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ELECTRICAL CONNECTOR

CROSS _REFERENCE TO RELATED APPLICATIONS

This application is a continuation-in-part of U.S.

5 application serial no. 08/221,077, filed March 31, 1994,
which is a continuation-in-part of U.S. application serial
no. 08/193,443, filed February 8, 199%4.

FIELD OF THE INVENTION N
This invention relates to the field of electrical

10. connectors. More particularly, this invention relates to
miniature or high density connectors wherein a relatively low
force is necessary to insert a pin in the connector housing
for electrical connection to a printed substrate or the like
and wherein a spring contact applies a relatively high normal

15 force against the pin for retaining the pin in the connector
housing.

BACKGROUND OF THE INVENTION
In electrical connector design, miniaturization has.

i

become an increasingly important consideration. However,
20 there is a trade off between connector performance and
reduced size. As the size of the connector is reduced, less
space is available within the receptacle housing of the
connector for a connector beam. Such a limited space makes
it increasingly difficult to provide a low pin insertion
force relative to a high normal retention force, while
intainlng the desirable tolerances of the connector
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In a compact connector, the above-mentioned low
feertion force is a significant design factor. As the area
Jqu_red for each pin-to-beam contact is reduced, more
coﬁtacts may be placed in the connector. Heretofore, more

force was ‘necessary for inserting a component within such a

éonnectof. Such increased insertion force, particularly

where the connector is mounted on a printed circuit board,
can result in an unreliable connection, bending of the
printed board and solder joint cracking.

Cantilever beams have been used in the art to
provide low insertion force. The cantilever beam is
generally supported only by one end so that the other end can
move during a pin insertion cycle and the beam is thin in
order to provide for the necessary deflection. When a pin is
15 initially inserted into a connector housing, the pin touches

the movable end of the beam. When the pin is inserted
further, the movable end is pushed away in a direction that
is substantially transverse to the pin insertion axis to
accommodate penetration of the pin. This movement allows low

20 insertion force for an easy insertion. However, when the pin
is completely inserted into the connector, such a thin
cantilever beam does not apply a desirably high normal force
against the inserted pin in order to retain the pin in the
connector housing. .-

25 On the other hand, a supported beam provides high
normal force against a completely inserted pin. Since the
supported beam is generally supported by both ends, unlike a
cantilever beam, either end of the supported beam does not
move. During the pin insertion cycle, the supported beam

30 only deflects. Accordingly, the supported beam tends to
require high insertion force during an initial phase of an
insertion cycle. Since a compact connector assembly may
accommodate a large number of contacts, the total amount of
necessary insertion force is undesirably high.

35 Thus, neither a cantilever beam nor a supported
beam alone may be appropriate for a compact connector. A
cantilever beam may require low initial insertion force, but
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it may provide sufficient normal retention force against a
completely inserted pin. A cantilever beam also regquires a
larger space for the movable end. A supported beam, on the
other hand, may provide sufficient normal force against an
S inserted pin, but requires large insertion force during an
initial phase of an insertion cycle. Accordingly, a large
number of pins cannot be placed on the same connector with
supported beams due to the larger insertion force.
Regarding the header of such a miniature connector,
10 during the manufacturing process it is paramount that the
terminal pins be aligned within the desired tolerances. Thus,
upon connection of the header and receptacle the pins can be
simply placed in the corresponding openings in the receptacle
housing without any excessive force which could damage or
15 break the miniature connector.
Thus, there is a need for an electrical connector
wherein a relatively low force is necessary to insert a pin
in the connector housing for electrical connection to a
printed substrate or the like and wherein a spring beam
20 contact applies a relatively high normal force against the
pin for retaining the pin in the connector housing. The
present invention provides an electrical connector which
satisfies this need.

SUMMARY OF THE INVENTION

25 Accordingly, the current invention provides a
compact electrical connector with low insertion force
relative to high normal retention force, while allowing for
desired tolerances in the connector structure. Thus, one
object of the current invention is to limit height, width and

30 pitch of a connector. Another object is to provide low
insertion force at least during an initial phase of an
insertion cycle. Yet another object of the current invention
is to provide high normal force against the inserted pin in
order to retain the pin within the connector housing.

35 Lastly, another object of the invention is to provide the
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T ability to maintain desirable tolerances during all phases of
the manufacture and use of the connector.

According to one aspect of the current invention,
an eiectrical connector assembly for electrically connecting
a pin comprises a receptacle having a bore along a pin
insertion axis, the bore having inner walls, and
a composite action beam located in the bore for providing a
substantially low insertion force or low spring rate during
the initial phase of insertion of the pin and providing a

10 substantially high normal force against the pin during a
later phase of the insertion.
According to another aspect of the current
appllcatlcn, the comp031te action beam has a unsupported end
: and a supported end. The comp031te action beam provides a
f 15 substantially low deflection rate at the unsupported end
during an initial phase of insertion, and fhe compoéite
action beam functions as a cantilever beam during the initial
phase. The unsupported end is abutted against one of the
inner walls during a later phase of the insertion, the
; 20 composite action beam then functioning as a supported beam,
% thus providing a substantially high normal retention force
i against the pin.
According to a third aspect of the invention, an
electrical connector for electrically connecting a pin having
25 a central pin axis, comprises a housing having a top and
bottom surface, an insertion bore defining an insertion
surface and a spring retention bore defining a retention
surface. The insertion bore is in communication with the
spring retention bore and the insertion surface is
30 substantially aligned with the retention surface. The
insertion bore has a central insertion axis and the housing
further has a cavity formed in the bottom surface. A
retention spring is disposed within a receptacle and the
receptacle is disposed within the housing cavity and is
35 mechanically connected to the housing such that the
receptacle is retained in the housing and the retention
spring extends into the spring retention bore. The pin is

Sheet Has Been Re(ilaced

TN



Cantil ever beans havgil Phe art to proviiraIOM/lnsertlon force.

The cantil ever % supported only by 3 éh(
n insertion cycle and the eaml hQ11465

other end can oyl |
order to providg _;”ecessary -deflection. When a pinis initially

i nserted intqf" -5 -
P acerted into the insertion bore with the central pin axis
.lbeing substantially coincidental with the central insertion
axis and the retention spring electrically contacts the pin
and retains the pin against the retention surface.

S According to yet another aspect of the invention,
the pin header provides for effective alignment of the pins
such that a large array of pins can be connected to a printed
circuit board without damaging the miniature connector and
without interference such as pin stubbing. The pins are

10 mounted in alignment wafers which provide for effective
alignment of the pins into individual pin rows. The pin
array is inserted at the printed circuit board end into a
stand-off pin guide which provideé for effective alignment of
the pins onto the printed circuit board.

15 These and various other advantages and features of
novelty which characterize the. invention are pointed out with
particularity in the claims annexed hereto and forming a part
hereof. However, for a better understanding of the
invention, its advantages, and the objects obtained by its

20 use, reference should be made to the drawings which form a
further part hereof, and to the accompanying descriptive
matter, in-which there is illustrated and described preferred
embodiments of the invention.

BRIEF DESCRIPTION OF DRAWINGS
25 Fig. 1A diagrammatically illustrates a cross-
section of a preferred.embodiment of a miniature connector
and a pin according to the current invention during an .
initial phase of an insertion cycle.
Fig. 1B diagrammatically illustrates a top view of
30 the miniature connector of the current invention.
Fig. 1C shows another cross-sectional view of the
miniature connector at 1C-1C of Figure 1B.
Fig. 2 shows a cross-sectional view of the
miniature connector as in Figure 1A and a pin during an
35 intermediate phase of the insertion cycle.
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Fig. 3 illustrates a cross-sectional view 6f the

"miniature connector and the pin of the current invention as

in Figure 1A after the pin is completely inserted into the
connéctor. . '

. Fig. 4 shows a top view of a further embodiment of
an electrical connector in accordance with the present
invention.

Fig. 5 shows a cross-sectional view taken along the
lines 5-5 of the electrical connector of Fig. 4.
| Fig. 6a shows a top view of an embodiment of a
connector housing in accordance with the presenﬁ invention.

Fig. 6b shows a lateral cross-sectional view taken
along the lines 6b-6b of the connector housing of Fig. 6a.

Fig. 6c shows a partial longitudinal cross-
sectional view taken along the lines 6c-6c of the connector
housing of Fig. 6a.

Fig. 7a shows a receptacle and retention spring
assembly in accordance with the present invention.

Fig. 7b shows-a cross-sectional view taken along’
the lines 7b-7b of the receptacle and retention spring
assembly of Fig. 7a.

Fig. 8 shows a perspective view of a pin header and
connector housing in accordance with the present invention.

Fig. 9a shows a lateral side view of a pin header
in accordance with the present invention.

Fig. 9b shows a longitudinal side view of a pin
header in accordance with the present invention.

Fig. 10 shows a cross-sectional view taken along
the lines 10-10 of the pin header shown in Fig. 9b.

Fig. 11 shows a cross-sectional view of another
embodiment of a pin header in accordance with the present
invention.

Figs. 12a-12e show a row of terminal pins and
alignment wafers in accordance with the present invention.

Figs. 13a-13d show a stand-off pin guide in
accordance with the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S
Referring now to the drawings, wherein like
reference numerals designate corresponding structure
throughout the views.

Figure 1A shows a cross sectional view of one
preferred embodiment of a compact connector assembly
according to the current invention. The assembly 1 comprises
a pin 2 and a compact connector or receptacle 3. The compact
connector 3 further comprises a side wall 4, an inner wall 5
and an electrically-conductive composite action beam 6. The
composite action beam 6 is located in a bore 7 which is
limited by the inner wall 5 and the sidewall 4. 2 movable or
unsupported end 6A of the composite action beam 6 is located
near a'pin receiving opening 8 while a fixed or supported end
6B of the composite action beam 6 is located near a solder
tail opening 9. A solder tail 10 of the composite action
beam 6 is continuous with the composite action beam 6 at the
fixed end 6B and protrudes throughlthe-solder tail opening 9.
The solder tail 10 bends 90° around a bottom of the sidewall
4 and extends horizontally beyond the sidewall 4.

Still referring to Fig. 1A, the movable end 6A
makes a contact with the pin 2 during an initial phase of an
insertion cycle. The angle of attack by the pin 2 with
respect to the movable end 6A may be relatively high during
this initial phase, compared to later phases of the insertion
cycle. In a preferred embodimen;, the movable side 6A is
located to one side of the pin receiving opening 8 during
this phase of insertion. The center of arch é6C of the
composite action beam 6 can abut against the inside wall 5.
The pin-receiving opening 8 can be partially further indented
on a surface 4A facing the movable end 6A. The deflection
rate during the initial phase can be approximately 4 gram per-
mil according to a preferred embodiment of the current
invention. The movable end 6A functions as a cantilever beam
and requires low insertion force during this initial phase.

Now referring to Figure 1B, relative locations of

the above discussed components in the compact connector
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" according to the current invention are shown in a top view.
In a pin-receiving opening 8, the pin 2 is shown in the most
inner part against the inner wall 5. The pin 2 contacts the

movaSle end 6A of the composite action beam 6 in an
5 approximately center location of the pin receiving opening 8.
Lateral to the movable end 6A is a space 7 and the fixed end
6B which abuts the sidewall 4. Further lateral to the
sidewall 4 is a portion of the solder tail 10, which extends
‘beyond the sidewall 4. 1In the embodiment shown in Figure 1B,
10 there are eight pin-to-beam contacts on the connector. It is
noted, however, that such a connector feature would most
likely be applicable in high pin count configurations.
Figure 1C shows another cross-sectional view of the
miniature connector at 1C-1C of Figure 1B. The pin-receiving
15 opening 8 has a larger diameter than the width of the
composite action beam 6. -The bore 7 indicated by a dotted
line is limited by the inside walls of the connector 3. The
composite action beam 6 shown in solid line has the movable
end 6A near the pin-receiving opening 8, the arch portion 6C
20 near the center of the bore 7 and the fixed end 6B near the
solder tail opening 9. The solder tail 10 is contiguous with
the fixed end 6B. The indented surface 4A further comprises
a transition area 4B between the indented surface 4A and the
inner surface of the side wall 4. The indented surface
25 further comprises ﬁovable area 4C where a movement of the
movable end 6A of the composite action beam 6 is
accommodated. Thus, the movable end of the composite action
beam 6 is guided within movable area 4C of the indented . - -
surface 4A so as to minimize the deviation from a

30 predetermined course of movement. In a preferred embodiment,
the width of the movable end 6A and the corresponding
moveable area 4C is wider than the rest of the composite
action beam 6 or the bore 7. This width differentiatioﬁ_
prevents the moveable end 6A of the composite action beam

35 frém being pushed down towards the fixed end 6B so as to

maintain its substantially horizontal movement near the pin-
receiving opening 8 during the pin insertion cycle.
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It will be noted in Figure 1A, that solder
tail opening 9 is filled. 1In such a construction it may not
be necessary to provide movable end 6A with a portion that is
wider than the composite action beam 6 or bore 7. Similarly,
5 if movable end 6A is constructed as shown, it may not be
necessary to £ill solder tail opening 9. One advantage to
filling solder tail opening 9 is the prevention of solder
from flowing into bore 7 during mounting of the connector.
Figure 2 illustrates an intermediate phase of the
10 pin insertion cycle in a preferred embodiment according to
the current invention as shown in Figure 1A. The pin is
further inserted towards the center of the arch 6C of the
composite action beam 6. To accommodate further insertion,
the movable end 6A functions as a cantilever beam, and the
15 movable end 6A moves towards the partially indented surface
4A of the sidewall 4. The partially indented surface 4A of
the sidewall 4 can serve to narrow the overall width of the
connector assembly 1. The movable end then abuts against the
partially intended surface 4A as shown in Figure 2. At this
20 point, the composite action beam 6 goes thiough a transition
from a cantilever beam to a supported beam. Neither end of
the composite”action beam 6 no longer horizontally moves to
accommodate further pin insertion. However, the center of
the arch 6C deflects from this point on. As the center of
25 the arch 6C deflects, the movable end 6A may move in the
direction of an axis of insertion toward the pin receiving
opening 8. The fixed end 6B of the composite action beam 6
~remains stationary with respect to the sidewall 4.
Accordingly, the deflection rate may increase up to
30 approximately 16 grams per mil after the composite beam 6
acts as a two-point supported beam in a preferred embodiment
of the current invention.
Now referring to Figure 3, the pin 2 has reached
the final insertion point. The pin 2 is pressed against the
35 inner wall 5 by the composite action beam 6 at a Hertzian
stress dot”GD. In this final insertion phase, the composite
action beam 6 provides high normal force against the pin 2
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relative to initial insertion force so as to retain the pin 2
in the final position. The composite action beam 6 now
remains to function as a two-point supported beam.

