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69 High density, controlled impedance connector.

@ A high density electrical connector is shown in which
discrete dielectric wafers mount several contact elements
within grooves on a first surface of the wafer whiie mounting
a single ground plane within a recess on a second surface.
This configuration, when the wafers are stacked side-by-
side, forms the contacts in a stripline connection in which
the impedance of each contact may be controlied. The wa-
fers may be inserted into slots within a housing to form a
high density connector for joining a daughter board to a
mother board.
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HIGH DENSITY, CONTROLLED IMPEDANCE CONNECTOR

BACKGROUND OF THE INVENTION

I. Field of the Invention

The present invention relates to a high density,
controlled impedance connector and, more particularly, to
a high density connector which may be utilized to mate a
plurality of modules (daughter boards) to a backplane
(mother board) wherein each electrical connection has a

controlled impedance and a minimum amount of crosstalk.

II. Description of the Prior Art .

In the prior art, there has been a considerable
amount of discussion of the utilization of a flat cable
system which might include a flat or round wire for
handling high speed signals such as high speed digital
pulses. The advantage of the flat cable is that one or
two sides of the cable may be provided with a conductive
layer which, in turn, is connected to ground. If a
single conductive layer is used on one side, a microstrip
is formed. When conductive layers are used on both
sides, a stripline is formed. For an article discussing
the mathematics and properties of such flat cables, see:
Bossi, Dennis F., Testing Electrical And Transmission
Properties 1In Flat Cable, presented at the 19th

International Wire & Cable Symposium, Atlantic City, New
Jersey, December, 1970.

A flat cable formed with a plurality of flat
conductors and surrounded on its upper and lower surface
by a ground plane, thus forming a stripline, may be found
in U.S. Letters Patent No. 3,612,744, issued October 12,
1971 and invented by P.J. Thomas. A second flat cable in
the form of a microstrip is described in U.S. Letters

Patent No. 4,441,088, which issued April 3, 1984 by C.J.
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Anderson. The Anderson patent discusses the reduction of
crosstalk by adjusting the amount of dielectric material
between the flat conductor and the ground plane in
proportion to the amount of dielectric material placed
over the flat conductor.

The advantage of utilizing a flat cable becomes
apparent after consideration of the discussions within
the references cited above. That is, the dimensions of
the cable may be altered to select or control the
impedance and to reduce the amount of crosstalk. This
concept was incorporated into an early connector wherein
a dielectric sheet of resilient material was surrounded
on one side by a ground plane and on the other by
conductive strips. The distance between the conductive
strips and the resilient ground plane was said to achieve
impedance matching characteristics. See U.S. Letters
Patent No. 3,401,369, issued September 10, 1968 by P.H.
Palmateer, et al.

A later connector for shielding electrical contacts
therein to permit a high frequency signal to pass there
through utilizing a stripline configuration is shown in
an IBM Technical Disclosure Bulletin, Volume 10, No. 3,
August 1967, pp. 203-4. This connector does not
contemplate a high density connector as in the present
invention.

It is also known in the prior art to use a
connector having a plurality of contacts mounted directly
into a mother board. These contacts mate with conductive
elements upon the mother board and include spring fingers
that wipe conductive elements on a daughter board to make
electrical connection between the daughter board and the
mother board. In one such connector, shown in U.S.
Letters Patent No. 3,651,432, issued March 21, 1972, by
H. E. Henschen, et al., impedance matching of a micro-
strip circuit is accomplished by connecting a middle

contact to a signal carrying element on the mother board
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while connecting contacts on either side thereof to a
ground plane on the opposite side of the mother board.
In this configuration, the signal carrying contact is
surrounded by a ground connection to control and match
impedance. However, this configuration is extremely
bulky and does not 1lend itself to a high density
connector system.

Two additional connector systems utilizing round
wires which are bent at ninety degrees to form contacts
that are inserted into a mother board are shown in U.S.
Letters Patent No. 4,070,084, issued January 24, 1978, by
R.V. Hutchison, and No. 4,232,929, issued November 11,
1980, by F. Zobawa. The first patent discusses a means
for controlling impedance using a microstrip arrandg®ment
by imbedding a conductive element within a dielectric
substrate. An alternative arrangement shows a flexible
dielectric material with a ground plane on one side and
conductive elements on the other. The second patent
discusses reduction of crosstalk by an intermediate
ground plane located between the contacts. Each of these
arrangements suffer from bulk and inability to produce a
high density connector.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present
invention to provide a high density connector which is

capable of producing a constant impedance and a reduced
crosstalk.

