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oflthe Inventlon This invention pertains to the tel ecomunicati
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- o 1\ BACKGROUND OF THE INVENTION .

5 1. Field of the Invention :
This inwention pertains to the

telecqmmunicat;ons industry. More partlcularly, this
invention pertains to & miniaturized coax jack for use

in said industry.

10 2. ' Descrlgtion of the Prior ‘Art
A8 is commonly known in the telecommunications

industry, high speed signal transmission rates require
coaxial conductors. For example, so-called DS-3 signal
. :ates'(;;g;;'44.73& maegabits per second) are carried
15 ovér.coak gables.

In order to permit cross-comnection, line
-monitoring'ahd line access, the industry has utilized
so-called.DSX¥3 coax jack modnles to permit
interconnection, cross-connection and the like. An

20, example of such a module is shown in U. S. Patent No.
4,815,104. - As shown in the aforesaid U.S. Patent No.
4,815}104,_the module iﬁcludes-inte:nal switching
assemblies (items 90 and 92 in said patent) which

~ receive coax plugs through ports in the forward face of
25 the module. The sthch assemblles are connected through
‘coaxial cables (Ltems 82, 84, ‘86, 8B) to coax connectors
(items 74, 76, 78, 80) on the rear of the module. The
circuit.schematic'of the prior art module is shown in
Fig. Sjof U.S. Patent Mo. 4,815,104. The preferred

30 embodiment shown in the U.S. Patent Na. 4,815,104 has
cross-connect ports on the front panel of the module as
yeli as'cross—connect lbbations on the rear end of the
‘module. . As indicated-in U.S. Patent No. 4,815,104
'(Figsi'l_and-Z), the prio# art also .included modules

35 lacking cross-connect ports on the front of the module.
In addition'to cross-gonnect locations, the prior art
modules include monxtoring ports or jacks connected

across a resistance drop W’“&%M%?W

transmzssiqn lines, : Description : paged ... 10 paged . #....
o ' ¥ Claim{s)  :paged.. 3\ 1o paged .. 83,

M Drawing(s) p"%d % 1o pased 2.
' ' ' E_(;’*Jc ot :paged M. 1o paged T
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transm ssion rates ‘requi re coaxi al conductors. For exanple so-cal |

signal r w@93(20680 , 44. 736 negabits per second) are carried HSrRQSY
cables. In order to pernit cross-connection, line monitoring and line
access, the industry has utilized so-calledzDSX;S coax jack nodules to

permt. .

ey - In the telecommunioations industry, it is
standard for-a cross-connect system to operate at 75
ohms. Accordingly, the prior art modules are designed
and constructed to have a 75 ohm impedance.

5 - In the telecommunications indnstry, a central
office or other location will have a substantial mumber
of crosg~connect modules arranged in bays. Due to the
large volume required to. house such modules and hays, it
is becoming increasingly desirable to miniaturize DSX

10 modules, Suoh'miniacurization should permit switching,
access and monitoring functions while maintaining
desired impedance levels.

' II. OBJECTS AND SUMMARY OF THE INVENTION
It is an object of the present invention to

‘15 prOVide a miniaturized DSX~3 jack module. According to

a preferred embodiment of the present invention, this
- object is achieved by providing_a coax jack module .

having first and second coax conductors. A first

conductive spring contact is biased into electrical

20 contact with the first condnctor and cooperates with the
first conductor to Qenerate a first capacitance. A
second conductive spring contact is provided biased into
electrical contact with the second conductor and
-cooperates with the second conductor to ‘generate a

25 second capacitance. An’ internal conductor electrically
connects the first and second spring contacts. The
internal conductqr has an inductance seleCted to
cooperate with the first and second capacitance for the
jack ro have the desired impedance. The object of the

30 invention is further achieved by a jack module having
grounded internal surfaces at least partially
surrounding the module’s internal conductors. The
surfaces act as the grounding shield for coax '

| conductors.

35
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nmoddl e is shown in U S. Patent No. 4, 815,104. As shown in the aforesaid

U. S. Patewosieesed 815, 104, the nodule includes internal sw tgH/pigo2/0s880
assenblies (items 90 and 92 in said patent) which receive coax plugs

t hrdugh ports in the forward face of 25 the_nodule. The switch assenblies
are connected through coaxial cables (|tens382 84, 86, .88) to coax

conpectors T1I. BRIFF DESCRIPTION OF THE DRAWINGS
| Fig. 1 is a perspective viev ghowing a jack
module according to the present invention in exploded
‘relation to a chassis for receiving such module;
5 Fig. 2 is a perspective view of a jack module
with a coﬁer removed to exposed internai elements;
Fig. 3 is a'side'elevation view of the jack.
module of the present. ;nvent;on wvith a cover removed to
, show 1nternal elements-
10 Fig. 4 is a perspective view of a subassembly
of the-;ack_module of the present invention; '
Fig. § is a perspective exploded view of the
-:subassembly of F;g. 4;
. rig. 6 is a perspective exploded view of the
15 Jjack mpdule less cover and the subassembly of Fig. 4;
' Fig. 7 is a perspect;ve view of a cover for the
”jack module show;ng an lnzerzor surface of the cover;
Fig. 8 is a perspectlve view of the cover of
, -_Flg 7 showing an external surface and screws shown
20 exploded ; ' .
Fig. 9 is a perspectzve view of a housing of
the jack module showing an interlor surface of the
housing; : "l
- Fig. 10 is a side elevation view of the
25 assembled jack module of the present invention;
| : Fig. 11 is a view taken along line 11-11 of
Pig. 10; | . -
_ | Fig. 12 is a view taken along line 12-12 of
Pig. 10; ' . - |
30 Fig. 13 is a view taken along line 13-13 of
Fig. 10; a ' o ) _
' Fig. 14 is 4 view taken along line 14-14 of
Pig. 10; ) . S |
R  Fig. 15 is a view taken along line 15-15 of
35 Pig. 10; | - . |
Fig. 16 is a top plan view of a forward center

conductor for use with the présent invention;
: iThis Sheet Has Been Rer acet
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'Elhe prior art nodul e ?soghowne rﬁarmg 6% mugj%u@gageg?%wgg@ggmmqufoéa‘m/“

pref err egyepgyAphpdi ment shown in the U S. Patent No. 4,815,
CFOSS- conneg% ports on the front. panel of the nodul e as mel%Qégﬁ%ﬁznumso

cross-connect |ocations on'the rear end of the nodule. As i ndicated in .
U S. Patent No. 4,815,104 (Figs. 1 and 2), fhe prior art also included

.nodules Fig. 17 is a view taken along line 17-17 of

Pig. '17A is an enlarged view of a left end of

' the conductor of Fig 17;
5 Fig. 17B is an enlarged central portion of the

conductor of Pig 17;
Fig. 17C is en enlarged view of a rzght end of
the conductor of Fig. 17; . :
_ ' Fig. 18 is a top plan view of a rear center
100 conductor for use with the present lnventlon,
.~ Fig. 19 is a view taken along line 19-19 of .
Pig. 18;
' | "Pig. 19A is an enlarged viey of a left end of
' the conductor of Fig. 19;
- 15 . Fig. 19B is an enlarged central portion of the
:conduCtor of Fig. 15;
B Pig. 19C is an enlarged view of a dzmpled
| port;on ‘of the conductor of Fig. 19;
_ ?Lg. ‘20 is a left side, bottom and rear
-20 lperspective v;ew of a cam for use with the present
"inwentlan, o :
' Fig. ZOA is a rear, 'left side and top
fperspective view of the cam of Fig. 20;
_ | Fig. 21.is a left side elevation view of the
-25. cam of Pig. 20;
| Fig. 22 is a right side, bottom and front
:perspectxve view of the cam of Pig. 20-- .
: Plg._23 is a rlght side, top and front
_ perspectivé view of the cam of Fig.. 20;
0 , 'Fig;zz4'is a front elevation view of a
| dielectxic support; ' |
Fig. 25 is ‘a” perspective view of the support of
Fig. 24; _ ) o
. Fig. 26 is a perspective view of a grounding
35 spring; ) | o |
Fig. 27 is a perspective view of an_attéchﬁent

" latch;
. ' IThis Sheet Has Been Replacec™:.
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Cross-connect
jacks co
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for use with the rear interface of Pig. 31;

| ocations, the prior art nodul es include nDnltorlng ports o

t
ross a resi stance .drop to the nodule's in I?E'Pfusszmssao
5
Fig. 2B is a top plan viev of a conductor pin;
Fig. 29 is a view taken along line 29-29 of
Fig. 28; :

Fig. 30 is a top plan view of the jack of the
present invention with cover removed to show internal

elements and with a first plug ghown . inserted and a

second plug shown about to be ﬂnserted,

Fig. 30a is a c:oss-sectional view of a plug,

Pig. 31 is a front, top and right side
perspective view of a rear interface of the present
anentlon-
o Fig. 31a is a side elevatian view of the rear
interface with a cover,removed to exposed interior
elements; '

Fig 32 is an exploded perspective view of the

rear interface of Fig. 31,
Fig. 33 is an enlarged perspectxve view of a

dlelectrzc support for the rear interface of Fig. 31;

Fig. 34 is an ins;de perspective view of a
cover for the rear interface af Fig. 33); )

Pig. 35 is a perspecﬂ;ve interior view of a
housing body for the rear interface of Fig. 31;

Fig. 36 ie a perspective view of a pin
rece;v;ng conductor for use with thé rear interface of
Fig, 31;

Fig. 37 is a'bérspective view of & pin
receiving conductor for use with the rear interface of
Fig. 31; :
- Pig. 38 is a pin conductor for use with the

:rear interface of Fig. 31;

' F;g. 39 is'a perspective view of a vire wrap
pin for use with the rear Lnterface of Fig. 31;
Fig. 40 is a perspectzve view of a grounding
sprxng for use with the rear interface of Fig. 31;
Fig. 41 is a perspective view of a patch plug

This Sheet Has Been Repl
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systemto operate at 75 ohms. Accordingly, the prior art nodules are

desi gned WO®3£20600 r uct ed to have a 75 ohm i npedance. 5 PCT/U$92/65380

t el ecomuni cations industry, a central office or other location will have a
substanti al number of cross-connect nodul es @rranged in bays.. Due to the

- ' . Fig. 42 is a side elevation view of the patch
plug of Fig. 41; | |
Fig. 43 is an exploded perspective view of the
-patch plug of Fig. 41,
5 : Fig. 44 is an assembled cross-secrional view of
the patch plug of Fig. 41;
Fig. 45 is an electrical schematic of the
circuitry of the jack module -and rear interface; and
. Figs. 46-56 are schematic . drawings illustrating
10 the analysis of. tuning. the module of the invention to a

desired impedance.

IV. DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring now to the several drawing figures in

, which identical elements are numbered identically

15 throughout, a description of the preferred embodiment
will now be provided.

A.  GENERAL ASSENBLY

" In Fig. 1, a jack module 10 according to the
present invention is shown in a position to be inserted

20 within a chessis - 12. jack plug 14 is shown in a

position to be- inserted into the jack module 10. A rear
interface 400 is shown inserted within chassis 12. A
rear interface plug 520 is shown in a pos;tion to be
inserted into the rear inrerfaée 400.

25 ' - Bs shown in Fig. 1, the chassis 12 includes
‘sheet metal top and bottom walls 16,18 joined by side
walls (only one of vhich is show at 20) and having sheet

~_metel div1ding walls 22. A front cover 24 is provided
h pivotally secured to the side walls 20 to permit the

30 . front cover 24 to be pivoted to a down position (shown
in Fig 1) thereby providing access to the interior of
the chassis 12. Theﬂfront cover 24 may be pivoted to an
up posxtion to cover the. interior of the chassis 12,

_ - Slide attachment hlocks are secured within the

35 chassis 12. The slide attachment b;ooks_are dielectric
and include a lower block 26. and an upper block 28. The
blocks 26,28 include locking tabs 27 received within

- : : | . This Sheet Has Been Replaced
o [T
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I ncreasingly desirable to mniaturize DSX 10 nodules. Such mnidturiza
dosired OABAEAR o os. o CaIECTS AND SUMIRY OF THE | VBT %s%'g”gﬁ
obj ect of the-present invention to 15 provide a mniaturized DSX-3 jack
nodul e. Accordlng to : -7
slots 29 in walls 16,18 to lock the blocks 26,28 to the
interior oppesing surfaces of wall 18, 16, respectively.
The blocks 26,28 have vert;caily aligned
grooves 30 sized to receive rails 32 on the jack module
S 10. The rails 32 permit jack module 10 to be slidably
:eceived with the chassis 12 in a vertical disposition
"~ {as shown in. Fig. 1). |
' Ehch of blocks 28,26 cooperate to present
grooves 30 sufficient to receive four jack modules. 10.
10 A jack module 10 is secured within the blocks 26,28 by
locking tabs 34. It will be appreciated that slidably
recaived jack modules with locking tabs 34 form no part
 af this invention per se. Examples of such are shown in
~ commonly assigned U.S. Patent No. 4,840,568.

15 . B. JACK MODULE DETAIL -

1. COmgonents -
Fig.. 5 and 6, taken in combination, show an

-'exploded perspective v1ew of the jack module 10 which ie
, shown assembled with cover removed in Figs. 2 and 3,
20 'The module 10 1ncludes a housing 36 and a cover 38 (see
.Flgs. -8) For reasons that will become apparent,
housing 36 and cover 38 are preferably formed of diecast

' z:.nc.

. A dielectric. ;nsert 40 is provided sized to be
25 recezved within the. hous;ng 36. As will be more fully
described,. insert 40 supports various electrical
-ccmponents in a desired arientation as a subassembly 39
(Fig. 4)-
_ The internal components of module 10 include
30 forward center coax conductors 41, 42 and 43 and reac
coax. center conductors 44 Fnd 45. Inductor wires 46,47
are provlded for joining cFax conductors pairs 42,44 and
43 45,_:espec;;vely ' Insulators 48,49 are provided for
supporting rear coax cemter conductors 44,45. Sleeves
35 50,51 are provided to perﬁit attachment of the module 10
to a rear znterface 400 (as will bé more fully
~described). )

"
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nodul e having first and second coax conductors. A first conductive sprin

contact MéOWB.28680 i nto el ectrical 20 contact with the first ECTUIS2Aisg8d
cooperates with the first conductor to generate a,first capacitance. A

second conductive spring contact is prOV|deq3b|ased into el ectrical contact:
“with the second conductor and

10

15

.20

25

30

- 35

The subassembly 38 includes power source
contacts or conductor pins 52,53 (shown best in Figs. 5,
28 and 29), an OUT normal spring 54, an IN normal spring

' 56 and an inductive cross-connect wire 58.

‘The electrical components further include
springs 60,61. Pins 52,53 are identical. Pin 52 is
shown in Figs. 28-23. Pin 52 has a stop 52a and an

annular ridge 52b. A pin and 52c extends from stop 52a.
. A cut-out 52d is provided on an opposite end. Leads 60a

(Fig. 5) of spring 60 are. placed and soldered within
cut-out 52d. Similarly, lead 6la of spring 61 is

secured to pin 53. .
& first resistor 62 is provided for comngcting

the monitor (hereinafter 7"MON”) coax conductor 41 with

‘the OUT coax conductor 42 as will be more fully

desCfihed, A second-resistor 64 is provided for
connecting ‘the MON coax conductor 41 to ground by
attachment of the second res;stor 64 to a groundxng clip
66 received w;thin a slot 68 formed in housing 36.

A main ground sp:ing 70 (shown best in Figs. 6
and 26) is provided having clip ends 72 sized to be
received within slots 74 formed in housing 36.
Reception of the- clip. ends 72 w1th1n slots 74 tesults in
mechanzcal and electrical connection of the grounding
spring 70 to the housing 36 ‘(which is electr;cally
grcunded upon connection to a. grounded rear interface

',400 as will be described). - The groundlng spring 70" has

spring contact ends 75, 77 and 78 disposed to be in
sliding electrical contact with a plug (such as plug 14
of Fig. 1) recelved within the MON port 80, the OUT port
81 and the IN port 82, respect;vely, of housing 36.

The electrical elements supported by the
d;electr;c insert 40 (Flg. 5) include an OUT termination

 spring 84 and an IN term;nation spring 86. A thixd

resistor 88 (Fig. 6) is prov;ded to electrically connect
the OUT termination spring 84 with the grounding spring
70. Similarly, a fourth resisto; 90 is provided to

this object i abexoi e 08 zoyogisnvawsmoaeseomuwk

14/**
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Cen i nduct ance sel ect ed
e for the jack to have t%&ﬁ%@"

- An internal conductor electrlcalla connects the first and second spring

wih LZ‘Y‘.I?QF"E%“S' co iﬁmm 1

i npedance.

electrlcally connect the IN te:minatzon spring 86 with

the main grounding spring 70
As will be more fully described, the components

' of the jack module 10 include a MON cam 92, an OUT cam

94 and an IN cam 96 all of which are dielectric. MON

'dam 92 is pivotallf-conne;ted to housing 36 through a

first pivot pin 98. IN cam and OUT cam 96,94 are both
pivotally connected to housing 36 through a second pivot

. pin 100 received within a bore 102 (Pig. 2). Shown in

10

15

20

25

30

35

'removed.

- Fig. 6, a bore 102 is shbwn for receiving pivo; pin 100

and a bore 101 receives pin 98. . Screws 104 (Fig. 8) are

‘provided for securing cover 38 to housing 36 by passing

the screws 104 through holes 106 in cover 38 and
receiving the screws 104 in aligned bpres 108 formed in
hbusing 36. ' | |

: Plastic- attachment 1atches 110 (Fig. 27) are
provided rece;ved with;n groaves 112 of housing 36. The

attachment latches 110 include rails 32 for slidably

rece;vxng the module 10 within the chass;s 12. fThe
latches 110 also znclude the 1ocking tabs 34 for locking

' the module 10 in place,withxn the chassis 12.

'Fig. 4 shoﬁSja subassembly 39 fncluding the
insert 40, the MON forward center conductor 41, the OUT
forward center conductor 42 and the IN forward center
cenducror 43 illustrating how the conductors 41-43 are

'suppo:tgd by the insert 40. -Also,‘the conductors 52,53

are shown supported as-afe the OUT and IN termination

- springs 84,86 and the OUT and IN normal springs 54,56.

Springs 54, 56, 84, 86 are retained within slots 55, 57,
B5, 87 formed in insert 40. Springs 60,61 are supported

in slots 63 formed in insert 40. ihe springs 60,61 are

electrically conneccéa'(e.g. by solder) to pins 52,53.
The complete assembly of components is shown inserted
within the houslng 36 zn Fig. 3. In Fig. 3, cover 38 is

Each of forward center cbnductors 41, 42 aﬁﬁ 43
are jdentical. Conductor 41 is shown in greater detail

Received Tine 21 Feb, 11:01 Print Time 21 Feb. 12:34
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showi ng a jack nodul e according to the present invention in expl oded

rel ati on W@ 23/20609si s for receiving such nodule; 5 : POTUUSS2/05880
pergpective view of a jack module with a cover rempved to exposed interna
elenents : _ 10 ' ~

in FPig. 16-17C. A description of conductor 41 will
suffice as a description of conductors 42 and 43.
i The conductor 41 is a gemerally tubular
canducnive material. Jn a preferred embodiment, the
5. conductor 41 is half hard phosphor bronze secamless tube
having a nominal wall thickness of about .005 inches.
The condnctor 41 is plated to enhance electrical
communication with a spring contact (as w;ll be
described) '
10 The ‘conductor 41 has a flared end 116 extending
- ‘into an inwaxdly tapezed portion. 117. A center
conducting pin of a plug 14 is inserted through flared
end 116 and rece;ved within -invardly tapered portion
117. The tapered portxon 117 has axial slots 119 to
15 - permit portmon 117 to expand and receive pin 120 (see
' Pig. 303). The inward taper provides releasable
~mechanical and electrical contact between the conductor
41 and the center pin 120. :
. Annular ridge 122 on conductor 41 permit
20 positive placement of the conductere41 in insert 40.
'The rear end of conductor 41 is provided with a cut~-out
124 o permit placement of a wire (such as inductor ,
wires 46,47) within,cendncto:,41. 'b wire so placed may
be soldered to conductor 41. An inwardly protruding
25 annual dimple 126 prevente excaessive soldex flow from
cut-out 124 into the interior of tubular conductor 41.
' ?ith;referénce now to;Figs. 18-19C, rear
conductor 44 is shown. Rear conductor 44 is identical
' to rear -conductor 45 and a description of one will
30 suffice as the desc:xptzon of the other.
Conductor 44 is formed of materials and platzng
gimilar to that of conductor 41 as previously degcr;bed
. Rear conductor 44 includes a flared end 128
followed by an inwardly projecting tapered portion 130
35 having axial slots 131. Similar to taperéed portion 117
of conductor 41 (see Figs. 16 and 17), tapered portion
130 receives a ceénter conducting pin (not shown) in

This Sheet Has Been R
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a

with a cover renoved to show internal elenents; 10 Fig.,4 is
perspectl f a subassenbly of the jack modul e of the
|nvent|oﬁwegﬁ5 i@ Is a perspective exploded view of the subagggiggéugﬂ“pig.
4;- F|g 6 is a perspective exploded view of the :

11

slidable mechanical and electrical contact. The
conductor 44 also iﬁcludes an opposite cut-out end 132
to receive a wire such as inductor wire 46,47 to be
spldered in place..'Inwardly projecting annular dimple.
5 134 prevents excessive golder flow into conductor 44.
The conductor 44 ipcludes an annular ridge 136 and a
stop surface 138. Ridge 136 and stop surface 138
copoperate to retain an insulator such as insulator 48,49
between ridge 136 and stop surface 138.
10 - ’As.best shown in_?ig. 11, forward IR conductor
43 is electrically connected to rear IN conductor 45
through IN inductor wire 47. Similarly, forward OUT
condnctor 42 is electrically connected to rear OUT
conductor 44 through ODT inductor wire 46. The first
15 resistor'sz is electrically comnected to the OUT
conductor 42 and the OUT forward center condnctor 41,
With reference novw . to Fxgs. 20-23, a.
descrrptron of MON' cam 92 will be provrded. -HON cam 92
' is identical to cams 94 and 96. Accordingly, a
‘20 description of cam. 92 will suffice as a description of
cams 94,96. -
The: cam 92 ‘has a centrally extendrng bore 92¢
extending thrOugh a lever hody 92e. The bore 92c¢ is
, srzed.to receive pin 98 {or, in the case of cams 94,96,

25 pin 100). _
The cam 1nc1udes a cam surface 92a d;sposed on

. one side of bore 92c D;sposed on the opposrte side of .
'bore 92c is a plunger 92b, ,
_ . As best shown in Fig. 3, cam 92 is disposed for
30 surface 92a to be engaged by a plug (such as plug 14 in
Fig. 1) inserted within MOR port 80. The plug pushes
'-agarnst surface 92a causing the cam 92 to pivot around
pin- 98 (or pin 100 in the case, of cams 94 96) As a
result, the plunger 92b ‘urges the springs 60,61 together
35 - into electrxcal contact to close a crrcuit indlcating

rnsertion of a plug into the MON port g0,
" This Sheet Has Been Rcip
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perspective view of a cover for the jack nmodul e showi ng an interior sur ace

of the cqygros TtﬁsSiseea edeIave;i view of the cover of Fpgr,iisodh g
an externa sur ace 20 exploded; Fig. 9 is a perspectrve
vi ew of a housing of shomnng an interior surface of the

T | " ouT cam 94 is provided with its cam surface 94a
dlspased to be engaged by a plug inserted within OUT
port 81 to cause plunger 94b to urge OUT termination
spzing.84,against,dUT normal spring 54.

5 '~ IN cam 96 is disposed for its cam surface 96a

. to be engaged by a plug inserted within IN bore B2 to
urge cam 96;£e pivot aboutzpin 100 with plunger 96b
urging IN terxmination spning 86 againgt IN normal sgpring
56. . - | - |

S10 The plunger 92b is provided with a slot 92d to
_permlt unabscructed movement of the plunger without
interference with condnctor 41, 51m;1ar1y, pPlungers 94b
and 96b axe provided. with slots 94d and 96d to prevent
interference with conductors 42 and 43, respectively.

15 . as shown in FPig. 3, in the absence of a plug in
any of ports B0-82, the cams 92, 94, 96 are urged by -
springs 61, 84, 86, respectively, to the positions shown
in Fig. 3 with springs EO'Gl'separated"and with spring
84 separated from sprlng 54 and with spring 86 separated

20" from spring 56. ,

~ Springs 54 and 56 are prov;ded with normal
contact poznts 544, 56a (see Fig. 4) disposed to
electrlcally engage cnnductors 42,43, respectzvely
:Cross-connect wire 58 (see Fig. 3) electrically connects

- 25 springs 56 and 54. Accordxngly, in the absence of any
plug Lnserted within ports 81,82, conductors 42 and 43
are - electrzcally conhected.