It will also be noted that an anti-stubbing top 11
has been added to connector 1 which extends over pin
receiving opening 8. The function of top 11 is.to prevent
stubbing of pins 2 on composite beam 6. In order to assist
in the insertion of pins 2, the end portion of top 11
extending over pin receiving opening 8 is chamfered or
10 tapered.

In summary, Figures 1-3 illustrate a transition of
the composite action beam 6 from a cantilever beam to a
supported beam. Such a transition in the beam 6 yields low
insertion force during an initial phase relative to high
15 normal force against a completely inserted pin. Low
insertion force is an advantage for a compact connector.

' Since the area required for each pin-to-beam contact is
smaller with the composite action beam of the current
invention, a larger number of the contacts may be placed in

20 the compact connector. Thus, a total amount of insertion
force needs to be kept minimal so as to make insertion
relatively easy and reliable. The composite action beam of
the current invention satisfies such a low insertion force
requirement. At the same time, when a pin is completely

25 inserted, sufficiently high normal force against the pin is
also provided by the composite action beam of the current
invention. Therefore, the composite action beam of the
current invention combines the advantageous features of the =
cantilever beam and the supported beam without sacrificing

30 the space limitation of a compact connector.

Another embodiment of an electrical connector in
accordance with the present invention is shown in Figs. 4 and
S. In this embodiment, adjacent pin insertion openings 20 in
the connector housing 22 are closely spaced together, both in

35 the longitudinal and lateral direction. A counter-sink bore

24 of each pin insertion opening 20 is in communication with

an insertion bore 26 such that the counter-sink bore
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openings 20. Pin 28 and the counter-sink bore 24 and

insertion bore 26 all have a coincidental central axis 30

5 such that the pins 28 are inserted into the openings 20 along

the central axis 30. The insertion bores 26 are only
slightly larger than, and preferably the same shape as, the
external surface of the pins 28, taking into account the
necessary tolerances of the structure.

10 The insertion bore 26 of each opening 20 is in
communication with a spring retention bore 32 in the housing,
with the central axis of the spring retention bore being
parallel to, but displaced from, the axis of insertion of the

pins along central axis 30. A surface 34 of the insertion

15 bore 26 is substantially aligned with a surface 36 of the
spring retention bore 32 such that the pins 28 are inserted
into the spring retention bore closely adjacent to, and
preferably contacting, the surface 36 of the spring retention
bore 32. The pins 28 are thus inserted into contact with the

20 contact beams 38 in the manner described above such that the
pins are retained against the surface 36. In this manner,
the tolerances of the assembly can be low, while ensuring
that the piﬂs contact a wall of the housing when the contact
beam applies a high normal force in order to retain the pins

25 in the housing.

Referring to Figs. 6a-6c, wherein an embodiment of
the connector housing is shown without the contact beams, the
connector housing 22 has a cavity 40 in the bottom surface. -
41. Referring to Fig. 5, the contact beams 38 are mounted in

30 a receptacle 42 such that the contact beams are detachably
mounted within the housing when the receptacle 42 is mounted
into the cavity 40. As shown in Figs. 7a-7b, in a preferred
embodiment, one row of contact beams is disposed in one half
of a receptacle 42. 1In such an embodiment, each half of the

35 receptacle 42 includes alternating pins 44 and holes 46,
which are preferably square. 1In this manner, these rows of
contact beams are easily manufactured separately and
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subsequently assembled together with the pins of one row

connected into a corresponding hole of another row in a known

manner to form a single receptacle having adjacent rows of
contéct beams. Accordingly, the rows of adjacent contact
beams are inserted into the spring retention bore and
detentes 48 on the receptacle 42 engage the walls 50 of the
connector housing, causing elastic deformation of the walls
in the area of the detentes, such that the receptacle is
mechanically connected to the connector housing.

10 Referring to Figs. 6b-6c, in order to facilitate
insertion of the contact beam rows into the housing, in a
preferred embodiment connector housing 22 includes beam
insertion ramps 52. These ramps comprise a flat portion 54,
extending from the base of the insertion bore, and a sloped

15 portlon 56 which extends toward the bottom surface 41 of the
connector housing. Upon insertion of the contact beams in
the spring retention bore, the contact beams slide up the
sloped portion 54 and onto the flat portion 56 such that all
of the insertion tolerances are applied to one side of the

20 connector housing and can be accounted for during manufacture
of the connector structure. It should be noted that in this
embodiment -a small additional insertion force on the pins 28
will be necessary to insert the pins into the housing, since
the insertion ramps 52 impart a small load on the contact

25 beams as they come into contact with the surface 36 of the
connector housing in the spring retention bore.

A preferred embodiment of a contact beam 38 is
shown in Fig. 7b. A straight portion 60 is disposed within
the receptacle 42. Preferably, the straight portion 60 is

30 molded into the receptacle during the manufacture of the beam
and receptacle assembly such that solder used to mount the
contact beam to a printed substrate cannot flow from the
bottom of the connector housing and into the spring retention
bore. Another straight portion 62 extends at an angle from

35 one end of the straight portion 60. The straight portion 62
is joined to a curved contact portion 64 and the curved
contact portion 64 is joined to top portion 66. The end of
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the contact beam including the straight portion 60 and curved
contact portion 64 is the end that is inserted into the
spring retention bore, as shown in Fig. 5. Accordingly,
when the pins 28 are inserted into the openings 20 of the
housing 22 they contact the curved contact portion 64 of the
g contact beam 38 and the top portion 66 of the beam deflects
away from the surface 36. When the pins 28 are fully
inserted into the spring retention bore, the curved contact
portion of the contact beam applies a high normal force
10 against the pins for retaining the pins in the housing in the
manner described above.

The mounting portion 68 of the contact beam extends
from the other end of straight pdrtion 60. In the -embodiment
shown, mounting portion 68 is for straddle mounting of the

15 connector wherein the mounting portion of the contact beam in
the adjacent rows of beams is soldered to a pad on either
side of a printed circuit board or the like in a known
manner. However, the present invention is not intended to be
limited in this manner and a known mounting portion for

20 surface mounting the connector is within the scope of the
invention.

A terminal pin header 80 for mating with connector
housing 22 is shown in Fig. 8. Upon mating of the pin header
80 and the connector housing 22 in the manner set forth

25 below, electrical connection is established between a
plurality of terminal pins 82 disposed in the header 80 and
the contact beams 38 disposed in connector housing 22.
Header 80 is a right angle header wherein the terminal pins’
82 are bent substantially at right angles within the header

30 in the manner set forth in further detail below.

The circuit board end 84 of the terminal pins is

' inserted into holes 85 in a printed circuit board 86 and
solderably connected thereto in a known manner for
establishing electrical connection between the printed

35 circuitry (not shown) on the circuit board and the contact

beams 38. Accordingly, the mounting portion 68 of the
contact beams 38 can be connected to a second printed circuit
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board or the like such that an electrical connection is

established between the first and second printed circuit

boards for carrying out a variety of functions in a known
manner.

5 The terminal pins 82 are disposed in header housing
88 and stand-off pin guide 90, wherein pin guide 90 is bolted
to header housing 88 by bolts 91. As shown in Figs. 9a and
10, in one embodiment of the present invention eight
longitudinal rows of terminal pins 82 are disposed in the pin

10 header 80. 1In this embodiment, two adjacent header housings
88 are mated together. However, the present invention is not
intended to be limitgd in this manner, and any number of
longitudinal rows of pins can be provided, depending upon the
application requirements. Thus, as shown in Fig. 11, in

15 another embodiment, four longitudinal rows of terminal pins
are provided with only one header housing 88.

Referring to Figs. 10 and 11, at the connector end
92 of the terminal pins the pins are aligned in two adjacent
rows per each header housing 88. The number and arrangement

20 of the terminal pin rows at the circuit board end 84 of the
pins 82 can be configured to meet the desired mating
requirements for the printed circuit board. Thus, in order
to provide pins aligned in four longitudinal rows, using one
header housing 88, or eight rows, using two header housings

25 88, at the circuit board end 84 of the terminal pins, the
pins are bent substantially at a right angle 93 with the pins
in one vertical column being bent in an upward direction and
the pins in an adjacent vertical column being bent in a .
downward direction.

30 Referring to Fig. 8 and Figs. 10 and 11, in order
to mate the connector housing 22 and the header 80, the
connector housing is inserted into the cavity 94 in the
header housing 88. In an embodiment with two header housings
84, two separate connector housings 22 are mated with the

35 header. When the connector housing 22 is inserted into

cavity 94 the connector end 92 of the two adjacent rows of

terminal pins is inserted into the corresponding adjacent
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during all phases of
to one aspect of t
for electrically
along a pin ins
action beam|

 § manuf act ure and use of the jpésﬂf g
current invention, an electrical GH?ELS 951 aiba
onnecting a pin conprises a receptacle having a bore

tion axis, the bore having inner walls, and a conposite
ated in the bore for providing5a substantlally

rows of pin insertion openings 20 such that the pins contact
the contact beams 38 in the manner described above. As set
forth in detail below, because of the alignment features of
the header 80 the pins are simply inserted into the connector
5 housing 22 without interference such as pin stubbing.
Referring to Figs. 12a-12e, a longitudinal row 98
of terminal pins 82 is molded into a top retention and
alignment wafer 100 and a bottom retention and alignment
wafer 102, the wafers 100 and 102 comprising a molded plastic
10 material. During formation of a row of terminal pins, the
terminal pins are aligned in a die and the molded wafers are
formed out of molten plastic material with projections 104
and sockets 106 being formed as part of the wafers. During
formation of the wafefs, pfojeétions in the mold form the
15 sockets 106. The projections on the mold extend into contact
with and positively locate the row of pins, i.e. sockets 106
extend into contact with the pins, such that alignment of the
pins can be measured and maintained within a desired
tolerance. The pins can be embossed to form a bulge 107 such
20 that the bulge is used to positively secure the row of pins
in the header housing when the pins are inserted therein in
the manner set forth below.
In order to form adjacent longitudinal rows of
terminal pins 82, individual rows 98 of pins and wafers are
25 bent substantially at right angles, as shown in Figs. 10 and
11, and the wafers 100, 102 of one such bent row of pins are
joined to the wafers of another bent row of pins by inserting
the projections 104 of the wafers of one row into the sockets
106 of the wafers of the other row. One of ordinary skill in
30 the art will recognize that the top and bottom wafers are
sized appropriately to provide a desired spacing between the
pins in a vertical column of pins, taking into account the
additional right angle bend 93 in the pins.
Referring once again to Figs. 10 and 11, after the
35 individual longitudinal rows of pins are bent substantially

at a right angle and adjacent rows of pins are joined by
connecting wafers 100, 102, the top wafers 100 are inserted
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|l ow i nsertion force g4 ow spring rate during the mP("}' @y Vigdve
i nsertion of the pig#&nd providing a substantially hlg norna

agai nst the pin dyf#fhg a |ater phase of the According to another aspect of
the current appl ##tion, the conposite action beam has a unsupported end
and a sup- portg# end. The conposite actiomr Béam provides a substan- tially

| ow deflectio ate at the unsupported end during an
into wafer cavity 110 in each of the header housings 88.

projections 104 of the wafer 100 are supported upon shoulder
112 of the housing and the connector end 92 of the pins
extends through adjacent pin holes 113 in the header housing
88. Countersinks 114 in the pin holes 113 assist in the
positive location of the pins in the pin holes and obviate
pin stubbing. Accordingly, adjacent rows of pins are
properly aligned within the header housing such that the
desired tolerances of the connector components are maintained
10 and the header can be simply mated with the connector housing
such that the pins are effectively connected to the contact
beams in the connector housing in the manner set forth above.
Referring to Figs. 13a-13d, in orxder to provide for
proper alignment, within a desired tolerance, of the circuit
15 board end 84 of the pins when the pins are connected to the
printed circuit board 86, stand-off pin guide 90 includes a
plurality of longitudinal rows of pin guide holes 120. 1In
-the embodiment shown in Fig. 13a, eight longitudinal rows of
pin guide holes are provided for receiving eight rows of
20 terminal pins discussed above. It should be noted that the
rear surface 122 of the pin guide is mounted to the header
housing -88 with the bolts %1 extending through bolt holes
123.
' In order to provide for positive location of the
25 pins 82 in the pin guide holes 120, ridges in the pin guide
form four inclined ramp surfaces 124, 125, 126, 127 around
each of the holes 120 wherein the ramp surfaces extend into
communication with the holes 120. Accordingly, the pins- are’
positively inserted into the pin guide %0 along the ramp
30 surfaces and into the holes 120. Thus, pin stubbing is
obviated and the ridges ensure that the pins are properly
guided into the pin guide holes.
Thus, the present invention provides for connection
of a large array of pins to a printed circuit board such that
35 all of the pins are properly aligned and thus, can be simply
inserted into their respective holes on the board.
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initial phase o

cantil ever
agai nst one ofg
conposi te act i
a substanti aj
third aspects

;%: and the conposite acti i
PEihe initial phase. The unsuﬁﬁ@@ gds fﬁlft4d6 5
Prier walls during a later phase of the insertion, the
km t hen functioning as a supported beam thus prOV|ding

. normal retention forcqﬁagalnst the pin According to a
‘e invention, an electrica

It is to be understood that, even though numerous
haracteristics and advantages of the present invention have
been set forth in the foregoing description, together with
details of the structure and function of the invention, the
disclosure is illustrative only, and changes may be made in
detail, especially in matters of shape, size and arrangement
of parts within the principles of the invention to the full
extent indicated by the broad general meaning of the terms in
which the appended claims are expressed.
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connector for elect
conpri ses a housi
defining an ins

ically connecting a pin having a central pin axis,
0 having a top and bottom surface, an insertion bore

- WHAT IS CLAIMED IS:

10

15

20

25

30

L

. 1. An electrical connector assembly for

electrically connecting a pin comprising:

a receptacle having a bore along an axis for
receiving the pin, said bore having inner walls; and

a composite action beam located in said bore
for providing a substantially low deflection rate during an.
initial phase of insertion of the pin and providing a
substantially high normal force against thée pin during a
later phase of said insertion.

2. The electrical connector assembly
according to claim 1 wherein said composite action beam has a
unsupported end and a supported end, said composite action
beam performing the steps of:

a) providing a substantially low deflection rate
while the pin being inserted at said unsupported end during
an initial phase of an insertion, said composite action beam
functioning as a cantilever beam during said initial phase;

b) abutting said unsupported end against said one
of said inner walls during a later phase of said insertion,
said composite action beam then functioning as a supported
beam during said later phase; and

¢c) providing a substantially high normal force
against the pin.

3. The electrical connector assembly
according to claim 2 wherein said composite action beam has a
deflection rate of approximately 4 gram per mil during said
initial phase.

