“7(;)]\/7(—1 Eq. 17

where ¢;=2.99776% 1010 centimeters per second and K;
represents the effective dielectric constant of connector
section lenigth S. This is known as the Griemsmann rela-
tionship. For a conductance match, the real parts of
Equation 14 yield

wCY, tan BS=0 Eq. 18

Unfortunately, this condition can be realized only in
trite cases and the beneficial effect of obtaining a suscept-
ance match from Eq. 15 above, can be largely offset by
the conductance mismatch introduced by the compensat-
ing section of length S.

The solution to this is shown in FIGURE 5, which is
similar to the schematic diagram of FIGURE 4, but in-
cludes an additional capacitance C, spaced from a dis-
continuity capacitance C; by a distance S;. The two ca-
pacitances C; and C, can be selected to interact to produce
an admittance match at C—C by making Y,=Y,, such
that the relationship is

Y[Yo+j(wCi+Y; tan B,S;)] T jaC
(Y,—C, tan $8,8,) +7Y, tan 8.5, Jobe
' Eq. 19

Y.=Y¢=
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For a conductance match, the real parts of Eq. 19 give
C1=C2=C Eq. 20
For a susceptance match, the imaginary parts of Eq. 19
give
w(C1+C)Y,
YOZ—Y]2+OJZO102 Eq 21
For an admittance match, combining Eqgs. 20 and 21

20CY
tan S = VAt (a0

When S, is small, applying Eq. 16 to Eq. 22
w(2C)Z,

%, Z
B 77+ B w0 |

tan BISI =

Eq. 22

S1=

In applying Eq. 17 above, to the connector arrangement
of FIGURE 5, it is the practice when C; and C, are not
equal to merely add their values. Refer to the Griemsmann
article, above mentioned and to the work by M. Pomerantz,
“Modification of Existing R.F. Coaxial Connectors,” TM--
1896, September 1957, Fort Monmouth, N.J. This is a sat-
isfactory approximation when C; and Cs are not substan-
tially different. It is important to note that the form
(«C)? in Eq. 22 does not appear in the Griemsmann rela-
tionship above expressed. The term («C)2 can be much
larger than (¥ 2—Y;2), and thereby the controlling term,
when: firstly, Y, and Y; do not differ greatly; secondly,

when C is large; thirdly, when w==2xF is large owing to high.

frequency; and fourthly, by a combination of the first three

effects. From FIGURE 5 the absolute quantity of the re-

flection coefficient may be expressed such that

e[ CET w

The interaction between C; and C, is shown in FIG-
URE 6 wherein p is plotted against f in Gh.; C1==0.025upuf;
Zy=Zy=50 ohms; and S adjusted for admittance match at

10 Gh. As can be seen, the standing wave ratio, .p,, in-.

creases monotonically with frequency in contrast with the
single Z-type discontinuity as heretofore indicated in FIG-
URE 3; compare p,, FIGURE 3, with pa, FIGURE 6. The
interaction of two equal capacitances with increasing fre-
quency produces a series of minima as required by Eq. 22,
in the standing wave ratio as viewed from C—C alter-
nating with maxima of increasing magnitude. By applying
Eq. 22 at a high frequency, as for example, 10 gHz. as
indicated in FIGURE 6, a single maximum at an inter-
mediate frequency may be obtained. The magnitude of the
standing wave ratio maximum decreases with a decrease
of total capacitance C,-+C,. From Eq. 20 and from FIG-
URE 6, the provision of equal capacitances of the smallest
possible value provide the lowest possible minima with
Tespect to pe. In practice, a twenty percent difference in the
capacitances is acceptable for non-critical applications, For
special high-performance applications wherein the cost of
tolerance control is acceptable, efforts should be made to
make the capacitances as close to equal as possible.

It is to be realized that avoidance of defects causing
energy loss is the best practice, but with the practicalities
of manufacturing a disconnect type coaxial connection,
the best approach is to provide as few discontinuities as
possible with the individual discontinuities being as small
as possible. It has been found that the closer the diameter
of the center conductor of a connector is to that of the
cable center conductor, the smaller the discontinuity ca-
pacitances of both inner and outer connector conductors.
As can be seen from FIGURE 3 and its associated dis-
cussion, it is highly desirable to provide a Zy match over
almost the entire length of the connector. This necessitates
an outer conductor diameter discontinuity for every major
center conductor diameter discontinuity.