It is another object of the present invention to
provide a high density connector which permits the
control of impedance regardless of the length of the
contact through the utilization of a stripline
configuration within the connector.

A further object is to provide a high density
connector which may be easily configured to accomodate

different sized printed circuit boards and different
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mounting configurations.

Yet a further object is to provide a configuration
for an electrical connector which may be easily replaced
and repaired.

A still further object of this invention is to
provide a high density, controlled impedance connector,
which is economic, flexible and expandable.

In accomplishing these and other objects, there is
provided a discrete wafer formed from a dielectric
material having a plurality of conductive elements
mounted by said wafer. A single, ground plane element
for connection to an electrical ground is also mounted by
the wafer. The discrete wafers are then stacked
side-by-side in an arrangement which permits the d¥ound
plane, mounted by two wafers, to surround the plurality
of conductive elements, mounted by a single discrete
wafer. This arrangement creates a stripline con-
figuration for the plurality of conductive elements,

whose configuration controls the impedance of the con-
ductive elements.

BRIEF DESCRIPTION OF THE DRAWINGS

There are several embodiments which incorporate the
unique ideas of the present invention. These embodiments
will be better understood after consideration of the
following specification and drawings wherein:

Fig. 1 is a side view showing an alternative

embodiment of a high density connector incorporating the
present invention;

Fig. 2 is an end view of Fig. 1;:
Fig. 3 is a bottom plane view of Fig. 1;

Fig. 4 1is an exploded, perspective view, showing
the connector illustrated in Figs. 1-3;

Fig. 5 is a cross sectional view showing the high

density connector mounting four daughter boards upon a
mother board;
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Fig. 6 shows a typical layout for the conductive
pads which may be utilized upon a mother board or a
daughter board, mounting the connectors shown in Figs.
1-5;

Fig. 7 is a perspective view showing an insulated
discrete wafer utilized within a preferred embodiment of
the present invention;

Fig. 8 is a cross-sectional view taken along line
8-8 of Fig. 7;

Fig. 9 is a cross-sectional view of a high density
connector incorporating the wafer shown in Figs. 7 and 8;

Fig. 10 is a cross-sectional view of the second
side of the wafer shown in Fig. 9;

Fig. 1]1 1is a side view, similar to Fiqg, 1,
illustrating the preferred embodiment of a high density
connector incorporating the features of the present
invention;

Fig. 12 is an end view of Fig. 1l1;

Fig. 13 is a bottom plan view of the connector
shown in Fig. 11;

Fig. 14 is a perspective view showing an insulating
housing which receives the discrete wafers of Fig. 7;

Fig. 15 is a partial view showing the conductive
pads, which may be utilized upon a printed circuit board
mounting the connector shown in Figs. 7-14;

Fig. 16 is a cross-sectional view taken along line
16-16 of Fig. 9;

Fig. 17 is a cross-sectional view taken along line
17-17 of Fig. 9;

Fig. 18 is a curve showing the maximum crosstalk as
a percentage versus the pitch to height ratio (P/H) of
the connector;

Fig. 19 is a schematic representation, similar to
Fig. 12, showing a connector arrangement wherein the
printed circuit boards may be mounted in a parallel and

aligned configuration;
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Fig. 20 is a schematic, similar to Fig. 19, pre-
senting a connector mounting arrangement wherein the
printed circuit boards may be mounted in parallel;

Fig. 21 shows a schematic arrangement of the
plurality of conductive elements shown in the connector

of Figs. 7-14; and

Fig. 22 is a schematic representation similar to
Fig. 21 showing another embodiment.