4. The electrical connector assembly
according to claim 2 wherein said composite action beam has a
deflection rate of up to approximately 16 gram per mil during
said later phase.

tion surface and -4- PGT/US 95/ 01465

|
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a spring retention b FE defining a retention surface. The insertion bore is
o substantial iy A gned with the retention surface PR U9 3of Bl 46 5
a central insertfon axis and the housing further has a cavity formed in the
bottom surface/ A retention spring is disposed within a receptacle and the
receptacl e is/di sposed within the housing- 18 -
5. An electrical connector assembly for
electrically connecting a pin comprising:
) a receptacle having a bore along an axis of
receiving the pin, said bore having inner walls; and
a composite action beam located in said bore
having an unsupported end and a supported end, the pin being
inserted at said unsupported end during an initial phase of
an insertion, said composite action beam functioning as a
cantilever beam so as to allow a substantially low deflection
10 rate during said initial phase, a further insertion of the
pin causing said unsupported end to reach one of said inner
walls and to abut against said one of said inner walls during
a later phase of said insertion, said composite action beam
then functioning as a supported beam during said later phase

15 so as to provide a substantially high normal force against
the pin.

6. The electrical connector assembly
according to claim 5 wherein said composite action beam
further comprises a soldered tail contiguously located one

20 end of said composite beam.

-

7. The electrical connector assembly
according to claim 5 wherein one of said inner walls has a
partially indented surface.

8. The electrical connector assembly
25 according to claim 7 wherein said unsupported end of said
composite action beam abuts against said partially indented
surface so as to allow an outer width of said receptacle
thinner.

9. An electrical connector assembly for
30 electrically connecting'a pin in a receptacle which has a
bore along an axis of receiving the pin, said bore having
inner walls, the electrical connector assembly comprising:

(T | Th”ﬁi,ﬁt’i{ﬁm””mii,d



cavity and i s nechanically connected to the housing such that the :

receptacle is refained in the housing and the retggrji I g t e qﬁ%
into the spring/retention bore. The pin is insertgg':l}rusqggiZani&ﬂ 5
with the centyal pin axis being substantially coincidental with the central
I nsertion axys and the retention spring electrically contacts the pin and
retains the/pin against the retention surfate:

a composite action beam located in said bore
having a unsupported end and a supported end, the pin being
inserted at said unsupported end during an initial phase of
an insertion, said composite action beam functioning as a
cantilever beam so as to allow a substantially low deflection
rate during said initial phase, said unsupported end reaching
one of said inner walls and abutting against said one of said
inner walls during a later phase of said insertion, said

composite action beam then functioning as a supported beam’
10 during said later phase so as to provide a substantially high
normal force against the pin.

10. The electrical connector assembly
according to claim 9 wherein said composite action beam has
an arc between said supported end and said unsupported end.

15 11. The electrical connector assembly .
according to claim 10 wherein said arc further comprises a
Hertzian stress dot, said Hertzian stress dot contacting the
pin.

- 12. The electrical connector assembly
20 according to claim 9 wherein said composite action beam has a
solder tail contiguously located at said supported end.

13. The electrical connector assembly
according to claim 9 wherein said composite action beam has a
deflection rate of approximately 4 gram per mil during said =
25 initial phase.

14. The electrical connector assembly
according to claim 9 wherein said composite action beam has a
deflection rate of up to approximately 16 gram per mil during
said later phase.
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According to yet

ot her aspect of the invention, the pin header provides
for effective al

nment of the pins such that a | i C
connected to a inted circuit board w thout damaglefg-/maa 5 £lﬂ§' 41665
connector and /i th- out interference such as pin stubbing. The pins are

nounted in aJf gnment wafers which provide for effetive alignnment of the
pins into iAdividual pin rows. The pin array-is inserted at

15. The electrical connector assembly
according to claim 9 wherein said unsupported end has a wider
width than said composite action beam.

16. The electrical connector assembly
5 according to c¢laim 15 wherein said inner wall has a
corresponding width to said unsupported end so as to prevent

said unsupported end from being pushed down towards the
supported end.

17. BAn electrical connector assembly for
10 electrically connecting a pin comprising:

a receptacle having a bore along an axis of
receiving the pin, said bore having inner walls, one of said
inner walls having a partially indented surface;

a composite action beam located in said bore

15 having a unsupported end and a supported end, the pin being
inserted at said unsupported end auring an initial phase of
an insertion, said composite action beam functioning as a
cantilever beam so as to allow a substantially low deflection
rate during said initial phase, said unsupported end reaching

20 said partiaily indented surface and abutting against said
partially indented surface during a later phase of said
insertion, said composite action beam then functioning as a
supported beam during said later phase so as to provide a
substantially high normal force against the pin;

25 whereby said partially indented surface making an
outer width of said receptacle thinner.

18. An electrical connector for forming an
electrically connection with a pin, said connector
comprising:

30 a housing formed from electrically insulating
material, said housing having a caviﬁy formed therein for
receiving said pin; and

a contact disposed within said cavity;
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the printed ciruit ard end into a stand off pindg §£|Ch prOV|i§s Hsr
effective alignne of the pins onto the printed 4L
vari ous other agvantages and features of nov- elty mhlch characterlze t he

i nvention are gointed out with particularity in the clainms annexed hereto

and form ng part hereof. However, for aJetter understanding of the
I nventi on,

mounting structure for mounting said contact to
said housing so that said contact is capable of movement
relative to said housing during the initial insertion of said
pin; and
5 stabilizing structure for stabilizing said contact
in a position relative to said housing so that said contact
produces normal force during the final insertion if said pin.

19. The electrical connector terminal
‘according to claim 18 wherein an angle of attack of the pin
10 against said contact changes at a predetermined rate.

20. The electrical connector terminal
according to claim 18 wherein said mounting structure is

movably mounted for providing a substantially low deflection
rate. '

15 21. The electrical connector terminal
according to claim 20 wherein said mounting structure is a
cantilever for providing a substantially low deflection rate.

22. The electrical connector terminal
according to claim 18 wherein said mounting structure is

20 slidably mounted for providing a substantially low deflection
rate.

23. The electrical connector terminal
according to claim 18 wherein said mounting structure is
rotatably mounted for providing a substantially low

25 deflection rate.

24. The electrical connector terminal
according to claim 18 wherein said stabilizing structure is
movably mounted for providing a substantially high normal
force.
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Its advantages, and t obj ects obtained by its use, reference should be
made to the drawin which forma further part hereof, and to the

acconpanyi ng desgti ptive matter, in which there |§ﬂwgr%§c£ ﬂ]_ 465
descri bed prefgrfred enbodi - nments of the invention F | PTI ON OF
THE DRAW NGS A G, 1A diagrammatically tl;gsﬂrates a cross-section of a

25. An electrical connector, comprising:
a pin housing; and

two or more rows of terminal pin inserts
disposed in said pin housing, each said row of terminal pin
5 inserts comprising:

a plurality of terminal pins having first and
second ends, said terminal pins disposed in first and second
connecting wafers, said first connecting wafer located
proximate said first end and said second connecting wafer

10 located proximate said second end, wherein a first row of
said terminal pin inserts is connected to a second row of
said terminal pin inserts by connecting said first connecting
wafer of said first row of terminal pin inserts to said first
connecting wafer of said second row of terminal pih inserts

15 and further connecting said second connecting wafer of said
first row of terminal pin inserts to said second connecting
wafer of said second row of terminal pin inserts.

26. The electrical connector of claim 25,
said pin housing having a first and second cavity, wherein
20 said first connecting wafer of each said first and second
rows of terminalhpin inserts is disposed in said first cavity
and said first end of said terminal pins of each said first
and second rows of terminal pins inserts extends into said
second cavity.

25 27. The electrical connector of claim 25,
each said first and second connecting wafers having a side”
surface, a plurality of projections extending from said side
surface and a plurality of sockets extending into said side
surface, wherein said first row of terminal pin inserts is

30 connected to said second row of terminal pin inserts by
inserting said projections of said first connecting wafer of
said first row of terminal pin inserts into said sockets of
said first connecting wafer of said second row of terminal
pin inserts and further inserting said projections of said

35 second conneéting wafer of said first row of terminal pin
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preferred enbodifrent of a mniature connector and_a pin accordln o the
current inventifOn during an initial phase of an |PI§F 4{16 5
diagrammaticaldy illustrates a top view of the n1n|ature con ecto of "1 he

current invegtion.
- 24 -

inserts into said sockets of said second connecting wafer of
said second row of terminal pin inserts.

28. The electrical connector of claim 27,
each said terminal pin having a pin surface, wherein said
sockets extend from said side surface into contact with said
pin surface.

29. The electrical connector of claim 25,
further comprising a pin guide having two or more rows of pin
holes extending through said pin guide for receiving said

10 second end of said terminal pins, said pin guide further
having ridges forming four inclined ramp surfaces around each
said pin hole and extending into communication with each said
pin hole.

30. The electrical connector of claim 25,
15 wherein said terminal pins are bent substantially at a right
angle between said first and second connecting wafers.

31. The electrical connector of claim 25,
wherein said second end of said terminal pins is bent
substantially at a right angle in a first direction and is

20 further bent substantially at a right angle in a second

direction, said first direction being substantlally normal to
said second direction.

32. BAn electrical connector assembly, -
comprising:
25 a first connector comprising:
a pin housing having a first and second cavity;
two or more rows of terminal pin inserts, each said
row of terminal pin inserts comprising:
a plurality of terminal pins having first and
30 second ends, said terminal pins disposed in first and second
connecting wafers, said first connecting wafer located
proximate said first end and said second connecting wafer
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REPLACEMENT SHEET
iature connect
of the m niat
phase of th

10
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20

25

30

connector as in FIG 1A and a pin during a
I nsertion cycle.

late

- 25 -

located proximate said second end, wherein a first row of
said terminal pin inserts is connected to a second row of
said terminal pin inserts by connecting said first connecting
wafer of said first row of terminal pin inserts to said first
connecting wafer of said second row of terminal pin inserts
and further connecting said second connecting wafer of said
first row of terminal pin inserts to said second connecting
wafer of said second row of terminal pin inserts;

said first connecting wafer of each said first and
second rows of terminal pin inserts disposed in said first
cavity and said first end of said terminal pins of each said
first and second rows of terminal pins inserts extending into
said second cavity; _

a second connector comprising:

a contact housing having two or more rows of
insertion bores corresponding in number to the number of rows
of terminal pin inserts; and

a plurality of contact beams disposed in said
housing such that one of said contact beams is disposed in a
corresponding one of said insertion bores;
whereby said contact housing is disposed in said second
cavity of said pin housing such that said first end of each
one of said terminal pins is inserted into a corresponding
one of said insertion bores and contacts said contact beam
disposed therein.

33. The electrical connector assembly of
claim 32, said contact beams having a first and second end;
wherein said first end is supported in said contact housing
and said terminal pins contact said second end.

34. An electrical connector, comprising:
a pin housing having a first and second surface;
a plurality of terminal pins disposed in said pin
housing and extending in rows out of said first and second
surfaces, wherein the number of rows of pins extending out of
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view of the mniature connector and the

e T L RS 95T T 46 5

enbodinenL P& connector in accordance with the present inven-
tion. FlIG gposs-sectional view taken along the |ines

- 26 -
'rst surface is twice the number of rows of pins
Pading out of said second surface.

35. An electrical connector for electrically
connecting a pin, said pin having a central pin axis, said
5 connector comprising:

a housing having a top and bottom surface, an
insertion bore defining an insertion surface and a spring
retention bore defining a retentibn surface, said insertion
bore in communication with said spring retention bore and

10 said insertion surface substantially aligned with said
retention surface, said insertion bore having a central
insertion axis, said housing further having a cavity formed
in said bottom surface; and

a retention spring disposed within a

15 receptacle, said receptacle disposed within said cavity and
mechanically connected to said housing such that said
receptacle is retained in said housing and said retention
spring extends into said spring retention bore, whereby said
pln is inserted into said insertion bore with said central

20 pin axis belng substantlally coincidental with said central

insertion axis and said retention spring electrically
contacts said pin and retains said pin against said retention
surface.

36. The electfical connector according to
25 claim 35, wherein said retention spring comprises a first
straight portion integrally joined to a first end of a second
: " straight portion, said second straight portion disposed
' within said receptacle, said first straight portion extending
‘at an angle with respect to said second straight portion and
30 into said spring retaining bore, said first straight portion
integrally joined to a curved contact portion, said . curved
contacting portion in contacting engagement with said pin for
retaining said pin against said retention surface, said
retention spring further comprising a tail portion integrally

35 joined to a second end of said second straight portion and
[ —
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4-4 of the el ect
enbodi nent of a
FIG 6b shows
t he connect or
Cr oss- sectlo,al
of FIG

ical connector of FIG 4. FIG 6a shows a top view of an

onnect or housing in accordance WQ rgsept _iv nB’) :

| ateral cross-sectional viewtak i&/ égﬁﬁii qsf

ousing of FIG 6a FIG 6c¢c shows a partial |ongitudinal

view taken along the lines 6c-6¢c of the connector housing
- 27 -

extending outside of said housing for electrical connection

to a printed substrate.

37. The electrical connector according to
claim 36, wherein said second straight portion is molded
within said receptacle.

38. The electrical connector according to
claim 35, said housing further having a counter-sink bore in
said top surface, said counter-sink bore in communication
with said insertion bore and having a central counter-sink

10 axis coincidental with said central insertion axis.

39. The electrical connector according to
claim 35, said housing further comprising a spring loading
ramp extending from said retention surface, said spring
loading ramp comprising a flat portion extending from said

15 insertion bore and a sloped portion extending toward said
bottom surface to facilitate insertion of said retention
spring in said insertion bore.

~ 40. The electrical connector of claim 35,
said spring retention bore having a central spring retention

20 axis, wherein said central spring retention axis is displaced
from and parallel to said central insertion axis.

41. An electrical connector for electrically _
connecting a pin, said pin having a central pin axis, said '
connector comprising:

25 a housing having an insertion bore and a
spring retention bore, said insertion bore having a central
insertion bore axis and said spring retention bore having a
central spring retention bore axis, said central insertion
bore axis being substantially coincidental with said central.