Upon insertion of a plug into port 82, the
electrical connection between conductors 42,43 is broken

30 and the OUT conductor 42 is connected across resistor 90
to ground, A signal on the .IN 'conductor 43 is now

- connected directly to the plug (not shown) inserted into
port B2. Similarly, upon insertion of a plug (mot
shown) into pozrt 81, the IN conductor 43 is connected

35 across resistor BB to ground and the OUT conductor 42 is
connected directly to the plug inserted within port 81.
Insertion of'e-plug-inta'pbrt 80 results in closing
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of the present invention; Fig. 11 is a view taken along line 11-11 of Fig
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springs §0,61. It will be recognized by those skilled
in the art that an electrical schematic of the circuit
thus described is common in DPSX modules, A schematic of -
this circuit is shown in Fig. 45.
5 2. Imggdance :
- l aAs is common,, coaxial condnctars provide for a
central conductor surrounded by a grounded shield. The
present invention utilizes the geometry of the zinc
| housing 36 and zinc cover 38 to provide the grounded
10 shield, This results in minimized volume of the module
10. - : o N
- With best reference to Figs 7, 9 and 12-15, it
can be shown how the hous;ng is provided with concave
a:cuate'surfaces 150. Similarly, the cover 38 (Fig. 7)
15 has concave arcuate surfaces 152. The surfaces 150,152
" are disppqed to at’' least partially surround conductors
41-45 when cowver 38 ie placed on hdusing 36. As a
. result, the surfaces 150, 152 .cooperate to define
, grounded shields at least partially surrounding
20 conductors 41-45. . .

In addition to shzelding as a result of arcuate
surfaces 150,152 Lntegrally cast into the housing 36 and
cover 38, the zmpedance of the system is controlled by
controllzng the geometry of dielectrlc supports 200 on

25 insert 40.
The supports 200 are most clearly visible in

'Flgs, 4 and 5. As_shown, the suppq;tg 200 are gene;ally
rectangularly shaped and dre connected via cross-beams
201 to platforms 204 of insert 40. Suﬁpqrt 2002 joins
30 two platforms 204. Comparing Figs. 4 and 14, the
platforms 204 are sized to be regeived within platform
pathways 210 formed “in hcuszng 3s.
The nesting of the insert 40 within housing 36
is best shown in Figs. 11-15. ‘The surfaces 150
35 cooperate with surfaces 152 to defzne -partially
cylindrical chambers through which the,conductors 41-43

This Sheet Has Been Replaced”
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i _ pass. The dielectric support blocks 200 are received in
' a portion of the partially cylindrical chambers. '
The support blocks 200,200a, as previously
indicated, are connected to the plstforms 204 via cIoss
5 bars 201. It will be recognized by those gkilled in the
~ art that by varying the;geometry-cf the supports
~200,200a, the~impedance of'thessgstem can be tuned to a
g desired impedance. :
| In addition to supporting the conductors 41-~43
10 ';n'supports 200 +200a, rear conductors 44,45 are
supported in dielectric spacers 48,49 as shown in Fig.
+11. The spacers 48,49 are housed in a cylindrical
~ portion of sleeves 50 and 51. Dielectric support
spacers 48,49 of the geometry shown are also shown in
15 U.S. Patent No. 4,749,968 (ztems 250 in the figures of
' that patent) which indicates that the spacers can be
selected to assist in tuning tne system to a des;red _
’.zmpedance. ' : _
o Spacers 48,49 are ident;cal Spacer 48 is
20 ashown in Figures 24 and 25. The spacer 48 includes a
" bore 48a for. receivinq conductcr 44 and rad;ally spaced
_-rzbs 48b. : '
The conductors 42, 43, 44 and 45 cooperate with
the 1nductors 46,47 and insulators 48, 49 and supports
25 200, 200a to create a desired impedance. Notwithstanding
_this tunzng, the _presence of spzlngs 56, 54 can result in
an imbalanced or undes;red impedance for the module 10.
With best reference to Fig. 3, it is nored that springs
54,56 reside generally barallel to conductors 42,43 and
'30 inductors 46,47. As a result of this parallel geometry,
a first capacitance is generaned between sprlng 56 and
conductor 43 and a second capacitance is generated
between sprzng 54 ‘and. conductor 42. To balance these
capacitances, an inductance is provided via conductor
35 58. The specific gage of conductor 58 is selected to
balance the capacitance resulting from the spacial
relation of spring 56, inductcr 47, conductor 43 and
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enlarged view of g t end of he conductor of Fig. 17; 5 Fig.
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spring 54, conductor 42 and inductor 46. The inductance
of inductors 46, 47 and cross~wire 58 are matched with
the capacftance of springs 54,56 to provide impedance
matching. ' .

5 c. PLUG Dgnz

| From the foregoing, a description of module 10
has been provided. In addition to the module, a plug 14
is shown in Fig. 30A. The plug 14 includes a central
conductor 300 termxnat;ng at central an 120. The

10 conductor 300 has & central exposed slot 302 for
receiving a oen:ral.conductor 304 of a coax cable 306.
A;crimp:conneorion 308 is provided for crimping the
shield of the coax cable 306 to an ourer-conductive

~ shield 310. The shield 310 narrows to a plug end 312

i5. surrounding central pin 120. As shown in Fig. 304, a

) portioh of'shield 310 is removed to provide an access
opening 320 to permit wire 304 to be laid into slot 302
and secured through any suitable means such as soldering
and the like. ' : '

20 Frg. 30 ehows the modnle (cover removed) with
plugs 14,14’ fully inserted into the OUT port 81 and
positionad to be 1nserted into the IN port 82. 4s a

- result of the ‘full insertion into the OUT port 81, the
cam 94 is urged to force the spring normal contact 54

25 away from the central conductor 42. Since the plug 14°
is not yet rnserted into the IN port 82, the cam 96 hes
not been: moved to urged the IN normal spring 56 away

~ from the OUT conductor 43.
D. REAR INTERPACE DETATL

30 In certain appl;cations, it is desirable that
srgnals which would otherwise be previded to conductors
42,43.be electrxcally connected when a module 10 is not .

. inserted within housing or chassis 12. To accommodate
this, rear interface 400 is provided.

35 . With initial reference to Figs. 31 and 32, rear

" interface 400 includes a housing 402 consisting of a
housing body 404-aﬂd a housing cover 406. The housing
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conduct or_of F Fi 18 is_a top plan view of a rear, center
conduct or M93/, Iﬁﬂ Ii i'#cﬁgentlon Fig. 19 is a vauskmssinOng

line 19-19 of Fig. an enlarged view of a left end of
16

body 404 has rails 408 sized to be received within

grooves 30. Accordingly, rear interface 400,mey be slid

into grooves 30 to the rear of blocks 26,28 and snap fit

in'piece. The housing 402 has the approximate width of
S Jjack module 10. '

Opposing surfaces of body 404 and cover 406
cooperate to define a rear interface interior which
contains a plurality of components. Shown exploded in
Fig. 32, the components include a dielectric support

10 platform 410, (shown separately in Fig. 33) a grounding

spring 412 (Fig. 40), an OUT pin conductor 414 (Fig. 38)
and an IN pin condiuctor 416. The intermal components
also include'an_OUT pin receiving cohductor 418 (Fig.

: 37), an IN pin receiving‘:onductor 420, a first plug

15 receiving cdnductor 422 (Figi 36) and a second plug

' receiving conductor 424. - The componments still further
include an OUT spring 426, an IN spring 428, and &
connecting conductor 430.. The components still further
include four pin receiving conductors 432, 434, 436,

20 438, two wire wrap pins 440,442 (one of which is shown
in Fig. 39) and ‘OUT. dielectric cam 444 . and IN dielectric
cam 446. S '

~  Sérews. 448 are provxded to be received within a
aligned holes 450 of cover 406 and body 404 to comnmect

25. cover 406 to body 404 and enclose the interior

. -components of the xear. interface 400. For reasons that

' will become apparent, body 404 and': ‘cover 406 are both
electrically conductive_and preferably, are,foxmed of
die cast zinc. - | |

30 ' The ground spring 412 is provided with clip
ends 451 sized to be . received within slots 452 formed in
body 404. Reception of the clip ends 451 within slots
452 results in mechanical and electrical connection of
the grounding spring 412 to the housing body 404. (which

35 is electrically grounded upon connection of patch plug
-with coax conductor to the interfsce 400). The
grounding spring 412 has spring contact ende 454,455
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portion of the conductor of 19C is an enlarged view of a
di npl ed ¥PIRE0600 Th g 19; Fig. 20 is a | cPCTAUSRI/0S880t O -
and;rear 20 perspect an1for use mnth the present invention;

disposed to be within sliding-electrical contact with
sleeves 50,51, respectively, whgn received-within a
first OUT port 458 and a first IN port 460,
Orespectlvely, formed in body 404. '

-1 o Pins 414, A16 are received within holee 462 1464,
respectively, formed in dielectric insert 410. Pin 414
is shown enlarged in Fig. 38. Since pin 414 is
ident;cal to pin 416, a dascript;on of one will sufflce
as a descrzption of the other.

10 The pin 414 includes an elongated pin contact
466. On an oppos;te end of pin 414, a cutout 468 is
provxded. Cutout 468 permits :eceptian of a conductor
which may be soldered into cutout 468 in a manner

'prev10usly described with respect to the conductors of

15 Jjack module 10. A first annular rib 470 is provided
édjacent cutout 468,-_Betve§n rib 470 and pin end 466,
an'ahnuiar ring 472 is provided. Pin 414 is inserted
into hole 462 with the ring 472 providing accurate
placement and with rib 470 press £it into hole 462 to

20 securely hold pin 414 in place. Pins 414 and 416 are

: disposed and sized.to be received w1th1n conductors
44,45 of jack modyle 1D when sleeves 50,51 are received
within ports 458,460. Accordingly, pins 414,416 become

o electzically connected to conductors 44,45.

25 The pxn receiving conductors 418,420 are

: réceived within the bores 476,478 of imsert 410. Pin
_rece1v1ng conductor' 418 'is shown enlarged in Fig. 37.
It will be_apprecia;ed that pin 41B is identical to pin
420 and a description of one will suffice as a

30 description of the other.

' .- The pin receiving conductor 418 is generally
cylzndrical and hollow and includes a tapered pin
receiving end 482, 0pposite end 482, a cutout 484 is
provided to permit placement of a conductor vhich may be

35 ‘soldered . into cutout 484 in a manner previously
described. Rlb 486 is dispused adjacent cutout 484.

o ‘Spaced from rib 486 on 2 side opposite of cutout 484 is
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) : an annular ring 488. Rib 486 and ring 488 serve the
gimilar function as rib 470 and ring 472 of pin
conductor 414. With the pin receiving conductors 418

- received within holes 476,478, inductors 477,479 are
5 'placed spanning and'electriéally conneéting pin 414, pin
receiving conductor 418, and pin 416 and pin receiving
~ conductor 420 respectively. Conductors 418,420 are
coaxially disposed within second OUT port 459 and second
IN port 461, respectively. '
10 - A pin receiving conductor 422 is shown enlarged
in Fig. 36. Pin receiving conductor 422 is generally
. cylindrical and includes an inwardly—tapered plug |
receiving end 490. Pin receiving end is siged to
receive a pin (not shown) of any standard plug which may
15 be inserted within end 4390. An opposite end of pin
rece:vzng conductor 422 includes a cutout 492 which
‘receives a conductor which i&é soldered within cutout
492.. A sleeve 494 is provided to. permit press fitting
~ of conductor 422 into a bore 496 of insert 410.
20 Similarly, p;n receiving conductor 424 is received
| -w;thin bore 498 of dielectric insert 410.
| Wire wrap pins 440,442 are identical. Shown in
Fig. 39, pin 440 includes wire wrap end 440a and
| - fastening barb 440b. The barb 440b, is received within
25 slot 500 formed in dielectric insert 410. Similarly,
pzn 442 is received within slot 502.
o _ The ground pin receiving conductors 432, 434,
436, and 438 are identical in comstruction to conductors
418,420 and are press fit into bores 432a, 434a, 436a,
30 and 438a of dielectric insert 410. .Conductors 432,434
 are disposed to receive pins 52,53 when sleeves 50,51
' are received within-bores 458 ,460, respectively. Pin
receiving conductozs 436,438 are dispoged to receive
pins 53,52 when - -jack module 10 is rotated 180° with
35 sleeve 50 :ecezved_withxn,bore 460 and with sleeve 51
_received within bore 458. Symmetrical positioning of
pin receiving conductors 432, 434, 436, and 438 .about a
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central axis X-X of rear interface 400 permits jack
module 10 to be inserted in one of two orientations to
permit monitoring of éithez the IN or the OUT conductors
at the option of a user. B '

‘5 . Conductors 433,439 electrically connect the pin
receiving conductor 432,438, respectxvely, with the wire
wrap pin 440. ' Conductors 435 437, connect the pin
rece;ving conductors 434,436, zespectzvely, with wire
wrap pin 442. Also, plug receiving conductors 422,424

10 are connected'to pin 442 via conductors 423,425.

_ OUT3spring-42$-is received within a slot 504 in
dielectric insert 410. IN spring 428 is similarly
réceivpd within a slot 506. The'springs 426,428 are
sized and positioned to be biased against pin conductors

15, il4,416,-respectivgly.' Cam 444 is pivotably positioned

_to be urged by a sleeve (such as sleeve 50 or 51)
received within bore 458 to urge spring 426 away from
pin conductor 414 and thereby break electrical

- connection between spring 426 and pin conductor 414.
20-.Simila:ly, cam. 446 is pivotably positioned to be urged
by a sleeve (such as either sleeve 50 or 51) received
within bore 460 to urge spring 428 away from and out of
electrical_connectidn with pin 416. The connecting
conductor 430 electrically connects springs 426,428.

25 As shown best in Fig. 33, the dielectric insert
410 .includes a ganerallyhflattbottom platform 510.

: Botnom-platform,slo is sized to be receiwved within and
rest against an outer wall 512 (see Fig. 35) of main

- body 4D4. With the dielectric insert 410 received

30 within hody 404, the camponents are properly aligned
with pins 414,416 centzally received within bores
458.,460. Ground;ng spring ends 454,455 are disposed
within bores 458, 460 to elect:ically engage a sleeve
(such as. sleeves 50,51) received within bores 458 460.

35 Pin receiving c°nductors 432, 434, 436, 438 are properly
disposed to recéive pins 52,53 depending on the
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aI ong |ine 29-29 OfhistaHaet 45 Bdeh Rep r§9ed s a top plan view of the jack of the
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orientation of the jack module 10 as previously
described. : |
As shown best in Figs. 35 and 34, the body 404
and cover 406 are provided with a pluraliry of arcuate
5 surfaces 514: The arcuate surfaces 514 are disposed to
at least partially surround coax conductors 418, 420,
414, and 416. More accurately, the conductors 414, 416,
418 and 420 become central conductors surrounded by the
: grounded shields of the axcuate surfaces 514. As with
10 the jack modulello, ‘the rear interface 400 utilizes the
geometxry of the zin¢ body 404 and cover 406 to provide
the grounded shield for the coax conductors.
AS was the case with the jack module 10, the
presence of springs 426 428 in generally parallel
15 alignment to pin conductors 414,416, can result in an
- imbalanced or undesired impedance for the rear interface
' 400. Namely, as a result of the parallel geometry, a
third capacitance is generated between the spring 426
and pin conductor 414. A :fourth capacitance is
20 generated ‘between spring 426 and pin conductor 416. The
~ gange of cross-conductor 430 is selected to balance.
'these capacitances.. Namely, the cross~conductor 430
: acts as an inductor to balence .the: oapacltances. The
specific. gauge is selected to balence the eapacitanoe
25 7resu1ting from the spacial relation of the springs
426 428 and the conductors 414, 416.
E. gATCH PLUG DE'I'AIL
' As is common in the telecommunzcations
,Lndustry, signals are brought to cross-connect jacks"-
30 through coaxral cables. Frgs. 41~44 illustrate a patch
. plug 520 for electrically connecting a coax cable (not
shown) to the.rear of interface 400 by connection to pin
'recelving conductors 418,420.
: 'The patch plug 520 includes a generally
35 cylindrical outer jacket 522. A barbed insert 524 is
provided sized to be received within the interior of
jacket 522. The elements of the patch plug further

20
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a flrst pl ug shown |nserted and a second pl.ug shown about "to be |nserted

Fig. 30AWwicso3r2060035is @ a plug; Fig. 31is a f!f@ﬂusgﬁ
right side 10 persp | a rear interface for a coax jack no uIe

of the present |nven I s a S|q£1elevat|on view of the rear

- include a central coax conductor pin 526, dielectric
spacers 528, first and second cooperating crimping
members 530,532, and a rear retaining sleeve 534. A

' coax cable 600 with central conductor 602 and grounded
5 sleeve 604 are connected to patch plug 520. :
| Shown best in Figures 43 and 44, barbed insert
524 is slidably received vithin outer jacket 522. The
.barbed insert has diametrically opposed arcuate and
 projecting barbs 536. Projecting outwardly from bazrbs

10 536 are protruding and angularly ramped ldcking‘tabs

' 538. Tabs 538 project through slots 540 formed in a
reduced diameter portion 521 of outer jacket 522.
.neduced diameter portion 52; is sized to be received
within rear ports 459,461 (see Fig. 32) formed in

15 housing body 404. S

' - As shown in each of Figs. 34 and 35, bedy 404
and housing cover 406 are provided with annular grooves

517. The locking tabs 538 ara disposed to be received
within'giooves 517 to retain plug 520 from axial ,
20 movement relative to the housing 404 while permitting
_ rctatxonal movement.f With the plug 520 so received, the
pin 527 of pin conductor 526'is'disposed to be received
within pin receiving conductors 418,420. The insulators
528 retain the pinﬂszs in concentric spaced relation to

25 the conductive insert 524 and conductive outer jacket

522. - The pin inclpdes a conductor receiving bore 552

sized to receive a central conductor 602 of a
'commerc;ally available coaxial cable.
' The grounded shield of the coaxial cable 600 is

30 placed bgtween-appcs;ng surfa:ef of crimping members
530,532 after which outer crimping member 532 may be
crimped against inner crimping member 530 to securely

- connect the groqnding’shield of the coaxial cable to the
conductive outer jacket 520 in insert 524. The rear

35 retaining sleeve 534-may be connected to the insulated

' sheeting of the coaxial cable with the rear retaining
sleeve 534 connected to imsert 524 by cooperating

Received Time | _21.Feb.11:015' ._ Print Time 21, Feb, 12:33



);Ré)nyaEggHANWT%OU&D—%F&MW H4E) 0% gQ"gé.rZIéllyﬁgnzﬂsﬁﬂ/l\@ 3560721116 P 28/xx
Fig. 32 is, an expl ct|Ke|%ﬁgm10f the rear interface of Fig. 31;
Fig. 33 iwWO®D3/20600 iﬁﬁﬂiﬁ 'ew of a dielectric supppc!ygf;gyzmmo

rear interface of Fig
cover for the rear

10

i3

2q'

25

30

35

' Plexibility of the barbs 536 permits tabs 538 to flex

|s an |nS|de perspectlve view of a 20
: 22 .
threads on the eXterior of reax connecting slesve 534
and the interior of insert 524.

The patch plug 520 is inserted into bores 514
by simply axially thrusting the plug 520 into bores 514
with pin 527.electrica11y and mechanically received
within either of pin receiving conductors 418,420.

inwerdly to permit insertion. The tabs 538 then flex
outwardly to be captured within annular grooves 517. To
retract the plug, an operator simply pulls on outer

- jacket 522. A slot defining edge 541 (Fig. 44) on

reduced diameter portion 521 urges against the ramp of
tabs 538 to force the tabs 538 inwardly out of their
locking position in grooves 517. This permits removal
of the patch plug.’ . '

- Since the outer jacket 520 is gronnded by

;-reason of connection to the ground shield of a coax
‘cable, the body 404 and cover 406 are electrically
grounded. Likewise, -the housing 36 and cover 38 of

module 10 are grounded.
F. OPERATION AND USE
_ .W;th the structure thus described, the
interface 400 is inserted-within grooves 30 of chassis
12 to the rear portion of blocks 28,26. Coaxial cables
(not shown) prevzously connected to patch plugs, such as

*plugs 520, are connected to the rear interface 400 by
‘ Lnsertmng an OUT coax cable Lnto port 459 and an IN coax
cable into port 461. In the absence of a module 10 |

connected to interface connector 400, the coaxlal cables

are electrically interconnected by reason of the

electrical circuit from conductor'414, throngh sptings

426,428 and conductor 430 to conductor 416 (Fig. .31a).
Upon ingertion of a module 10 into rear

‘interface connector 400, springs 426,428 are separated

from conductors 414,416, With the module 10 orxented as
in Fig. 1, conductor 42 is comnnected to conductor 414
and conductor 43 is connected to conductor 416. 1In the
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persspective V|em10f conductor for use with the rear
i nterface of Fig. 31 23
- - absence of a plug 14 in either of ports 81,82,
~ conductors 42,43 are electrically connected via springs
54,56 and conductor 58. Insertion of a plug l4 into
either of conductor. ports 81;§2 opens the electrical
5 connection hetweeh-condqctors 42,43 by reason of
separation of either af'springs 54,56 from conductors
- 42,43,

Tracer lamp jacks are plugged into either
sleeves 422,424, Power is provided by connection of
10 voltage source and ground (not shown) to pins 440,442.
G.  IMPEDANCE MATCHING - -
| ~ As previously mentioned, arcuate surfaces 152,
150, 514 formed on the interior of the jack module 10
and rear interface 400 provide’ shielded grounding
15 'surrounding_central cogx'canductors upon connection of a
| grnugdédfcable to_intérface 400. The surfaces cpoperate
with the'condﬁctors to provide proper impedance matching
to achieve a desired 75 ohm impedance. Further, cross-
conductor 58 and cross-conductor 430 are selected to
20 have an inductance to tune the capac;t;ve effect of
spr;ngs ‘54, 56, 426, 428 ‘aligned in parallel to the coax
conductors.' The ,precise surfaces and geometry of the
.surfaces and size of condnctors 58,430 may be '
'emplrlcally selected. However, certain parameters for
25__impedance matching are; recognized in the art. To assist
'_in a_cdmp1ete understahding of. the present invention, a
discussion of those follows. |
1. Impedance = _
_ ' Impedance is defined as the total passive
30 opposition offered to the flow of Qlternating current.
‘For maximum power transfer to occur, the impedance of
the source, the load, and the transmission cable and
connectd:s must be the samé; The greatex the variation,
- . the less efficient the transfer of energy becomes. 2s a
35 pulse or wave travels dnwn a tramsmission line, there is
generally no problem as long as the impedance remains
constant. However, when a section of different
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Filg. ‘39 is a perspective viewof a wire wap pin for use with the rear

i nt er f acwoods/poeds 31, Fig. 40 is a perspective view of a gr peqviigen/68859"9
for.use with the rear interface of Fig. 31, 35 . Fig. 41 1s a

per Spective view of a patch plug for use\M£r1the rear interface of Fig.
31;

impedance is encounte;ed, such as a poorly designed
connector or distorted cable, a portion of the wave is
'reflected back toward the sonrce resulting in a loss of
power and/or distortion of the signal.

5 Impedance is a combination of resistance(R),
inductive reactance(X;), and Capécitive reactance(Xc) -
It is the vector sum of resistance and reactance (R +
jX), or the vector magnitude Z=(R* + X*)"?.at angle 6
(tan™(%/R}) where: X=X;-X, (see Fig. 46).

- 10 ' If there is only resistance in & circuit, the
impedance (Z) is equal to the resistance (Z=R). The
presence of an inductor i{m a circuit causes a counter

_electromotive force which, in addition to resistance,

further opposes the flow of current. An inductor alone
15 in a circuit causes the current to lag the voltage by a

‘phase angle equal to 80° (see ?igs. 47A-47C) . The

1mpedance of.the circuit jis then greater than when it

inclnded resistance alone., The amount of increase in

the impedance is equal to the inductive reactance. The
20 induétive_reactance'is'e#pressed.asz '

%, = 2nfL, ohms
o whare: '
25 f= frequency, hertz

: L= inductance, Henry. _

‘The preserice of a capacitor in a circuit also
causes an electromotive force that '‘opposes the flow of
currént in a circuit;'_A-capacitor alone in a'cizcuit

30 causes the voltage té~1gg the current by a phase angle
equal to 90° (see FigS} 483-48BC). Like an inductor, a
capacitor changes the impedance of a'circuit, but unlike
an inductor, a capacitor decreases the impedance of the
circuit by an amount -equal to the capacztxve reactance.

35 The capac;tive reactance 15 expressed is:z

X. = 1/(28£C), ohms

where; -
f= frequency, hertz This Sheet Has Been Repl
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an exploded perqu% e V|e of tqeeﬁatch plug.of Fig. 41,
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' There are three interrelated terms used to

define impedance including: Return Loss, Voltage
-Standing Wave Ratio (VSWR): and the Reflection

Coefficient (Refl Coeff). They are all concerned with
how much of the incident (forward) wave is reflected
back toward the source. If any one of these terms is
known, the other twp can be calculated, for example:

+ Refl Coeff
' 1 - Refl Coeff

Refl Coeff VSWR -~ 1
VSRR + 1

Return Loss = 20 log (Refl Coeff)
Impedance;Measuiement.methods include return
loss using a spectrum anglyzer with'a directional
bridge, or a TDR (“time domain reflectométer") impedance

profile.using a time domain reflectometery. The

spectrum analyzer will measure return loss in decibels

over a selected frequency spectrum. The time domain

reflectometer-megsures-the impedancé'and displays a
profile that indicates inductive and capacitive
reactanqe#. Rhen considering,impedanee'in connector -
design;'the-ﬁechanical length and:electrical length are
cohgruent,-and that if an impedancefviolation is less
than 1% of & wavelength of the operating frequency,
there Should_geﬂé;ally,he np_impact on the performance

- of the_transm1551on path or signal characteristics.