Considering Zy=50 ohms, a plot may be made depict-
ing Z, versus connector section length S; at 10 Gh. for a

10

20

. .6 .. .
standing wave ratio pe=1 with Co=C;=0.025uuf; as
viewed from C—C in FIGURE 3, 8, is expressed in terms
of Ag, the wave length in free space in centimeters. As
can be seen from FIGURE 7, very short sections S; are
required when Z; is made to be much greater than Z;. Due
to the slope of the curve it will be apparent that for
Z,>100 ohms the compensation will be sensitive to nor-
mal production tolerances for compensator length S;. In
FIGURE 8 a plot.is shown of the standing wave ratio
pc versus f for different values of Z; with S; adjusted ac-
cording to FIGURE 7. It will be apparent that by increas-
ing Zy, the value of po may be made to approach 1.000.

The preceding considerations delineate the general re-
quirements for broad-band compensation. From the curves
and equations above given, it should be apparent that the
total discontinuity capacitance of the connector should be
minimized and most of the total should be made to reside
in four equivalent or nearly equivalent discontinuities. Two
of these discontinuities representing a pair associated with
one connector half are matched with a high Z spacer of a
length computed at a high frequency giving a small mis-
match maximum at a lower frequency to achieve the im-
proved p as indicated in FIGURE 8. The other pair of dis-
continuities are similarly matched. The pairs of discon-
tinuity capacitances are matched against each other
through being separated by a section having an effective
characteristic impedance equal to that of the line Zy, with
the section length computed to compensate at the lower

. frequency. These lengths are calculated from Eq. 21,

30.

above given, by substituting the high or low frequency
values in accordance with w=2xf, where f is the particular

~ frequency. The remaining, small discontinuity capacitances
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(those omitted in obtaining FIGURE 12 from FIGURE
9b) located between the end pairs of discontinuities are
matched out in pairs separated by sections of lengths com-
puted at frequencies intermediate to the high and low fre-
quencies when such capacitances are substantial. The fore-
going may be more fully brought to mind by following an
exemplary procedure in accordance with the method of the
invention. - -

The example hereinafter given includes additional dis-
continuities to those which will be present in certain sim-
plified connector designs in order to illustrate the various
aspects of the method of the invention. In certain in-
stances, depending upon the physical characteristics of the
cable to be interconnected, and the mechanical specifica-
tion for the connector, little compensation will be neces-
sary, whereas in other situations the various steps of the
method of the invention will be mandatory to achieve
superior electrical characteristics.

Consider now that a connector is to be designed for a
coaxial 10, as shown in FIGURE 9a, having an outer con-
ductor 12, a dielectric core 14 and a center conductor 16
coaxially disposed within 12. A typical cable of this type
has a Zy==50--2 ohms with a center conductor OD dimen-
sion of 0.0359 inch and an outer conductor dimension
equal to 0.1254 inch. The dielectric material has a con-
stant K*=2.25,

The connector 18 shown in FIGURE 9a, is comprised
of halves 20 and 60, adapted to intermate through com-
plementary male and female parts, The connector half 20
is comprised of a stepped metallic shell 22 adapted to be
threaded onto a forward metallic shell 34, Shell 22 in-
cludes a shell extension 30, which may be crimped or
otherwise secured to cable 10 in a standard fashion. Shells
22 and 34 include a number of internal diameter changes
of the type used to secure the internal parts. The forward
internal end of shell 34 includes typical spring finger mem-
bers 38 which serve to complete the outer path electrical

‘connection between half 20 and half 60. Included in each

of the halves 20 and 60 is a dielectric insert, such as 40,
shown with respect to half 20. Half 20 further includes a
central contact member 42, which is suitably attached to
the center conductor 16 of cable 10 and which includes a
forward step portion 44 and a contact pin 46. Pin 46 forms
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the center path electrical connection with complementary
portions of the contact member 62 through fingers 64
thereof.

The particular means employed to interconnect the
connector halves to the cable 10 and the center contact
members to the central conductor thereof may be achieved
by a wide variety of connector designs. The important
consideration with respect to connector 18, is depicted by
the schematic diagram thereunder representing the various
lengths S;, discontinuity capacitances C; and impedance
values Z; for each sectioni=1,2,3, . . . n.

In accordance with the theoretical procedure heretofore
given and the step-by-step example to follow, the con-
nector shown in FIGUIE 9a was dimensioned and com-
pensated to produce the following values where n repre-
sents the stations shown in FIGURE 94 and the diameters
are related to FIGURE 10. FIGURE 9b shows roughly
the impedance levels existing along the length of the con-
nector of FIGURE 9a.