30 pin axis, séid central spring retention bore axis being
substantially parallel to and laterally disposed from said
central insertion bore axis; and
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;J:e and retention spri tx L naccqrdange
"FIG 7b shows a cross- rspgaslﬁsb 5Mté<in£65
e receptacle and retention spring assenbly of FIG
PPoective view of a pi n header and

7a. FIG 8 sh
¥ - 28 -

. a retention spring connected to said housing
‘;and having a curved contact portion disposed within said
'sprlng retention bore, whereby said pin is inserted into said
insertion bore and said spring retention bore and said curved
contact portion contacts said pin for retaining said pin
within said housing. '
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FO i n accordance with the present invention. FIG 9a shows a

ew of a pin header in accordancgf egentyi NveRtaon
Fa | ongi tudi nal side view of a pin W!ﬂ@ﬂ&ficﬁdn&%ﬁg
fhvention. FIG 10 shows a cross-sectional view taken along the
gof the pin heaq§£ shown in

connect or housi
| ateral side . \
FIG 9b sho

t he present,
i -10@

lines 10-1 STRACT OF 'Il.'zlliEGQIggt':Logﬂz

An electrical connector assembly according to the
f;[current invention comprises a receptacle and a right angle
header for connecting two or more printed circuit boards. A
compoéite action beam is located in the receptacle and has a
movable end and a fixed end. During an initial phase of the
pin insertion cycle, the movable end of the composife action
beam deflects so as to minimize the force necessary to insert
the pin into the connector housing. During an intermediate
10 phase of the insertion cycle, the movable end contacts an
inside wall of the connector and the éomposite action beam
functions as a two-end supported beam. The composite action
beam supported at both ends exerts sufficiently high normal
force against the inserted pin so as to retain the pin in the
15 inserted position. Thus, the composite action beam reduces
insertion force without compromising normal retention force
once the pin is inserted. The piﬁs are positively aligned in
"a header housing such that component tolerances are
maintained and a large array of pins can be easily inserted
20 into connection with the printed circuit board at one end and
into connection with the receptacle at the other end.

-
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Referring now to t[g#drawi ngs, wherein |like reference n

! 146
correspondi ng st r e

gt ure throughout the views. FIG 1A shows'a % o MAR ] g
sectional view gfone preferred enmbodi ment of a conpact connector assenbly
according to t a

e “current invention. The assenbly 1 conprises a pin 2 and

conpact conngffor or receptacle 3. The %?q?act connect or
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Fig. 2
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3 further conprisgﬁfa side wall 4, an inner wall 5 and an

el ectrically-congdtive conposite action beam 6. The com pEsC]ZUSt i gng /0 1 ll
beam 6 is locatgin a bore 7 which is linited by the inner wall ‘Sﬂ G MAR 1
sidewal | 4. A gjable or unsupported end 6A of the conposite acti eam 6

is |located ne; Fa pin receiving opening 8 while a fixed or supported end 6B
of the comp e action beam 6 is |ocateds/)a
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near a sol der tai
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the solder tail opening 9. The solder tail 10 MA 199
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i ndented surface 4A so as to minimze the deviation froma predét®+nffed
course of novenent. In a preferred enbodi- nent; the width of the novable
end 6A and the correspond- ing noveable area 4C is wider than the rest of
the conposite * action beam 6 or the bore 7. This width differentiation

prevents the noveabl e end 6A of the conposite actlon beam from bei ng pushed

down towards the fixed end 6B so as tol-
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ELECTRICAL CONNECTOR

CRO REFERENCE TO RELATED APPLICATIONS _

This application is a continuation-in-part of U.S.
application serial no. 08/221,077, filed March 31, 1994,
which is a continuation-in-part of U.S. application serial
no. 08/193,443, filed February 8, 199%4.

FIELD OF THE I ION .

This invention relates to the field of electrical
connectors. More particularly, this invention relates to
miniature or high density connectors wherein a relativély low
force is necessary to'insert a pin in the connector housing
for electrical connection to a printed substrate or the like
and wherein a spring contact applies.a relatively high normal
force against the pin for retalnlng the pin in the connector
housing.

BACKGROUND OF THE INVENTION

In electrical connector design, miniaturization_has-
become an increasingly important consideration. However,
there is a trade off between connector performance and
reduced size. As the size of the connector is reduced, less
space is available within the receptacle housing of the
connector for a connector beam. Such a limited space makes
it increasingly difficult to provide a low pin insertion
force relatxve to a high normal retention force, while

-malntalning the desirable tolerances of the connector
stxucture.
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maintain its substantially horizontal novenent near the pin-receiving
opening 8 during the pin insertion cycle. It will be noted in FIG 1A that
solder tail opening 9 is filled. In such a construction it may not be
necessary to provide novable end 6A with-a portion that is w der than the
conposite action beam6 or bore 7. Simlarly, if novable end 6A is
constructed as shown, it may not be neces<ary to fil

In a compact connector, the above-mentioned low

'mnggrtion force is a significant design factor. As the area
yegquired for each pin-to-beam contact is reduced, more
contacts may be placed in the connector. Heretofore, more
force was ‘necessary for inserting a component within such a

| connector. Such increased insertion force, particularly
where the connector is mounted on a printed circuit board,
can result in an unreliable connection, bending of the
printed board and solder joint cracking.

Cantilever beams have been used in the art to
provide low insertion force. The cantilever beam is
generally supported only by one end so that the other end can

- move during a pin insertion cycle and the beam is thin in
order to provide for the necessary deflection. When a pin is
initially inserted into a connector housing, the pin touches
the movable end of the beam. When the pin is inserted
further, the movable end is pushed away in a direction that
‘is substantially.transverse to the pin insertion axis to
accommodate penetration of the pin. This movement allows low
insertion force for an easy insertion. However, when the pin
is completely inserted into the connector, such a thin
cantilever beam does not apply a desirably high normal force
against the inserted pin in order to retain the pin in the
connector housing.

On the other hand, a supported beam provides high
normal force against a completely inserted pin. Since the
supported beam is generally supported by both ends, unlike a
cantilever beam, either end of the supported beam does not
move. During the pin insertion cycle, the supported beam
only deflects. Accordingly, the supported beam tends to
require high insertion force during an initial phase of an
insertion cycle. Since a compact connector assembly may
accommodate a large number of contacts, the total amount of
necessary insertion force is undesirably high.

Thus, neither a cantilever beam nor a supporﬁed
beam alone may be appropriate for a compéct connector. A
cantilever beam may require low initial insertion force, but

Thststherelacem n
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sol der tail opening 9. One advantage to filling solder tail opening 9 is

the prevention of solder fromflowing into bore 7 during nounting of the
connect or. REPLACEMENT SHEET '
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it may provide sufficient normal retention force against a
completely inserted pin. A cantilever beam also requires a
larger space for the movable end. A supported beam, on the
other hand, may provide sufficient normal force against an
inserted pin, but requires large insertion force during an
initial phase of an insertion cycle. Accordingly, a large
number of pins cannot be placed on the same connector with .
supported beams due to the larger insertion force.

Regarding the header of such a miniature connector,
during the manufacturing process it is paramount that the
terminal pins be aligned within the desired tolerances. Thus,
upon connection of the header and receptacle the pins can be
simply placed in the corresponding openings in the receptacle
housing without any excessive force which could damage or
break the miniature connector.

Thus, there is a need for an electrical connector
wherein a relatively low force is necessary to insert a pin
in the connector housing for electrical connection to a
printed substrate or the like and wherein a spring beam
contact applies a relatively high normal force against the
pin for retaining the pin in the connector housing. The
present invention provides an electrical connector which
satisfies this need.

SUMMARY OF THE INVENTION
Accordingly, the current invention provides a

compact electrical connector with low insertion force
relative to high normal retention force, while allowing for =
desired tolerances in the connector structure. Thus, one
object of the current invention is to limit height, width and
pitch of a connector. Another object is to provide low
insertion force at least_during an initial phase of an
insertion cycle. Yet another object of the current invention
is to provide high normal force against the inserted pin in
order to retain the pin within the connector housing.

Lastly, another object of the invention is to provide the
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-8 - FIG 2 illustrates an internedi ate phase of the pin inser- tion cycle
in a preferred enbodi nent according to the current invention as shown in
FiG 1A The pin is further inserted towards the center of the arch 6C of
t he conposite action beam 6. To accommpdate further insertion, the nov-
abl e end 6A functions as a cantil ever bea? and t he novabl e
ability to maintain desirable tolerances during all phases of
the manufacture and use of the connector.
According to one aspect of the current invention,
an electrical connector assembly for electrically connecting
a pin comprises a receptacle having a bore along a pin
insertion axis, the bore having inner walls, and
a composite action beam located in the bore for providing a
substantially low insertion force or low spring rate during
the initial phase of insertion of the pin and providing a
substantially high normal force against the pin during a
later phase of the insertion.
According to another aspect of the current
appllcatlon, the comp051te action beam has a unsupported end
and a supported end. The comp051te action beam provides a
substantially low deflection rate at the unsupported end
during an initial phase of insertion, and the compoéite
. action beam functions as a cantilever beam during the initial
phase. The unsupported end is abutted against one of the
inner walls during a later phase of the insertion, the
composite action beam then functioning as a supported beam,
thus providing a substantially high normal retention force
against the pin.
According to a third aspect of the invention, an
electrical connector for electrically connecting a pin having
a central pin axis, comprises a housing having a top and
bottom surface, an insertion bore defining an insertion
surface and a spring retention bore defining a retention
surface. The insertion bore is in communication with the
spring retention bore and the insertion surface is
substantially aligned with the retention surface. The
insertion bore has a central insertion axis and the housing
further has a cavity formed in the bottom surface. A
retention spring is disposed within a receptacle and the
receptacle is disposed within the housing cavity and is
mechanically connected to the housing such that the
receptacle is retained in the housing and the retention

spring extends into the spring retention bore. The pin is
T T
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end 6A noves towards the partially indented surface 4A of the sidewall 4.
The partially indented surface 4A of the sidewall 4 can serve to narrow the
overall wdth of the connector assenbly 1. The novable end then abuts

agai nst the partially intended surface 4A as shown in FIG 2. At this

poi nt, the conposite action beam 6 goes through a transition froma

cantil ever beamto a supported beam Neitfer end of

inserted into the insertion bore with the central pin axis
peing substantially coincidental with the central insertion
axis gnd the retention spring electrically contacts the pin
and retains the pin against the retention surface.

Accord;ng to yet another aspect of the invention,
the pin header provides for effective alignment of the pins
such that a large array of pins can be connected to a printed
circuit board without damaging the miniature connector and
without interference such as pin stubbing. The pins are
mounted in alignment wafers which provide for effective
alignment of the pins into individual pin rows. The pin
array is inserted at the printed circuit board end into a
stand-off pin guide which provides for effective alignment of
the pins onto the printed circuit board.

These and various other advantages and features of
novelty which characterize the invention are pointed out with
particularity in the claims annexed hereto and forming a part
hereof. However,. for a better understanding of the
invention, its advantages, and the objects obtained by its
use, reference should be made to the drawings which form a
further part hereof, and to the accompanying descriptive
matter, in which there is illustrated and described preferred
embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1A diagrammatically illustrates a cross-

section of a preferred'embodiment of a miniature connector
and a pin according to the current invention during an .
initial phase of an insertion cycle.

Fig. 1B diagrammatically illustrates a top view of
the miniature connector of the current invention.

Fig. 1C shows another cross-sectional view of the
miniature connector at 1C-1C of Figure 1B.

Fig. 2 shows a cross-sectional view of the
ﬁiniature connector as in Figure 1A and a pin during an
intermediate phase of the insertion cycle.
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the conposite action beam 6 no | onger horizontally noves to accommodat e

further

pin insertion. However, the center of the arch 6C deflects from

this point on.- As the center of the arch 6C defl ects,the novabl e end,6A nmay
nove in the direction of an axis of i'nsertion toward the pin receiving
opening 8. The fixed end 6B of the conp05|te action beam 6 renmai ns
stationary with respect to the sidewall 1Z. 6ATcor d-

Fig. 3 illustrates a cross-sectional view Gf the
miniature connector and the pin of the current invention as
in Figure 1A after the pin is completely inserted into the
connéctor. ' '

Fig. 4 shows a top view of a further embodiment of
an electrical connector in accordance with the present
invention.

Fig. 5 shows a cross-sectional view taken along the
lines 5-5 of the electrical connector of Fig. 4.

Fig. 6a shows a top view of an embodiment of a
connector housing in accordance with the present invention.

Fig. 6b shows a lateral cross-sectional view taken
along the lines 6b-6b of the connector housing of Fig. 6a.

Fig. 6c shows a partial longitudinal cross-
sectional view taken along the lines 6c-6c of the connector
housing of Fig. 6a.

Fig. 7a shows a receptacle and retention spring
assembly in accordance with the present invention.

Fig. 7b shows-a cross-sectional view taken along
the lines 7b~7b of the receptacle and retention spring
assembly of Fig. 7a.

Fig. 8 shows a perspective view of a pin header and
connector housing in accordance with the present invention.

Fig. 9a shows a lateral side view of a pin header
in accordance with the present invention.

Fig. 9b shows a longitudinal side view of a pin
header in accordance with the present invention.

Fig. 10 shows a cross-~sectional view taken along
the lines 10-10 of the pin header shown in Fig. 9b.

Fig. 11 shows a cross-sectional view of another
embodiment of a pin header in accordance with the present
invention.

Figs. 12a-12e show a row of terminal pins and
alignment wafers in accordance with the present invention.

Figs. 13a-13d show a stand-off pin guide in
accordance with the present invention.
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ingly, the deflection rate may increase up to approximately 16 grans per

ml| after the conposite beam 6 acts as a two-point supported beamin a

preferred enbodi nent of the current invention. Now referring to FIG 3, the

pin 2 has reached the final insertion point. The pin 2 is pressed agai nst

%Eﬁ inner wall 5 by the conposite actloq 2?%?16 at a Hertzian stress dot
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

Referring now to the drawings, wherein like
refergnce,numerals designate corresponding structure
throughout the views.

Figure 1A shows a cross sectional view of one

. preferred embodiment of a compact connector assembly
according to the current invention. The assembly 1 comprises
a pin 2 and a compact connector or receptacle 3. The compact
connector 3 further comprises a side wall 4, an inner wall 5
and an electrically-conductive composite action beam 6. The
composite action beam 6 is located in a bore 7 which is
limited by the inner wall 5 and the sidewall 4. A movable or
unsupported end 6A of the composite action beam 6 is located
near a'pin receiving opening 8 while a fixed or supported end
6B of the composite action beam 6 is located near a solder
tail opening 9. A solder tail 10 of the composite action
beam 6 is continuous with the composite action beam 6 at the
fixed end 6B and.protrudes through the solder tail opening 9.
The solder tail 10 bends 50° around a bottom of the sidewall
4 and extends horizontally beyond the sidewall 4.

Still referring to Fig. 1A, the movable end 6A
makes a contact with the pin 2 during an initial phase of an
insertion cycle. The angle of attack by the pin 2 with
respect'to the movable end 6A may be relatively high during
this initial phase, compared to later phases of the insertion
cycle. In a preferred embodiment, the movable side 6A is
located to one side of the pin receiving opening 8 during
this phase of insertion. The center of arch 6C of the
composite action beam 6 can abut against the inside wall 5.
The pin-receiving opening 8 can be partially further indented
on a surface 4A facing the movable end é6A. The deflection
rate during the initial phase can be approximately 4 gram per
mil according to a preferred embodiment of the current
invention. The movable end 6A functions as a cantilever beam
and requires low insertion force during this initial phase.