2. Inductlve and Caggcztive Tening

When indnctance and capacitance appear together
in a cirCuit, a tuned circuit is formed. A series
combination withoit the presence of a resistor is shown .
in Figs. 49A-45C and 50A-50C. Since the voltage in an
inductor leads ‘the current by 90° and the voltage in a
capacitor lags the current by 90°, the inductor and

~capacitor voltages are 180° out of phase with each

other. Since the inductor and capacitor are connected

'in series, the current is the same through both circuit

glementsQ Therefore, from Ohm’s Law relationships

Received Time 2L Feb 11:00 - Print Time 2L Feb, 12:37
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of Fig. 41; Fig. 45 is an electrical schematic of the circuirtry of the j ack
nodul e aRg terface; and Figs. 46-56 are schematic dr
|IIustrat|9g?%m e anal ysis of tuning the nodule of the in%ﬁﬂzﬁ?z{%"
desired inpedance. |V. DESCRI PTION OF THE PgEFERRED EMBODI MENT

: (E;=I*X; and E.=I*X.), the inductive and capacitive
reactances are also 180° out of phase. The total
voltage and total impedance (Z%=X;~X:) for the circuit can
be found by veetorielly adding the inductive and

5 capacitive cbmponents of voltage and reactance,
~ respectively. Overall, the circuit in Fig. 49A is
inductive (E, and X, predominant), and the circuit in
'Fig. 50A is capacitive (B, and X, predominant) It is
- important to note that the capacitance reduces the
10 - overall lmpedance and inductance increases the overall
mpedance as illustrated in the fxgures shown.
'~ Tuning refers to the variation of the
éapacitance or inductance, thus a variation in the
_‘capacitive or inductive reactance, in order to achieve a
15 desired overall impedance and phese angle.

3. Eggations for Characteristic Impedance
' The equations that follow are known in the art

and have been developed for several transmiseion line
) geometries. These equations represent the
20 characteristic meedance of a coaxial transmission line;
- and are suitable for connector design ag well.
.Characterlstlc impedance of other geometries and offsets
" follow by theory similar to those described below.
 Dielectric material is the insulating material
25 which will stpre but not conduct electricity A
' dxelectric material‘’s ability to store electrostatic
 energy, compared to this same storing ability for air is
defined as the materials’s dielectric constant. The
dielectric constant for air is one.
30 ' . a. girculaz Cross-Section
' ~ The characterist c impedance of a coaxial line
in;a circular outer Eonductor (see Fig. 51) is expressed

This Sheet Has Been Replaced’
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are nunbered identically 15 throughout a description of "t referred '
enbodi nWQ 93R20600now be provided.. A, ~ GENERAL ASSEWBLY In F.Pg:lplyssta/qsaw
frodul e 10 according to the present invention is shown in a position to be
inserted 20 within a chassis 12. A jack plog 14 is shown in a

138 log [ D ]
€ d

5 where:
' ' z,~ characteristic impedance, ohms
De inside diameter of outer condnctor, inches

d= outeide diameter of inner conductor, inches
e= dielectric constant of the insnlat;ng .

10 material.

b. Square c:oss—Sectidn
The characteristic impedance for a square outer

conductor (see Fig. 52) containing & coax1a1 line
through its center is expressed as:

15 -
€
. where: |
20 p = D/d
A= 1+ .40Sp™
1 - .405p
25 ' : 1
Be 1+ .1630°
1 - .163p
30 )
C= 1+ .067p72
' 1 - .067p

_ c. Circular Cross-Section with Bccentric
35 : Center

The characteristic impedance for a coaxial line
located at an offset from the centexr (eccentric
centerline) of a rsircular outexr condﬁctor_(see'?ig. 53)
is expressed as: '

40 . _
| Z, = _138_ log _n_] (1 - (2¢/D)?)
° Je [ d '
where: .
45 - €= radial offset of cqnter conductor, inches.:

ThIS Sheet Has Been Rep Iac
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shown inserted within chassis 12. A rear interface plug 520 is shown in a

posi ti onywoosesgpserted into the rear interface 400. 25 fﬁ?%ﬂpmm
-i'fn .Fig. 1, the chassis 12 includes sheet” netal top and bottonlméF? 18

joined by side.-walls (only one of which is ZQOMIat 20) and havi ng sheet
nmetal dividing walls 22. A front cover 24 iS®provided

d.  Partially Dielectric Filled Cavity
If the dieiectric-filied'gevity is only
partially filled with dielectric material, the factor
¢1/J—(e) in the general equations above becomes.
5 1/J_(1+(£-1)r) -

where:
r= dielectric filled area/total area, inches?.

e. s;otted Coaxial Line

10 o ﬂhen a slot (see Fig. 54) is introduced into a
coaxial 1line, the increase in characteristic impedance
compared to a normal circular coaxial line (see Fig. 51)

is less than:

15 6z = o'.oz B2

-where:

£ = the slot angle in radians that is. filled
. _ with air.
20 . f f. ‘Rectan lar Cross-Sectlon

The éharacteristic 1mpedance for a rectanguler
outer conductoz (see PLg 55) contalning a coaxial line
"through its center with a partially dielectric-fllled

cav;ry is expressed ast
[

25 | | - |
z = 138 __ oo 'g'lil exp | -4 ,
R SR P ]
30 - : : ' :
. | o
where:
35 - Z, = characteristic impedance, ohms.
: e = dielectric constant of the imnsulating
material
r = dielectric £illed area/total area, inches’
b = height-of cross-sectional area, inches
40 - & = width of cross-sectional area, inches
" .d = diameter of ‘inner conductor -

This equation may be further modified to
45 compensate for an eccen:ric or doubly eccentric

centerline.
his Sheet Has Been Replaced
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be pivoted to a down-position (shown in Fig. 1) thereby providing access to

the int ew@w3moebde chassis 12. The front cover 24 may be pipeiAsss: o Up
position to cover the interior of the chassis 12. Slide attachnent bl ocks

are secured within the 35 chassis 12. The sb i,de attachnment bl ocks are
dielectric and include a | ower bl ock 26 and 3n upper bl ock 28. The

g. Use of Equations ,
The foregoing equations may be combined to
_mathematically compute the inductance for the module 10 -
. and rear interface 400. For example, with reference to
5 Figs. 11-15, the reader will note the central conductors
41, 42, 43 pass through outer conductors (i.e., the
opposing surfaces of housing 36 and cover 38) which have
a varying geometry. Also, the space between the
conductors 41, 42, and 43 and their surrounding
10 conductive surfaces are partially filled with dielectric
material (e.g., blocks 200,200a). Applying the
foregoing equations to each geometric segment permits
" modifying the geometries uatil a desired impedance is
attained. Actmpal geometries may be further modified in
15 _response to a measyred impedance until a final geometzy
' LS obtained which yields a desired meedance.
4. Cantilever SQringg :
A capacitor consists of two parallel conduc:nrs
separated by a dielectric. Each cantilever spring and
20 conductor running parallel to it act as capacitors with
' point contacts on one end (see Pig. S6).
The two capacitors are electrically in series
- with a crasg—conducto: having an inductance thgt can be
varied for balance and tuning. This circuit can be
25 tuned for impedance matching between the 75¢ line and
the module conductors which would minimize phase
distortion and other losses in the cirquir. Additional
- inductance can be added in series with the abpve
components, and then varied for tuning purposes.
- 30 varying the inductance means warying the inductive
' reactance (X;=20fL).  Since impedance is dependent upon
inductive reactance {2=R+(X -X]) ), increasing or .
decreasing thg inductance appropriately can achieve .
~ balance in the reactance terms. The ideal cage is
35 choosing a2 valpe of inductance that would cause the
inductive reactance to equal the capacitive reactance at

‘This Sheet Has Been Replaced
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16,18 to | ock the blocks 26,28 to the |nter|or opposi hg surfaces of wall
18/ ;6 reumngynuﬂhy The bl ocks 26,28 have vertically al i gneper/us92/05880

10

15

20

25

- 30

35

30

a given fregliency. Under this condition, phase
distortion and losses wquld be at a minimum. '

The reader will note the schematic of Fig. 45 .
represents the geometry of springs 54, 56, 426, 428
opposing conductors 42, 43 (with inductors 46, 47), 414
and 416 (with inductors 477, 479). Utilizing the
foregoing ‘equations, the necessary inductance of
conductors 58,430 can be calculated. The finai'gauge
and inductance of conductors 58,430 may be further
modified in response to a measured impedance until a
final desired impedance is attained.

H. SUMMARY

From the foregoing, the reader will appreciate
that the eize of DSX modules can be greatly reduced by
the teachings of the preseht invention. 8o reduced, a
higher density of DSK modules may be installed in a
given system. Further, individual modules 10 may be
paired in a common circuit to prov;de multiple positzon
porting on the forward end.

‘The jack module 10 does not, by itself,
comprise complete DSX circuit. Instead, the jack
module may be paired with an additional jack module to

.form a completed circuit. Further, the utilization of
‘the normally closed rear interface circuit permits the

use of the module in a digital distribution function

'such as that shown and descr;bed in commonly assigned

and copendlng U.S. Patent Applxcation Serial No.
07/614,143 filed November 15, 1990, and entitled
“Digital Distribution Apparatus.”

. While the foregoing has been a descrxption of
the preferred embodlment of the present invention, it
will be appreciated'by-those skilled in the art that
equivalents and modifications may be apparent in light
of the present teachings. It is intended that such

modifications and equivalents be included within the

scope of'the_present claims which are attéched or may be
appended hereto.

This Sheet Has Been Rtip
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32 pernit“}ack nodul e 10 to be slidably received with the chassis 12 in a -
vertical 20600 o (as shown in Fig. 1). Each of blocks 28 PXd/US81/63880¢c
to present grooves 30 sufficient to receive four jack nodules 10. 10 A jack
nmodul e 10 is secured within the bl ocks 26 283py locking tabs 34. It wll be
appreci ated that slidably _ This Sheet Has Been R
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1. A coax jack module comprising:
- a first coax conductcr;

2 second coax conductor; ]

a first resilient conductive contdact biased into
electrical contact with said first cbnductoz End
cooperating with said first conductor to generate a '

. first capacitance; - '

a second resilient condnctive contact biased into
electrical contact with said second conductor and
caogerating with said second canductar to generate a
second capacitance, '

a cross-conductor eleCtrically connecting said
first and second contacts;
. said cross~conductor having an inductance
selected to balance said first and’ 'second capacitance.

2. A coax jack module compzising'
" a grounded electrieally conductive housing having at
least a partially enclosed interior;
2 plurality of coax conductore°
a plurality of cross-connect spring jacks;

- support means for supporting said jacks and said
conductors within said interior chamber and inisulated
spacing from said housing and with said jacks and
conduciors coqpereting to form a circuit;

| said housing having imterior surfaces at least
pattially surrounding said.conductdrs with said surfaces
shaped to provide a coax shielding for said conductors
for said circuit to have a desired impedance.

3. A coazx jack mbduie according to claim 2 vherein said
support means includes a dielectric insert sgized to be
disposed within said interior and having means for
securing said springs to said insert and means for
securing said conductors to said ingert.

* [ L M S *
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per se. Exanples of such are shown in commonly assigned U.S. Patent No.

4,840, 5 5. ThiB SheetAMak deBTAI'L 1. Conponents Fig. 5 and 6,
t aken i WQ&M i on oded perspective view of YSR2I0S8BRu| e
10 which is shown as over renoved in Figs. 2 and 3.

- 32 ' o

4, A coax jack medule according to claim 2 wherein eaid
Bupport means includeé conductor supports having a
geomezry selected for said module to have a desired
impedance. '

5. A coéx jack module according to claim 2, wherein
said conductors include forward and rear conductor
_portions connected by an inductive element.

6. A coax jack module according to claim 3, wherein
saidlspring contacts include at least first and second
spring-contacts spaced in generally parallel relation to
said conductors and ccoperetingewith said conductors to

~ generate a capacitance; a cross-conductor electrically
connecting said at least first and second contacts with -
said cross-conductor having an inductance selected such
that said inductance of said cross-conductor halances a

- circuit ;ncludxng gaid capacitance.-

7. A coax . jack module according to claim 2 comprisxng
said hau51ng having a forward wall, a plurality of ports
through said forward wall and sized to receive a jack
plug; a pluraiity of cams disposed within said housing
to be urged by 2 plug inserted within a port to urge an
' least one of sa;d spring contacts away from said
conductor. -

8. A coax jack module'according to claim 7 comprising
-an electrically conductive grbunding spring disposed to
engage a plug inserted within a port, said grounding
spring electrically connected to said housing.

5, A coax jack module according t.claim 2 vherein said
housing includes a body portion and a cover, said body
portion having interior concave surfaces and said cover
having interior concave surfaces, sa;d cover and body
surfaces dzqused to oppose one another upon connection

(L
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reasons that wll . ' hqr5|ng 36 and cover 38 are preferably
fornmed aYod3rIEs nsert 40 i s provi ded Pt!?gsi 25
recei ved vvithin?he ﬁmﬁgﬁwll be nore fully descri bet ?ﬂ@rot 40

supports vari ous ele nt5||155de5|red orientation as.a
subassenbl'y 39
: ' of said cover to said body for said surfaces to

cooperate to define a grounded shield.

10. A coax jack module comprising:

a housing having opposing internal surfaces defining
-a housing interior;

-a first central coax conductor;

a second central coax conductor;

support means for supporting said first and second
central coax conductors within said interior;

said housing having a forward wall with at least a
first port and a second port extending therethrough and
sized for a jack.plug to be inserted into either said
first or second port, with a ceantral conductor of said
jack plug electrically-connected to said first or second
‘central coex conductors, respectively;

_ a first electrically conductive notmal spring
- contact dispbsed within said housing and biased into
electrical contact vxth said first central coax
”conductor- ' :

a second electrically conduct;ve normal sprlng
contact disposed within said houszng and biased into
electrical contact wlth said second central coax
conductor; - ;

first urging means for urging said first normal
spring contact away from said first central coax
conductor upon Lnsertian of a jack plug into said first

~port;
 second urging means for urging said second normal
spring contact away from said secnnd central coax
_ conduétor upon insertion of a jack plug into said second
port; ' S
- a cross-conductor electrically connecting said first
and second spring contacts with said cross—conductor
selected for a circu;t including said crcss-conductor,
£irst and second_spring contacts, and first and second
central coax conductors to have a desired impedance.

% ¢ L Mos %
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coax conductors 4}——44 anmd—43 and rear coax center conductors 44 and 45.

| nduct or wi 3730600 s%@eqmp@@éd j oi ni ng coax conduct Oi'f.'ﬁﬁﬁ 44

and 43, 45, respectlv S 48,49 are: provided for suppor rear
coax center conduct oi u‘m 1“‘5“‘ es 35 50 51 are provided to permt T
attachnent of " the no

11. A coax jack module according to claim 10 further

. comprising a plurality of electrically ‘conductive
surfaces surrounding said first and second central coax
conductors with said elegctrically conductive surfaces
dimensioned for said jack module to have a desired
impedancée upon electrical connection of said
electrically conductive surfaces to an electrical
g:ound._

12. A coax jack module according to claim 11 wherein
_paid houeing is electrically conductive and said
electrically conductive surfaces are integrally formed
on said internal surfaces. :

13. A coax jack module accordﬁng to claim 12 wherein
said- snpport means is & dielectric support disposed

' wzthin_satg interior, '
14. A coax jack module according to claim 13 wherein
said first and second normal sprxng contacts are carried
on said dielectrzc support

15, A coax jack module accotding to claim 10 further
comprising a first termination spring contact and a
_second'té:mination spring.ccntact disposed to be
electrically_spaced from said first and second normal
spring contacts when said first and second normal spring
contacts are biased into electrical contact with said
first and seccnd central coax comductors, respectively;

. said first and second te:mlnaticn contacts further
disposed to be in eléctrical contact with said first and
second normal spring cantacts when said firgt and second
normal spr;ng contacts are urged away by said first and
second urglng means.

* C L " S *
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subassenbly 39 |ncludes power source -contacts or conductor pins 52,53

t?wggym@bg Ghis ﬁlmﬁé lb acedh OUT nornmal spring 54?&9UW'

T . 16. A coax jack module according to claim 15 further
comprising means for electrically comnecting said first
and second termination spring contacte to an electrical

sprlng

35

ground.

'17. A coax jack module according to claim 11 further
comprising a third central coax conductor supported
within said interior by said support means;
said plurality of electrically conductive surfaces
. including surfaces surrounding said third central coax
-conductor; ' |
a third port in said forward wall sized to receive a
jack plug-ﬁaving-a central conductor electrically
connected to said third central coax: conductor upon
1nsert;0n of said jack plug into said third port; and
means for electrically connecting said- third central
coax conductOor ACross a :esistance to a selected one of
said first and second central doax conductors.

18. A coax jack module according to claim 11 further
camprising- -

first and second tracér spring contacts dilposed
within said housxng and biased into an electrical
spaping between said first and second tracer spring
éontadts; and

- thizrd urging means for urging said first and second |

spring contacts into electrical connection upon
lnsertxon of a jack plug into said Jack port

19. A coax jack module accordihg to claim 10 comprising
gruundzng means for electrzcally connectzng a ground
sleeve of a plug inserted with;n said first or second
ports to an electrical grpund. |

20. A coax jack module accord;ng to claim 10 further
comprising. '

T

Received Time 21, Feb, 11:01 Print Time 21 Feb, 12:31



RO HERCHANTHGRILD; LS 055conmect—virol BB U200 21: 1/ G, FHOI2YI0 P 4/

conponent s further Iug SBL l§£ﬁ61 Pins 52,53 are identical. Pin 52
" i's showwpysfiosoe ﬁé ﬁ ’ﬁ a stop 52a and an annul periusiadosagh A
pin and 52c extends f A cut-out 52d is provided on an opposite
end. Leads 60a 10 (Fi g 60 ar | aced and sol dered wi t hin

cut - out 52d SSmlarly, |ead 61a of spring 6l is
flrst and second connector elements extending from a
rear end of said housing, said first and second
connector elements ineluding first and second rear
central coax conductors, respectively, and first and
. second grounding sleeves surrounning said firet and
‘second rear central coax conductors, respectively;
said first rear central conductor connected to said
first central conductor, and said second rear central
conductor connected to said second central conductor.

~ 21. A coax jack module according to claim 20 comprising
first and second inductive oomponents connect;ng said
 first and second rear and forward central conductors,
respectively.

22. A coax jack module according to claim 20 further.
comprising a rear interface having a housing with
‘opposing internal surfaces defining an interior-
a first interface central coax conductor,
a second xnterface central coax conductor;
support means for Supportlng said first and second
interface central conductors within said Lnterlor in
. electrically.Lnsulated.spacing from said internal
surfaces; | ' :
said housing having a forward wall with first and
'second interface ports sized and disposed to receive
ﬂ._sazd first and second connector elements, respectively,
upon connectzon of said jack module to said rear
;nterfaoe, with sazd first rear central conductor
‘electr;cally connected to said first interface cen:ral
conductor and with said second rear central conductor |
electrically connected to ‘said second interface central
conductor; | :
| first and second rear contact springs disposed and
biased to be in electrical connection with said first
and second interface conductors, respectxvely,

IIII|III AR \lIl
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-moni tor (hereinafter "MON') co onguctor 41 with 15 the QUT coax

‘conduct ey 43728800V NE S e G8scribed. A second resiBETUSHL/@5880
‘pr-ovi ded for connectu ax conductor 41 to ground by attachnent
of "t he second resi st unding 0559 66 received within a slot 68

formed in housing 36. . |
y ' first and second interface urging means for urging
said first and second spring contacts away from said
‘first and second intexface conductors upon insertion of
gaid first and second connector elements into said first
and second interface ports; '
a rear cross-conductor for electrically connecting
said first and'second rear contact springs.

- 23, A coax jack module according to claim 22 wherein |
~ said cross-conductor is selected to have an inductance
to balance a capacitande of said springs.

24. A coax jack module according to claim 20 wherein
said interior surfaces of said rear interface housing

'fare electrically conductive and are shaped for said rear
interfaceito have a desired impedance upon electrical
connection to'an electrical ground.

25. A coax jack module according to claim 20 wherein
said first and second rear cenmtral coax conductors are
connected to said first and second central coax
-conductors’ through first and second inductors with saLd
circuit including said inductors.

26. A coax jack module comprising:
_ a housing having opposing internal surfaces defining
a housing interior;
| a first centrél coax conductor;
a second ‘central coax conductor;
support means for supporting said first and second
central coax conductors within said interior;
 eaid housing having a forward wall with at least a
first port and a second poxt extending therethrough and
' gized for a jack plug to be inserted into either said
first or said'second-port, with a central conductor of
said jack plug electrically connected to said first or

second central coax conductors, resgect;vely,

AT
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provi ded having clip ends 72 SI be received within slots 74 forned in
housi ng %9ﬁmptT %ds 72 within slots 74 regtytis92/05880
mechani cal and el ect rfi H n of the grounding 25 spring 70 to the
holising 36 (which is rounded on connection to a grounded
rear interface 400 as mAII be descri bed). grounding spring 70 has

a first electrically condnctive'na:mal spring

contact disposed within said housing and biased into
- electrical contact with said fi;st central coax

conductor ;

a second electrically conductive normal spring
contact disposed within said housing and biased into
electrical contact with said second central coax
conductor; ' ‘

first urging means for urging said first normAI
spring contact away from said first central coax
conductor upon insertion of a jack plug into said first
port; |

second urging means for urging sa;d second normal
spring contact away from said second central coax
conductor upen insertion of a jack plug into said second
port; :
a4 cross-conductor electrically connecting said first

and second spring contacts;

said housing formed of electrically conductive
_materidl and said internal surfaces at least partially

surrounding said first and second central coax |
conductors, with said surfaces dimensioned for said jack
‘modul)le to have a desired'impedance upon electricai
-connectién'of.éaid.electrically conductive surfaces to
an electrical ground. o - '

27. A cogx jack modﬁle according to claim 26_ﬁhereiﬁ

said crossecphducto: is selected for a circuit including -
" said cross-conductor, first and second spring contacts,
and first and second centr;l coax conductors to have a
desired impedance. -

' 28. E_coax jack module according to claim 10 wherein
said housing includes a bddy'and a cover releasably
securable to said body, each of said body and cover

- releasably securable to said bkody, each of said body and
cover formed of electrically conducFive material and -

[
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B MERCEANTSGOVLDMES 76 77 and 78 ai s SHEAA%Y 21 18T, 4P 1R)/AG JRRQTRLLI P 45/x
contact with a plgg (ﬁucn aseplugiéé$30 of Fig. 1) recFived wthin the MON
ort 80wQ $3726808 Pos ort. 82, respectively, ' 36.
'FI)'h.e el ect r?!gal el eﬁmﬂﬂaﬂirﬁgﬁl by the diel ect P'i c i nse?/t I’%’?ﬁ%ﬂ
I nclude an QUT term 84 and an IN term nation spring 86. A
third 35 resistor 88 (Fig. 6) is proyided 3%‘e|ectrical|y connect

 each haﬁing said internal surfaces integrally'forméd on
said body and cover; at least one of said surfaces on
said pody opposing at least one of said surfaces on said
cover with said et least one opposing surfaces
coopérating to at least partially surrounded at least
one of said first and second central coax conductors to
provide a g:oundedfcoax shield for said least one
conductor upon connection of said body and cover to an
electrical grounds. '

29. A coax jack module according to ¢laim 28 comprising
-a_éhassié to releasably receive and retain a plurality

of said modunles in side-ﬁy-side electrically insulated

‘spaced relation. -

30. A coax jack module according to claim 29 wherein
said chassis includes spaced apart first mating gujide
means, second mating guide means disposed on said

. housing, said first and second mating gunide means
cooperating to slidably mate upon insertion of said

. module into said chassis and guide said module to a
deeired inserted position.

31. A coax jack module according to claim 30 wherein
said housing includes first and second generally
parallel spaced apart sidewalls extending between first
and second edges, said second mating guide means
disposed on at least one.of said first and second edges
for said sidewalls to be in gemerally parallel spaced
apart relatibn to a sidewall of a contiguous module
contained within said chassis.

32. A coax jack modﬁle:according to claim 22 including
caeble connection means for connecting a coax cable to at
~ least one. of said first and second interface central

R .

coax conductors.
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tﬁ%OWWWGR%D mssprl ng 84 with the U{El)%épr%? %brl%g 3@730@%5%7%116611’ 46/xx

fourth resistor 90 is provided to =~ 9 electrically connect the IN
t er m nat wipn93meseng 86 with the main grounding spring 70. . pcyrus92/0s880

40
33. A coaxz jack module according to claim 32_wherein
said cable connection means includes a plug secured to
gaid coax cable and releasable connection means for
.'réieasably'connecting-said plu§ to said at least one of
' said first and second interface central coax conductors.
34. A coax jack module according to claim 33 wherein .
said plug includes means for preventing release of said
plug £rom said at least one of said first and second
" interface central coax conductors in response to an
axial force on said coax cable.