NOMINAL DIMENSIONS IN INCHES

8

there is a suitable change in half 20 in accordance with
Eq. 26 and identical changes in half 60. In essence, the
halves 20 and 60 should be arranged to be mirror im-
ages with respect to electrical characteristics.

Part of this step is to arrange the discontinuities of the
connector to facilitate compensation. This is achieved by
concentrating seventy-five percent or more of the total
discontinuity capacitance of the connector in four capaci-
tances (C;,Cs), locating a pair at each end of a con-
nector half. Referencing FIGURE 95, it will thus be
seen that the discontinuity capacitances C; and C, are,
respectively, represented by a change in the diameter of
the outer connector shells with respect to the center con-
ductor 16 to provide C; and a change in the outer con-
ductor connector shells with a change in the effective di-
ameter of the center conductor at the largest portion of
contact members 42 and 62, to provide C,.
invention is to space the discontinuity capacitance pairs
(C4,Cs) by ahigh Z section, Z;.

Conduector Dielectric Bead Diameters
Diameters Lengths
n Sa”
Dn dn Dn' dn’ ‘ Dn, ‘
) S, 0. 2613 0. 0359 0.2140 0.1350 0.1254 0. 0359 0.0210
.2043 . 0900 . 2923 . 0910 ds” D,* . 0300
. 2613 . 0800 . 2593 . 0810 d,” D3" . 2650
. 2542 . 0800 2522 . 1940 1840 . 0810 . 0970
. 2542 . 0400 . 2522 L1940 | © 1840 . 0810 . 0080
ELECTRICAL PARAMETERS
n Zn Cn Po dn K
Q puf (Ba=paf’ mhos) (Sa=q ' An)
86.72 0.0218 0. 0001370 0. 00244 1.372
50.00 . 0302 . 0001898 . 00361 1.421
50. 00 . 0052 . 0000327 . 03187 1. 419
50.00 0006 . 0000038 . 01140 1.386
92.76 0020 . 0000126 . 00081 1.195

A connector so arranged produced a standing wave ratio,
pyw from W—W, FIGURE 94, 0.2 gHz. intervals over a fre-
quency range, f, of 0-12 gHz., as shown in FIGURE

11. The pw computed is well below 1.10 at all fre- 45

quencies throughout the chosen range. Also shown in

FIGURE 11 is a specification for a type-N connector.
As 2 helpful adjunct to the practice of the method of

the invention, there exists a procedure which simplifies

the calculation of the effective dielectric constant through 50

any section of a connector or cable of the type shown
in FIGURE 9a. This is shown in FIGURE 10, wherein
various radial laminations of dielectric material are rep-
sented by K,, K, K., and the diameters of the nth

section are Dy, Dy, dn’, Dy, dy’, dp. From this the 55

effective dielectric constant of the nth section, XK,, may
be computed from the expression:

Ko KoK, log 2o
K,= d
=

The next step is to determine the smallest diameter
of the contact member portions 44 and 64, that will pro-
vide adequate attachment to the cable center conductor
and sufficient spring force, respectively. While the con.
tact members 42 and 62 are shown enlarged to exag-
gerate the relative dimensions, the shoulder diameters
joining the various portions should be minimized or elim-
inated if possible. The diameter of the most forward por-
tion of 42, shown as pin 46, should be maximized such
that the diameter ds approaches the diameters dy=dj.
The enlargement of the diameter ds is limited by the
thickness of the spring members of 64 which must pro-
vide spring force for the inner contact between the con-
tact members 42 and 62.

The non-compensating sections Z,, Z3 and Z, may be
made to closely approximate the characteristic impedance

14
dn = d
Using this value for Ky, the characteristic impedance of
the nth section may be computed from:
138.05
Vi, Eq. 26

Following now the procedure of the invention and
viewing FIGURE 9a, the first step of the method of the

Zy,= log %1)—“= Y.!

invention is to arrange all discontinuities to facilitate com- 70

pensation. From the above given theoretical treatment
this means that each of the connector halves 20 and 60

A further part of the above step of the method of the
is made symmetrical with respect to discontinuities such

that for any necessary change in diameter in half 20, 75

KK, log 22 K (Ky—Ka) log D g (K.—K,) log

D’  Eq.25
dnll

Z, of the line. Considering Z, to be 50 ohms and using Eqs.
25 and 26, above given, the diameters Dy, D3, D4, may
be calculated by successive approzimation to provide
the proper Z values. With respect to the air gaps exist-
ing in the sections 2, 3, and 4, nominal spacings may be
included such as 0.0020 inch between the head and outer
conductor and 0.0010 inch between the bead and center
conductor with 0.0100 inch being provided at the bead
overlap.