Now referring to Figure 1B, relative locations of

the above discussed components in the compact connector
I :
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In this final insertion phase, the conposite action beam 6 provides high
normal force against the pin 2 relative to initial insertion force so as to
retain the pin 2 in the final position. The conposite action beam 6 now
renmmains to function as a two-point supported beam It will also be noted
that an anti-stubbing top 11 has been addqp to connector 1 whi ch ext ends
over pin receiving

according to the current invention are shown in a top view.
In a pin-receiving opening 8, the pin 2 is shown in the most
inner part against the inner wall 5. The pin 2 contacts the
movable end 62 of the composite action beam 6 in an
approximately center location of the pin receiving opening 8.
Lateral to the movable end 6A is a space 7 and the fixed end
6B which abuts the sidewall 4. Further lateral to the
sidewall 4 is a portion of the solder tail 10, which extends
‘beyond the sidewall 4. In the embodiment shown in Figure 1B,
there are eight pin-to-beam contacts on the connector. It is
noted, however, that such a connector feature would most
likely be applicable in high pin count configurations.

Figure 1C shows another cross-sectional view of the
miniature connector at 1C-1C of Figure 1B. The pin-receiving
opening 8 has a larger diameter than the width of the
composite action beam 6. The bore 7 indicated by a dotted
line is limited by the inside walls of the connector 3. The
composite action beam 6 shown in solid line has the movable
end 6A near the pin-receiving opening 8, the arch portion 6C
near the center of the bore 7 and the fixed end 6B near the
solder tail opening 9. The solder tail 10 is contiguous with
the fixed end 6B. The indented surface 4A further comprises
a transition area 4B between the indented surface 4A and the
inner surface of the side wall 4. The indented surface
further comprises ﬁovable area 4C where a movement of the
movable end 6A of the composite action beam 6 is
accommodated. Thus, the movable end of the composite action
beam 6 is guided within movable area 4C of the indented . - -
surface 4A so as to minimize the deviation from a
predetermined course of movement. In a preferred embodiment,
the width of the movable end 6A and the corresponding
moveable area 4C is wider than the rest of the composite
action beam 6 or the bore 7. This width differentiation
prevents the moveable end 6A of the composite action beam
from being pushed down towards the fixed end 6B so as to-
maintain its substantially horizontal movement near the pin-
receiving opening 8 during the pin insertion cycle.

This Sheet Has Been Re (i This is the replacement sheet

AR

Date: 16 DEE 1048



opening 8. The function of top 11 is to prevent stubbing of pins 2 on
conposite beam6. In order to assist in the insertion of pins 2, the end
portion of top 11 extending over pin receiving opening 8 is chanfered or
tapered. In summary, FIGS. 1-3 illustraté a transition of the conposite
action beam6 froma cantilever beamto a supported beam Such a transition
in the beam 6 yields | ow S

It will be noted in Figure 1A, that solder
tail opening 9 is filled. 1In such a construction it may not
be necessary to provide movable end 6A with a portion that is
wider than the composite action beam 6 or bore 7. Similarly,
if movable end 6A is constructed as shown, it may not be
necessary to fill solder tail opening 9. One advantage to
filling solder tail opening 9 is the prevention of solder
from flowing into bore 7 during mounting of the connector.

Figure 2 illustrates an intermediate phase of the
pin insertion cycle in a preferred embodiment according to
the current invention as shown in Figure 1A. The pin is
further inserted towards the center of the arch 6C of the
composite action beam 6. To accommodate further insertion,
the movable end 6A functions as a cantilever beam, and the
movable end 6A moves towards the partially indented surface
4A of the sidewall 4. The partially indented surface 4A of
the sidewall 4 can serve to narrow the overall width of the
connector assembly 1. The movable end then abuts against the
partially intended surface 4A as shown in Figure 2. At this
point, the composite action beam 6 goes through a transition
from a cantilever beam to a supported beam. Neither end of
the composite action beam 6 no longer horizontally moves to
accommodate further pin insertion. However, the center of
the arch 6C deflects from this point on. As the center of
the arch 6C deflects, the movable end 6A may move in the
direction of an axis of insertion toward the pin receiving
opening 8. The fixed end 6B of the composite action beam 6
remains stationary with respect to the sidewall 4.
Accordingly, the deflection rate may increase up to
approximately 16 grams per mil after the composite beam 6
acts as a two-point supported beam in a preferred embodiment
of the current invention.

Now referring to Figure 3, the pin 2 has reached
the final insertion point. The pin 2 is pressed against the
inner wall 5 by the composite action beam 6 at a Hertzian
stress dot 6D. In this final insertion phase, the composite
action beam 6 provides high normal force against the pin 2

[
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I nsertion force during an initial phase relative to high normal force
against a conpletely inserted pin. Low insertion force REPLACENMENT SHEET
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relative to initial insertion force so as to retain the pin 2
in the final position. The composite action beam 6 now
remains to function as a two-point supported beam.

It will also be noted that an anti-stubbing top 11
has been added to connector 1 which extends over pin
receiving opening 8. The function of top 11 is to prevent
stubbing of pins 2 on composite beam 6. In order to assist
in the insertion of pins 2, the end portion of top 11
extending over pin receiving opening 8 is chamfered or
tapered. _

In summary, Figures 1-3 illustrate a transition of
the composite action beam 6 from a cantilever beam to a
supported beam. Such a transition in the beam 6 yields low
insertion force during an initial phase relative to high
normal force against a completely inserted pin. Low
insertion force is an adﬁantage for a compact connector.
Since the area required for each pin-to-beam contact is
smaller with the ‘composite action beam of the current
invention, a larger number of the contacts may be placed in
the compact connector. Thus, a total amount of insertion
force needs to be kept minimal so as to make insertion
relatively easf and reliable. The composite action beam of
the current invention satisfies such a low insertion force
requirement. At the same time, when a pin is completely
inserted, sufficiently high normal force against the pin is
also provided by the composite action beam of the current
invention. Therefore, the composite action beam of the
current invention combines the advantageous features of the =
cantilever beam and the supported beam without sacrificing
the space limitation of a compact connector.

Another embodiment of an electrical connector in
accordance with the present invention is shown in Figs. 4 and
5. In this embodiment, adjacent pin insertion openings 20 in
the connector housing 22 are closely spaced together, both in
the longitudinal and lateral direction. A counter-sink bore
24 of each pin insertion opening 20 is in communication with
an insertion bore 26 such that the counter-sink bore
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is an advantage for a conpact connector. Since the area reqired for each

pi n-to-beam contact is snmaller with the conposite action beam of the
current invention, a |larger nunber of the contacts nay be placed in the
conpact connector. Thus, a total anount of insertion force needs to be kept
mnimal so as to make insertion relatlveIY easy and reliable. The conposite
action beam of the current invention

facilitates easy insertion of adjacent pins 28 into the
insertion bores 26 of laterally adjacent pin insertion
openings 20. Pin 28 and the counter-sink bore 24 and
insertion bore 26 all have a coincidental central axis 30
such that the pins 28 are inserted into the openings 20 along
the central axis 30. The insertion bores 26 are only
slightly larger than, and preferably the same shape as, the
external surface of the pins 28, taking into account the
necessary tolerances of the structure.

The insertion bore 26 of each opening 20 is in
communication with a spring retention bore 32 in the housing,
with the central axis of the spring retention bore being
parallel to, but displaced from, the axis of insertion of the
pins along central axis 30. A surface 34 of the insertion
bore 26 is substantially aligned with a surface 36 of the
spring retention bore 32 such that the pins 28 are inserted
into the spring retention bore closely adjacent to, and
preferably contac¢ting, the surface 36 of the spring retention
bore 32. The pins 28 are thus inserted into contact with the
contact beams 38 in the manner described above such that the
pins are retained against the surface 36. 1In this manner,
the tolerances of the assembly can be low, while ensuring
that the pins contact a wall of the housing when the contact
beam applies a high normal force in order to retain the pins
in the housing.

Referring to Figs. 6a-6c, wherein an embodiment of
the connector housing is shown without the contact beams, the
connector housing 22 has a cavity 40 in the bottom surface. -
41. Referring to Fig. 5, the contact beams 38 are mounted in
a receptacle 42 such that the contact beams are detachably
mounted within the housing when the receptacle 42 is mounted
into the cavity 40. As shown in Figs. 7a-7b, in a preferred
embodiment, one row of contact beams is disposed in one half
of a receptacle 42. In such an embodiment, each half of the
feceptacle 42 includes alternating pins 44 and holes 46,
which are preferably square. In this manner, these rows of
contact beams are easily manufactured separately and
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satisfies such a lowinsertion force requirenent. At the sane tinme, when a
pinis conpletely inserted, sufficiently high normal force against the pin
is al so provided by the com posite action beam of the current invention.
Therefore, the conposite action beamof the current invention conbines the
advant ageous features of the cantil ever bean1and t he supported beam w t hout
sacrificing the space limtation of a ~

subseguently assembled together with the pins of one row
connected into a corresponding hole of another row in a known
manner to form a single receptacle having adjacent rows of
contact beams. Accordingly, the rows of adjacent contact
beams are inserted into the spring retention bore and
detentes 48 on the receptacle 42 engage the walls S0 of the
connector housing, causing elastic deformation of the walls
in the area of the detentes, such that the receptacle'is
mechanically connected to the connector housing.

Referring to Figs. 6éb-6c, in order to facilitate
insertion of the contact beam rows into the housing, in a
preferred embodiment connector housing 22 includes beam
insertion ramps 52. These ramps comprise a flat portion 54,
extending from the base of the insertion bore, and a sloped
portion 56 which extends toward the bottom surface 41 of the
connector housing. Upon insertion of the contact beams in
the spring retention bore, the contact beams slide up the
sloped portion 54 and onto the flat portion 56 such that all
of the insertion tolerances are applied to one side of the
connector housing and can be accounted for during manufacture
of the connector structure. It should be noted that in this
embodiment a small additional insertion force on the pins 28
will be necessary to insert the pins into the housing, since
the insertion ramps 52 impart a small load on the contact
beams as they come intd contact with the surface 36 of the
connector housing in the spring retention bore. |

A preferred embodiment of a contact beam 38 is
shown in Fig. 7b. A straight portion 60 is disposed within
the receptacle 42. Preferably, the straight portion 60 is
molded into the receptacle during the manufacture of the beam
and receptacle assembly such that solder used to mount the
contact beam to a printed substrate cannot flow from the
bottom of the connector housing and into the spring retention
bore. BAnother straight portion 62 extends at an angle from
one end of the straight portion 60. The straight portion 62
is joined to a curved contact portion 64 and the curved
contact portion 64 is -joined to top portion 66. The end of
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conpact connector. Another enbodi nent of an electrical connector in accor-
dance with the present invention is showmn in FIGS. 4 and 5. In this

enbodi nent, adjacent pin insertion openings 20 in the connector housing 22
are closely spaced together, both in the |ongitudinal and | ateral
direction. A counter-sink bore 24 of each pin insertion opening 20 is in
communi cati on - 13

the contact beam including the straight portion 60 and curved
contact portion 64 is the end that is inserted into the
spring retention bore, as shown in Fig. 5. Accordingly,
when the pins 28 are inserted into the openings 20 of the
housing 22 they contact the curved contact portion 64 of the
contact beam 38 and the top portion 66 of the beam deflects
away from the surface 36. When the pins 28 are fully
inserted into the spring retention bore, the curved contact
portion of the contact beam applies a high normal force
against the pins for retaining the pins in the housing in the
manner described above.

The mounting portion 68 of the contact beam extends
from the other end of straight pdrtion 60. 1In the -embodiment
shown, mounting portion 68 is for straddle mounting of the
connector wherein the mounting portion of the contact beam in
the adjacent rows of beams is soldered to a pad on either
side of a printed circuit board or the like in a known
manner. However, ‘the present invention is not intended to be
limited in this manner and a known mounting portion for
surface mounting the connector is within the scope of the
invention. '

A terminal pin header 80 for mating with connector
housing 22 is shown in Fig. 8. Upon mating of the pin header
80 and the connector housing 22 in the manner set forth
below, electrical connection is established between a
plurality of terminal pins 82 disposed in the header 80 and
the contact beams 38 disposed in connector housing 22.

Header 80 is a right angle header wherein the terminal pins
82 are bent substantially at right angles within the header
in the manner set forth in further detail below. '

The circuit board end 84 of the terminal pins is

 inserted into holes 85 in a printed circuit board 86 and
solderably connected thereto in a known manner for
establishing electrical connection between the printed
circuitry (not shown) on the circuit board and the contact
beams 38. Accordingly, the mounting portion 68 of the
contact beams 38 can be connected to a second printed circuit
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with an insertion bore 26 such that the counter-sink bore facilitates easy
I nsertion of adjacent pins 28 into the inser- tion bores 26 of laterally
adj acent pin insertion openings 20. Pin 28 and the counter-sink bore 24 and
insertion bore 26 all have a coincidental central axis 30 such that the
pins 28 are inserted into the openings 20 along the central axis 30. The

I nsertion bores 26 are only slightly Iargé¥ than, and prefer-

board or the like such that an electrical connection is
established between the first and second printed circuit.
boards for carrying out a variety of functions in a known
manner.

The terminal pins 82 are disposed in header housing
88 and stand-off pin guide 90, wherein pin guide 90 is bolted
to header housing 88 by bolts %1. As shown in Figs. %a and
10, in one embodiment of the present invention eight
longitudinal rows of terminal pins 82 are disposed in the pin
header 80. In this embodiment, two adjacent header housings
88 are mated together. However, the present invention is not
intended to be limited in this manner, and any number of
longitudinal rows of pins can be provided, depending upon the
application requirements. Thus, as shown in Fig. 11, in
another embodiment, four longitudinal rows of terminal pins
are provided with only one header housing 88.

Referring to Figs. 10 and 11, at the connector end
92 of the terminal pins the pins are aligned in two adjacent
rows per each header housing 88. The number and arrangement
of the terminal pin rows at the circuit board end 84 of the
pins 82 can be configured to meet the desired mating
requirements for the printed circuit board. Thus,'in order
to provide pins aligned in four longitudinal rows, using one
header housing 88, or eight rows, using two header housings
88, at the circuit board end 84 of the terminal pins, the
pins are bent substantially at a right angle 93 with the pins
in one vertical column being bent in an upward direction and
the pins in an adjacent vertical column being bent in a .
downward direction.