35, A coax jack module according to claim 34 wherein

" said plug includes a manually engageable jacket slidably
connaected to an insert, a tab secured to sajd insert and
biased radially away fram an axis of said insert; means
for urging said tab.radxally inwardly from axial
“movement of said jacket relative to said insert; said
rear interface housing having a bore sized to teceive
said jacket and said tab, said houszng further having a
detent sized to receive said tab upon .insertion of said

jacket into said bore.

36. A coax jack module according to claim 35 wherein
~said jacket is electrically conductive, and sized to
electrically engage'said rear interface hoﬁsing upon
- insertion of said jacket into said bore; means fox
electrically connecting said jacket to a ground shield
of said coax cable.
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|ncl.ude a MON cam 92,
dielectric.
pi vot pin 98.

l\/[]\l cam

an OUT cam 5 94 and.an IN cam 96 all
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MINIATURE COAX JACK MODULE K

(57) Abs(nd '

A miniawure coax ;ack module 1ndudu a groundcd conducive housing with coax conduciors disposed of within the hous-
ing. A dielectric inser. maintajns the conductors in electrically spaced relation to the housing. The housing has mtemnl surfaces

| surrounding the conductors to provme coax slueldmg w0 the condugtors. | 4
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q - 7ﬁ‘§.ﬁ~ 2038 21 AR/3T 21 48/N0. 25B0T7D
aﬂFgo}gMgggHéleul’De—ygl‘Y/es pi n 9851;S§=;1e\q@,é1521\ “(ﬁLg.“Qé)"Aa‘i/é";fr‘oélq/%cf"P%Yr‘“”P [
securing cover 38 to housi.ng 36 by passi.ng the screws 104 through hol es 106

in cover WO MWGcei ving the screws 1041 /ng4afi gned bores 1G§ ?hﬂ ) 15
housi ng 36. Plastic attachnent |atches 110 (Fig. '27) are "provi c{gjég?}ea el'ved
wi thin grooves 112 of housing 36. The attachnent |atches 110 include rails

32 for slidably
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. . ,‘...-. a8 an' na a1, A8 /4 Ny AR 2 n Q '

C EROM WERGBANT B@OURBTHRLE 10 wi t hi . £ he, GhabdFE02 20 Wl 1 5% STt o ARN0, 3902 4T P 8

i ricl ude the | ocking tabs 34 f@F Y8ty the nodule 10 in place within the
chassi s ¥/20600% Shows a subassenbly 3§ jngluding the ins MON

. ‘forward g@l e’lr2 conductor 41, the QJT-for%a}r’gc;enter conduct g&ﬁég’a«g&%ﬂe I'N

forward center 25 conductor 43 illustrating how the conductors 41-43 are

~ supported by the insert 49. Al so, the conductors 52,53

10\ - -
N fe1 i1,
110 < 60
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© LAY » 62 '/
.- d - R . 54 e
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aF.RQMsMEﬁQHM\H&@WﬂdeJSas are-the OUL,and ‘1%)%@5 ¥atl &Q/:‘Jpzl ﬂééNOBEiS@é?HH& Rné
QUT.and I N normal springs 54, gé %ﬁr?‘hés 4 56 84, 86 are retained within

. slots 55w 93728600 85, 87 forned in insert 04, Isprings 60, 6 pc7Oso/ebset €d
in slots 63 formed in insert 40. The springs 60,61 are electrically

connect ed (e.g. by solder) to pins 52,53. The conpl.ete assenbly of
conmponents is shown inserted wthin the housing 36 in Fig. 3. In Fig. 3,
cover 38 is :

10 .

o -
O an . 110 32

: r 1 _
' I ' ' [
Tl o a5
110 - 32
34 : .
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SHOMétﬁRGW.T&MB—'HﬂJSf'orWard cgné gL cqnéﬂ‘i‘ﬂ'@i@rEﬂ’zﬁﬁ,Ehég/ﬁﬁdzhéﬁ/élp@ﬁﬁa&‘iﬂilEa?I 10
Conductor 41 is shown in greatoé Sdbtil! 10 in Fig. .16-17C. A description

of condugi@bsAdedtf ! |
. : 3 | 4/ 41  PCIIUSI/0S8R

heet Has Been Replaced
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s BROM; MERCHANTAGOIAHELSt i on of a9y tlorﬁ WE) B d0%, 2l Topbidd(0: 3360721 P 11
general ly tubul ar conductive ef'ia tjI n a preferred enbodi ment, the 5
conduct oywoidsspeeopal f hard phosphor bronze seani ess tube havrcryusmmsssml
‘wal I thickness of about .005 inches. a‘g?o%d?ctor 41 is plated to enhance
electrical comunication wth a sprl ng c (as wll be described).

~61a

53

8¢

s Sheet Has Been Replaced




. . - ‘ noant! A o n/n "~ n agn
1BROM MERCHANT&GOUAS-MPdAduct or 41 has e f| EHEHIZAY 18] :d2AHnki :AG/NOnBE0ARI 117 P 12
i iwardly tapered portion 117. A ddht®lbcenducting pin of a plug 14 is :

i nsert edwdnosysedpef | ared end 116 and recei'ved. w thin inwardl d
‘portion 117, Tﬁ‘ebot apered portion 117 hag({am g4l slots 119 to¥‘fk?'9§t?ﬁ'ﬁm
portion 117 to expand and receive pin 120.(see Fig. 30A). The inward taper
provi des rel easabl e nechani cal and el ectrical contact between the conductor -

V..'%;

FiG. 6

iThis Sheet Has Been Relplaced




A 8 AN BA D A/QT 5 2 s .
ATROMNMERCHANT&EOULBr-MRUSn 120. Annul ay., r gé@Ei@Q 28r36c hdabt ot =419/"i&eﬁ5ﬁ06’21jd? P13
positive placenent of the condbétdl W10 n insert 40. The rear end of

conduct or, ' ovided with a cut-out 124 to permt pl ace Bty il €
“(such asWﬁéﬂMw res 46,47) within conductor 41. A wre SO pvgécze,gsérggy be
sofdered to conductor 41. An inwardly pfof duding 25 annval dinple 126
prevents excessive solder flow from

o- (7o3
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_. | _ ~
|
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A s BT N T KO B GJam Ny AR INNND
cEROMOERCHANTGGAVLB-MPRS i nt eri or .of bubyl NEL il s - A%/ STyg k- ABNGs 3560721 1A it 4
fo Figs. 18-19C, rear conduct@iéﬁi i"$!Shown. Rear conductor 44 i s identical
to rear q@HIaLioado 45 and a description of one will' 30 suffi eCTaESHIres880
-description of the other. Conductor 44gifsgf¢rmed of materials and plating
simlar to that of conductor 41 as previously described. Rear conductor 44

includes a flared end 128

68

108

i\ ;{

1o =<1
!)i i/' 74

g 8
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f FROMONBREHANT&GRLDMBAE dI y pr oj eqljng 't,apﬂr”é}fd‘cpég %00dl : 380728l 'H%Nong%ﬂﬂah” P15
slFots 131. Simlar to tapered ”ﬁ)or‘t‘il&ﬁ”ll? of conductor 41 (see Figs. 16 and

17), tapwiedsmoeedgoi on 130 receives a center conducting pin ( FCT/U$S92/05880 N
'sl-idabl e mechanical and el ectrical contggtg fhe

: 110 : '
—e=12 o 14
: ——t |3 \ - 15
' | | D4
— 52
NG . 2=
. [ -' _ : [ . E :
- 1} 104 o | 53
' . | R | " 50
11 S
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110 B

FIG. 10
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c DR MERGHANTEGQULBMALC| udes an QPPQ lgtpe('lé’u i S@néll 285, gl A0 9@60;2\/@11;«; 16
such as inductor wire 46,47 t g Zoﬂ'd%red in place. Inwardly proj ecting
~annul ar Wwiowd/geéen 134 prevents excessive solder flow into cpognodoaresgde The
‘conduct or 44 includes an annul ar ridge 1L@6/apc| a stop surface 138. Ridge
136 and stop surface 138 cooperate to retain an insul ator such as insul ator
48, 49 betmeen ri dge 136 and stop surface 138.
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1 ' b a an' GR G1.EN/QT O1. AR AER :

1RHOH MERCHANTAGORBDBBEE shown i n.Fi g, 11, (WBKURY 9P ng 1 aWATick o AO/NG 350721117 P 17
elrectrically connected to reaﬁ *’I%I’l:(?ﬁ ctor 45 through IN inductor wire 47.

'Simlarlwo9emoses d OUT conductor 42944 glgqtrically connectrei/ys92a38800UT

“conductor 44 through OUT inductor wire 46. The first 15 resistor 62 is
electrically connected to the OUT conductor 42 and the OUT forward center

- conductor 41. Wth reference nowto Figs. 20-23, a
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IEROUNEBCHAWREGULATNLE am 02 wi 1 1., ba, F Wdr‘@iﬁ’fz- R0 2oy & - AR 3000121 BT Bal
94 and 96. Accordi ngly, a 20 desel n of cam92 will suffice as a
descrip nms 94, 96. ‘The cam 92 eptrally exterlth} 2C
“ext endi %8%?%’38@ a |l ever body 92e. ThiZZré‘ .BZC is sized to ggg%%s%p| n
98" (or, in the case of canms 94,96, 25 pin 100).
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. . r].‘. A ant aa a1, AT o1 . AR n .
THROHERCHATREIER-MELE am sur f ace, 92 din$ JELE 65 el - 0/d: Bk 4RA0LSYIIIT P 19

Di'sposed on the opposite si de 06f “gbr"g 2c is a plunger 92b. As best shown

in Fig. woespoeed | s di sposed for 30 1s?zchm2a to be endBGHASH/880 ug
“(such as plug 14 in Fig. 1) - inserted within port 80. The plug pushes -
agai nst surface 92a causing the cam 92 to pivot around pin 98 (or pin 100
in the case of cans 94,96). As a
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' o1 g MRV a2 20 68 21:50/38T. 21:46/N0. 356072
B MERCHMTBEAHANH 020 ur ges gy b ST W0 28,25 BEDAT; 20, F0TENINT P 20
.electrical contact to close a "él“r“cui“[“ Indicating insertion of a plug into
~ the MONWO9S/®B00. 12 OUT cam 94 is prquiged yith its cam%@’iﬁgﬁmgm
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: A ns ant.gR g [/ ) R ARANTD
OFROMEROHANGAEWILBTIFAGed by a pl.ug .i. stelgfw&)% thivh @ﬁl/ﬁ&@i:éa/NPoﬁ@Qerlél? P 2]
" pkunger 94b to urge OUT term fAa i"éﬂ %pYing 84 against OUT normal spring 54.
5 . . WO 93/Rbepam 96 i s di sposed f,géjt 1cam' surface 96a. t BCIAUSIMSE8 by
“a.plug inserted within IN bore 82 t £ cam 96 to pivot about pin 100
wi'th plunger 96b urging IN term nation spring 86 against IN normal spring
56. '

_:_e_].

124

FIG., 17C

128\

FIG. 17
FIG. 17B

FIG. 16

122

119
119

117

FIG. 17A

118
118
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15[}0}& MERCHANT&GQYLD BMiﬁnger 92b iFs”.pﬁzvgﬁnéduwf'ﬁbaé%lcbt"léﬁd‘! 0406%01’ Ap§OTeInT P 22
unobstruct ed noverment of the pl'lingér At hout interference with conductor
41. Sim W dI20600ungers 94b and 96b are provided with slotspefusyrossgs t o
prevent interference with conductors 486 Al U3, respectively. 15

As shown in Fig. 3, in the absence of a plug in any of ports 80-82, the
cans 92, 94, 96 are urged by springs 61, 84, 86, respectively, to the

posi ti ons shown
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. ‘ 4 A& ant ar N AT 51 . AA . GRA .
i RROK WERCEANTSEAVIDsHRLSgs 60, 61 329;{7?gﬂé%%ﬂwcphgnsﬁl'ﬁr%b%ﬁl OO0 RUF2HIEK 23
spring 54 and with spring 86 par‘at 20 fromspring 56. Spri-ngs 54 and
56 "are prpgigdedend th normal contact points 54a, 56a (see Fi pCHSoi/opesved

"to electrically engage conductors 42,4B7,#ebgectively. Cross-connectwire 58
(ske Fig. 3) electrically connects 25 springs 56 and 54. Accordingly, in

t he absence of any

‘This Sheet Has Been Replaced’
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ARQY NERCHANTRRPULIEES, ports o1 Q?Wa@t 05 &0 98 &adl/a% U AP ENTANT § &
“connect ed. Upon insertion of g‘pl“ o port 82, the electrical connection
bet ween ggﬁg# 42,43 is broken 30 .fgilt{ g OUT conduct or p¢gy{)Sezrpsusact ed
across r to ground. A signal e I N conductor 43 is now
.connected directly to the plug (not shown) inserted into port 82.

Simlarly, upon insertion of a plug (not :

FIG. 25

FIG. 24

his Sheet Has Been Replaced




SFHROUMERCEANSAGAHD-MPLS the IN ¢ nduct 413”"‘?& é%rﬁ?eé ady 352! :4BMN0s 356042} 147 Jr 25
88 to ground and the OQUT condgéfd %2155 connected directly to the plug
|nserteq,vw9§?oaod)ort 81. Insertion of a plug into port 80 rﬁ?b%?zlo?m
~c|03|ng 19/41

FIG. 26
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: q devne ot 0ROt - 51 AR 2 9
=SWMHE§CWTQQQULDTMPLW Il be regognk &gngﬁlp é% ggk?-]I'IE’ d’QT'i ﬁ] '-tll?(goaquz{rﬂﬂafn%
el ectrical schematic of ‘the &:i"t‘t[}i'f ¥hlis described i s comon in DSX

nodul es. - tic of this circuit is shown in Fig. 45. : .

N r-’rpedanc‘g6 -?@g@ommn, coaxi al con?ﬁgg rovide for a cgﬁlglgs%{)%(ﬁt or .
sufrounded by a grounded shield. Th I nvention utilizes the
geonetry of the zinc
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A Q /s /) Y 21:
O RCHTIGRANRES cover 36 10 prov) URI02 T SDikdedl/ A RpfENG SORAINT P 27
results in mninized vol une of'the fbdul e 10. Wth best reference to Figs.
7, 9 anQﬂé@PkﬁKﬂﬁt can be shown how the housing is provi dedpe/ijs98RB88 €
“arcuate surtaces 150. Simlarly, tzg egfg 38 (Fig. 7) 15 has concave
arcuate surfaces 152. The surfaces d 1are dlsposed to at | east
partially surround conductors
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_ AFROMSMEREATEGANEPMEESi s pl aced o gtﬁ n‘g 86;- 2RIk (T 21 A0 EREP IIddT P 28

150, 152 cooperate to defi ne grﬁ tfird tPn elds at |least partially surrounding
con In addition to shielding as a result g ﬂ,@%ﬁl

) surfacequgg [ nt egral |y cast intag. %;?C%th ng 36 and cover®§g )

| mpedance of the systemis controll e rolling the geonetry of

di el ectric supports 200 on : '
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FIG. 30
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__ZEROMi WH@NT&@QULPH}@P[@UWOHS 2q.q?'ar,i @S’W%%émﬁ’ él-éiﬁ.éwTeﬂl-ﬁ%‘-’?"gé?ﬁﬂl@r&& B 29
As shown, the supports 200 areJ‘ge‘H rdi'fy rectangul arly shaped and are
connect ew(y93206009ss- beans 201 to pl até&zs‘@z_lm of insert. 40PCHiSN27058800a
joins 30 two platforms 204. Conpari iI‘gs® 4 and 14, the platforns 204
are. sized to be received within platform pathways 210 formed in housing 36.
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THEORBERHNTIGP U nser a0 wiiphin pStFHGES 18 EbEC(SLRLAMNG S0RIIIT # 30

11-15. The surfaces 150 35 co”opewgt ith surfaces 152 to define partially
| i ndri th h which th t 41-43

a4 “ "1 G0 osAgeT S Lhrough which the panductors 41 berrusszresese |

To.
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p;fBQ,M M“F%@AHT&&OQI:Q_W@ éupport bélqcﬁﬁ 29 -1‘g$)§2'r@ég§ AGSY/ﬁT'énIbMQ@éGQFH%P 2
partially cylindrical chanbers. “The &tpport bl.ocks 200, 200a, as "previously-

i ndi cat edwoee3r2egeonect ed to the pl atfgérgf04 via cross 5 bpeprivh/osskd
will be recognized by those skilled .i n&t 41 that by varying the geonetry
of- the supports 200, 200a, the inpedance of the systemcan be tuned to a
desi red i npedance. o . ' :
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' A a8 80 0R G1.BE0 /9T 51. A4 a :
|F#°’M@#‘9‘1A§E&‘%°8Lwﬁb%ru ng theﬁppggipgpggﬂg]s)zpfl%ggcﬂ |5cr{ Dg'u%bgor/tNg' 598%72%%1: 3l
rear conductors 44,45 are supported in dielectric spacers 48,49 as shown in
Fig. 11.wOM@s#ze40acers 48,49 are housed in a cylindrical porpcrmussk/esesieyes
50 and 51. Dielectric support spacedS849d of the geonetry shown are al so
shown in 15 U.S. Patent No. 4,749,968 (itens 250 in'the figures of that
patent) which indicates that the spacers can .t')e

FIG. 32
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§B®}b,MEP€ﬂANT&GQIM‘ERLSi n tuning the systémEg 02 20 P hed/ ‘?'Tn%%@%’éoe?f’%“gﬁk‘é'ﬁsp 7.3/ X |

48,49 are identical. Spacer 48 is 20 shown in Figures 24 and 25. - The

spacer ! es a bore 48a for receiving conductor 44 apgriasizagdske - |
- spaced %@f . The conductors 42, ??,/ & fand 45 cooperate vvilﬁ?%e

I nductors 46,47 and insulators 48,49 and supports

' FIG. 33

" This Sheet Has Been Replaced

T

Received Time 91.-Feb 11:01 -~ Print Time . 21 Feb. 11:30




. _ b
FROM MPRCHANTAGOUD-¥Plfat e a desired irrpedﬁlﬁa@z- 20|\%€t\Rlil'tﬂ%%.%&i%%“@ﬁﬁ@mt?lhhliﬁna,u/ XX
‘the presence of springs 56,54 can result-in an inbal anced or undesired
I rpedan ,rzgﬁffbe nodul e 10. Wth best re ence to Fig. 3pcriussy/osuged
t hat sp?‘?‘%gg 56 resi de gener aIIy &élie{ to conductors 42,43 and 30
i iductors 46,47. As a result of this parallel geometry, a first
capacitance i s generated between spring 56 and conductor 43 and a second
capaci tance i s generated .
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E@QM'&CWT&GQSL%MP%d conductor 42. TJT‘%U%r?@égQ Igés?é/ ﬁ%&ﬂé“/%@é@m%lﬁ P 75/xx
I nductance is provided via conductor 35 58. ‘The specific gage of conductor

58 i s awbaarzodes 0 bal ance the capaciggsﬁzéigfulting f r om (PCT/UBeZA0S880

relation of spring 56, inductor 47,

43 and

This Sheet Has Been Replaced
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SRoM MRCEANT&&BW@UERL& 42 and i nduct or ﬂSUE) i a0; %abt@@e%ﬁﬂ%ééﬁﬂml L66P /s

and cross-wire 58 are matched with the capaci tance of springs 54,56 to
provi d mat chi ng. 5 C. PLUG DETAIL Fromt hﬁfﬁ
descri g\vbwaﬁodul e 10 has been pr In addition to @Sﬁg&#@

plug 14 is shown in Fig. 30A. The pléﬁ?ei lcl udes a central _
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| FROMI MERCHANBASOULMREhat i ng at central dﬂ’ﬁ)ﬂ%o?ﬂ 9,21 1%/ 00N S3BRy2h L 577/”

central exposed sl ot 302 for receiving a central conductor 304 of a coax

cabl e WQW connection 308 is provided for cri'npi ngpdHgisdbigaksh Of

. the coax ca 06 to an outer- COI’IdLB:J y4ghield 310. The shield 310 -
narrows to a plug end 312 15 surrounding central pin 120. As shown in

Fig. 30A, a portion of shield 310 is renoved to provi de an access
.oz | : ' '

heet Has Been RTlaced
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Fpelh MERCHANTRGOBLDUPIH t wire 304 to be 1‘%:%02-@106955?&?3@2 20;30/40, 33601 ¢ Wrgu%”

any suitable neans such as sol dering and the |iKke. "~ Fig. 30
shows t (cover renoved) vvlr.h gs 14,14 fuIIy [ t he
ouT por%% positioned to be in }ea into the I'N portwdée#'gsult
of- the full insertion into the OUT port 81, the cam 94 Is urged to force

the spring nornmal contact 54°
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Received Time 2L Feb 11:01  Print Time - 2L Feb 11:30



- FROMWMBRCHANTAGOULD= MBIt r al conduct or 42.(1"@)%@0{%2,!)1?[4631'120:30{“91@?5@7«2%11’5 P 7.9/’““

inserted into the IN port 82, the cam 96 has not been noved to urged the IN
nor mal ri , away fromthe OUT _conductor 43. D. REARPQYFCRFAGESSOETAI L
30 ‘éBdsmPﬁoG'certai n applicatioBs3/i4 1s desirable that signals which
woul d ot herwi se be provided to conductors 42,43 be electrically connected
when a nodule 10 is not '
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' iFP@MrME@QHmT&GﬂUﬁDTw&& ng or chassis 12. (WB)0£c%03ﬁﬁn?dé?‘ys?-rﬁﬂs'ﬁﬂ/ﬂg-a35ﬁplﬁlm 280/ “: -
400 is provided. 35 Wth initial .reference to Figs. 31 and 32,

rear i nwaob32060000 i ncl udes a hous;j n2/42_2 consi sting of a porsAISEl/bsEdy 404
and a housing cover 406. Thehous; ng 1
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{ 1 . .
BN, MERCHARRGOVIR-WBLS408 sized to be reé'lsllﬁ)/&%?&n%?h?é(@og%@é}@ 33@38%1.%5@/ *x
rear interface 400 may be slid into grooves 30 to the rear of blocks 26,28 .
~and snapofBr2e6e0 pl ace. The housing 402 has the approxi mat PCH/USH/0588 | ack
nmodul e 10. Opposing surfaces of body5104 tnd cover 406 cooperate to define
arear interface interior which contains a plurality of conponents. Shown
exploded in ; :
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: ,” an- QUT pin
'é‘l{’ﬁi@%w an IN

recei ving conductor 422 (Fig.

The conponents still

& Figihg conductor 41

]

o

a first plug 15

36) and a second plug receiving conductor 424.

further

ig. 38) and an I N pin conductor 416. The

i nclude an QUT pin

Aifhent

ps

¥

FROM MBRCHANTRGOB BNt s i ncl ude a di el(g‘@p?-czo:s%gb??t‘l/ﬁ% 20 tﬁUéNQ-@mYRibl,ﬁ'P- 82/xx
conpone

(shown separately in Fig. 33) a grounding spring 412 (Fig. 40)

pin receivjng conductor 420,

conduct,

placed

[l
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- FROM) MW&%DS}WJ%Q 426, an I N spri Q&Eh%?ﬂ a?ﬁdm %/c?m‘n?eocf??wg %%rqd%ldtlgp 83/xx

430. The conponents still further |ncIude four pin receiving conductors
432, Ao 9360020 438, two wire ngp 440,442 (one oPCmUsSY2/n5888hown
in Fig. 39) and QUT dielectric cani 444 and I N dielectric cam 446. Screws

448 are provided to be received within a al i gned hol es 450 of cover 406 and
body 404 to connect :
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BROM MERCEANTAGRUIDMBSAy 404 and encl ose (YHE0% 20 6i BF: 244570 AWaAMND. 35607RLL 184 /xx
I nt'erf ace 400. For reasons that will|l beconme apparent, body 404 and cover :
406 are bo&%gctrl cally conductive and, preferably, are forped of die
cast zi WO The ground &8 AdhA12 is provi ded MrTAVSOR(0588%ds
451 sized to be received within slots 452 formed in body 404. Reception of
the clip ends 451 within slots
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EB@J Mw&GwaﬁMmani cal- and electri &:qE) g%r?ﬂ'e%ﬁt ?Lfr?‘%ﬂ' ?W@%ﬂ%éﬁ@ﬂ?ﬁ& 1§p$ |8r§6**
412 'to the housing body 404 (which 35 is electrically grounded upon '

connectywgyyspoendt ch pl ug with coax conductor to the interfpcrruldfjossdde
ground| ng spring 412 has spfi ng cor‘@@y 3n-ps 454, 455 :
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JF*?%MB%WQOHLMPW thin sliding el ect(ﬂ"meg?' ?&oﬂq 3&%25@?@0'5304&%356%,1 ﬂLQ P 86/xx

respectively, when received-within a first OUT port 458 and a first IN port
460, Orwipesyzosod! v, forned in body 404. 5 Pi ns 4 ﬂﬁ‘b

received within holes 462, 464, respec Sly formed in di Lel%ect Mrt
410. Pin 414 is shown enl ar ged i n4Py 43 Since pin 414 is '
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i GROM: MEREHANTSGRIILA-MPL8, 'a description of (MEUWO'I%SN:QM@ &l 30/N9e 32G0,TRL 18P &/xx
: The pin 414 includes an el-ongg ed pin contact 466.
d of pin 414, a cutout 468 is provided.

the other. 10
On an o :

reception of a conductaor which may bg%ﬁe}ggﬁed i nt o cutout

previously described with respect to

“Afirst annular rib 470 is. provided.