DESCRIPTION OF THE PREFERRED AND ALTERNATIVE EMBODIMENTS
Referring now to the drawings, Figs. 1-5 illustrate

one embodiment of the high density connector 10 wherein

Fig. 1 is a side view showing various components of the
connector including a discrete wafer 12 which, in® this
alternative embodiment, mounts a plurality of signal
carrying contact elements 14 adjacent to which is mounted
a single ground plane element 16. Each discrete wafer 12
is placed in a side-by-side stack with other discrete
wafers 12 having ground plane elements 16 placed there-
between as best seen in Fig. 4. In this configuration,
the individual contact elements 14 are encapsulated
within the insulating, dielectric material of wafer 14
and surrounded on each side by ground planes 16 for
creating a stripline arrangement for each contact element
14.

In the embodiments shown in Figs. 1-5, it will be
seen that the individual contact elements 14 are
fabricated to form a ninety degree turn (Fig. 5) which is
terminated at each end by a pair of spring wiping finger
i8. Similarly, the ground plane elements 16 are each
provided with four spring wiping fingers 19 (Fig. 4).
The spring fingers 18 and 19 are bent at an angle to the
right in Figs. 1, 2 and 4 with fingers 18 extending from
each wafer 12 at a surface which has been recessed at 20
to permit flexure in the right-hand direction.- As seen

in Figs. 1 and 3, the right-hand flexure of the spring

-6~



10

15

20

30

35

0212 764

59-28F

fingers 18 and 19 fits over adjacent spring fingers so
that a high density of these fingers may be accommodated
within the side-by-side stack of wafers 12. A spacer 22
is provided at the far right edge of each stack, followed
by a mounting bracket 24. The ground plane element 16
and spacers 22 have a configuration similar to the
configuration of wafer 12 including a recess 23. It may
now be seen that the purpose of the spacer 22 and its
recess 23 is to provide an area into which the spring
fingers 18 and 19 may flex when the connector 10 is
assembled against a printed circuit board. The addition
of the mounting brackets 24 on opposite sides of the
wafer stack completes the assembly.

As best seen in Fig. 4, the wafers 12, ground Pplane
elements 16, spacers 22 and mounting brackets 24 are
assembled in a stack which may be formed by a series of
repeated parts to any desired length. These parts are
provided with a plurality of apertures including three
smaller apertures 25 for receiving a set of locating
shafts 26 and a larger aperture 27 for receiving a
support shaft 28. The connector 10 is thus assembled by
stacking a mounting bracket 24 on the left-hand end of
the stack followed by a ground plane element 16, a wafer
12, and a ground plane element 16 until a predetermined
number of wafers and ground plane elements have been
stacked upon the shafts 26 and 28. It should be noted
here that the number of ground plane elements 16 is one
more than the ground plane elements 12. The stack is then
followed by a spacer 22 which provides the recesses 23
into which the spring fingers 18 for contacts 14 and
spring fingers 19 for ground plane 16 extend. The next
element in the stack is a second mounting bracket 24. 1In
the embodiment shown in Figs. 1-3, the stack is typically
12" x 1/2" x 1/2" in size. The support shaft 28 receives
a screw 30 at each end Whose threads pass through a

clearance hole in bracket 24 into the internally threaded
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end of shaft 28 for compressing and retaining the 12"
stack in its desired configuration. In the high density
connector 10 shown in Figs. 1-5, there are four contact
elements 14 with corresponding spring fingers 18 mounted
between the two spring fingers 19 associated with the
ground plane element 16. This assures good electrical
isolation for the four contacts 14.

Referring now to Fig. 5, the connector 10 is shown
with each bracket 24 having four locating pins 32
extending from two adjacent surfaces. A first surface
mounts a backplane or mother board 34 wherein locating
pins 32 are received by apertures 36 within the board 34.
Mounted at a right angle, or ninety degrees to the mother
board 34 is a module or daughter board 38, also hmving
apertures 36 therein for receiving the locating pins 32.
The mother and daughter boards 34 and 38 are retained
against the connector 10 by suitable fastening means,
such as screws 40. As seen in the right-hand portion of
Fig. 5, the screws 40 pass through the boards 34 and 38
into threaded holes in the mounting brackets 34. Further
down the stack of connector 10, as seen in the left-hand
portion of Fig. 5, the wafers 12 are illustrated with the
contact elements 14 encapsulated therein. It will be
understood that the spring fingers 18 of contact elements
14 are compressed against the mother and daughter boards
34 and 38 within the recesses 20 to make an electrical
connection therebetween.