Referring to Fig. 8 and Figs. 10 and 11, in oxrder
to mate the connector housing 22 and the header 80, the
connector housing is inserted into the cavity 94 in the
header housing 88. In an embodiment with two header housings
84, two separate connector housings 22 are mated with the
header. When the connector housing 22 is inserted into
cavity 94'the connector end 92 of the two adjacent rows of
terminal pins is inserted into the corresponding adjacent
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s

ably the sane shape as, the external surface of the pins 28, taking into
account the necessary tolerances of the structure. The insertion bore 26 of
‘each opening 20 is i-n conmu- nication with a spring retention bore 32 in
the housing, with the central axis of the spring retention bore being
parallel to, but displaced from the axis,@f_insertion of the pins along
central axis 30. A surface 34 of the insertion bore 26 is

rows of pin insertion openings 20 such that the pins contact
the contact beams 38 in the manner described above. As set
forth in detail below, because of the alignment features of
the header 80 the pins are simply inserted into the connector
housing 22 without interference such as pin stubbing.

Referring to Figs. 12a-12e, a longitudinal row 98
of terminal pins 82 is molded into a top retention and
alignment wafer 100 and a bottom retention and alignment
wafer 102, the wafers 100 and.102 comprising a molded plastic
material. During formation of a row of terminal pins, the
terminal pins are aligned in a die and the molded wafers are
formed out of molten plastic material with projections 104
and sockets 106 being formed as part of the wafers. During
formation of the wafers, pfojedtions in the mold form the
sockets 106. The projections on the mold extend into contact
with and positiveiy locate the row of pins, i.e. sockets 106
extend into contact with the pins, such that alignment of the
pins can be measured and maintained within a desired
tolerance. The pins can be embossed to form a bulge 107 such
that the bulge is used to positively secure the row of pins
in the header housing when the pins are inserted therein in
the manner set forth below.

In order to form adjacent longitudinal rows of
terminal pins 82, individual rows 98 of pins and wafers are
bent substantially at right angles, as shown in Figs. 10 and
11, and the wafers 100, 102 of one such bent row of pins are
joined to the wafers of another bent row of pins by inserting
the projections 104 of the wafers of one row into the sockets
106 of the wafers of the other row. One of ordinary skill in
the art will recognize that the top and bottom wafers are
sized appropriately to provide a desired spacing between the
pins in a vertical column of piné, taking into account the
additional right angle bend 93 in the pins.

Referring once again to Figs. 10 and 11, after the
individual longitudinal rows of pins are bent substantially
at a right angle and adjacent rows of pins are joined by
connecting wafers 100, 102, the top wafers 100 are inserted
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substantially aligned wwth a surface 36 of. the spring reten- tion bore 32
such that the pins 28 are inserted into the spring retention bore closely
aélj acent to, and preferably contacting, the surface 36 of the spring
retention bore 32. The pins 28 are thus inserted into contact with the
contact beans 38 in the manner described above such that the pins are
retai ned against the surface 36. In this ganrer, the tol erances of the

into wafer cavity 110 in each of the header housings 88.
Pfojections 104 of the wafer 100 are supported upon shoulder
112 of the housing and the connector end 92 of the pins
extends through adjacent pin holes 113 in the header housing’
88. Countersinks 114 in the pin holes 113 assist in the
positive location of the pins in the pin holes and obviate
pin stubbing. Accordingly, adjacent rows of pins are
properly aligned within the header housing such that the
desired tolerances of the connector components are maintained
and the header can be simply mated with the connector housing
such that the pins are effectively connected to the contact
beams in the connector housing in the manner set forth above.

Referring to Figs. 13a-13d, in order to provide for
proper alignment, within a desired tolerance, of the circuit
board end 84 of the pins when the pins are connected to the
printed circuit board 86, stand-off pin guide 90 includes a
plurality of longitudinal rows of pin guide holes 120. 1In
-the embodiment -shown in Fig. 13a, eight longitudinal rows of
pin guide holes are provided for receiving eight rows of
terminal pins discussed above. It should be noted that the
rear surface 122 of the pin guide is mounted to the header
housing 88 with the bolts 91 extending thréugh bolt holes
123. .
' In order to provide for positive location of the
pins 82 in the pin guide holes 120, ridges in the pin guide
form four inclined ramp surfaces 124, 125, 126, 127 around
each of the holes 120 wherein the ramp surfaces extend into
communication with the holes 120. Accordingly, the pins-aré'
positively inserted into the pin guide 90 along the ramp
surfaces and into the holes 120. Thus, pin stubbing is
obviated and the ridges ensure that the pins are properly
guided into the pin guide holes.

Thus, the present invention provides for connection
of a large array of pins to a printed circuit board such that
all of the pins are properly aligned and thus, can be simply
inserted into their respective holes on the board.
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éésenbly can be low, while ensuring that the pins contact a REPLACENMENT
SHEET - 10 - wall of the housing when the contact beam applies a high

- 17 -

It is to be understood that, even though numerous
characteristics and advantages of the present invention have
been set forth in the foregoing description, together with
details of the structure and function of the invention, the
disclosure is illustrative only, and changes may be made in
detail, especially in matters of shape, size and arrangement
of parts within the principles of the invention to the full
extent indicated by the broad general meaning of the terms in
which the appended claims are expressed.
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normal force in order to retain the pins in the housing. Referring to FIGS.

6a- 6¢c, wherein an enbodi nent of the connector housing is w t hout the

cont act beans, the connector housing 22 has a cavity 40 in the bottom
surface 41. Referring to FIG 5, the contact beans 38 are ThinfhteeHas BiefR

recept.acl e 42 such that the contact beans are detachably no e
housi ng when the receptacle 42 is - 18 - I ,,”,I
WHAT IS CLAIMED 1S: '

_ 1. An electrical connector assembly for.

electrically connecting a pin comprising:

a receptacle having a bore along an axis for
receiving the pin, said bore having inner walls; and

a composite action beam located in said bore
for providing a substantially low deflection rate during an
initial phase of insertion of the pin and providing a
substantially high normal force against thé pin during a
later phase of said insertion.

2. The electrical connector assembly
according to claim 1 wherein said composite action beam has a
unsupported end and a supported end, said composite action
beam performing the steps of:

a) providing a substantially low deflection rate
while the pin being inserted at said unsupported end during
an initial phase of an insertion, said composite action beam
functioning as a cantilever beam during said initial phase;

b) abutting said unsupported end against said one
of said inner walls during a later phase of said insertion,
said composite action beam then functioning as a supported
beam during said lgter phase; and

¢) providing a substantially high normal force
against the pin.

3. The electrical connector assembly
according to claim 2 wherein said composite action beam has a
deflection rate of approximately 4 gram per mil during said
initial phase.

4. The electrical connector assembly
according to claim 2 wherein said composite action beam has a
deflection rate of up to approximately 16 gram per mil during
said later phase.
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mounted into the cavity 40. As shown in FIGS. 7a-7b, in a preferred
enbodi ment, one row of contact beans is disposed in one akShedfHadBeen Replaced
receptacle 42. In such an enbodi ment, each half of the, red

i ncludes alternating pins 44 and hol es 46, which are pref Eu
this manner, these rows of contact beans are easily manufa

and subsequently assenbl ed together with LthBe-pi ns of one

I n
ely

5. An electrical connector assembly for -
electrically connecting a pin comprising:

a receptacle having a bore along an axis of
receiving the pin, said bore having inner walls; and

a composite action beam located in said bore
having an unsupported end and a supported end, the pin being
inserted at said unsupported end during an initial phase of
an insertion, said composite action beam functioning as a
cantilever beam so as to allow a substantially low deflection
rate during said initial phase, a further insertion of the
pin causing said unsupported end to reach one of said inner
walls and to abut against said one of said inner walls during
a later phase of said insertion, said composite action beam
then functioning as a supported beam during said later phase
so as to provide a substantially high normal force against
the pin.

6.- - The electrical connector assembly
according to claim 5 wherein said composite action beam
further comprises a soldered tail contiguously located one

. end of said composite beam. -

7. The electrical connector assembly
according to claim 5 wherein one of said inner walls has a
partially indented surface.

‘8. The electrical connector assembly
according to claim 7 wherein said unsupported end of said
composite action beam abuts against said partially indented
surface so as to allow an outer width of said receptacle
thinner. |

9. An electrical connector assembly for
electrically connecting a pin in a receptacle which has a
bore along an axis of receiving the pin, said bore having
inner walls, the electrical connector assembly comprising:

K A
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row connected into a correspondi ng hole of another rowin a knomn manner to
forma single receptacle having adjacent rows of contact Thie§l tfﬂBBﬂmR-lm”d
Accordingly, the rows of adjacent contact beans are |nsert

spring retention bore and detentes 48 on the receptacle 42

50 of the connector housing, causing elastic deformation of the walls in
the area of the detentes, such that the-r@€eptacle is

IIs

a composite action beam located in said bore
having a unsupported end and a supported end, the pin being
inserted at said unsupported end during an initial phase of
an insertion, said composite action beam functioning as a
cantilever beam so as to allow a substantially low deflection
rate during said initial phase, said unsupported end reaching
one of said inner walls and abutting against said one of said
inner walls during a later phase of said insertion, said
composite action beam then functioning as a supported beam
during said later phase so as to provide a substantially high
normal force against the pin.

- 10. The electrical connector assembly
according to claim 9 wherein said composite action beam has
an arc between said supported end and said unsupported end.

11. The electrical connector assembly
according to claim 10 wherein said arc further comprises a
Hertzian stress dot, said Hertzian stress dot contacting the
pin. ' '

12. The electrical connector assembly
according to claim 9 wherein said composite action beam has a
solder tail contiguously located at said supported end.

13. The electrical connector assembly
according to claim 9 wherein said composite action beam has a
deflection rate of approximately 4 gram per mil during said ~
initial phase.

_ 14. The electrical connector assembly
according to claim 9 wherein said composite action beam has a
deflection rate of up to approximately 16 gram per mil during
said later phase. -
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Héchanﬁcakhrﬂﬁﬂﬂﬁﬁﬁfﬁk%o t he connector housing. Referring to FIGS. 6b-6c,

I n ord 0 f C|I|tate i nsertion of the contact beamrows into the hou5|ng
in a pr t connector housing 22 includes beaminsertion
ranps 5 : conprlse a flat portion 54, extending fromthe base
of the i and a sl oped portion 56 which extends toward the
bottonlsurface 41 of the connec- - 21 -

15. The electrical connector assembly
according to claim 9 wherein said unsupported end has a wider
width than said composite action beam.

16. The electrical connector assembly
~according to claim 15 wherein said inner wall has a
corresponding width to said unsupported end so as to prevent
said unsupported end from being pushed down towards the '
supported end.

17. An electrical connector assembly for
electrically connecting a pin comprising:

a receptacle having a bore along an axis of
receiving the pin, said bore having inner walls, one of said
inner walls having a partially indented surface;

a composite action beam located in said bore
having a unsupported end and a supported end, the pin being
inserted at said- unsupported end auring an initial phase of
an insertion, said composite action beam functioning as a
cantilever beam so as to allow a substantially low deflection
rate during said initial phase, said unsupported end reaching
said partially indented surface and abutting against said
partially indented surface during a later phase of said
insertion, said composite action beam then functioning as a
supported beam during said later phase so as to provide a
substantially high normal force against the pin;

whereby said partially indented surface making an
outer width of said receptacle thinner.

18. An electrical connector for forming an
electrically connection with a pin, said connector
comprising: |

a housing formed from electrically insulating
material, said housing having.a cavity formed therein for
receiving said pin; and

a contact disposed within said cavity;

[

T
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tor housing. Upon |nsert|on of the contact beans in the spring retention
bore, the cdi lmﬂé up the sloped portion 54 and onto the fl at
pdrtion 56 su the i nsertion tolerances are applied to one
side of the c ng and can be accounted for during manufacture

of the connector structure It should be noted that in this enbodi- nment a
smal | additional insertion force on the &%m§ 28 will be

mounting structure for mounting said contact to
said housing so that said contact is capable of movement
relative to said housing during the initial insertion of said
pin; and

stabilizing structure for stabilizing said contact
in a position relative to said housing so that said contact
produces normal force during the final insertion if said pin.

19. The electrical connector terminal
according to claim 18 wherein an angle of attack of the pin
against said contact changes at a predetermined rate.

20. The electrical connector terminal
according to claim 18 wherein said mounting structure is
movably mounted for providing a substantially low deflection
rate. | '

21, . The electrical connector terminal
according to claim 20 wherein said mounting structure is a
cantilever for providing a substantially low deflection rate.

22. The electrical connector terminal
according to claim 18 wherein said mounting structure is
slidably mounted for providing a substantially low deflection
rate.

23. The electrical connector terminal
according to claim 18 wherein said mounting structure is
rotatably mounted for providing a substantially low
deflection rate.

24. The electrical connector terminal
according to claim 18 wherein said stabilizing structure is
movably mounted for providing a substantially high normal
force.
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necessa L nsert the pins into the housing, since the insertion ranps 52
I npar asth t he contact beans as they cone into contact with the
surfac nnect or housing in the spring retention bore. A
prefer of a contact beam 38 is shown in FIG 7b. A straight
portion 60 is disposed within the recep- Eche 42. Preferably, the straight
portion 60 is nolded into

25. An electrical connector, comprising:
a pin housing; and
' two or more rows of terminal pin inserts
disposed in said pin housing, each said row of terminal pin
inserts comprising:

a plurality of terminal pins having first and
second ends, said terminal pins disposed in first and second
connecting wafers, said first connecting wafer located
proximate said first end and said second connecting wafer
located proximate said second end, wherein a first row of
said terminal pin inserts is connected to a second row of
said terminal pin inserts by connecting said first connecting
wafer of said first row of terminal pin inserts to said first
connecting wafer of said second row of terminal pin inserts
and further connecting said second connecting wafer of said
first row of terminal pin inserts to said second connecting
wafer of said second row of terminal pin inserts.

26. The electrical connector of claim 25,
said pin housing having a first and second cavity, wherein
said first connecting wafer of each said first and second
rows of terminallpin inserts is disposed in said first cavity
and said first end of said terminal pins of each said first
and second rows of terminal pins inserts extends into said
second cavity.

27. The electrical connector of claim 25,
eath said first and second connecting wafers having a side”
surface, a plurality of projections extending from said side
surface and a plurality of sockets extending into said side
surface, wherein said first row of terminal pin inserts is
connected to said second row of terminal pin inserts by
inserting said projections of said first connecting wafer of
said first row of terminal pin inserts into said sockets of
said first connecting wafer of said second row of terminal
pin inserts and further inserting said projections of said
second connecting wafer of said first row of terminal pin
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the mﬁmﬁhe manuf acture of the beam and REPLACEMENT SHEET
-_ Thik 28 Btef Rag&edbl y such that sol der used to nount the

T

inserts into said sockets of said second connecting wafer of
said second row of terminal pin inserts.

- 24 -

28. The electrical connector of claim 27,
each said terminal pin having a pin surface, wherein said
sockets extend from said side surface into contact with said
pin surface.