B

FIG. 55
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FIG. 54

CONDUCTOR

rmts
In a nanner-
ductors of 15 jack nodul e 10.
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FIG. 56
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oy —Between-rib.4z0.and pin end 4667 I
ﬁi&*f“**ﬁstwtedﬁﬁnto ol e 462 wi &h™the:5i
accwrat e. pi “n{ anicewit Rt ikbpAR0. Press fit intovhole 462
hol d pin 41 Glimiace pesd .n¥.. 4l candsellé are dIS@O$€d al
recei ved v%ﬂﬁ1nweeﬂﬂu¢$gns Adydmeef .j.ac y
recei ved fnvpnrt3p4&& 4401 AcGOrdi.ngl v.q p|n3g414 416 ‘becofie

vrﬁ/\ F RECEIPT | pa o

MINIATURE COAX JACK. nbnm.s

1. BACKGROUND OF THE INVENTION
5 1. Field of the Invention

This invention pertains to the
telecommunications industry. More particularly, this
invention pertains to a miniaturized coax jack for use
in said industry. '

10 2. MA&M

As is commonly known in the telecommunications
industry, high speed signal transmission rates require
coaxial conductors. For example,'so-called DS-3 signal

- rates (i.e., 44.736 megabits per second) are carried
15 over coax cables.

In order to permit cross-connection, line
monitoring and line access, the industry has utilized
so-called DSX-3 coax jack modules to permit
interconnection, cross-connection and the like. An

20 example of such a module is shown in U.S. Patent No.
4,815,104. As shown in the aforesaid U.S. Patent No.
4,815,104, the module includes internal switching
assemblies (items 90 and 92 in said patent) which
receive coax plugs through ports in the forward face of

25 the module. The switch assemblies are connected through
coaxial cables (items 82, 84, 86, 88) to coax connectors
(items 74, 76, 78, 80) on the rear of the module. The
circuit schematic of the prior art module is shown in
Fig. 6 of U.S. Patent No. 4,815,104. The preferred -

30 embodiment shown in the U.S. Patent No. 4,815,104 has
‘cross-connect ports on the front panel of the module as
well as cross-connect locations on the rear end of the
module. As indicated in U.S. Patent No. 4,815,104
(Figs. 1 and 2), the prior art also included modules

.35 lacking cross-connect ports on the front of the module.
In addition to cross-connect locations, the prior art
modules include monitoring ports or jacks connected
across a resistance drop to the module’s internal
transmission lines.

. This is the replacement sheet
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o

electrically connected to conductors 44,45. 25 The pin receiving
conductors 418,420 are received within the bores 476,478 of insert 410. Pin
recei ving conductor 418 is shown enlarged in Fig. 37. It will be
apprectated that pin 418 is identical to pin 420 and a description of one

w Il suffice as a 30 description of the other. The pin receiving conductor
418 is generally

2

In the telecommunications industry, it is
standard for a cross-connect system to operate at 75
ohms. - Accordingly, the prior art modules are designed
and constructed to have a 75 ohm impedance.

5 In the telecommunications industry, a central
office or other location will have a substantial number
of cross-connect modules arranged in bays. Due to the
large .volume required to house such modules and bays, it
is becoming increasingly desirable to miniaturize DSX

10 modules. Such miniaturization should permit switching,
access and monitoring functions while maintaining
desired impedance levels. )

I1I. OBJECTS AND SUMMARY OF THE INVENTION
_ It is an object of the present invention to

15 ‘provide a miniaturized DSX-3 jack module. According to

: a preferred embodiment of the present invention, this
object is achieved by providing'a coax jack module
having first and second coax conductors. A first
conductive spring contact is biased into electrical

20 contact with the first conductor and cooperates with the
first conductor to generate a first capacitance. A
second conductive spring contact is’' provided biased into
electrical contact with the second conductor and
cooperates with the second conductor to generate a

25 second capacitance. An internal conductor electrically
connects the first and second spring contacts. The
internal conductor has an inductance selected to
cooperate with the first and second capacitance for the

_ jack to have the desired impedance. The object of the

30 invention is further achieved by a jack module having
grounded internal surfaces at least partially
surrounding the module‘’s internal conductors. The

- surfaces act as the grounding shield for coax

conductors.
35
lThls Sheet Has Been Replaced
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cylindﬁicql and hol Il ow and includes a tapered pin receiving end 482.
Opposite end 482, a cutout 484 is provided to permt placenent of a
conduct or which may be 35 soldered into cutout 484 in a nmanner previously

describbed. Rib 486 is disposed adjacent cutout 484. Spaced fromrib 486 on
a side opposite of cutout 484 is

10

15

20

25

30

35

housing;

Fig. 10;

3

IXI. BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perEpective view showing a jack
module accofding to the present invention in exploded
relation to a chassis for receiving such module;

fig. 2 is a perspective view of a jack module
with a cover removed to exposed internal elements;

Fig. 3 is a side elevation view of the jack
module of the present invention with a cover removed to
show internal elements;

Fig. 4 is a perspective view of a subassembly

of the jack‘module of the present invention;

Fig. 5 is a perspective exploded view of the
subassembly of Fig. 4; '

Fig. 6 is a perspective exploded view of the
jack module less cover and the subassembly of Fig. 4:

Fig. 7 is a perspective view of a cover for the

“jack module showing an interior surface of the cover;

- Pig. 8 is a perspective view of the cover of
Fig. 7 showing an external surface and screws shown
exploded; ]
Fig. 9 is a perspective view of a housing of
the jack module showing an interior surface of the

Fig. 10 is a side elevation view of the
assembled jack module of the present invention;
Fig. 11 is a view taken along line 11-11-of

Fig. 12 is a view taken along line 12-12 of
Fig. 10; '

Fig. 13 is a view taken along line 13-13 of
Fig. 10;

| Fig. 14 is a view taken along line 14-14 of
Fig. 10;

. Fig. 15 is a view taken along line 15-15 of
Fig. 10; :

Fig. 16 is a tbp plan view of a forward center
conductor for use with the present invention;

This is the raplacemernt sheet
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18 an annul ar

ring 488. Rib 486 and ring 488 serve the simlar function as

rib 470 and ring 472 of pin conductor 414. Wth the pin receiving
conductors 418 received within holes 476,478, inductors 477,479 are 5
pl aced spanning and electrically connecting pin 414, pin receiving
conductor 418, and pin 416 and pin receiving

10

15

20

25

30

35

Fig. 17 is
Fig. 16;

4
a view taken along line 17-17 of '

Fig. 17a is an enlarged view of a left end of
the conductor of Fig. 17;
Fig. 17B is an enlarged central portion of the
conductor of Fig. 17;
' Fig. 17C is an enlarged view of a right end of
the conductor of Fig. 17;

Fig. 18 is

a top plan view of a rear center -

conductor for use with the present. invention;

Fig. 19 is
Fig. 18;

a view taken along line 19-19 of

Fig. 19A is an enlarged view of a left end of
the conductor of Fig. 19; -

Fig. 19B is an enlarged central portiqn of the
conductor of Fig. 19;

Fig. 19C is an enlarged view of a dimpled
portion of the conductor of Fig. 19;

Fig. 20 is

perspective view of
invention;

a left' side, bottom and rear
a cam for use with the present

Fig. 20A is a rear, left side and top

perspective view of
Fig. 21.1is
cam of Fig. 20;
Fig. 22 is
perspective view of
Fig. 23 is
perspective view of
Fig. 24 is

dielectric support;

Fig. 25 is
Fig. 24;

Fig. 26 is
spring;

Fig. 27 is
latch;

the cam of Fig. 20;
a left side elevation view of the

a right side, bottom and front

the cam of Fig. 20;
a right side, top and front

the cam of’ Fig. 20;
a front elevation view of a
a perspective view. of the support of

a perspective viéw of a grounding

a perspective view of an attachment
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conductor 420 respectively. Conductors 418,420 are coaxially di sposed

wi thin second OQUT port 459 and second IN port 461, respectively. 10

A pi'n receiving conductor 422 is shown enlarged in Fig. 36. Pin receiving
conduct™or 422 is generally cylindrical and includes an inwardly-tapered
plug receiving end 490. Pin receiving end is sized to receive a pin (not
shown) of any standard plug which may

10

15

20

25

30

35

5

Fig. 28 is a top plan view of a conductor pin;

Fig. 29 is a view taken along line 29-29 of
Fig. 28;

Fig. 30 is a top plan view of the jack of the
present invention with cover removed to show internal
elements and with a first plug shown inserted and a
second plug shown about to be inserted;

Fig. 30A is a cross-sectional view of a plug,

Fig. 31 is a front, top and right side
perspective view of a rear interface of the present
invention; ,

Fig. 31A is a side elevation view of the rear
interface with a cover removed to exposed interior
elements; '

Fig. 32 is an exploded perspective view of the
rear interface of Fig. 31;

Fig. 33 is an enlarged perspective view of a
dlelectrlc support for the rear interface of Fig. 31;

Fig. 34 is an inside perspective view of a
cover for the rear interface of Fig. 31;

, Fig. 35 is a perspective interior view of a
housing body for the rear interface of Fig. 31;

Fig. 36 is a pérspective view of.a pin
receiving conductor for use with the rear interface of
Fig. 31;

Fig. 37 is a perspective view of a pin
receiving conductor for use with the rear interface of
Fig. 31; _

_ Fig. 38 is a pin conductor for use with the
rear interface of Fig. 31;

Fig. 39 is a perspective view of a wire wrap
pin for use with the rear interface of Fig. 31;

Fig. 40 is a perspective view of a grounding
spring for use with the rear interface of Fig. 31;

Fig. 41 is a perspective view of a patch plug
for use with the rear intexface of Fig. 31;
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15 be inserted within end 490. An opposite end of pin receiving conductor
422i!ncludes a cutout 492 which receives a conductor which is sol dered
within cutout 492. A sleeve 494 is provided to permt press fitting of
conductor 422 into a bore 496 of insert 410. 20 Simlarly, pin receiving
conductor 424 is received within bore 498 of dielectric insert 410. Wre
wrap pins 440,442 are identical. Shown in 6'
Fig. 42 is a side elevation view of the patch
plug of Fig. 41; | '
Fig. 43 is an exploded perspective view of the
patch plug of Fig. 41;
5 Fig. 44 is an assembled cross-sectional view of
the patch plug of Fig. 41; . |
Fig. 45 is an electrical schematic of the
circuitry of the jack module and rear interface; and
- Pigs. 46-56 are schematic drawings illustrating
. 10 the analysis of tuning the module of the invention to a
desired impedance. i
IV. DESCRIPTION OF THE PREFERRED EMBODIHEN‘I‘
, Referring now to the several drawing figures in
which identical elements are numbered identically
15 throughout, a description of the preferred embodiment
will now be provided.
A. GENERAL, ASSEMBLY

In Fig. 1, a jack module 10 according to the
present xnvention is shown in a position to be inserted

. 20 within a chassis 12. A jack plug 14 is shown in a
position to be inserted into the jack module 10. A rear
interface 400 is shown inserted within chassis 12. A
rear interface plug 520 is shown in a position to be
inserted into the rear interface 400.

. 25 As shown in Fig. 1, the chassis 12 includes
sheet metal top and bottom walls 16,18 joined by side
walls (only one of which is show at 20) and having sheet
metal dividing walls 22. A front cover 24 is provided
pivotally secured to the side walls 20 to permit the

30 front cover 24 to be pivoted to a down position (shown
in Fig. 1) thereby providing access to the interior of
the chassis 12. The front cover 24 may be pivoted to an
up position to cover the interior of the chassis 12.

Slide attachment blocks are secured within the
35 chassis 12. The slide attachment blocks are dielectric
and include a lower block 26 and an upper block 28. The
blocks 26,28 include locking tabs 27 received within

N X
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Fi g. 39 pin 440 includes wire wap end 440a and fastening barb 440b. The
barb 440b, is received within 25 slot 500 formed in dielectric insert 410.
Similarly, pin 442 is received within slot 502. The ground pin receiving
conductors 432, 434, 436, and 438 are identical in construction to

conductors 418,420 and are press fit into bores 432a, 434a, 436a, 30 and
438a of dielectric insert 410. Conductors 432,434

7

slots 29 in walls 16,18 to lock the blocks 26,28 to the
interior opposing surfaces of wall 18,16, respectively.
The blocks 26,28 have verticaily aligned
grooves 30 sized to receive rails 32 on the jack module
5 10. The rails 32 permit jack module 10 to be slidably
received with the chassis 12 in a vertical disposition
(as shown in Fig. 1).
- Each of blocks 28,26 cooperate to present
~ grooves 30 sufficient to receive four jack modules 10.

‘10 A jack module 10 is secured within the blocks 26,28 by
locking tabs 34. It will be appreciated that slidably
received jack modules with locking tabs 34 form no part
of this invention per se. Examples of such are shown in

~commonly assigned U.S. Patent No. 4,840, 568.
5. B. JACK MODULE DETAIL
1. Components
Fig. 5 and 6, taken in combination, show an
exploded perspectivé view of the jack module 10 which is
shown assembled with cover removed in Figs. 2 and 3.

20 The module 10 includes a housing 36 and a cover 38 (see
Figs. 7-8). For reasons that will become apparent,’
housing 36 and cover 38 are preferably formed of diecast
zinc. '

A dielectric insert 40 is provided sized to be

25 received within the housing 36. As will be more fully
described, insert 40 supports various electrical
components in a desired orientation as a subassembly 39
(Fig. 4). - |

The internal components of module 10 include

30 forward center coax conductors 41, 42 and 43 and rear
coax center conductors 44 and 45. Inductor wires 46,47
are provided for joining coax conductors pairs 42,44 and
43,45, respectively. Insulators 48, 49 are provided for
supporting rear coax center conductors 44,45. Sleeves

35 50,51 are provided to permit attachment of the module 10

to a rear interface 400 (as will be more fully
described).
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>

are dlsposed to receive pins 52,53 when sl eeves 50,51 are received within
bores 458,460, respectively. Pin receiving conductors 436,438 are di sposed
to feceive pins 53,52 when jack nodule 10 is rotated 180[err] with 35 _
sl eeve™50 received within bore 460 and with sl eeve 51 received within bore

458. Symmetrical positioning of pin receiving conductors 432, 434, 436, and
438 about a _

8

The subassembly 39 includes power source
contacts or conductor pins 52,53 (shown best in Figs. 5,
28 and 29){ an OUT normal spring 54, an IN normal spring
56 and an inductive cross-connect wire 58.

5 The electrical components further include’
springs 60,61. Pins 52,53 are identical. Pin 52 is
shown in Figs. 28-29. Pin 52 has.a stop 52a and an
annular ridge 52b. A pin and 52c extends from stop 52a.
A cut-out 52d is provided on an opposite end. Leads 60a

10 (Fig. 5) of spring 60 are placed and soldered within
cut-out 52d. Similarly, lead 61la of spring 61 is
secured to pin 53. : ‘ .

A first resistor 62 is provided for connecting
the monitor (hereinafter “MON*) coax conductoxr 41 with

15 the OUT coax conductor 42 as will be more fully

' described. A second resistor 64 is provided for
connecting the MON coax conductor 41 to ground by
attachment of the second resistor 64 to a grounding clip
66 received within a slot 68 formed in housing 36.

20 A main ground spring 70 (shown best in Figs. 6
and 26) is provided having clip ends 72 sized to be
received within slots 74 formed in housing 36.

Reception of the clip ends 72 within slots 74 results in
mechanical and electrical connection of the grounding

25 spring 70 to the housing 36 (which is electrically
grounded upon connection to a grounded rear interface
400 as will be described). The grounding spring 70 has
spring contact ends 76, 77 and 78 disposed to be in |
sliding electrical contact with a plug (such as plug 14

30 of Fig. 1) received within the MON port 80, the OUT port
81 and the IN port 82, respectively, of housing 36. .

The electrical elements supported by the
dielectric insert 40 (Fig. 5) include an OUT termination
spring 84 and an IN termination spring 86. A third

35 resistor 88 (Fig. 6) is provided to electrically connect
the OUT termination spring 84 with the grounding spring
70. Similarly, a fourth resistor 90 is provided to
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19 central axis X-X of rear interface 400 permts jack nmodule 10 to be
inserted i-n one of two orientations to permt nonitoring of either the IN
or the OUT conductors at the option of a user. 5 _ Conduct ors
433,439 electrically connect the pin

&~

9

electrically connect the IN termination spring 86 with
the main grounding spring 70. _

As will be more fully described, the components
of the jack module 10 ineiude_a MON cam 92, an OUT cam

5 94 and an IN cam 96 all of which are dielectric. MON
cam 92 is pivotally connected to housing 36 through-a
first pivot pin 98. - IN cam and OUT cam 96,94 are both
pivotally connected to housing 36 through a second pivot
pin 100 received within a bore 102 (Fig. 9). Shown in

10 PFig. 6, a bore 102 is shown for receiving pivot pin 100
and a bore 101 receives pin 98. Screws 104 (Fig. 8) are
provided for securing cover 38 to housing 36 by passing
the screws 104 through holes 106 in cover 38 and
receiving the screws 104 in aligned bores 108 formed in
15 housing 36.

Plastic attachment latches 110 (Fig._27) are
provided received within grooves 112 of housing 36. The
attachment latches 110 include rails 32 for slidably '

_ receiving the module 10 within the chassis 12. The

20 latches 110 also include the locking tabs 34 for locking
the module 10 in place within the chassis 12. |

~ Fig. 4 shows a subassembly 39 including the

insert 40, the MON forward center conductor 41, the OUT
forward center conductor 42 and the IN forward center

25 conductor 43 illuetrafing how the conductors 41-43 are
supported by the insert 40. Also, the conductors 52,53
are shown supported as are the OUT and IN termination
springs 84,86 and the OUT and IN normal springs 54,56.
Springs 54, 56, 84, 86 are retained within slots 55, 57,

30 85, 87 formed in insert 40. Springs 60,61 are supported
in slots 63 formed in insért 40. The springs 60,61 are
electrically connected (e.g. by solder) to pins 52,53.
The complete assembly of components is shown inserted
within the housing 36 in Fig. 3. 1In Fig. 3, cover 38 is

35 removed.. ' '

) Each of forward center conductors 41, 42 and 43
are identical. Conductor 41 is shown in greater detail

This is the raplacament shoef
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recei vi ng, conduct or 432,438, respectively, with the wire wap pin 440.
Conduct ors 435,437, connect the pin receiving conductors 434, 436,
respectively, with wire wap pin 442. Al so, plug receiving conductors
422,424 10 are connected to pin 442 via conductors 423,425.- QUT spring 426
Is received within a slot 504 in dielectric insert 410. IN spring 428 is
simlarly received within a slot 506. The springs 426,428 are

10

in Fig. 16-17C. A description of conductor 41 will
suffice as a description of conductors 42 and 43.
The conductor 41 is a generally tubular
conductive material. In a preferred embodiment, the
S conductor 41 is half hard phosphor bronze seamless tube
having a nominal wall thickness of about .005 inches.
The conductor 41 is plated to enhance electrical
communication with a spring contact (as will be
described). : :
10 The conductor 41 has a flared end 116 extending
~ into an inwardly tapered portion 117. A center
conducting pin of a plug 14 is inserted through flared
end 116 and received within inwardly tapered portion -
117. The-tapered portion 117 has axial slots 119 to *
15 ' permit portion 117 to expand and receive pin 120 (see
Fig. 30a). The inward taper provides releasable
mechanical and electrical contact between the conductor
41 and the center pin 120. '
‘aAnnular ridge 122 on conductor 41 permit
20 positive placement of the conductor 41 in insert 40.
The rear end of conductor 41 is provided with a cut-out
124 to permit placement of a wire (such as inductor
wires 46,47) within conductor 41. A wire so placed may
be soldered to conductor 41. An inwardly protruding
~ 25 annual dimple 126 prevents excessive solder flow from
cut-out 124 into the- interior of tubular conductor 41.
With reference now to Figs. 18«19C, rear
conductor 44 is shown. Rear conductor 44 is identical
to rear conductor 45 and a description of one will
30 suffice as the description of the other.
‘ Conductor 44 is formed of materials and plating
similar to that of conductor 41 as previously described.
Rear conductor 44 includes a flared end 128
followed by an inwardly projecting tapéred-portion 130
35 having axial slots 131. Similar to tapered portion 117
of conductor 41 (see Figs. 16 and 17), tapered portion
130 receives a center condncﬁing'pin (not shown) in
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sized and positioned to be biased against pin conductors 15 414,416,
respectively. Cam 444 is pivotably positioned to be urged by a sl eeve
(such as sleeve 50 or. 51) received within bore 458 to urge spring 426 away
from prn conductor 414 and thereby break el ectrical connection between
spring 426 and pin conductor 414. 20 Simlarly, cam446 is pivotably
positioned to be urged by a sleeve (such as either sleeve 50 or 51)

recei ved 11
slidable mechanical and electrical contact. The
conductor 44 also includes an opposité cut-out end 132
to receive a wire such as inductor wire 46,47 to be
soldered in place. Inwardly projecting annular dimple
5 134 prevehts excessive solder flow into conductor 44.
The conductor 44 includes an annular ridge 136 and a
stop surface 138. Ridge 136 and stop surface 138
cooperate to retain an insulator such as insulator 48,49
between ridge 136 and stop surface 138.
10 As best shown in Fig. 11, forward IN conductor
43 is electrically connected to rear IN conductor_45
through IN inductor wire 47. Similarly, forward OUT
conductor 42 is electrically connected to rear OUT
conductor 44 through OUT inductor wire 46. The first
15 resistor 62 is electrically connected to the OUT
conductor 42 and the OUT ‘forward center conductor 41.
With reference now to Figs. 20-23, a
description of MON cam 92 will be provided. MON cam 92
is identical to cams 94 and 96. Accordingly, a
20 description of cam 92 will suffice as a description of
cams 94,96. o | |
The cam 92 has a centrally extending bore 92c
' extending through a lever body 92e. The bore 92c is
sized to receive pin 98 (or, in the case of cams 94,96,
25 pin 100). ,

The cam includes a cam surface 92a disposed on
one side of bore 92c. Disposed on the opposite side of
bore 92c is a plunger 92b.

As best shown in Fig. 3, cam 92 is disposed for

30 surface 92a to be engaged by a plug (such as plug 14 in
Fig. 1) inserted within MON port 80. The plug pushes
against surface 92a causing the cam 92 to pivot around
pin 98 (or pin 100 in the case of cams 94,96). As a
result, the plunger 925-urges the springs 60,61 together

35 into electrical contact to close a circuit indicating
insertion of a plug into the MON port 80.
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w thin bore 460 to urge spring 428 away from and out of electrical

connection with pin 416. The connecting conductor 430 electrically connects

spri'ngs 426, 428. 25 As shown best in Fig. 33, the dielectric
i nsert 410 includes a generally flat bottom platform510. Bottom pl atform

510 is sized to be received within and rest against an outer wall
Fig. 35) of main body 404. Wth the dielectric insert 410 received

10

15

20

25

30

'35

12

OUT cam 94 is provided with its cam surface 94a
disposed to be engaged by a plug inserted within OUT
port 81 to cause plunger 94b to urge OUT termination
spring 84 against OUT normal spring 54.

IN cam 96 is disposed for its cam surface 96a
to be engaged by a plug inserted within IN bore 82 to
urge cam 96 to pivot about pin.100 with plunger 96b
urging IN termination spring 86 against IN normal spring _.
56. - | ' |

| The plunger 92b is provided with a slot 92d to
permit unobstructed movement of the plunger without
interference with conductor 41. Similarly, plungers 94b
and 96b are provided with slots 94d and 96d to prevent
interference with conductors 42 and 43, respectively.

As shown in Fig. 3, in the absence of a plug in
eny of ports 80-82, the cams 92, 94, 96 are urged by
springs 61, 84, 86, respectively, to the positions shown
in Fig. 3 with springs 60,61 separated .and with spring
84 separated from spring 54 and with spring 86 separated’
from spring 56.

Springs 54 and 56 are provided with normal
contact points 54a, 56a (see Fig. 4) disposed to
electrically engage conductors 42,43, respectively.
Cross-connect, wire 58 (see Fig. 3) electrically connects
springs 56 and 54. Accordingly, in the absence of any |
plug inserted within ports 81,82, conductors 42 and 43
are electrically connected.