To accomplish the electrical connection, the spring
fingers 18 contact suitable pads 42 such as those shown
in Fig. 6 mounted upon the daughter board 38. Each
individual pad 42 is provided with apertures 44 to make
an electrical connection to the far side of the daughter
board where connection with electrical conductors (not
shown) is completed. The spring fingers 19 on the ground
Plane elements 16 contact a pair of conductive strips 46
on either side of the pads 42.

-8~
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In the alternative embodiment shown in Figs. 1-5,
the connector 10 consists of a stack of five brackets 24,
four spacers 22, two hundred and four wafers 12 and two
hundred and eight ground planes 14. The reader will
remember that, in the embodiment shown, there are four
substacks of wafers 12 so that the one additional ground
plane 16 in each substack totals the four additional
ground planes in the completed stack. The arrangement
shown provides for eight hundred and sixteen signal
contacts made by spring fingers 18 and four hundred and
sixteen ground contacts made by fingers 19.

A preferred embodiment of the present invention is
shown in Figs. 7-14. As best seen in Figs. 7 and 8, a
discrete dielectric wafer 52 is molded from suitable
insulation materials, such as polysulfone, to mount a
plurality of individual conductive contact elements 54,
Fig. 9, on one side, and to mount a single ground plane
element 56 on the other side thereof, Fig. 10. Each
individual signal contact 54 is constructed with an
arcuate curve of ninety degrees which is terminated at
each end by a spring wiping fingers 58. The spring
fingers 58 are shown in their compressed position in
Figs. 9 and 10 as if pressed against a printed circuit
board such as boards 34 or 38. The ground plane element
56 is also provided with a plurality of spring fingers
59, which coincide in their spacing with each individual
spring finger 58 from the contact elements 54. In the
preferred embodiment, the contact elements 54 and ground
plane elements 56 may be constructed from beryllum copper
or other suitable alloys.

The dielectric wafer wafer 52 is molded into a
hexagonal shape having first and second generally flat
surfaces 60 and 62 (Fig. 7). The first surface 60 is
provided with a plurality of grooves 64, eight are shown
in the preferred embodiment of Fig. 8, which received the

arcuate contact elements 54. Two edges of surface 60

-9



10

15

20

25

30

35

0212 764

59-28F

arranged at right angles to one another are relieved
along those edges to a depth equal to the depth of
grooves 64 to form recesses 66. These recesses 66 pro-
vide clearance for the motion of the spring fingers 58 as
they are pressed against the printed circuit boards. The
second surface 62 of wafer 52 is provided with a single
recess 68 which receives the ground plane element 56.
Recess 08 extends to the two edges of the hexagonal wafer
52 that are arranged at ninety degrees to one another to
permit the spring fingers 59 of the ground plane element
56 to be exposed to the printed circuit boards opposite
fingers 58.

It will be seen from a comparison of the contacts
58 in Fig. 9 with the contacts 59 in Fig. 10 that the
ground plane contacts 59 are wider than their counte-
rparts 58. This configuration assures that the narrower
spring fingers 58 of the signal carrying contacts 54 are
better shielded by the individual spring fingers 59 to
reduce crosstalk between fingers 58.

Referring now to Figs. 11-13, it will be seen that
the discrete wafers 52 with the contacts 54 and ground
plane 56 in place may be stacked in a side-by-side
arrangement to create a stack that forms the high density
connector 50. It is possible to form the grooves 64 deep
enough within the surfaces 60 of wafers 52 to place one
wafer against the other without causing the contact
elements 54 to touch the adjacent ground plane 56.
However, in the preferred embodiment, a slotted housing
72 is provided to receive that discrete wafers 52.
Housing 72, Fig. 14, has a hexagonal cross section and is
molded from a suitable insulated material, such as
polysulfone, with a plurality of slots 74 which are open
along two edge surfaces arranged at a right angle to one
another. The slots 74 are arranged to receive the wafers
52, contact elements 54, and ground planes 56. The
housing 72 thus forms a first housing for mounting the
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plurality of wafers 52. Housing 72 is then inserted into
an elongated opening 76 in the second housing 78. The
insertion of first housing 72 into elongated openings 76
may be accomplished by removing the top of housing 78.
However, in the preferred embodiment, a pie shaped piece
79 is removed. Housing 72 is then rotated slightly and
inserted into opening 76 so as not to injure the spring
fingers 58 and 59. By rotating the housing 72, it is
possible to insert the housing 72 into slot 76 far enough
to permit the clearance of contacts 58 and 59 into the
left-hand opening of slot 76. Once housing 72 is firmly
in place in housing slot 76, the wedge member 79 may be
replaced and retained by suitable fastening means, such
as screws, not shown. The second housing 78 is prowided
with locating pins 80 and threaded\apertures 81 for
aligning and mounting the connector 50 to suitable
printed circuit boards 82 and 84, or by screws 85, Fig.
12.