. 29. The electrical connector of claim 25,
further comprising a pin guide having two or more rows of pin
holes extending through said pin guide for receiving said
second end of said terminal pins, said pin guide further
having ridges forming four inclined ramp surfaces around each
said pin hole and extending into communication with each said
pin hole. '

30. The electrical connector of claim 25,
wherein said terminal pins are bent substantially at a right
angle between said first and second connecting wafers.

31. The electrical connector of claim 25,
wherein said second end of said terminal pins is bent
substantially'at a right angle in a first direction and is
further bent substantially at a right angle in a second
direction, said first direction being substantlally normal to
said second direction.

32. An electrical connector assembly, -
comprising:

a first connector comprising:

a pin housing having a first and second cavity;

two or more rows of terminal pin inserts, each said
row of terminal pin inserts comprising:

a plurality of terminal pins having first and
second ends, said terminal pins disposed in first and second
connecting wafers, said first connecting wafer located
proximate. said first end and said second connecting wafer

-
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contact beamto_a printed substrate cannot flow fromthe bottom of the

connect or q the spring reten- tion bore. Another straight
portion 62 “ angl e fromone end of the straight portion 60. The
straight p | ined to a curved contact portion 64 and the curved

contact portion 64 is joined to top portion 66. The end of the contact bean
I ncl udi ng the straight portion 60 and curdRd

located proximate said second end, wherein a first row of
said terminal pin inserts is connected to a second row of
said terminal pin inserts by connecting said first connecting
wafer of said first row of terminal pin inserts to said first
connecting wafer of said second row of terminal pin inserts
and further connecting said second connecting wafer of said
~ first row of terminal pin inserts to said second connecting

wafer of said second row of terminal pin inserts;

said first connecting wafer of each said first and
second rows of terminal pin inserts disposed in said first
cavity and said first end of said terminal pins of each said
first and second rows of terminal pins inserts extending into
said second cavity; _

a second connector comprising:

_ a contact housing having two or more rows of
insertion bores corresponding in number to the number of rows
of terminal pin inserts; and

a plurality of contact beams disposed in said
housing such that one of said contact beams is disposed in a
corresponding one of said insertion bores;
whereby said contact housing is disposed in said second
cavity of said pin housing such that said first end of each
one of said terminal pins is inserted into a corresponding
cne of said insertion bores and contacts said contact beam
disposed therein.

33. The electrical connector assembly of
claim 32, said contact beams having a first and second end;
~ wherein said first end is supported in said contact housing
and said terminal pins contact said second end.

34. An electrical connector, comprising:
a pin housing having a first and second surface;
a plurality of terminal pins disposed in said pin
housing and extending in rows out of said first and second
surfaces, wherein the number of rows of pins extending out of
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contact portlon 64 |s he end that is inserted into the spring retention

bore, TaB S 5. Accordingly, when the pins 28 are inserted into
the ope e housing 22 they contact the curved contact portion
64 of t m 38 and the top portion 66 of the beam def | ect s away

fron1the sur ace 36 When the pins 28 are fuIIy inserted into the sprlng
retention bore, the curved contact portloﬁ of the

said first surface is twice the number of rows of pins
,xeanding out of said second surface. |

- 35. An electrical connector for electrically
connecting a pin, said pin having a central pin axis, said
5 connector comprising:

a housing having a top and bottom surface, an
insertion bore defining an insertion surface and a spring
retention bore defining a retention surface, said insertion
bore in communication with said spring retention bore and

10 said insertion surface substantially aligned with said
retention surface, said insertion bore having a central
insertion axis, said housing further having a cavity formed
in said bottom surface; and

a retention spring disposed within a

15 receptacle, said receptacle disposed within said cavity and
mechanically connected to said housing such that said
receptacle is retained in said housing and said retention
spring extends into said spring retention bore, whereby said
pin is inserted into said insertion bore with said central

20 pin axis being substentially coincidental with said central
insertion axis and said retention spring electrically
contacts said pin and retains said pin against said retention
surface.

36. The electfical connector according to
- 25 claim 35, wherein said retention spring comprises a first
straight portion integrally joined to a first end of a second
straight portion, said second straight portion disposed
within said receptacle, said first straight portion extending
at an angle with respect to said second stralght portion and
30 into said spring retaining bore, said first stralght portion
‘integrally joined to a curved contact portion, said curved
contacting portion in contacting engagement with said pin for
retaining said pin against said retention surface, said
retention spring further comprising a tail portion integrally
35 joined to a second end of said second straight portion and
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contact beam applies a high normal force against the pins for retaining t he

pi ns 'nfhﬁ%h&@klﬁslm@n latkdle nmanner described above. The nounting portion 68
of the co nds fromthe other end of straight portion 60. In
t he enbod !Hﬁ unting portion 68 is for straddle nounting of the
connect or

unting portion ofzghe contact beam

extending outside of said housing for electrical connection
to a printed substrate.

37. The electrical connector according to
claim 36, wherein said second straight portion is molded
within said receptacle.

38. The electrical connector according to
claim 35, said housing further having a counter-sink bore in
said top surface, said counter-sink bore in communication_
with said insertion bore and having a central counter-sink
axis coincidental with said central insertion axis.

39. The electrical connector according to
claim 35, said housing further comprising a spring loading
ramp extending from said retention surface, said spring
loading ramp comprising a flat portion extending from said
insertion bore.and a sloped portion extending toward said
bottom surface to facilitate insertion of said retention
spring in said insertion bore.

40. The electrical connector of claim 35,
‘'said spring retention bore having a central spring retention
axis, wherein said central spring retention axis is displaced
from and parallel to said central insertion axis.

41. An electrical connector for electrically ]
connecting a pin, said pin having a central pin axis, said |
connector comprising:

a housing having an insertion bore and a
spring retention bore, said insertion bore having a central
insertion bore axis and said spring retention bore having a
central spring retention bore axis, said central insertion
bore axis being substantially coincidental with said central
pin axis, said central spring retention bore axis being
substantially parallel to and laterally disposed from said
central insertion bore axis; and
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In the adjacent rows of beans is soldered to a pad on erther—sideof—a
printed circuit board or the like in a known manner. Howgyv

a

:ﬁq

er., .the present
i ivention is not intended to be limted in this manner = dng
portion for surface nounting the connector is within th
invention. A termnal pin header 80 for mating with conne IS

showmn in FIG 8. Upon nmating of the pin_ 28

a retention spring connected to said housing
and having a curved contact portion disposed within said
spring retention bore, whereby said pin is inserted into said
insertion bore and said spring retention bore and said curved
contact portion contacts said pin for retaining said pin
within said housing. '
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header 80 and the connector housi.ng 22 in the manner set forth bel ow,

el ectrical connection is established between a plurality of term nal pins
82 di sposed in the header 80 and the contact beans 38 di sposed in connector
housi ng 22. Header 80 is a right angle header wherein the terninal pins 82
are bent substantially at right angles-wiilhén the header in the manner set
forth in further detail below

ELECTRICAL CONNECTOR
ABSTRACT OF THE DISCLOSURE

An electrical connector assembly according ﬁo the
current invention comprises a receptacle and a right angle
header for connecting two or more printed circuit boards. A
compoéite action beam is located in the receptacle and has a

movable end and a fixed end. During an initial phase of the
pin insertion cycle, the movable end of the composite action
beam deflects so as to minimize the force necessary to insert
the pin into the connector housing. During an intermediate
phase of the insertion cycle, the movable end contacts an
inside wall of the connector and the composite action beam
functions as a two-end suppdrted beam. The composite action
beam supported at both ends exerts sufficiently high normal
force against the inserted pin so as to retain the pin in the
inserted position. Thus, the composite action beam reduces
insertion force without compromising normal retention force
once the pin is inserted. The pihs are positively aligned in
a header housing such that component tolerances are
maintained and a large array of pins can be easily inserted
into connection with the printed circuit board at one end and
into connection with the receptacle at the other end.

FIGURE 11
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rmnal pins is inserted into holes 85 in
| der abl y REPLACEMENT SHEET 12
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connected thereto in a known manner for establishing elec- trical
connection between the printed circuitry (not shown) on the circuit board
and the contact beans 38. Accordingly, the nounting portion 68 of the .
contact beans 38 can be connected to a second printed circuit board or the
| i ke such that an electrical connection Lsgestablished between the first
and second printed circuit boards for carrying out.a variety
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of functions in a known manner. The term nal pins 82 are disposed in header
housi ng 88 and stand-off pin guide 90, wherein pin guide 90 is bolted to
header housing 88 by bolts 91. As shown in FIGS. 9a and 10, in one

enbodi ment of the present invention eight longitu- dinal rows of term nal
pins 82 are disposed in the pin header 803 l.n thiﬁ/edbodinent t wo .adj acent
header housings 88 are

Fig. 2
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mat ed together. However, the present invention is not intended to be o
limted in this manner, and any nunber of |ongitudinal rows of pins. can be
provi ded, dependi ng upon the application requirenents. Thus, as shown in
FIG 11, in another enbodi nment, four longitudinal rows of termnal pins are
provided with only one header housing 88.4Referring to FIGS. 10 and 11, at
t he connector end 92 of
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the termnal pins the pins are aligned in two adjacent rows per each header
housi ng 88. The nunber and angenent of the terminal pin rows at the
circuit board end 84 of the pins 82 can be configured to neet the desired
mating require- nents for the printed circuit board. Thus, in order to
provi de pins aligned in four |ongitudi nat Bows, using one header housing
88, or eight rows, using tw header housings 88, at
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b

the circuit board end 84 of the termnal pins, the pins are bent
substantially at a right angle 93 with the pins in one vertical colum
bei'ng bent in an upward direction and the pins in an adjacent verti cal

col um being bent in a down- ward direction. Referring to FIG 8 andFIGS
10 and 11, in orderto mate the connector ~heusi ng 22 and the header 80, the
connect or '
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housing is inserted into the cavity 94 in the header housing 88. In an
enbodi nent with two header housings 84, two separate connector housings 22
are mated with theader. Wien the connector housing 22 is inserted into
cavity 94 the connector end 92 of the two adjacent rows of termihal pins is

inserted into the correspondi ng adj acent7rews of pin insertion openings 20
~such that the pins contact the contact '
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is is lacement sheet
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beans 38 in the manner described above. As set forth in - 13 - detail
bel ow, because of the alignnment features of the header 80 the pins are
sinply inserted into the connector housing 22

-8 -
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wi t hout interference such as pin stubbing. Referring to FIGS. 12a-12e, a
| ongitudinal row 98 of termnal pins 82 is nolded into a top retention and
al-i gnnent wafer 100 and a bottomretention and alignnment wafer 102, the
wafers 100 and 102 conprising a nolded plastic mate- rial. During formation

of a row of termnal pins, the termnal -.ppns are aligned in a die and the
nol ded wafers are forned _
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+

out of nolten plastic material with projections 104 and sockets 106 being
formed as part of the wafers. During formation of the wafers, projecttions
in'the mold formthe sockets 106. The projections on the mol d extend into
contact with and positively locate the row of pins, i.e. sockets 106 extend

into contact with the pins, such that al+gboeat of the can be neasured and
ma ed within a desired
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tol erance. The pins can be enbossed to forma bul ge 107 such that the bul ge
s used to positively secure the row of pins in the header housing when the
pins are inserted therein in the manner set forth below. In order to form
adj acent longitudinal rows of termnal pins 82, individual rows 98 of pins
and wafers are bent substantlally at rightiangles, as shown in FIGS. 10 and

11,

104 |
100

§2 |
NARINRY ¢

106
_Fig.l2c

| 104
62 ' /‘05 L
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Fig.l12d

107

100

Fig.l2e
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and the wafers 100, 102 of one such bent row of pins are joined to the

waf ers of another bent row of pins by inserting the projections 104 of the
wafers of one row into the sockets 106 of the wafers of the other row. One
of ordinary skill in the art will recognize that the top and bottom wafers
are sized appropriately to provide a deidred spacing between the pins in a
vertical colum of pins, taking into account the
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addi tional right angle bend 93 in the pins. Referring once agai mwt Fl GS.
10 and=»l1, after the individual
substantially at a right angle and adjacent rows of pins are joined by

connecting wafers
cavity 110-in éach
100 are supported

00..102 __the top

| ongi tudi nal rows of pins are bent

wafers 100 are inserted i nto wafer

SIS BEEHeﬁdSrBEEEus_i ngs 88. Projections 104 of the wafer
ipon SEEPUBEED —

ELECTRICAL CONNECTOR
ABSTRACT OF THE DISCLOSURE

An electrical connector assembly according to the
current invention comprises a receptacle and a right angle
-header for connecting two or more printed circuit boards. A
compos;te action beam is located in the receptacle and has a
movable end and a fixed end. During an initial phase of the
pin insertion cycle, the movable end of the composite action
beam deflects S0 as to minimize the force necessary to insert
the pin into the connector housing. During an intermediate
~phase of the insertion cycle,;the movable end contacts an
inside wall of the connector and the éomposite action beam
functions as a two-end supported beam. The composite action
beam supported at both ends exerts sufficiently high normal
force against the inserted p1n 80 as to retain the pin in the -
inserted position. Thus, the composite action beam reduces
insertion force without compromising normal retention force
once the pin is inserted. The pihs are positively aligned in
a header housing such that component tolerances are
maintained and a large array of pins can be easily inserted
into connection‘with the printed circuit board at one end and
into connection with the receptacle at the other end.

FIGURE 11
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der 112 of the housing and the connector end 92 of the pins ext eREBLACEMENHSHEET
adj acent pin holes 113 in the header housing 88. Countersinks 114 in the

pi'n holes 113 assist in the positive location of the pins in the pin holes

and obvi ate pin stubbing. Accordingly, adjacent rows of pins are properly
aligned within the header housing such thht- t he desired

ELECTRICAL CONNECTOR

FIELD OF THE INVENTION

This invention relates to the field of electrical connectors.
More particularly, this invention relates to miniature or high
density connectors wherein a relatively low force is neces- -
sary to insert a pin in the connector housing for electrical
connection to a printed substrate or the like and wherein a
spring contact applies a relatively high normal force against
the pin for retaining the pin in the connector housing.

BACKGROUND OF THE INVENTION

In electrical connector design, miniaturization has
become an increasingly important consideration. However,
there is a trade off between connector performance and
reduced size. As the size of the connector is reduced, less
space is available within the receptacle housing of the
connector for a connector beam. Such a limited space makes
it increasingly difficult to provide a low pin insertion force
relative to a high normal retention force, while maintaining
the desirable tolerances of the connector structure.

In a compact connector, the above-mentioned low inser-
tion force is a significant design factor. As the area required
for each pin-to-beam contact is reduced, more contacts may .
be placed in the connector. Heretofore, more force was
necessary for inserting a component within such a connec-
tor. Such increased insertion force, particularly where the
connector is mounted on a printed circuit board, can result

- in an unreliable connection, bending of the printed board and
solder joint cracking.