Upon insertion of a plug into port 82, the
electrical connection between conductors 42,43 is broken
and the OUT conductor 42 is connected across resistor 90
to ground. A signal on the IN conductor 43 is now
connected directly to the plug (not shown) inserted into
port 82. Siﬁilarly, upon insertion of a plug (not
shown) into port 81, the IN conductor 43 is connected
across resistor 88 to ground and the OUT conductor 42 is
connected directly to the plug inserted within port 81.
Insertion of a plug into port 80 results in closing

Thie In tha ranlacement sheet

% FEE ng7

512 (see



30 wthin body 404, the conponents are properly aligned with pins 414,416
centrally received within bores 458,460. G ounding spring ends 454,455 are
di sposed within bores 458,460 to electrically engage a sl eeve (such as

sl eeves 50, 51)

432, 434, 436,
t he

10

15

20

25

30

35

received within bores 458,460. 35 Pin receiving conductors
438 are properly disposed to recelve pi ns 52,53 dependi ng on

13

springs 60,61. It will be recognized by those skilled
in the art that an electrical schematic of the circuit
thus described is common in DSX modules. A schematic of
this circuit is shown in Fig. 45. '

2. Impedance

As is common, coaxial conductors provide for a
central conductor surrounded by a grounded shield. The
present invention utilizes the geometry of the zinc
housing 36 and zinc cover 38 to provide the grounded
shield. This results in minimized volume of the module
10.

With best reference to Figs. 7, 9 and 12-15, it
can be shown how the housing is provided with concave
arcuate surfaces 150. Similarly, the cover 38 (Fig. 7)
has concave arcuate sutiaces 152. The surfaces 150,152
are disposed to at least partially surround conductors
41-45 vhen cover 38 is placed on housing 36. As a
result, the surfaces 150,152 cooperate to define
grounded shields at least partially surronnding
conductors 41-45. .

In addition to shielding as a result of arcuate
surfaces 150,152 integrally cast into the housing 36 and
cover 38, the impedance of the system is controlled by
controlling the geometry of dielectric supports 200 on
insert 40.

The supports 200 are most clearly visible in
Figs. 4 and 5. As shown, the supports 200 are generally
rectangularly shaped and are connected via cross-beams
201 to platforms 204 of insert 40. Support 200a joins
twvo platforms 204. Comparing Figs. 4 and 14, the
platforms 204 are sized to be received within platform
pathways 210 formed in hcusing 36.

The nesting of the insert 40 within housing 36
is best shown in Pigs. 11-15. The surfaces 150
cooperate with surfaces 152 to define partially
cylindrical chambers tﬁrough vhich the conductors 41-43
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20 orientation of the jack nodul e 10 as previously described. As shown best
in Figs. 35 and 34, the body 404 and cover 406 are provided with a

plurallty of arcuate 5 surfaces 514. The arcuate surfaces 514 are di sposed
to . '

14

pass. The dielectric support blocks 200 are received in
‘a portion of the partially cylindrical chambers.
The support blocks 200,200a, as previously
indicated, are connected to the platforms 204 via cross
5 bars 201. It will be reoognized by those skilled in the
~ art that by varying the geometry of the supports
200, 200a,.rhe impedance of thé system can be tuned to a
desired impedance. .
In addition to supporting the conductors 41-43
" 10 ‘in supports 200,200a, rear conductors 44,45 are
o .'supported in dielectric spacers 48,49 as shown in Fig.
| 11. . The spacers 48,49 are housed in a cylindrical
portion of sleeves 50 and 51. Dielectric support
spacers 48,49 of the geometry shown are also shown in
15 U.S. Patent No. 4,749,968 (items 250 in the figures of
that patent) which indicates that the spacers can be
selected to assist in tuning the system.to a desired
impedance. '
: Spacers 48,49 are identical. Spacer 48 is
20 shown in Figures 24 and 25. The spacer 48 includes a
bore 48a for receiving conductor 44 and radially spaced
ribs 48b. . _
The conductors 42, 43, 44 and 45 cooperate. with
the inductors 46,47 and insulators 48,49 and supports
25 200,200a to create a desired impedance. Notwithstanding
this tuning, the presence of springs 56,54 can result in
"an imbalanced or undesired impedance for the module 10.
With best reference to Fig. 3, it is noted that springs
54,56 reside generally parallel to conductors 42,43 and
30 inductors 46,47. As a result of this parallel geometry,
a first capacitance is generated between spring 56 and
conductor 43 and a second capacitance is generated
between spring 54 and conductor 42. To balance these
capacitances, an inductance is provided via conductor
35 58. The specific gage of conductor 58 is selected to
balance the capacitance resulting from the spacial
relation of spring 56, inductor 47, conductor 43 and
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at least partially surround coax conductors 418, 420, 414, and 416. More
accurately, the conductors 414, 416, 418 and 420 becone central conductors
surrounded by the grounded shields of the arcuate surfaces 514. As with 10
the jack nodule 10, the rear interface 400 utilizes the geonetry of the
zinc body 404 and cover 406 to provide the grounded shield=for the coax
conductors. As was the case with the jack nodule 10, the

15

spring 54, conductor 42 and inductor 46. The inductance
of inductors 46,47 and.cross-wire 58 are matched with

the capacitance of springs 54,56 to provide impedance
matching.

5 C. PLUG DETAIL
From the foregoing, a description of module 10
has been provided. In addition to the module, a plug 14
'is shown in Fig. 30A. The plug 14 includes a central
conductor 300 terminating at central pin 120. The

10 .conductor 300 has a central exposed slot 302 for
receiving a central conductor 304 of a coax cable 306.
A crimp connection 308 is provided for crimping the
shield of the coax cable 306 to an outer-conductive
shield 310. The shield 310 narrows to a piug end 312

15 surrounding central pin 120. As shown in Fig. 30A, a
portion of shield 310 is removed to provide an access
opening 320 to permit wire 304 to be laid into slot 302
and secured through aﬁy suitable means such as soldering
and the like. '

20 Fig. 30 shows the module (cover removed) with
plugs 14,14’ fully inserted into the OUT port 81 and
positioned to be inserted into the IN port 82. As a
result of the full insertion into the OUT port 81, the
cam 94 is urged to force the spring normal contact 54

25 away from the central conductor 42. Since the plug 14’
is not yet inserted into the IN port 82, the cam 96 has
not been mbveq to urged the IN normal spring 56 aw&y
from the OUT conductor 43. ' '

D.  REAR INTERFACE DETAIL

30 . In certain applications, it is desirable that
sighals which would otherwise be provided to conductors
42,43 be electrically connected when a module 10 is not
inserted within housing or chassis 12. To accommodate
this, rear interface 400 is provided.

35 With initial reference to Figs. 31 and 32, rear
interface 400 includes a housing 402 consisting of a
housing body 404 and a housing cover 406. The housing
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presence of springs 426,428 in generally parallel 15 alignnment to pin
conductors 414,416, can result in an inbal anced or undesired inpedance for
the rear interface 400. Nanely, as a result of the parallel geonetry, a
third capacitance is generated between the spring 426:and pin conductor
414. A fourth capacitance is 20 generated between spring 428 and pin
conductor 416. The gauge of cross-conductor 430 is selected to bal ance

16

body 404 has rails 408 sized to be received within

grooves 30. Accordingly, rear interface 400 may be slid

into grooves 30 to the rear of blocks 26,28 and snap fit

in place. The housing 402 has the approximate width of
5 9jack module 10.

Opposing surfaces of body 404 and cover 406
cooperate to define a rear interface interior which
contains a plurality of components. Shown exploded in
Fig. 32, the components include a dielectric support

10 platform 410, (shown separately .in Fig. 33) a grounding
spring 412 (Fig. 40), an OUT pin conductor 414 (Fig. 38)
and an IN pin conductor 416. The internal components
also include an OUT pin receiving conductor 418 (Fig.
37), an IN pin receiving conductor 420, a first plug

15 receiving conductor 422 (Fig. 36) and a second plug
receiving conductor 424. The components still further
include an OUT spring 426, an IN spring 428, and a
connecting conductor 430. The components still further
include four pin receiving conductors 432, 434, 436,

20 438, two wire wrap pins 440,442 (one of which is shown
in Fig. 39) and ' OUT dielectric cam 444 and IN dielectric
cam 446. ‘ : X

B Screws 448 are provided to be received within a
aligned holes 450 of cover 406 and body 404 to connect

25 cover 406 to body 404 and enclose the interior
components of the rear interface 400. FPor reasons that
will become apparent, body 404 and cover 406 are both
electrically conductive and, preferably, are formed of
die cast zinc.

30 The ground spring 412 is provided with clip
ends 451 sized to be received within slots 452 formed in
body 404. Reception of the clip ends 451 within slots
452 results in mechanical and electrical connection of
the grounding spring 412 to the housing body 404 (which

35 is electrically grounded upon connection of patch plug
with coax conductor to the interface 400). The
grounding spring 412 has spring contact ends 454,455
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t hese capaC|tances Nanely, the cross-conductor 430 acts as an inductor to
bal ance the capacitances. The specific gauge is selected to bal ance the
capacitance 25 resulting fromthe spacial relation of the springs 426, 428
and the conductors 414, 416. E. PATCH PLUG DETAIL As is common in the

t el econmuni cations industry, signals are brought to cross-connect jacks

17 .

disposed to be within sliding electrical contact with
sleeves 50,51, respectiveiy, when received within a
first OUT port 458 and a first IN port 460,
Orespectively, formed in body 404.
5 Pins 414,416 are received within holes 462,464,

- respectively, formed in dielectric insert 410. Pin 414
is shown enlarged in Fig. 38. Since pin 414 is
identical to pin 416, a descriptibn of one will suffice

. as a description of the other.

10 ' The pin 414 includes an elongated pin contact
466. On an'bpposite end of pin 414, a cutout 468 is
provided.- Cutout 468 permits reception of a conductor
which may be soldered into cutout 468 in a manner
previously described with respect to the conductors of

15 jack module 10. A first annular rib 470 is provided
adjacent cutout 468. Between rib 470 and pin end 466,
an annular ring 472 is provided. Pin 414 is inserted
into hole 462 with the ring 472 providing accurate
placement 'and with rib 470 press fit into hole 462 to

20 securely ‘hold pin 414 in place. Pins 414 and 416 are

- disposed and sized to be received within conductors
44,45 of jack module 10 when sleeves 50,51 are received
within ports 458,460. Accordingly, pins 414,416 become

. electrically connected to conductors 44,45.

25 The pin receiving conductors 418,420 are
received within the bores 476,478 of imsert 410. Pin
receiving conductor 418 is shown enlarged in Fig. 37.
It will be appreciated that pin 418 is identical to pin
420 and a description of one will suffice as a

30 description of the other. ' |

The pin receiving conductor 418 is generally
cylindrical and hollow and includes a tapered pin-
receiving end 482. Oppogite end 482, a cutout 484 is
provided to permit placement of a conductor which may be

35 soldered into cutout 484 in a manmner previously
described. Rib 486 is disposed adjacent cutout 484.
Spaced from rib 486 on a side opposite of cutout 484 is
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30 through coaxial cables. Figs. 41-44 illustrate a patch plug 520 for

electrically connecting a coax cable (not shown) to the rear of interface
400 by connection to pin receiving conductors 418, 420.- The patch plug 520
includes a generally 35 cylindrical outer jacket 522. A barbed insert 524

I's provided sized to be received within the interior of jacket 522. The
el enents of the patch plug further

18

an annular ring 488. Rib 486 and ring 488 serve the
similar function as rib 470 and ring 472 of pin
conductor 414. With the pin receiving conductors 418
received within holes 476,478, inductors 477,479 are
5 placed spanning and electrically connecting pin 414, pin
receiving conductor 418,;and pin 416 and pin receiving
conductor 420 respectively. Conductors 418,420 are
coaxially disposed within second OUT port 459 and second
_ IN port 461, respectively.
10 A pin receiving conductor 422 is shown enlarged
- in Fig; 36. Pin receiving conductor.422.is generally
cylindrical and includes an inwardly-tapered plug
receiving end 450. Pin receiving end is sized to
receive a pin (not shown) of any standard plug which may
15 be inserted within end 490. - An opposite end of pin '
receiving conductor 422 incluydes a cutout 492 which
receives a conductor which is soldered within cutout.
492. A sleeve 494 is provided to permit press fitting
of conductor 422 into a bore 496 of insert 410.
20 Similarly, pfn.receiving conductor 424 is received
within bore 498 of dielectric insert 410.
Wire wrap pins 440,442 are identical. Shown in
Fig. 39, pin 440 includes wire wrap end 440a and
fastening barb 440b. The barb 440b, is received within
25 slot 500 formed in dielectric insert 410. Similarly,
pin 442 is received within slot 502. .
The ground pin receiving conductors 432, 434,
436, and 438 are identical in construction to conductors
418,420 and are press fit into bores 432a, 434a, 436a,
30 and 438a of dielectric insert 410. Conductors 432,434
are disposed to receive pins 52,53 when sleeves 50,51
are received within bores 458,450, respectively. Pin
receiving conductors 436,438 are disposed to receive
pins 53,52 when jack module 10 is rotated 180° with
35 sleeve 50 received within bore 460 and with sleeve 51
received within bore 458. Symmetrical positioning of
pin receiving conductors 432, 434, 436, and 438 about a
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21 include a central coax conductor pin 526, dielectric spacers 528, first
and second cooperating crinping nenbers 530,532, and a rear retaining
sl eeve 534. A coax cable 600 with central conductor 602 and grounded -

~

10

15

20

25

30

35

19

central axis X-X of rear interface 400 permits jack
module 10 to be inserted in one of two orientations to
permit monitoring of either the IN or the OUT conductors
at the option of a user. . |

Conductors 433,439 electrically connect the pin ]
receiving conductor 432,438, respectively, with the wire
wrap pin 440. Conductors 435,437, connect the pin
receiving conductors 434,436, respectively, with wire
wrap pin 442. 1Also, plug receiving conductors 422,424
are connected to pin 442 via conductors 423,425.'

OUT spring 426 is received within a slot 504 in
dielectric insert 410. IN spring 428 is similarly
received within a slot 506. The springs 426,428 are
sized and positioned to be biased égaihst pin conductors
414,416, respectively. Cam 444 is pivotably positioned
to be urged by a sleeve (such as sleeve 50 or 51)
received within bore 458 to urge spring 426 aﬁay from
pin conductor 414 and thereby break electrical
connection between spring 426 and pin conductor 414.
Similarly, cam 446 is pivotably positionedito be urged
by a sleeve (such as either sleeve 50 or.51) received
within bore 460 to urge spring 428 away from and out of .
electrical connection with pin 416. The connecting
conductor 430 electrically connects springs 426,429.

As shown best in Fig. 33, the dielectric insert
410 includes a generally flat bottom platform 510.
Bottom platform 510 is ‘siZed to be received within and
rest against an outer wall 512 (see Fig. 35) of main
body 404. With the dielectric insert 410 received
within body 404, the components are properly aligned
with pins 414,416 centrally received within bores
458,460. Grounding spring ends 454,455 are disposed
within bores 458,460 to électrically engage a sleeve
(such as sleeves 50,51) received within bores 458,460.
Pin receiving conductors 432, 434, 436, 438 are properly
disposed to receive pins 52,53 depending on the
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5 sleeve 604 are connected to patch plug 520. Shown best

in Figures 43 and

44, barbed insert 524 is slidably received within outer jacket 522. The
barbed insert ‘has dianmetrically opposed arcuate and projecting barbs 536.
Proj ecting outwardly frombarbs 10 536 are protruding and angul arly ranped

| ocki ng tabs 538. Tabs 538 project through slots 540 formed in a reduced
di aneter portion 521 of outer jacket 522.
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orientation of the jack module 10 as previously
described. ' . '

As shown best in Figs. 35 and 34, the body 404
and cover 406 are provided with a plurality of arcuate
surfaces 514. The arcuate surfaces 514 are disposed to
at least partially surround coax conductors 418, 420,
414, and 416. More accurately, the conductors 414, 416,
418 and 420 become central conductors surrounded by the
grounded shields of the arcuate surfaces 514. Aas with
the jack module 10, the rear interface 400 utilizes the
geometry of the zinc body 404 and cover 406 to provide
the grounded shield for the coax conductors. -

As was the case with the jack module 10, the
preéence of springs 426,428 in generally parallel
alignment to pin conductors 414 416, can result in an
imbalanced or undesired impedance for the rear interface
400. Namely, as a result of the parallel geometry, a
third capacitance is generated between the spring 426
and pin conductor 414. A fourth capacitance is
generated between spring 428 and pin conductor 416. The
gauge of. cross-conductor 430 is selected to balance
these capacitances. Namelj, the cross-conductor 430
acts as an inductor to balance the capacitances. The
specific gauge is selected to balance the capacitance
resulting from the spacial relation of the springs
426,428 and the conductors 414,416.

E. PATCH PLUG DETAIL

As is common in the telecommunications
industry, signals are brought to cxross-connect jacks'
through coaxial cables.. Figs. 41-44 illustrate a patch
plug 520 for electrically connecting a coax cable (not

‘shown) to the rear of interface 400 by comnection to pin

receiving conductors 418,420. .
The patch plug 520 includes a generally

‘cylindrical outer jacket 522. A barbed insert 524 is

provided sized to be received within the interior of
jacket 522. The elements of the patch plug further
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Reduced di anmeter portion 521 is sized to be received wthin rear ports
459, 461 (see Fig. 32) forned in 15 housing body 404. As shown in each of
Figs. 34 and 35, body 404 and housing cover 406 are provided w th annul ar
grooves 517. The | ocking tabs 538 are disposed to be received within

grooves 517 to retain plug 520 fromaxial 20 novenent relative to the
housi ng 404 while permtting
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include a central coax conductor pin 526, dielectric
spacers 528, first and second cooperating crimping
members 530,532, and a rear rétaining sleeve 534. A
coax cable 600 with central conductor 602 and grounded
sleeve 604 are connected to patch plug 520.

Shown best in Figures 43 and 44, barbed insert
524 is slidably received within outer jacket 522. The
barbed insert has diametrically opposed arcuate and
projecting barbs 536. Projecting outwardly from barbs
536 are protruding and angularly ramped locking tabs
538. Tabs 538 project through slots 540 formed in a
reduced diameter portion 521 of outer jacket 522.
Reduced diameter portion 521 is sized to be received
within rear ports 459,461 (see Fig. 32) formed in
housing body 404.

As shown in each of Figs. 34 and 35, body 404
and housing cover 406 are provided with annular grooves
517. The locking tabs 538 are disposed to be received
within grooves 517 to retain plug 520 from axial
movement relative to the housing 404 vhile permitting
rotational movement. With the plug 520 so received, the
pin 527 of pin conductor 526 is disposed to be received
within‘pin-receiviﬁb conductors 418,420. The insulators
528 retain the pin 526 in concentric spaced relation to
the conductive insert 524 and conductive outer jacket |

522. The pin includes a conductor receiving bore 552

sized to receive a central conductor 602 of a
commercially available coaxial cable.

The grounded shield of the coaxial cable 600 is
placed between opposing surfaces of crimping members
530,532 after which outer crimping member 532 may be
crimped against inner crimping member 530 to securely
connect the grounding shield of the coaxial cable to the
conductive outer jacket 520 in insert 524. The rear
retaining sleeve 534 may be connected to the insulated
sheeting of the coaxial cable with the rear retaining
sleeve 534 connected to insert 524 by cooperating
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rotational novenment. Wth the plug 520 so received, the pin 527 of pin
conductor 526 is di sposed to be received within pin receiving conductors
418,420. The insulators 528 retain the pin 526 in concentric spaced
relation to 25 the conductive insert 524 and conductive outer jacket 522.
The pin includes™a conductor receiving bore 552 sized to receive a’ central
conductor 602 of a comrercially avail abl e coaxi al cable.

22

threads on the exterior of rear connecting sleeve 534
and the interior of insert 524. _

The patch plug 520 is inserted into bores 514
by simply axially thrusting the plug 520 into bores 514

5 with pin 527 electrically and mechanically received
within either of pin receiving conductors 418,420.
Flexibility of the barbs 536 permits tabs 538 to flex
invardly to permit insertion. The tabs 538 then flex
outwardly to be captured within annular grooves 517. To

10 retract the plug, an operator simply pulls on outer
jacket 522. A slot defining edge 541 (Fig. 44) on
reduced diameter portion 521 urges against the ramp of
tabs 538 to force the tabs 538 inwardly out of their
locking position in grooves 517. This permits removal
15 of the patch plug. '

Since the outer jacket 520 is grounded by
reason of connection to the ground shield of a coax
cable, the body 404 and cover 406 are électrically
grounded. Likewise, the housing 36 and cover 38 of

20 module 10 are grounded.
F. OPERATION AND USE .

With the structure thus described, the
lnterface 400 is inserted within grooves 30 of chassis

_ 12 to the rear portion of blocks 28,26. Coaxial cables

25 (not shown) previously connected to patch plugs, such as
'piugs 520, are connected to the rear interface 400 by
inserting an OUT coax cable inte.port 459 and an IN coax
cable into port 461. In the absence of a module 10.
connected to interface connector 400, the coaxial cables
30 are electrically interconnected by reason of the
electrical circuit from conductor 414, through springs
426,428 and conductor 430 to conductor 416 (Fig. 31&)

Upon insertion of a module 10 into rear

interface connector 400, springs.426,428 are separated

' 35 from conductors 414,416. With the module 10 oriented as
in Fig. 1, conductor 42 is copnected to conductor 414
and conductor 43 is connected to conductor 416. In the

This is the replacement sheet
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The grounded shield of the coaxial cable 600 is 30 placed between opposing
surfaces of crinping nmenbers 530,532 after which outer crinping nmenber 532
may be crinped against inner crinping menber 530 to securely connect the
grounding shield of the coaxial cable to the conductive outer jacket 520 in
I nsert 524. The rear 35 retaining sleeve 534 may be connected.to the

i nsul at ed sheeting of the coaxial cable with the rear retaining

23

absence of a plug 14 in either of ports 81,82,
conductors 42,43 are eiectrically connected via springs
54,56 and conductor 58. Insertion of a plug 14 into -
either of conductor ports 81,82 opens the electrical
5 connection between conductors 42,43 by reason of
separation of either of springs 54,56 from conductors
42,43. o _
' Tracer lamp jacks are plugged into either
_ sleeves 422,424. Power is provided by connection of
10 voltage source and ground (not shown) to pins 440,442.
G.  IMPEDANCE MATCHING
As previously mentioned, arcuate surfaces 152,
150, 514 formed on the interior of the jack module 10
and rear interface 400 provide shielded grounding '
15 surrounding central coax conductors upon connection of a
grounded cable to interface 400. The surfaces cooperate
with the conductors to provide proper impedance matchiné
to achieve a desired 75 ohm impedance. Further, cross-
conductor 58 ‘and cross-conductor 430 are selected to
20 have an inductance to tune the capacitive effect of
springs 54, 56, 426, 428 aligned in parallel to the coax
conductors. The precise surfaces and geometry of the
surfaces and size of conductors 58,430 may be
. empirically selected. However, certain parameters for
25 impedance'matching are recognized in the art. To assist
in a complete understanding of the present. invention, a
discussion of those follows.
1. Impedance _
Impedance is defined as the total passive
30 opposition offered to the flow of alternating current.
. For maximum power transfer to occur, the impedance of
the'source, the load, and the transmission cable. and
connectors must be the same. The greater the variation,
the less efficient the transfer of energy becomes. As a
35 pulse or wave travels down a transmission line, there is
generally no problem as long as the impe&ance remains
constant. However, when a section of different
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sl eeve 534 connected to insert 524 by cooperating 22 threads on the
exterior of rear connecting sleeve 534 and the interior of insert 524. The
patch plug 520 is-inserted into bores 514
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impedance is encountered, such as a poorly designed

connector or distorted cable, a portion of the wave is

reflected back toward the source resulting in a loss of
power and/or distortion of the signal.

Impedance is a combination of resistance(R),
inductive reactance(X;), and cabacitive'reactahce(xc).
It is the vector sum of resistance and reactance (R +
jX), or the vector magnitude Z=(R? + X?)/? at angle ¢
(tan"(x/R)) where: X=X;-X; (see Fig. 46).

If there is only resistance in a circuit, the
impedance (2) is equal to the resistance (Z=R). The
presence of an inductor in a circuit causes a counter
electromotive force which, in addition to resistance,
further opposes the flow of current. An inductor alone
in a circuit causes the current to lag the voltage by a
phase angle equal to 90° (see Figs. 47A~47C). The
impedance of the circuit is then greater than when it
included resistance alone. The amount of increase in

the impedance is equal to the inductive reactance. The
inductive reactance is expressed as:

. X = 2nfl,, ohms

! where:
f= frequency, hertz
L= inductance, Henry.