With respect to the compensating sections Z; and Zs,
such should be adjusted to a suitable value higher than
the characteristic impedance of the cable. For many
applications, Z,221.1Z, is sufficient. For the general case
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an adjustment wherein 1.1Z,<Z,<27, is preferable. In
special applications wherein cost is secondary to per-
formance, a choice of Z,>2Z, may be made and suitable
tight tolerances imposed.

The next step is to calculate values for all discontinuity
capacitances using the method of Whinnery and
Jamieson; Proceedings of IRE, vol. 32, pp. 98-114 and
695-709, 1944. The provision of C;=C, may be made
by successive approximation altering relative diameters.

Experience has shown that the section S, should be
made as short as is possible. With respect to S;, owing
to the interaction of discontinuities of the reentrant type,
the value of Cs is dependent upon Ss. When

285
Dy—d;

>0.25

Cs decreases almost linearly with S;. It is preferred to
make S; as small as is permitted by the accumulation
of tolerance in length of the outer conductor parts, allow-
ing bead resilient to take up any remaining tolerances.
If the diameter of 48, d;, has been made as large as pos-
sible relative to the portion 44 (diameter=dy=d,), then
Cs should be a negligibly small value. If for design rea-
sons it is not possible to so size portion 46 and the length
S5, other procedures hereinafter given may be carried
out. .

If C, is small, as it frequently may be, the length S’
may be made any arbitrary value to provide bead over-
lap. If C, is appreciable, then an alternate approach may
be taken to determine S’. This will be hereinafter ex-
plained relative to compensation at intermediate points
of the frequency range.

In many applications it has been satisfactory to make
S=14\ at 5 gHz. Alternatively, S may be computed in
the manner hereinafter given for the computation of S.
. The compensation for the major discontinuity capaci-
tances C; and C, may be made by adjusting the length
S, in accordance with Eq. 21, above given, wherein the
frequency substituted in the » term of the equation is
the highest frequency of the range for the connector;
ie., in the example above given, 10 gHz. In the event
that the C; cannot be made negligible, a different choice
of S; will compensate. Viewing now FIGURE 12, which
includes the partinent portions of the schematic diagram
of FIGURE 95, it may be considered that the omitted
discontinuities are compensated or otherwise reduced to
a negligible effect. For a susceptance match at B—B with
an admittance match at E—E, the relationship is

Yi[Yo—7(«C34 Y, tan B5S,)]

YCZ(YQ—(OC;; tan BgSz) —]Yo tan B282=GO+JB°
Eq. 27
— - w(Cl+02)Y1_BcY1 :l_
$ii%,=tan l[och—Y12+w20102+wCIBc =

360q, f’ degrees
Eq. 28
From this there will be a conductance mismatch when
Yo7#4Yg; Ci74Co; or Cy40.

It will be seen that the mismatcﬁ will be small when

Y=Y, and Cj is<Cy=(1%0.2)C;
In general
Su=(0.084730 8"/ E) f An—dnf N
Si=aq:1f'\n

As . above indicated, S5 is best minimized. For com-
pensation of the discontinuity capacitances Cj, a first
procedure is to solve by successive approximation, which
is necessary due to the interaction previously described.
‘A graphical method plots Cs vs.- Ss. over the. practical
range of S; together with Cj vs. an S; which is computed

Eq. 29
Eq. 30
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10
using Egs. 31, 32 and 33. The point of intersection of
the curves will provide the desired S directly.

2wC’5Y5
Q= o | St L N ! ’
B:85=tan [YOZ—Y52—I-(wC’5)2] 360 ¢’ 51 degrees
Eq. 31
S5=¢q'5Y'\4 Eq. 32
q’5=0.08473085'""\/K, Eq. 33

If the grhaphical method for solving for Cs; and S5
produces curves that do not intersect with values of Ss
which may be achieved in practice, the curves can be
made to intersect by changing the diameter of the pin
46 (diameter ds). It matters not which direction this
diameter is changed as long as intersection is obtained
and practical dimensions are achieved. Following the
change in diameter, the curves may be replotted to
locate a point of intersection to yield Ss.