It will be seen in Figs. 11 and 13 that the stack
of wafers 52 comprises a ground plane 56 at the far
left-hand end of the slot 76 adjacent housing 72. The
ground plane is mounted by the wafer 52 whose next
surface mounts the contact elements 54. This alternate
stack continues until the far right-hand end of slot 76
wherein the last wafer 52 includes only the ground plane
56. Thus, slot 76 may mount one hundred and one wafers
52 therein having one hundred sets of contact elements 54
and one hundred and one sets of ground plane elements 56.
This configuration mounts a total of sixteen hundred and
eight spring finger contacts 54 and 56. The reader will
understand that the spring fingers 54 and 56 are shown
schematically in Figs. 11 and 13 as simple dots.

Once a printed circuit board or mother board 82 is
pressed against the housing 78 of connector 50, the
spring fingers 58 of contact elements 54 slide across

pads 86 (Fig. 15) to make electrical contact with the
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board 82. Similarly, the spring fingers 59 of the ground
plane elements 56 slide across conductive strips 88 to
complete the stripline circuit formed by surrounding
contact elements 54 by ground planes 56.

As seen in Fig. 16, the cross section of the
stripline connection formed by ground plane elements 56
on either side of contact elements 54 has been formed
with the side-by-side ground planes 56 equal distance
from the contacts 54. The ground planes 56 are separated
by a distance "b" whereas the contact elements 54 having
a width "w" and a thicknes "t" are spaced from the bottom
ground plane 56 by a distance "H". Lastly, the contacts
54 are spaced apart by a pitch "P". The impedance Zo of

each contact 54 may be expressed by the equation: .

7 = 60 1in 4b
o e_ .67 (.8 wtt)

wherein:

b = height

t = thickness of conductor;

w = width of conductor

e, = relative dielectric constant of isulation
materials; and

ln = natural log

From the foregoing equation, one notes there are
four values which may be adjusted to adjust and control
the impedance of the connector. These include the
dielectric constant of the insulating material which
forms wafer 52, the width and thickness of contact 54,
and the height between the ground plane 56 and contact
54. By adjusting one or all of these values, one may
establish the impedance of each contact element 54 at a
constant value, for example: 60 ohms, regardless of the
length of that contact element.

Crosstalk within connector 50 may be reduced by

providing a thicker spring finger 59 for each ground
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plane 56 than the related spring finger 58 for each
contact 54. This configuration is shown in Fig. 17.
Crosstalk may also be reduced by adjusting the ratio of
the distance between two adjacent contact elements 54 or
pitch "P" in proportion to the height "H" of the contacts
54 above the ground plane 56. The percentage of
reduction of crosstalk versus the pitch to height ratio
(P/H) is shown in Fig. 18. By adjusting the pitch of the
contact elements 54 or the equal spacing of these
contacts from the ground planes 56, it is possible to
reduce crosstalk significantly as shown by the curve of
Fig. 18.