The presence of a capacitor in a circuit also
causes an electromotive force that opposes the flow of
current in a circuit. A capacitor alone in a circuit
causes the voltage to lag the current by a phase angle
equal to 90° (see Figs. 48A-48C). Like an inductor, a
capacitor changes the impedance of a circuit, but unlike
an inductor, a capacitor decreases the impedance of the
circuit by an amount equal to the capacitive reactance.
The capacitive reactance is expressed is:

Xc = 1/(20£C), ohms

vheres’
f= frequency, hertz
C= capacltance, farad
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by sinply axially thrusting the plug 520 into bores 514 5 with pin 527

el ectrically and nechanically received within either of pin receiving
conductors 418,420. Flexibility of the barbs 536 pernits tabs 538 to flex
inwardky to permt insertion. The tabs 538 then flex outwardly to be
captured wi thin annul ar grooves 517. To 10 retract the plug, an operator
sinply pulls on outer jacket 522. A slot defining edge 541 (Fig. 44) on
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There are threé interrelated terms used'to
define impedance including: Return Loss, Voltage
Stahding Wave Ratio (VSWR), and the Reflection
Coefficient (Refl Coeff).. They are all concerned with
how much of the incident (forward) wave is reflected .
back toward the source. If any one of these terms is
known, the other two can be calculated, for example:

VSWR = 1 + Refl Coeff
1 - Refl COeff

‘Refl Coeff = VSWR - 1
VSWR + 1
Return Loss = 20 log (Refl Coeff)
Impedance measurement methods include return
loss using a spectrum analyzer with a directional
bridge, or a TDR (~time domain reflectometer”) impedance
profile using a time domain reflectometery. The
spectrum analyzer will measure return loss in decibels
over a selected frequency spectrumf The time domain
reflectometer measures the impedance and displays a
profile that indicates inductive and capacitive _
reactances. When considering impedance in connector

‘design, the mechanical length and electrical length are

congruent, and that if an impedance violation is less
than 1% of % wavelength of the operating frequency,
there should generally be no impact on the performance
of the transmission path or signal characteristics.

2. Inductive and Caphcitive Tuning

When inductance and capacitance appear together
in a circuit, a tuned circuit is formed. A series
combination without the presence of a resistor is shown
in Figs. 49A-49C and 50A-50C. Since the voltage in an
inductor leads the current by 90° and the voltage in a
capacitor lags the current by 90°, the inductor and
capacitor valtages are 180° out of phase with each
other. Since the inductor and capacitor are connected
in series, the current is the same through both circuit
elements. Therefore, from Ohm’s Law relationships
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reduced di ameter portion 521 urges against the ranp of tabs 538 to force
the tabs 538 inwardly out of their |ocking position in grooves 517. This
pernmts renoval 15 of the patch plug. Since the outer jacket 520 is
grounded by reason of connection to the ground shield of a coax cable, the

body 404 and cover 406 are electrically grounded. Likew se, the housing 36
and cover 38 of

26

(E,_=I*k,, and E.=I*X;), the inductive and capacitive
reactances are also 180° out of phase. The total
voltage and total impedance (2%=X;-X;) for the circuit can
be found by vectorially adding the inductive and

5 capacitive components of voltage and reactance,
respectiveély. Overall, the circuit in Fig. 49A is
inductive (EL'and X, predominant), and the circuit in
Fig. S50A is capacitive (E; and X; predominant). It is
important to note that the capacitance reduces the _

10 overall impedance and inductance increases the overall
impedance as illustrated in the figures shown.

Tuning refers to the variation of the
capacitance or inductance, thus a variation in the
capacitive or inductive reactance, in order to achieve a

15 desired overall impedance and phase angle.

3. Equations for Characteristic Impedance

The equations that follow are known in the art
and have been developed for several transmission line
geometries. These eguations represent the

20 characteristic impedance’of a coaxial transmission line;
and are suitable for connector design as well.
Characteristic impedance of other geometries and offsets
follow by theory similar to those described below.

Dielectric material is the insulating material

25 which will store but not conduct electricity. 2a
dielectric material’s ability to store .electrostatic
energy, compared to this same storing ability for air is
defined as the materials’s dielectric constant. The
dielectric constant for air is one.

30 a. Circular Cross-Section

The characteristic impedance of a coaxial line

'in a circular outer conductor (see Fig. 51) is expressed
as:
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20 nDduIe 10 are grounded. F. OPERATION AND USE Wth the structure thus
described, the interface 400 is inserted within grooves 30 of chassis 12 to
t he rear portion of bl ocks 28,26. Coaxial cables 25 (not shown) previously
connected to patch plugs, such as plugs.520, are connected to the rear -

I nterface 400 by inserting an OUT coax cable into port 459 and an I N coax

27

2, =

5 where:
Z,= characteristic impedance, ohms
D= inside diameter of outer conductor, inches
d= outside diameter of inner conductor, inches

e= dielectric constant of the insulating
10 material.

b. Square Cross-Section
The characteristic impedance for a square outer
conductor (see Fig. 52) contaiqing a coaxial line
through its center is expressed as:

15 _ ‘
Z, = 138 log(p) + 6.48 - 2.34A - 0.48B - 0.12C
3 €
where:
20 p = D/d
A= 1+ .405p™
) 1 - o4°5p.
25 - _
B= 1+ .163p>°
1 - 0163p .
30 '

cC= 1+ .067p°%
1 - 00679-

) c. Circular Cross-Section with Eccentric
35 ‘Centex

The characteristic impedance for a coaxial line.
located at an offset from the center (eccentric

centerline) of a circular outer conductor (sée Fig. 53)
. is expressed as:
40

Z, = _138 1log [ _D_1 (1 - (2¢/D)?)
rcaiadl ol
. where:
45 : C= radial offset of center conductor, inches.
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cable intgo port 461. In the absence of a nodule 10. connected to interface
connector 400, the coaxial cables 30 are electrically interconnected by
reason of the electrical circuit from conductor 414, through springs

426, 428 and conductor 430 to conductor 416 (Fig. 31A). Upon insertion of a

nodul e 10 into rear interface connector 400, springs 426,428 are separated
35 from conductors 414,416. Wth the nodule 10 oriented as

28

'd. Partially Dielectric Filled Cavity
If the dielectric-filled cavity is only

partially filled with dielectric material, the factor
1/Y (¢) in the general equations above becomes:
5 1/V(1+(e-1)F)
where:
r= dielectric filled area/total area, inches?.
e. Slotted Coaxial Line
10 - When a slot (see Fig. 54) is introduced into a
coaxial line, the increase in characteristic impedance
compared to a normal circular coaxial line (see Fig. 51)
is less than: '

15 52 = 0.03 B2
where:
B = the slot angle in radians that is-filled
with air.
20 £. Rectangular Cross-Section

The characteristic impedance for a rectangular
outer conductor (see Fig. 55) containing a coaxial line
through its center with a partially dielectric-filled
cavity is expressed as:

25 - [ ]

. aEﬂ o
%, = 138 Log nﬁ exp 4

1+(e=1)rx exp l" __%__+1]

30

where:
35 %y = characteristic impedance, ohms.

€ dielectric constant of the insulating -
material
dielectric filled area/total area, inches?
height of cross-sectional area, inches
width of cross-sectional area, inches
diameter of inner conductor

40

apoH

This equation may be further modified to
45 compensate for an eccentric or doubly eccentric
centerline.
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in Fig. 1, conductor 42 is connected to conductor 414 and conductor 43 is
connected to conductor 416. In the 23 absence of a plug 14 in either of

porfs 81, 82,

10

15

20

30

35

conductors 42,43 are electrically connected via springs

29

g. Use of Eguations

The foregoing equations may be combined to
mathematically compute the indnctance for the module 10
and rear interface 400, For example, with reference to
Figs. 11-15, the reader will note the central conductors
41, 42, 43 pass through outer conductors (i.e., the
opposing surfaces of housing=35'and cover 38) which have
a varying geometry. Also, the space between the
conductors 41, 42,'and 43 and their surrounding
conductive surfaces are partially filled with dielectric
material (e.g., blocks 200,200a). Applying the .
foregoing equations to each geometric segment permits
modifying the geometries until a desired impedance is
attained. Actual geometries may be further modified in
responge to a measured. impedance until a final geometry
is obtained which yields a desired impedance.

4. Cantilever Springs

A capacitor consists of two parallel conductors
separated by a dielectric. Each cantilever spring and
conductor running parallel to it act as capacitors with
point contacts on one end (see Fig. 56).

The two capacitors are electrically in series
with a cross-conductor having an inductance that can be
varied for balance and tuning. This circuit can be
tuned for impedance matching between the 752 line and
the module conductors which would minimize phase
distortion and other losses in the circuit. Additional
inductance can be added in series with the above
components, and then varied for tuning purposes.

Varying the inductance means varying the inductive
reactance (X;=2IfL). Since impedance is dependent upon
inductive reactance (Z=R+(X;-Xl)), increasing or -
decreasing the inductance appropriately can achieve
balance in the reactance terms. The ideal case is
choosing a value of inductance that would cause the
inductive reactance to equal the capacitive reactance at
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54,56 and_conductor 58. Insertion of a plug 14 into either of conductor
ports 81,82 opens the electrical 5 connection between conductors 42,43 by
reason of separation of either of springs 54,56 from conductors 42, 43.
Tracer "l anp jacks are plugged into either sleeves 422,424. Power is

provided by connection of 10 voltage source and ground (not shown) to pins
440, 442.

30

a given frequency. Under this condition, phase
distortlon and losses would be at a minimum.
The reader will note the schematic of Fig. 45

represents the geometry of springs 54, 56, 426, 428

5 opposing conductors 42, 43 (with inductors 46, 47), 414
and 416 (with inductors 477, 479). Utilizing the
foregoing equations, the necessary inductance of
conductors 58,430 can be calculated. The final gaﬁge
and inductance of conductors 58,430 may be further

10 modified in response to a measured impedance until a
final desired impedance is attained.

H. SUMMARY '
From the foregoing, the reader will appreciate
that the size of DSX modules can be greatly reduced by

15 the teachings of the present invention. So reduced, a
higher density of DSX modules may be installed in a
given system. Further, individual modules 10 may be
paired in a common circuit to provide multiple position
porting on the forward end.

20 The jack module 10 does not, by itself,
comprise complete DSX circuit. Instead, the jack
module may be paired with aniadditional jack module to
form a completed circuit. Further, the utilization of
the normally .closed rear interface circuit permits the

25 use of the module in a digital distribution function
such as that shown and described in commonly assigned
and copending U.S. Patent Application Serial No.
07/614,143 filed November 15, 1990, and entitled
“Digital Distribution Apparatus.” _

30 While the foregoing has been a description of
the preferred embodiment of the present invention, it
will be appreciated by those skilled in the art that
equivalents and modifications may be apparent in light
of the present teachings. It is intended that such

35 modifications and equivalents be included within the
scope of the present claims which are attached or may be
appended hereto.
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G INPEDANCE MATCHI NG As previously nentioned, arcuate surfaces 152, 150,
514 formed on the interior of the jack nodule 10 and rear interface 400
provi-de shiel ded grounding 15 surrounding central coax—eenductors—upon

connect+ion of a grounded cable to interface 400. The ﬁﬁrEicq SRRBSR I&md

wi th the conductors to provide proper inpedance matchi
desired 75 ohm i npedance. Further, cross-

31
WHAT IS CLAIMED IS: |
l. A coax jack module comprising:

a first coax conductor;

a second coax conductor;

a first resilient conductive contact biased into
electrical contact with said first conductor and
cooperating with said first conductor to generate a
first capacitance;

a second resilient conductive contact biased into
electrical contact with said second conductor and
cooperating with said second conductor to generate a
second capacitance;

a .cross-conductor electrically connecting said
first and second contacts;

said cross-conductor having an inductance
selected to balance said first and second capacitance.

2. A coax jack module comprising: _

a grounded electrically conductive housing having at
least a partially enclosed interior;

a plurality of coax conductors:;

a plurality of cross-connect spring jacks;

support means for supporting said jacks and said
conductors within said interior chamber and insulated
spacing from said housing and with said jacks and
conductors cooperating to form a circuit;
' said housing having interior surfaces at least
partially surrounding said conductors with said surfaces
shaped to provide a coax shiel&ing for 'said conductors
for said circuit to have a desired impedance.

3. A coax jack module according to claim 2 wherein said
support means includes a dielectric insert sized to be
disposed within said interior and having means for -
securing said springs to said insert and means for
securing said conductors to said insert.
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conduct or .58 and cross-conductor 430 are selected to 20 have an inductance
to tune the capaci%%ve—effecr‘”f’§5?Tﬁgs 54, 56, 426, 428 aligned in
parallel to the cogﬁsgg &Bé§1Raham¢reC|se surfaces and geonetry of the

surfacés and size c 430 may be enmpirically sel ected.
However, certain para 1 |npedance mat chi ng are recogni.zed i.n the
art. To assist inac tandlng of the present invention, a

4. A coax jack module according to claim 2 wherein said
support means includes conductor supports having a
geometry selected for said module to have a desired
impedance.

5. A coax, jack module according to claim 2, wherein
said conductors include forward and rear conductor
portions connected by an inductive element.

6. A coax jack module according to claim 3, wherein
said. spring contacts include at least first and second
spring contacts spaced in generally parallel relation to
said conductors and cooperating with said conductors to
generate a capacitance; a cross-conductor electrically
connectiné said at least first and second contacts with
said cross-conductor having an inductance selected such
that said inductance of said cross-conductor balances a
circuit including said capacitance.

7. A coax jack module according to claim 2 comprising
said housing having a forward wall, a plurality of ports
through said forward wall and sized to receive a jack .
plug:; a plurality of cams disposed within said housing
to be urged by a plug inserted within a port to urge at
least one of said spring contacts away from said
conductor. :

8. A coax jack module'according to claim 7 comprising
an electrically conductive grounding spring disposed to
engage a plug inserted within a port, said grounding
spring electrically connected to said housing.

9. A coax jack module adcording to claim 2 wherein said
housing includes a body portion and a cover, said body
portion having interior concave surfaces and said cover
having interior concave surfaces, said cover and body
surfaces disposed to oppose one another upon connection
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di scussion of those follows. 1. Inpedance |npedance is defined as the total
passive 30 opposition offered to the flow of alternating curremt—For
maxi mum power transfer to occur,

t he i npedance of the 'sour
tHe transni ssion cable and connectors must be the sane. T@ﬁss{]&%g? n REpiaced
variation, the less efficient the transfer of energy becorres ’InﬂH"“l I”II,

33

of said cover to said body for said surfaces to
cooperate to define a grounded shield.

10. A coax jack module comprising:

a housing having opposing internal surfaces defining
a housing interior;

a first central coax conductor;

-~ a second central coax conductor;

support means for supporting said first and second
central coax conductors within said interior;

said housing having a forward wall with at least a
first port and a second port extending therethrough and
sized for a jack plug to be inserted into either said
first or second port, with a central conductor of said
jack plug electrically connected to said first or second .
central coax conductors, respectively;

a first electrically conductive normal spring
contact disposed within said housing and biased into
eleotrical contact with said first central coax
conductor;

a second electrically conductive normal spring
contact disposed within' said housing and biased into
electrical contact with said second central coax
conductor; !

first urging means for urging said first normal
spring contact away from said first central coax
conductor ﬁpoo insertion of a jack plug into said first
port; '

second urging means for urging said second normal
spring contact away from said second central coax
conductor upon insertion of a jack plug into said second
port;

a cross-conductor electrically connecting said first
and second spring contacts with said cross-conductor
selected for a circuit inclndiﬂg said cross-conductor,
first and second spring conracts, and first and second
central coax conductors to have a desired impedance.

_____'___’/—'_'.
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35 pul se .or wave travels down a transmission |line, there is generally no
probl em as | ong as the inpedance remai ns constant. However, when a section
of different 24 inpedance is encountered, such as a poorly desi gned

s Sheet Has Been Replacec

11. A coax jack module according to claim 10 further
comprising a plurality of electrically conductive
surfaces surrounding said first and second central coax
conductors with said electrically conductive surfaces
‘dimensioned for said jack module to have a desired -
impedance upon electrical connection of said
electrically conductive surfaces to an electrical
ground. '

34

12. A coax jack module according to claim 11 wherein
said housing is electrically conductive and said
electrically conductive surfaces are integrally formed
on said internal surfaces.

13. A coax jack module according to claim 12 wherein
said support means is a dielectric support disposed
within said interior.

14. A coax jack module according to claim 13 wherein
said first and second normal spring contacts are carried
.on said dielectric support.

15. A coax jack module according to claim 10 further
comprising a first termination spring contact and a
second termination spring contact disposed to be
electrically spaced from said first and second normal
spring contacts when said first and second normal spring
contacts are biased into electrical contact with said
first and second central coax conductors, respectively;
 said first and second termination contacts further
disposed to be in electrical contact with said first and
second normal spring'confacts when said first and second

normal spring contacts are urged away by said first and
second urging means.
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connector or distorted cable, a portion of the wave is reflected back—
toward the source resulting in a | oss of power and/or dlstortlon of t

signal. 5 | npedance is a conbination of resﬁhbéﬁ@ ??We
reactance(X[err]), and capacitive reactance(X err]). It

: sum
of resistance and reactance (R + jX), or the vector nagn
é[errhégerr] at angle [err] (tan[err] (X' R)) where: X—X[err X[err] (see

i g. : '

35

16. A coax jack module according to claim 15 further
comprising means for electrically connecting said first
and second termination spring contacts to an electrical
ground.

17. A coax jack module according to claim 11 further
comprising a third central coax conductor supported
within said interior by said éupport means;

said plurality of electrically'conductive surfaces
including surfaces surrounding said third central coax
conductor; '

a third port in said forward wall sized to receive a
jack plug having a central conductor electrically
connected to said third central doaxﬁconductor upon
insertion of said jack plug into said third port; and

means for electrically connecting said third central
coax conductor across a resistance to a selected one of
said first and second central coax conductors.

18. A coax jack module according to claim 11 further
comprisings ' '

first and second tracer spring contacts disposed
within said housing and biased into an electrical
spacing between said first and second tracer spring
contacts; and .

third urging means for urging said first and second
spring contacts into electrical connection upon
insertion of a jack plug into said jack port.

19. A coax jack module according to claim 10 comprising -
grounding means for electrically connecting a ground

sleeve of a plug inserted within said first or second
ports to an electrical ground.

20. A coax jack module according to claim 10 further
comprising:
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10 | f there-i is only resistance in a circuit, the inpedance (2) is
~equal to the re stance (Z= R) The presence of an |nductor in a circuit

causes a counterhE @F%e which, in addition to resistance,
further opposes th

iﬁi ent’. An |nductor alone 15 in acircuit
causes the current | tage by a phase angle equal to 90 (see

Figs. 47A-47C). The |npedance of the cirCLngsi s then greater than when it

first and second connector elements extending from a
rear end of said housing, said first and second
connector elements including first and second rear

' central coax conductors, respectively, and first and
second grounding sleeves surrounning said first and
second rear central coax conductors, respectively;

said first rear central conductor connected to said
first central conductor, and said second rear central
conductor connected to said second central conductor.

21. A coax jack module according to claim 20 comprising
first and second inductive components connecting said
first and second rear and, forward central conductors,
respectively.

22. A coax jack module according to claim 20 further
comprising a rear interface having a housing with
opposing internal surfaces defining an interior;

a first interface central coax conductor;

a second interface central coax conductor;

support means for supporting said first and second’
interface central conductors within said interior in
electrically insulated spacihg from said internal
surfaces;

said honsing having a forward wall with first and
second interface ports sized and disposed to receive
said first and second connector elements, respectively,
upon connection of said jack module to said rear
interface, with said first rear central conductor
electrically connected to said first interface central
conductor and with said second rear central conductor
electrically connected to said second interface central
conductor;

first and second rear contact springs disposed and
biased to be in electrical connection with said first
and second interface conductors, respectively;

NN O O This i e capiacement shee!
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-

i ncl uded resistance al one.. The anount of increase in the inpedance is equal
to theinductive Teactance. The 20 inductive reactance is expressed as:

X[err] = 2[ err ] fitnis SHYEBHud Beehi. ﬁﬁcec f= frequency, hertz

= i nduct ance, Henrl |m“||ﬂ Iam e of a capaC|tor inacircuit also

first and second interface urging means for urging
said first and second spring contacts away from said
first and second interface conductors upon insertion of
said fifst and second connector elements into said first
and second interface ports;

a rear cross-conductor for electrically connecting
said first and second rear contact springs.

37

23. A coax jack module according to claim 22 wherein
sald cross-conductor is selected to have an inductance
to balance a capacitance of said springs.

24. A coax jack module according to claim 20 wherein
said interior surfaces of said rear interface housing
are electrically conductive and are shaped for said rear
interface to have a desired impedance upon electrical
connection to an electrical ground.

25. A coax jack module according to claim 20 ﬁherein

' said first and second rear central coax conductors are
connected to said first and second central coax
conductors through'first and second inductors with said
circuit including said inductors.

26. A coax jack module comprising:

a housing having opposing internal’ surfaces defining
a housing interior;

a first central coax conductor;

a second central coax conductor;

support means for supporting said first and second
central coax conductors within said interior;

said housing having a forward wall with at least a
first port and a second port extending therethrough and
sized for a jack plug to be inserted into either said
first or said second port, with a central conductor of
said jack plug electrically connected to said first or
second central coax cdnductors, respectively;

LM s = e ropecement e
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causes an_el ectronotive force that opposes the fIOMIqi_g#iifiﬂ_;__jL___;_
circuit. A capacitor alone in a circuit 30 causes the voltage to |lag the
current by a phase angle equal to 90[err] (see Figs. Wﬁé\sﬁéﬁﬁ)-lasaeerﬁ‘aﬁ

I nduct or, a capacitor changes the inpedance of a circuit

I nductor, a-capacitor decreases the inpedance of the cir

equal to the capacitive reactance. 35 The capacitive rea ce I'S expressed
I S: 38

a first electrically conductive normal spring
contact disposed within said housing and biased into
electrical contact with said first central coax
conductor;

a second electrically conductive normal spring
contact disposed within said housing and biased into
electrical contact with said second central coax
conductor; '

first urging means for urging said first normal
spring contact away from said first central coax
conductor upon insertion of a jack plug into said first
port;

second urging means for urging said second normal
spring contact away from said second central coax
conductor upon insertion of a jack plug into said second
port;

a cross-conductor electrically connecting said first
and second spring contacts; |

said housing formed of electrically conductive
material and said internal surfaces at least partially
surrounding said first and second central coax
conductors, with said surfaces dimensioned for said jack
module to have a desired impedance upon electrical
connection of said electrically conductive surfaces to
an electrical ground.

27. A coax jack module according to claim 26 wherein
said cross-con@uctor is selected for a circuit including
said cross-conductor, first and second spring contacts,

and first and second central coax conductors to have a
desired impedance.

28. A coax jack module aécording to claim 10 wherein
said housing includes a body and a cover releasably
securable to said body, each of said body and cover
releasably securable to said body, each of said body and
cover formed of electrically conductive material and

* [4 L M H *
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X[err] = 1/(2[err]fc), ohms where: f= frequency, hértz 40
C= capacitance, farad 25

iThis Sheet Has Been Rerlaced

each having said internal surfaces integrally formed on
said body and cover;'at least one of said surfaces on
said body opposing at least one of said surfaces on said
cover with said at ieast one opposing surfaces
cooperating to at least partially surrounded at least
one of said first and second central coax conductors to
provide a grouhded coax shield for said least one
conductor upon connection of said body and cover to an
electrical grounds. '

39

29. A coax jack module according to claim 28 comprising
a chassis to releasably receive and retain a'plurality

of said modules in side-by-side electrically insulated
spaced relation. ' ‘ '

30. A coax jack module according to claim 29 wherein
said chassis includes spaced apart first mating guide
means, second mating guide means disposed on said )
housing, said first and second mating guide means
cooperating to slidably mate upon insertion of said
module into said chassis and guide said module to a
desired inserted position.

31. A coax jack module ‘according to claim 30 wherein

- said hdusing includes first and second generally
parallel spaced apart sidewalls extending between first
and second edges, said second mating guide means
disposed on at least one of said first and second edges
for said sidewalls to be in generally parallel spaced
apart relation to a sidewall of a contiguous module
contained within said chassis.

32. A coax jack module according to claim 22 including
cable connection means for connecting a coax cable to at

least one of said first and second interface central
coax conductors.
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There are three interrelated terns used to define inpedance i.ncluding:
Return Loss, Voltage Standing Wave Ratio (VSWR), and the RefTection
Coefficient (Refl Coeff). They are all concerned wth S Thie®hediifal BREN R d
incident (forward) wave is reflected back toward the sourc JP
these ternms is known, the other two can be cal cul ated, for Wr"ﬂﬁ"”'

1 + Refl Coeff

40

33. A coax jack module according to claim 32 wherein
said cable connection means includes a plug secured to
said coax cable and releasable connection means for
releasably connecting said plug to said at least one of
said first and second interface central coax conductors.

34. A coax jack module according to claim 33 wherein
said plug includes means for preventing release of said
plug from said at least one of said first and second
interface central coax conductors in response to an
axial force on said coax cable.

35. A coax jack module according to claim 34 wherein
said plug includes a manually engageable jacket slidably
connected to an insert; a tab secured to said insert and
biased radially away from an axis of said insert; means
for urging said tab radially inwardly from axial
movement of said jacket relative to said insert; said
rear interface housing,having a bore sized to receive
said jacket and said tab, said housing further having a
detent sized to receive said tab upon insertion of said
jacket into said bore.