The following method is sure to produce compensa-
tion but has the disadvantage of complicating the af-
fected connector parts. A simultaneous decrease in Zs
and increase in C; result from decreasing the diameter
D; over the length S5 until a suitable plot intersection is
obtained as above. This procedure provides an annular
ring as in the Series N connector. Application of this
method to the Series N connector requires, for a match
to Zy=>50.00, that the ring length be 0.0100 inch. The
actual specified value is 0.026 inch, which is thus in dis-
agreement with the instant method.

As heretofore indicated, the major discontinuities of
the connector are compensated at the maximum frequency
and about half the maximum frequency; in the example
shown, 10 gHz. and 5 gHz. This compensation is at least
effective at intermediate frequencies. The remaining small
discontinuities may be spaced to compensate the small
mismatch from the compensated major discontinuities at
about 7.5 gHz., or spaced to compensate each other as
follows, Again, from FIGURE 95, assuming negligible
mismatch elsewhere in the connector, 8’ and S; may be

computed.
6rS/=tan—1[W+mm]=360q’f' degrees
Eqg. 34
S'=q"f'\s Eq. 32
q'=0.084730(8") VK, Eq. 36
S4=12(8"—85) =q4"\, Eq. 37

As will be apparent from FIGURES 6 and 8, maxima
occur above 5 gHz. for the capacitance pairs involved.
The exact frequency at which the maxima occur can be
determined for a given ensemble of discontinuities and
compensation can be made at that frequency. As a prac-
tical matter, 5 gHz. is often satisfactory. Reasonable
deviation from the optimum frequency provides flexibility
in adjusting the overall length of the connector.

Referring to FIGURE 12:

—_ Yi[Yo+j(eCi+ ¥, tan £,51)] o N
Yc—'(Yr—wC’l tan BISI)"}‘]YO tan ﬁlsl+Jw02—Gg+ch

Eq. 38

Yol +j(Bo+Ys tan 8,8,

Yo=19,~B, tan 55,) 150, tan 5, Bq. 30

YE=(Yp+ijwCs) Zy=gg+jbx Eq. 40
ﬁsztan—l[g—}a‘%;—_l]=360 gf'" degrees

Eqg. 41

BsS3=Y2 (Bs—360 ¢'f') =360 gf degrees Eq. 42

: S3=q3f" N\ Eq. 43

Following the arrangement of the various connector
lengths, discontinuity capacitances and impedance sec-
tions, the standing wave ratio for the connector, py, may
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be computed at several frequencies. This may be followed
by a computation at short frequency intervals such as
0.2 gHz. The result of this is indicated in FIGURE 11.

By following the above method, connectors may be
designed having compensation to provide a low, flat stand-
ing wave ratio over a broad range of frequencies.

Changes in construction will occur to those skilled in
the art and various apparently different modifications and
embodiments may be made without departing from the
scope of the invention. The matter set forth in the fore-
going description and accompanying drawings is offered
by way of illustration only. The actual scope of the in-
vention is intended to be defined in the following claims
when viewed in their proper perspective against the prior
art.

1 claim:

1. An improved broad band compensated coaxial con-
nector for cable of characteristic impedance Z,, includ-
ing a connector body having inner and outer conductive
portions of different diameters and sections along the
length of the body forming distinct discontinuity capaci-
tances and having a given total discontinuity capacitance,
the said body having a length S comprised of a number
of sections of different lengths with one or more sections
comprising nearly the total length S of a characteristic
impedance Zg, and with the remaining length of S of
characteristic impedances each being substantialy great-
er than Z, and with the said distinct discontiuity capaci-
tances being located at predetermined points along the
length of said body.

2. The connector of claim 1, wherein most of the total
discontinuity capacitance of the connector resides in
spaced pairs of discontinuity capacitances.

3. The connector of claim 1, wherein most of the total
discontinuity capacitance of the connector resides in
spaced pairs of discontinuity capacitances with pair mem-
bers being of substantially equal discontinuity capacitance.

4. The connector of claim 1, wherein seventy-five per-
cent or more of the total discontinuity capacitance of the
connector resides in four substantially equal discontinnity
capacitances.

5. The connector of claim 1, wherein seventy-five per-
cent or more of the total discontinuity capacitance of the
connector resides in six substantially equal discontinuity
capacitances.

6. The connector of claim 1, wherein the connector
is comprised of at least two portions, each of which in-
cludes discontinuity capacitances and section lengths hav-
ing impedance values such as to be substantially mirror
images.