While the preferred embodiment mounts the daughter
board 84 at a right angle to the mother board 82 in*Fig.
12, it will be understood that the connector 50 and its
housing 78 may be modified wherein the contacts 54 extend
through a 180 degree arc to mount the two boards 82 and
84 in a parallel in-line configuration, Fig. 19. Fur-
ther, the connector 50 and its housing 78 may be modified
to accommodate the contacts in a straight line configura-
tion wherein the two boards 82 and 84 are mounted in a
parallel configuration, one upon the other, Fig. 20. The
preferred embodiment has also shown the spring fingers 58
from the contact elements 54 mounted in alternating rows
with fingers 59 from the ground planes element 56. Such
an arrangement is shown schematically in Fig. 21. There
are other embodiments, however, where it may be desirable
to place the spring fingers 58 in an immediate side-by-
side relationship separated by a pair of ground plane
elements 56. Such an arrangement is shown in Fig. 22.
This arrangement may be easily accomplished by the
present invention.

Other variations of the present invention will
become apparent to those skilled in the art after
reviewing the foregoing specification and attached

drawings. Accordingly, the present invention should be
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I CLAIM:

1. A high density electrical connector with
controlled impedance, comprising:

a plurality of discrete insulated wafers;

a plurality of first conductive elements for
carrying electrical signals protectively mounted by each
wafer;

a single, second conductive element for connection
to an electrical ground mounted by each wafer;

said plurality of discrete wafers mounted in a
stack wherein each single, second conductive element
mounted by each wafer is mounted. on each side of said
plurality of first conductive elements to form stripline

connections in a high density stack.

2. A high density electrical connector as claimed
in Claim 1, additionally comprising:

said wafers are dielectric;

said plurality of first conductive elements are
mounted with each wafer:; and

said single, second conductive element is mounted

adjacent to each wafer.

3. A high density electrical connector, as claimed
in Claim 1, additionally compfising:

said wafers are dielectric, each having -a first and
second side:

said piurality of first conductive elements are
mounted upon said first side of said wafers;

said single second conductive element is mounted
upon said second side of said wafers.

4. A high density electrical connector, as claimed
in Claim 3, additionally comprising:

said wafers having a plurality of grooves in said
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first side for mounting said first conductive elements
therein; and
said wafers having a recess in said second side for

mounting said second conductive element therein.

5. A high density electrical connector, as claimed
in Claim 1, additionally comprising:

a first insulated housing having a plurality of
slots therein for receipt of said wafers and said first
and second conductive elements within each slot to form
an elongated stack.

6. A high density electrical connector, as claimed
in Claim 1, additionally comprising:

a second housing having an elongated opening
therein for receipt of said first insulated housing; and

said second housing having means for mounting a
first printed circuit board against a second printed

circuit board.

7. A high density electrical connector, as claimed
in Claim 6, wherein:
said second housing mounts said first and second

printed circuit boards at ninety degrees to each others.

8. A high density electrical connector, as claimed
in Claim 6 wherein:

said second housing mounts said first and second
printed circuit boards in parallel to each other.

9. A high density electrical connector, as claimed
in Claim 6 wherein:

said second housing mounts said first and second
printed circuit boards in parallel and in the same plane

with each other.

-16~



10

15

20

25

30

35

0212 764

59-28F

10. A high density electrical connector, as
claimed in Claim 1, additionally comprising:

shaft means passing through said wafers for
retaining said wafers and first and second conductive
elements in said stack.

11. A high density electrical connector, as
claimed in Claim 1, additionally comprising:

first and second printed circuit boards having
conductive pads thereon;

said first and second conductive elements each
having spring means for engaging said conductive pads;

mounting bracket means;

spacer means;

said stack of wafers and first and second

conductive elements including said mounting bracket means
and spacer means.

12, A high density electrical connector, as
claimed in Claim 11, wherein:

said stack includes, in order, a mounting bracket
means, a spacer means, a selected number of second
conductive elements alternately stacked with a selected
number of wafers having said first conductive elements
mounted therein, there being one more second conductive
element than said wafers in said stack, followed by a

mounting bracket means; and

shaft means for retaining said stack in said order.

13. A high density electrical connector, as
claimed in Claim 12, wherein:

said mounting breacket means mount said first and
second printed circuit boards at a desired angle to one
another with said spring means in engagement with said
conductive pads.
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14. A high density electrical connector, as
claimed in Claim 1, additionally comprising:

first and second printed circuit boards having
conductive pads thereon:

said first and second conductive elements each
having spring means for engaging said conductive pads;

said spring means on said first conductive
elements being narrower than said spring means on said
second conductive elements to reduce crosstalk between
said first elements.
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