36. A coax jack module according to claim 35 wherein
said jacket is electrically conductive, and sized to
electrically engage said rear interface housing upon
insertion of said jgcket into ggid bore; means for
electrically connecting said jéhket'to a ground shield
of said coax cable. - '
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10 _ 1 - Refl Coeff Refl Coeff = VSUR - 1 VSWR +
115 Return Loss = 20 |og (Refl CoefT) Thnpedance——

measur enent net hods include return | oss using a spect iSRRG HLE _
directional bridge, or a TDR ("tine dodin refl ectomater”m'” ﬁ,ﬁﬁiﬂacec

profile using a tine donmain reflectonmetery. The
Amended Claims

WHAT IS CLAIMED IS:
1. A coax jack module comprising:

a first coax conductor;

a second coax conductor;

a first resilient conductive contact
biased into electrical contact with said first
conductor, said first conductor and said first contact
having & combined first capacitance;

- a second resilient conductive contact
biased into electrical contact with said second
conductor, said second conductor and said second contact
having a combined second capacitance;

a cross-conductor electrically connecting
said first and second contacts; .

- said cross-conductor having an inductance
balancing said first and second capacitance;
: an electrically conductive housing having
a cast unitary body with walls defining an interior and
a cover for enclosing said interxior; -

a dielectric support means for supporting
gaid conductoxs, said contacts and said cross-conductor
within said interior; '

said body and cover having interiox
surfaces of a predeterminad shape to provide a grounded
shield for said conductors; and

' said body and cover havin.g generally
'parallel and narrowly spaced apart exterior surfaces.

2. A coax jack module according to claim 1 furthexr
comprising:

a grounded electrically conductive hausing having at
least a partially enclosed interior;

support means for supporting said contacts and said
conductors within said interior ‘in insulated spacing
from said housing and with said contacts and condnctb:s
cooperating to form a circuit; '

said hodsiﬁ§ having interior surfaces at least

Thﬁistherepmcementsheet
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20 spectrum anal yzer wll neasure return loss in decibels over a selected
frequency spectrum The tinme domain reflectoneter neasures the inpedance
and displays a profile that indicates inductive and capacitive reactances.
When consi dering i npedance in connector 32. design, the mechanical |ength
and el ectrical length are congruent, and that if an inpedance violation is
"l ess than 1% opaftiallynsusnovpdingf sakhd cprductons fwiddusadyd surfaces

' shaped to provide a coax shielding for said conductors

for said circuit to have a desired impedance.

3. A coax jack module according to claim 2 wherein
said support means includes a dielectric insert sized to
be disposed within said interior and having means for
securing said contacts to said insert and means for
securing said conductors to said insert.

4. A coax jack module according to claim 2 wherein said
support means fincludes conductor supports having a
geometzry selected for said module to have a desired
impedance.

5. A coax jack module according to c¢laim 2, wherein
said conductors include forward and rear conductor
portions connected by .an iiductive element.

6. A coax jack module according to claim 3, wherein
said first and second contacts are spaced in generally
parallel relation to said conductors and cooperating
with said conductors to generate a capacitance; a cross-
conductor electrically connecting said at least first
and second contacts with said cross-conductor having an
inductance selected such that said inductance of said
cross~conductor balances a cixcuit including said
capacitance.

7. A coax jack module according to claim 2 comprising
said housing having a forward wall, a plurality of ports
though said forward wall and sized to receive a jack
plug; a plurality of cams disposed within said housing

- to be urged by a plug inserted within a port to urge at
least one of said contacts away from said conductor.
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there should generally be no inpact on the performance of the transm ssion
path or 'signal characteristics. 30 2. I nductive and Capacitive
Tuni ng When i nductance and capacitance appear together in a circuit, a
tuned. circuit is formed. A series conbinaggon without the presence of a
-resistor is shown in Figs. 49A-49C and 50A-50C. Since the voltage in an 35
inductor |eads Bhe ausdsbntidek Bodele] acwsrdiveg wal cigdmi @ eomprising

an electrically conductive grounding spring disposed to
engage a plug inserted within a port, said grounding
epring electrically connected to said housing.

9. A coax jack module accbrding to claim 2 wherein said
housing includes a body portion and a cover, said body
portion having interior concave surfaces and said covex
having interior concave surfaces, eaid covex and body
surfaces disposed to oppose one another upon connection
of said cover to said body for said surfaces to
cooperate to define a grounded shield.

10. A coax jack module dohprisings

a housing having apposing-internal surfaces defining
a housing interior;

a first central coax conductor-

a second ceantral coax conductor;

support means for supporting said first and second
central coax conductors within said interiox;

said housing having a forward wall with at least a
first pﬁrt extending therethrough and sized for a jack
Plug to be inserted into said first port, with a central
conductor of said jack plug electrically connected to
said first central coax conductors, respectively;

a first electrically conductive normal spring
contact disposed within said housing and biased into
electrical contact with said first cenzral coax
conductor;

a second electrically conductive normal spring
contact disposed within said housing and biased into
electrical contact with said second central coax
conductor; ' _

first urging means for urging said first normal
spring contact away from said first central coax
conductor upon insertion of a jack plug into said first
port;

heet Has Been Replaced
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RebfdBefUrrent by 90[err], the inductor and capacitor voltages
of phase with each other. Since the inductor and capaci tor
iilffl series, the current is the same through both circuit 40

re, fromOms Law rel atigpships

a cross~-conductor electrically connecting said first
and second spring contacts with said cross-conductor
selected for a circuit including said cress-conductor,
first and second spring contacts, and first and second
central coax conductors to have a desired impedance;

first and second connector elaments extending from a
rear end of said housing, said first and second
connector elements including first and second rear
central coax conductors, respectively, and first and
second grounding sleeves surrounding said first and
second rear central coax conductors, respectively;

said first rear central conductor comnected to said
first central conductor, said second rear central
conductor connected to said second ceantral conductor;

a rear interface having a housing with opposing
internal surfaces defining an interior;

a first interface central coax conductor;

a second interface ceantral coax conductor;

support means for supporting said first and second
interface central conductors within said interior in
electrically insulated spacing from said internal
surfaces;

said housing having a forward wall with first and
second interface ports sized and disposed to receive
said first and second connector elements, respectively,
upon connection of said jack module to said rear
intexface, with said first rear ceatral conductor
electrically connected to said first interface central
conductor and with said second rear central conductor
electrically connected to said second interface central
conductor; -

first and second rear contact springs dispcsed and
biased to be in electrical connection with said first
and second interface conductors, respectively; _

first and second interface urging means for urging
said first and second spring contacts away from said
first and second interface conductors upon insertion of

This is the replacement sheet
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26 (E[err]=I1*Xerr] and E[err]=I1*Xerr]), the inductive and capacitive
react ances are al so 180 out of phase., The total voltage and total inpedance
(Z=X[err]-Xerr]) for the circuit can be found by vectorially adding the
inductive and 5 capacitive conponents of35oltage and react ance,

respectively. Overall, the circuit in Fig. 49A js inductive d XL
p(edonlnant) aﬁ&iﬁhéiﬁFFc%ﬁq gecond connéctor eioments into &Eh 22r5t

and second interface ports;
4 rear cross-conductor for electrically connecting
said first and second rear contact.springs.

11. A coax jack ﬁodule according to claim 10 wherein -
said cross-conductor is selected to have an inductance
to balance a capacjitance of said springs.

12. A coax jack module according to claim 10 wherein
said interior surfaces of said rear interface housing
are electrically conductive and are shapad for said rear
interface to have a desired impedance upon electrical
connection to an electrical ground.

13. A coax jack module according to claim 10 wherein
said first and second rear central coax conductors are
gonnected to said first and second central coax
conductors through first arid second inductors with said
circuit including said inductors.

- 14, A ccax jack module comprising:

a first coax conductor; '

a secanﬁ coax cdnductor:

a first resilient conductive contact biased into
electrical contact with said first conductor and
generally parallel thereto, said first conductor and
said first contact having a combined f£irst capacitance;

a second resilient conductive contact biased into
electrical contact with said second conductor and
generally parallel thereto, said second conductor and
said second contact having a combined second
capacitance;

a cross-conductor electrically coﬁnecting said first
and second contacts;

said cross-conductor having an inductance balancing
said first and second capacitance.
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Fig. 50A i,s capacitive (E[err] and X err] predomnant). It is inportant to

note.that the capacitance reduces the 10 overall inpedance and inductance

i ncreases the overall inpedance as illustrated in the figures shown. Tuning
refers to the variation of the capacitance or inductance, thus a variation

in the capacitive or inductive reactance, in order to achieve a 15 desired

overal I i npedance and phase angl e. 41

ABSTRACT
MINIATURE COAX JACK MODULE
A miniature coax jack module includes a grounded conductive housing with coax
conductors disposed of within the housing. A dielectric maintains the conductors in electrically

spaced relation to the housing . The housing has internal surfaces surrounding the conductors
to provide coax shielding to the conductors.

FIGURE 30
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3. Equations for Characteristic |npedance The equations that follow are
known in the art and have been devel oped for several transm ssion |ine
geonetries. These equations represent the 20 characteristic inpedance of a
coaxiat transm ssion line; and are suitable for connector design as well.
Characterjstic inpedance of other .georretri.)as and offsets follow by theory
simlar to those described bel ow. 1741
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Dielectric material is the insulating material 25 which will store but not

conduct electricity.

A dielectric material's ability to store

el ectrostatic energy, conmpared to this same storing ability for air is

defined as the materials's dielectric constant.

The dielectric constant for

air is one. 30 a. Circular Cross-Section The
characteristic i npedance of a coaxial i n?/4 1
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in a circular outer conductor (see Fig. 51) is expressed as: 27 [err] 5
where: '
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z[err]= characteristic inpedance, ohns D= inside di aneter of outer
conductor, inches d= outside dianeter of inner conductor, inches [err]=

di el ectric constant of the insulating 10 material. b.  Square
Cross- Section The characteristic inpedance for a squaré& outer conductor
(see Fig. 52) containing a coaxial line

| 4/41
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through its center is expressed as: 15 Z[err] 138 log(p) + 6.48 - 2. 34A -
0.48B - 0.12C where: 20 p=DdA= 1+ .405P[err] 1 -
.405P[err] 25

FI1G. 5
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B=1+.163P[err] 1 - .163p[err] 30 C= 1 + .067p[err] 1 - 067p[err] c.

Circul ar’ Cross-Section with Eccentric 35 Center The
characteristic inpedance for a coaxial |ine
6/41

~
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| ocated at an offset fromthe center (eccentric centerline) of a circular
outer conductor (see Fig. 53) is expressed as: 40 [err] where: 45
C= radial offset of center conductor, inches. '

7/ 41
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28 d.-PartiaIIy'DieIectric Filled Cavity If the dielectric-filled cavity is
only partially filled with dielectric material, the factor [err] in.the
gerieral equations above becones: 5 [err]

8/41
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mhere:'r: dielectric filled area/total area, inéhesz. e. Slotted Coaxi al

Line 10 Wien a slot (see Fig. 54) is introduced into a coaxia
~ling, the increase in characteristic inpedance conpared to a nornal

circular coaxial line (see Fig. 51) is less than: 15 [err] = 0.03
[err] _ | :
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wher e: [err] = the slot angle in radians that is filled with air. 20

f. Rect angul ar Cross-Section The characteristic inpedarnce for a
rectangul ar outer conductor (see Fig. ‘55) containing a coaxial |ine through
its center with a partially dielectric-filled cavity is expressed as:
10/ 41
- 0
NG @
7
D
_
4 N0
% / ?
o
O
o
&
ims
gun
© A
o _Q (9.
o L.
©
-4
S~
N ; P8
AN
& § . /
‘L\_g
© _
i /
JQL é
V/ amn 1
A«
v?)- o This is the replacement sheet
©

Date: -5 FEB 197



25 [er?] 30 where: 35 Z[err].: characteristic inpedance, ohns.
[err] = dielectric constant of the insulating material r = dielectric
fill'ed area/total area, inches2
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b = height of cross-sectional area, inches 40 a = wdth of
cross-sectional area, inches d = dianeter of inner conductor This equation

may be further nodified to 45 conpensate for an eccentric or doubly
eccentric centerline.
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29 g. " Use of Equati ons The foregoi ng equati ons may be conbined to
mat hemati'cal |y conpute the inductance for the nodule 10 and rear interface

400 For exanple, with reference to 5 Figs. 11-15, the reader will note
the central conductors 41, 42, 43 pass through outer conductors (i.e., the
13741
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opposi ng surfaces of housing 36 and cover 38) which have a varying
geonetry. Also, the space between the conductors 41, 42, and 43 and their
surroundi ng 10 conductive surfaces are partially filled with dielectric
matertal (e.g., blocks 200,200a). Applying the foregoing equations to each
geonetric segnent permts nodifying the geonetries until a desired

| npedance i s attained. Actual geohetrﬂe$/nqy1be further nodified in
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15 response to a neasured inpedance until a final geonetry is obtained

whi ch yields a desired inpedance. 4. Cantil ever Sprinas.A capacitor
consists of two parallel conductors separated by a dielectric. Each
cantilrever spring and 20 conductor running parallel to it act as
capacitors with point contacts on one end (see Fig. 56). The two capacitors
are electrically in series 15741 ;
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with a cross-conductor having an inductance that can be varied for bal ance
and tuning. This circuit can be 25 tuned for inpedance matchi ng between
the 75[err] line and the nodul e conductors which woul d mininize phase

di stortion and other losses in the circuit. Additional inductance can be
added in series with the above conponents, and then varied for tuning
purposes. 30 Varying the induct ancq ét?aa_s.lvaryi ng the inductive
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reactance_ (X err]=2[err]fL). Since inpedance is dependent upon inductive
reactance (Z=R+(XL-X[err])), increasing.or decreasing the inductance
appropriately can achieve balance in the reactance ternms. The ideal case is
35 choosing a value of inductance that woul d cause-the inductive reactance

to equal the capacitive reactance at

177 41
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30 a given frequency. Under this condition, phase distortion and | osses
woul d be at a mninum The reader will note the schematic of Fig. 45
represents the geometry of springs 54, 56, 426, 428 5 opposing conductors
42, 43 (with inductors 46, 47), 414 and 416 (with inductors 477, 479).
Utilizing the '

18741
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f oregoi ng_equati ons, the necessary inductance of conductors 58,430 can be
cal cul ated. The final gauge and inductance of conductors 58,430 may be
further 10 nodified in response to a neasured inpedance until a final
desired i npedance is attained. H SUMVARY From the foregoing, the reader
wi || appreciate that the size of DSX nodul es can be greatly reduced by

137 41
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15 the teachings of the present invention. So reduced, a higher density
of DSX nodul es may be installed in a given system Further, individual
modul es 10 nay be paired in a common circuit to provide nultiple position

porting on the forward end. 20 The jack nodul e 10 does not, by

itself, conprise conmplete DSX circuit. Instead, the jack nodule may be

paired with an additional jack nodule to '
V6,4 1
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forma conpleted circuit. Further, the utilization of the normally closed
rear interface circuit pernmits the 25 use of the nodule in a digital

di st’ri bution function such as that shown and described in conmonly assi gned
and copending U.S. Patent Application Serial No. 07/614,143 filed Novenber

15, 1990, and entitled "Digital Distribution Apparatus.” 30 VWi | e
t he foregoi ng has been a description of -l
21/ 41
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the preferred enbodi nent of the present invention, it will be appreciated
by those skilled in the art that equival ents and nodifications may be
apparent in light of the present teachings. It is intended that such 35
nodi fications and equi val ents be included within the scope of the present
clainms which are attached or nmay be appended hereto.
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31 WHAT |S CLAIMED | S 1. A coax jack nodul e conprising: a first coax
conductor (42, 44); a second coax conductor (43, 45); a first.resilient
conductive contact (54) - -
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bi ased into electrical contact with said first conductor (42, 44), said
first conductor and said first contact having a conbined first capacitance;
a second resilient conductive contact: (56) biased into electrical contact
wi th said second conductor (43, 45) said second conductor and said second
contact having a conbi ned second capai,i tance; a cross-conductor (58)
electrically connecting said first an éebdhq contacts (56,~54); said
cross-conduct or having an inductance bal ancing said first and

4320— — _ X

408 F1G. 31
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second capaci tance; an electrically conductive housing (36, 38) having a
unitary body (36) with walls defining an interior and a cover (38) for
encl’osing said interior; a dielectric support neans (40) for supporting
sai d conductors (42, 44; 43, 45), said contacts (54, 56) and said
cross-conductor (58) within said interior; said body (36) and cover (38)
having interior surfaces of a predetergn ?q4s ape to provi de a grounded
shield for said conductors; and said body® and cover having generally
paral |l el and narrowly spaced apart
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exterior surfaces. 2. A coax jack nodul e according to claim1 further
conprising: a grounded electrically conductive housing (36, 38) having at’

| east a partially enclosed interior; support neans (40) for supporting said
contacts and said conductors within said interior in insulated spacing from
sai d-hotisi'ng and with said contacts and conductors cooperating to forma

circuit; - 26741

FIG. 32
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32 said housing having interior surfaces at |east partially surrounding
sai d conductors (42, 44; 43, 45) with said surfaces shaped to provide a
coax shielding for said conductors for said circuit to have a desired

i npedance. 3. A coax jack nodul e according to claim2 wherein said
support neans includes a dielectric insert (40) sized to be disposed within

27/ 41

said interior and having
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means (55, 57) for securing said contacts (54, 56) to said insert and neans
(200) for securing said conductors to said insert. 4. A coax jack nodul e
according to claim2 wherein said support neans includes conductor supports
(200) "having a geonetry selected for said nodule to have a desired

| npedance. 5. A coax jack nndulizggzgiding to claim2, -wherein said
conductors include forward and rear ctor (42, 44; 43, 45) portions
connected by an inductive el enent (46, 47).

FiG. 34
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6. A coax jack nodule according to claim3, wherein said first and
second contacts (54, 56) are spaced in generally parallel relation to said
conductors and cooperating with said conductors to generate a capacitance;
a cross-conductor (58) electrically connecting said at least first and
second contacts with said cross-conductor having an inductance sel ected
such that said inductance of said cr@9 foddfict or bal ances a circuit *

~including said capacitance. 7. A coax jack nodul e according to claim 2
conprising said housing (36, 38) having a forward wall, a plurality of
ports (80-82) though said forward wall and '

404

> FIG. 35
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sized to receive a jack plug (14); a plurality of cams (92, 94, 96)

di sposed within said housing (36) to be urged by a plug inserted within a
port to urge at |east one of said contacts (54, 56) away from said
“conductor (42, 44; 43, 45). 33 8. A coax jack nodul e according to
claim7 conprising an electrically

30/41
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conductive grounding spring (70) disposed to engage a plug (14) inserted
within a port, said grounding spring electrically connected to said

housi ng. 9. A coax jack nodul e according to claim2 wherein said housing
i ncl udes a body portion (36) and a cover (38), said body portion having
interior concave surfaces (150) and said cover having interior concave
surfaces (152), said cover and bodyﬁﬁﬂb;a %? di sposed to oppose one anot her
upon connection of said cover to sat o&§ or said surfaces to cooperate
to define a grounded shield. 10. A coax jack nodul e according to any of
the clains 1-9 wherein the first ' _
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and second resilient conductive contacts (54, 56) are generally parallel to
the first and second conductors (42, 44; 43, 45), respectively.
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In the telecommunications industry, it'is
standard for a cross-connect system to operate at 75
ohms. Accordingly, the prior art modules are designed
and constructed to have a 75 ohm impedance.

In the telecommunications industry, a central
office or other location will have a substantial number
of cross-connect modules arranged in bays. Due to the
large .volume required to house such modules and bays, it
is becoming increasingly desirable to miniaturize DSX
modules. Such miniaturization should permit switching,
access and monitoring functions while maintaining
desired impedance levels. .

II. OBJECTS AND SUMMARY OF THE INVENTION

It is an object of the present invention to

provide a miniaturized DSX-3 jack module. According to
the present  invention, this

object is achieved by providing a coax jack module
having first and second coax conductors. A first
conductive spring contact is biased into electrical
contact with the first conductor-and cooperates with the
first conductor to generate a first capacitance. A
second conductive spring contact is provided biased into
electrical contact with the second conductor and
cooperates with the second conductor to generate a
second capacitance. An internal conductor electrically

- connects the first and second spring contacts. The

internal conductor has an inductance selected to

cooperate with the first and second capacitance for the
jack to have the desired impedance.
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Fig. 28 is a top plan view.bf a conductor pin;

Fig. 29 is a view taken along line 29-29 of
Fig. 28; '

' Fig. 30 is a top plan view of the jack of the
present invention with cover removed to show internal
elements and with a first plug shown inserted and a
second plug shown about to be inserted; _

Fig. 30A is a cross-sectional view of a plug;

Fig. 31 is a front, top and right side
perspective view of a rear interface for a coax jack module of the
present invention;

Fig. 31A is a side elevation view of the rear -
interface with a cover removed to exposed interior
elements;

Fig. 32 is an exploded perspective view of the
rear interface of Fig. 31;

Fig. 33 is an enlarged perspective view of a
dielectric support for the rear interface of Fig. 31;

Fig. 34 is an inside perspective view of a
cover for the rear interface of Fig. 31;

Fig. 35 is a perspective interior view of a
housing body for the rear interface of Fig. 31;

Fig. 36 is a perspective view of a pin
receiving conductor for use with the rear interface of
Fig. 31; , '

Fig. 37 is a perspective view of a pin
receiving conductor for use with the rear interface of
Fig.  31; |

Fig. 38 is a pin conductor for use with the
rear interface of Fig. 31;

Fig. 39 is a perspective view of a wire wrap
pin for use with the rear interface of Fig..31; .

. Fig. 40 is a perspective view of a grounding
spring for dse with the rear interface of Fig. 31;

Fig. 41 is a perspective view of a patch plug

for use with the rear interface of Fig. 31;
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WHAT IS CLAIMED IS §

1. A coax jack module comprising :

a first coax conductor (42, 44);

a second coax conductor'(43, 45);

a first resilient conductive contact (54)
biased into electrical contact with said first conductor (42, 44), said first conductor and
said first contact having a combined first capacitance;

a second resilient conductive contact (56) biased into electrical contact
with said second conductor (43, 45) said second conductor and said second contact
having a combined second capacitance;

a cross-conductor (58) electrically connecting said first and second
contacts (56, 54);

said cross-conductor having an inductance balancing said first and
second capacitance;

an electrically conductive housing (36, 38) having a unitary body (36)
with walls defining an interior and a cover (38) for enclosing said interior;

a dielectric support means (40) for supporting said conductors (42, 44;
43, 45), said contacts (54, 56) and said cross-conductor (58) within said interior;

' said body (36) and cover (38) having interior surfaces of a
prédetennined shape to provide a grounded shield for said conductors; and

said body and cover having generally parallel and narrowly spaced apart
exterior surfaces.

2. A coax jack module according to claim 1 further comprising:
a grounded electrically conductive housing (36, 38) having at least a
partially enclosed interior; '
support means (40) for supporting said contacts and said conductors
within said interior in insulated spacing from said housing and with said contacts and

" conductors cooperating to form a circuit;
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said housing having interior surfaces at leést partially surrounding said
conductors (42, 44; 43, 45) with said surfaces shaped to provide a coax shielding for

said conductors for said circuit to have a desired impedance.

3. A coax jack module according to claim 2 wherein said support means
includes a dielectric insert (40) sized to be disposed within said interior and having
means (55, 57) for securing said contacts (54, 56) to said insert and means (200) for

securing said conductors to said insert.

4. A coax jack module according to claim 2 wherein said support means
includes conductor supports (200) having a geometry selected for said module to have a
desired impedance.

5. A coax jack module according to claim 2, wherein said conductors
include forward and rear conductor (42, 44; 43, 45) portions connected by an inductive
element (46, 47).

6. A coax jack module according to claim 3, wherein said first and second
contacts (54, 56) are spaced in generally parallel relation to said conductors and
cooperating with said conductors to generate a capacitance; a cross-conductor (58)
electrically connecting said at least first and second contacts with said cross-conductor
having an inductance selected such that said inductance of said cross-conductor

balances a circuit including said capacitance.

7. A coax jack module according to claim 2 comprising said housing (36,
38) having a forward wall, a plurality of ports (80-82) though said forward wall and
sized to receive a jack plug (14); a plurality of cams (92, 94, 96) disposed within said
housing (36) to be urged by a plug inserted within a port to urge at least one of said
contacts (54, 56) away from said conductor (42, 44; 43, 45).
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8. A coax jaék module according to claim 7 comprising an electrically
conductive grounding spring (70) disposed to engage a plug (14) inserted within a port,
said grounding spring electrically connected to said housing.

9. A coax jack module according to claim 2 wherein said housing includes
a body portion (36) and a cover (38), said body portion having interior concave
surfaces (150) and said cover having interior concave surfaces (152), said cover and
body surfaces disposed to oppose one another upon connection of said cover to said

body for said surfaces to cooperate to define a grounded shield.

10. A coax jack module according to any of the claims 1-9 wherein the first
and second resilient conductive contacts (54, 56) are generally parallel to the first and

second conductors (42, 44; 43, 45), respectively.
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ABSTRACT
MINIATURE COAX JACK MODULE
A miniature coax jack module includes a grounded conductive housing with coax
conductors disposed of within the housing. A dielectric maintains the conductors in electrically

spaced relation to the housing . The housing bas internal surfaces surrounding the conductors
to provide coax shielding to the conductors.
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