7 The connector of claim 1, wherein the connector

includes two halves with most of the total discontinuity-

capacitance of the connector residing in at least three
pairs of discontinuity capacitances with the pairs posi-
tioned such that one pair is proximate the physical cen-
ter of the connector length and effected by the difference
in diameters required to intermate the halves, and one
of the other pairs positioned at the major diameter dis-
continuities in each half.

8. An improved transmission path for coaxial cable
having a characteristic admittance Yo or characteristic
impedance Z, where Zy=1/Y, comprising in combination,
an outer conductive path and an inner conductive path
disposed coaxially therein, 2 dielectric therebetween, dis-
continuity capacitances C; and Cj spaced by a section of
length Sy, having a phase constant By, a characteristic ad-
mittance Y, or characteristic impedance Z; where

lel/Yl

the length S; being of a value determined at a specific
frequency f within the band of frequencies for which the
transmission path is to be utilized such that

27Tf(01+02) Y,
Yo=Y+ (2nf)CiCe

tan B;S1=

10

20

30

40

50

55

60

65

70

12

9. The transmission path of claim 8, wherein C; is
substantially equal to C,.

10. The transmission path of claim 9, wherein Z; is
greater than Z;.

11. The transmission path of claim 9, wherein Z; has
a value in the range of 1.1 to 2.0 Z.

12. The transmission path of claim 9, wherein Z; is
greater than 2 Z,.

13. The transmission path of claim 8, wherein C, is
not equal to C;.

14, The transmission path of claim 13, wherein Z; is
greater than Z,.

15. The transmission path of claim 13, wherein Z; has
a value in the range of 1.1 to 2.0 Z,.

16. The transmission path of claim 13, wherein Z; is
greater than 2 Z.

17. An improved broadband compensated coaxial con-
nector for a cable of characteristic value Y, including a
connector body having inner and outer conductive por-
tions of different diameters and sections along the length
of the body forming distinct pairs of discontinuity capaci-
tances of values C’ and C’’ spaced apart by a section of
length S of characteristic value Y and phase constant 8
determined at a frequency f through the relationship

2rf(C'+C")Y

Y—-Y2+4+(2xf)2C'C’

where the said distinct pairs of discontinuity capacitances
with given values of Y and 8 existing between pair mem-
bers are spaced by a length S determined at a high fre-
quency f and the lumped discontinuity capacitance of
each distinct pair is compensated against the lumped dis-
continuity capacitance of another pair with given values
of Y and B existing between the pairs spaced by a length
S determined at a lower frequency f.

18. The connector of claim 17 wherein the said distinct
pairs of discontinuity capacitances have given values of
Y and B existing between pair members spaced by a length
S determined at a high frequency f substantially equal to
the design maximum frequency for which the connector
is to be used and wherein the lumped discontinuity capaci-
tance of each distinct pair is compensated against the
lumped discontinuity capacitance of another pair with
given values of Y and 8 existing between the pairs spaced
by a length S determined at a frequency f substantially
equal to half the said design maximum frequency.

19. The connector of claim 17 including other pairs of
discontinuity capacitances located between said distinct
pairs or adjacent thereto with an ensemble comprised of
a said other pair and a distinct pair compensated by a
length S at values Y and g at the high frequency f and
with the resulting ensemble compensated by a length S
at values Y and g at a lower frequency f to give overall
broadband compensation matching to the cable utilized.

20. In a broadband compensated coaxial connector for
use with cable of characteristic value Y, a connector body
baving inner and outer conductor portions of different
diameters in sections along the length of the body form-
ing distinct discontinuity capacitances of values C’ and
C” spaced apart by a section of length S of characteristic
value Y and phase constant § determined at a frequency
{ from the relationship.

tan gS=

 2ef(CCY
tan B8 =G A (2af )20 O

where the said pairs of discontinuity capacitances have
values of Y and g therebetween spaced by a length S
determined at a high frequency f, a further pair of dis-
continuity capacitances with further values of Y and B
existing between said further pair spaced by a further
length S determined at same or different high frequency
#, the said distinct pairs and said further pair being com-
pensated by spacing the lumped discontinuity capacitance
of each distinct pair with respect to a member of said
further pair by a length S of characteristic value Y and



3,350,666

13

phase constant 8 determined at a lower frequency f so
as to provide overall broadband compensation of the con-
nector to the cable. :
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