. Cantilever beams have been used in the art to provide low
insertion force. The cantilever beam is generally supported
only by one end so that the other end can move during a pin
insertion cycle and the beam is thin in order to provide for
the necessary deflection. When a pin is initially inserted into

' REPLACEMENT SHEETS  SG
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REPLACENENT SHEET - 14 - tol erances of the connector conponent SREPIACEMENT SHEET
mai nt ai ned and the header can be sinply mated with the connector housing
sich that the pins are effectively connected to the contact

-2-

a connector housing, the pin touches the movable end of the
beam. Whenthepmmmsertedﬂmher the movable end is
pushed away in a direction that is substantially transverse to
meptnmscmwanstoaccommodatcpenenaUOnofthepm
This movement allows low insertion force for an easy
insertion. However, when the pin is completely inserted into
the connector, such a thin cantilever beam does not apply a
desirably high normal force against the inserted pin in order
to retain the pin in the connector housing. -

On the other hand, a supported beam provides high
normal force against a completely inserted pin. Since the
supported beam is generally supported by both ends, unlike
a cantilever beam, either end of the supported beam does not
move. During the pin insertion cycle, the supported beam
only defiects. ‘Accordingly, the supported beam tends to
require high insertion force during an initial phase of an
insertion cycle. Since a compact connector assembly may
accommodate a large number of contacts, the total amount
of necessary insertion force is undesirably high.

Thus, neither a cantilever beam nor a supported beam
alonemaybeappropnateforacompactconnector A can-
tilever beam may require low initial insertion force, but it
may provide sufficient normal retention - force agamst a
completely inserted pin. A cantilever beam also requires a
larger space for the movable end. A supported beam, on the
other hand, may provide sufficient normal force against an
inserted pin, but requires large insertion force during an
initial phase of an insertion cycle. Accordingly, a large
number of pins cannot be placed on the same connector with
supported beams due to the larger insertion force.

Regarding the header of such a miniature connector,
during the manufacturing process it is paramount that the
terminal pins be aligned within the desired tolerances. Thus,
uponconnechonoftheh&derandreceptaclethepmscanbe .
simply placed in the con'espondmg openings in the recep-
tacle housing without any excessive force which couid
damage or break the miniature connector. -

Thus, there is a need for an electrical connector wherein

. a relatively low force is necessary to insert a pin in the

connector housing for electrical connection to a printed

substrate or the like and wherein a spring beam contact
applies a relatively high normal force against the pin for .
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beans in the .connector housing in the manner set forth above. Ref &EPLAGEMBNT SHE|
FI GS. 13a-13d, in order to provide for proper alignnent, within a desired

tdl erance, of the circuit board end 84 of the pins when the pins are

connected to the printed circuit board 86, stand-off pin guide 90 includes

a plurality of l|ongitudinal rows of pin-gi~de holes 120. In the

_retaining the pin in the connector housing. The present
invention provides an electrical connector which satisfies
this need.

SUMMARY OF THE INVENTION

Accordingly, the current invention provides a compact
electrical connector with low insertion force relative to high
normal retention force, while allowing for desired tolerances

' intheoonnectorstrucmre.Thus,oneobjectofthecment
invention is to limit height, width and pxtch of a connectors.
Another object is to provide low insertion force at least
dtmnganxmualphaseofanmseruoncycle Yet another
object of the current invention is to provide high normal -
.force against the inserted pin in order to retain the pin within
the connector housing. Lastly, another object of the inven-
tion is to provide the ability to maintain desirable tolerances
during all phases of the manufacture and use of the connec-
tor.

According to one aspect of the current invention, an
electrical connector assembly for electrically connecting a
pin oomprises a receptacle having a bore along a™pin
insertion axis, the bore having inner walls, and a composite
action beam located in the bore for providing a substantially
low insertion force or low spring rate during the initial phase
of insertion of the pin and providing a substantially high
normal force against the pin during a later phase of the
insertion.

According to another aspect of the current application, the
composite action beam has a unsupported end and a sup-
ported end. The composite action beam provides a substan- -
tially low deflection rate at the unsupported end during an
initial phase of insertion, and the composite action beam
functions as a cantilever beam during the initial phase. The
unsupported end is abutted against one of the inner walls
during a later phase of the insertion, the composite action
beam then functioning as a supported beam, thus providing
a substantially high normal retention force against the pin.

According to a. third aspect of the invention, an electrical
connector for electrically connecting a pin having a central
pin axis, comprises a housing having a top and bottom
surface, an insertion bore defining an insertion surface and
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enbodi ment: shown in Fi G 13a, eight |ongitudinal

are provided for receiving eight rows of term nal

rows of pin guide

RE%L[AGCSEMENT SHE

_ pi ns di scussed above. It
shoul d be noted that the rear surface 122 of the pin guide is nounted to
t he header housing 88 with the bolts 91 extending through bolt holes 123.
In order to provide for positive |locati-oA of the pins 82 in

. a spring retention bore defining a retention surface. The
~ insertion bore is in communication with the spring retention
bore and the insertion surface is substantially aligned with
the retention surface. The insertion bore has a central
insertion axis and the housing further has a cavity formed in
the bottom surface. A retention spring is disposed within a
receptacle and the receptacle is disposed within the housing
cavity and is mechanically connected to the housing such
that the receptacle is retained in the housing and the reten-
tion spring extends into the spring retention bore. The pin is
inserted into the insertion bore with the central pin axis
, being substantially coincidental with the central insertion .
- axis and the retention spring electrically contacts the pin and
retains the pin against the retention surface.
According to yet another aspect of the invention, the pin
header provides for effective alignment of the pins such that
alargearrayofpmscanbeconnectedtoapnntedcxrcmt
board without damaging the miniature connector and with-
out interference such as pin stubbing. The pins are mounted
in alignment wafers which provide for effective alignment of
thepinsintoindividualpinrows.'l‘hepinarrayisinsertedat

the printed circuit board end.into.a stand-off pin guide which-

provides for effective ahgmnent of the pins onto the printed

circuit board.

These and various other advantages and featutes of nov-
elty which characterize the invention are pointed out with
particularity in the claims annexed hereto and forming a part .
hereof. However, for a better understanding of the invention,
its advantages, and the objects obtained by its use, reference
should be made to the drawings which form a further part
hereof, and to the accompanying descriptive matter, in
which there is illustrated and described prefexred embodi-

ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG., 1A diagrammatically illustrates a cross-section of a
. preferredembodxmentofammatmeconnectorandapm
according to the current mventxon during an initial phase of

"an insertion cycle.

FIG. 1B diagrammatically illustrates a top view of the
miniature connector of the current invention.

This is the replacement shewi

Date:

13 AUG 1999



the pin guide holes 120, ridges in the pin guide formfour incli REBLAGFWENT SHEE]
surfaces 124, 125, 126,127 around each of the holes 120 wherein the ranp
surfaces extend into conmuni- cation with the holes 120. Accordingly, the

pins are posi- tively inserted into the pin guide 90 along the ranp

surfaces and into the holes 120. Thus, pi-nbstubbing is obviated and the

ri dges ensure that the pins are properly guided into the

FIG. 1C shows another cross-sectional view of the min-
iature comnector at 1C—1C of FIG. 1B.

FIG. 2 shows a cross-sectional view of the miniature '
connector as in FIG. lAandapmdunnganmtermedxate
phase of the insertion cycle.

FIG. 3 illustrates a cross-sectional view of the miniature
connector and the pin of the current invention as in FIG. 1A
after the pin is completely inserted into the connector.

FIG. 4 shows a top view of a further embodiment of an
electrical connector in accordance with the present inven-
tion. . _

FIG. § shows a cross-sectional view taken along the lines
4—4 of the electrical connector of FIG. 4.

FIG. 6a shows a top view of an embodiment of a
connector housing in accordance with the present invention.

FIG. 6b shows a lateral cross-sectional view taken along
the lines 6b-6b of the connector housing of FIG. 6a.

FIG. 6c shows a partial longitudinal cross-sectional view
taken along the lines 6¢c—6c of the connector housing of FIG.
6a. .

FIG. 7a shows a receptacle and retention spring assembly
in accordance with the present invention.

FIG. 7b shows a cross-sectional view taken along the lines
7—7 of the receptacle and retention spring assembly of FIG.
7a.

FIG. 8 shows a perspective view of a pin header and
connector housing in accordance with the present invention.

FIG. 9a shows a lateral side vunw'ofzayﬁn header in
accordance with the present invention.

FIG. 9b shows a longitudinal side view of a pin header in
accordance with the present invention.

FIG. 10 shows a cross-sectional view taken along the lines
10—10 of the pin header shown in FIG. 95.

FIG. 11 shows a cross-sectional view of another embodi-
ment of a pin header in accordance with the present inven-
tion.

FIGS. 12a-12¢ show a row of terminal pins and align-
ment wafers in accordance with the present invention.

FIGS. 13a-134d show a stand-off pin guide in accordance
with the present invention.
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pi n gui de holes. Thus, the present invention provides for conneREFOACEMENT SHEET
| arge array of pins to a printed circuit board such that all of the pins

are properly aligned and thus, can be sinply inserted into their respective
holes on the board. It is to be understood that, even though nunmerous char-
acteristics and advant ages of the preseft- |nvent|on have been

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S)

--Referring now to the drawings, wherein like reference
numerals designate corresponding structure throughout the
views.

FIG. 1A shows a cross sectional view of one preferred
embodiment of a compact connector assembly accordmg to
the current invention. The assembly 1 comprises a pin 2 and
a compact connector or receptacle 3. The compact connector
3 further comprises a side wall 4, an inner wall 5 and an
electrically-conductive composite action beam 6. The com-
posite action beam 6 is located in a bore 7 which is limited
by the inner wall § and the sidewall 4. A movable or

 unsupported end 6A of the composite action beam 6 is
located near a pin receiving opening 8 while a fixed or
supported end 6B of the composite action beam 6 is located
_ near a solder tail opening 9. A solder tail 10 of the composite
action beam 6 is continuous with the composite action beam
6 at the fixed end 6B and protrudes through the solder tail
opening 9. The solder tail 10 bends 90° around a bottom of
the sidewall 4 and extends horizontally beyond the sidewall
4. . - '
Still referring to FIG. 1A, the movable end 6A makes a
contact with the pin 2 during an initial phase of an insertion
- cycle. The angle of attack by the pin 2 with respect to the
movable end 6A may be relatively high during this initial
phase, compared to later phases of the insertion cycle:In a
preferred embodiment, the movable side 6A is located to one
side of the pin receiving opening 8 during this phase of
insertion. The center of arch 6C of the composnc action
beam 6 can abut against the inside wall 5. The pin-receiving
opening 8 can be partially further indented on a surface 4A
facing the movable end 6A. The deflection rate during the
initial phasecanbeappmnmately4gmmpermﬂaccordmg
to a preferred embodiment of the current invention. The
movable end 6A functions as a cantilever beam and requires
low insertion force during this initial phase.

Now referring to FIG. 1B, relative locations of the above
discussed components in the compact connector according
to the current invention are shown in a top view. In a
pin-receiving opening 8, the pin 2 is shown in the most inner
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set forth in the foregoing description, together with details of REREACEMENT SHEET
structure and function of the invention, the disclosure is illustrative

orily, and changes may be nade in detail, espe- cially in matters of shape,

size and arrangenment of parts within the principles of the invention to the

full extent indicated by the broad general- neaning of the terns in which

t he appended cl ai ns are expressed. .

part against the inner wall §. The pin 2 contacts the movable
end 6A of the composite action beam 6 in an approximately .
center location of the pin receiving opening 8. Lateral to the
movable end 6A is a space 7 and the fixed end 6B which
abuts the sidewall 4. Further lateral to the sidewall 4 is a
portion of the solder tail 10, which extends beyond the
sidewall 4. In the embodiment shown in FIG. 1B, there are
eight pin-to-beam contacts on the connector. It is noted,
however, that such a connector feature would most likely be
applicable in high pin count configurations.

FIG. 1C shows another cross-sectional view of the min-
iature connector at 1C—I1C of FIG. 1B. The pin-receiving
opening 8 has a larger diameter than the width of the
composite action beam 6. The bore 7 indicated by a dotted
line is limited by the inside walls of the connector 3. The

" composite action beam 6 shown in solid line has the mov-
able end 6A near the pin-receiving opening 8, the arch
portion 6C near the center of the bore 7 and the fixed end 6B
pear the solder tail opening 9. The solder tail 10 is contigu-
ous with the fixed end 6B. The indented surface 4A further
comprises a transition area 4B between the indented surface
4A and the inner surface of the side wall 4. The indented
surface further comprises movable area 4C where a move-
ment of the movable end 6A of the composite action beam
6 is accommodated. Thus, the movable end of the composite
action beam 6 is guided within movable area 4C of the
indented surface 4A so as to minimize the deviation from a
predetermined course of movement. In a preferred embodi-
ment, the width of the movable end 6A dnd the correspond-
ing moveable area 4C is wider than the rest of the composite

- action beam 6 or the bore 7. This width differentiation
prevents the moveable end 6A of the composite action beam
from being pushed down towards the fixed end 6B so as to
maintain its substantially horizontal movement near the

. pin-receiving opening 8 during the pin insertion cycle.-

It will be noted in FIG. 1A, that solder tail opening 9 is
filled. In such a construction it may not be necessary to
provide movable end 6A with a portion that is wider than the
composite action beam 6 or bore 7. Similarly, if movable end
6A is constructed as shown, it may not be necessary to fill
solder tail opening 9. One advantage to filling solder tail
opening 9 is the prevention of solder from fiowing into bore
7 during mounting of the connector.
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- 15 - Wiat is clained is: 1. An electrical connector, conprising: a pin
housi ng; and REPLACEMENT SHEE

FIG. 2 illustrates an intermediate phase of the pin inser-
tion cycle in a preferred embodiment according to the
current invention as shown in FIG. 1A. The pin is further
inserted towards the center of the arch 6C of the composite
action beam 6. To accommodate further insertion, the mov-
able end 6A functions as a cantilever beam, and the movable
end 6A moves towards the partially indented surface 4A of
the sidewall 4. The partially indented surface 4A of the
sidewall 4 can serve to narrow the overall width of the .

" connector assembly 1. The movable end then abuts against
the partially intended surface 4A as shown in FIG. 2. At this
point, the composite action beam 6 goes through a transition
from a cantilever beam to a supported beam. Neither end of
the composite action beam 6 no longer horizontally moves
to accommodate further pin insertion. However, the center
of the arch 6C defiects from this point on. As the center of
the arch 6C defiects, the movable end 6A may move in the
direction of an axis of insertion toward the pin receiving
opening 8. The fixed end 6B of the composite action beam
6 remains stationary with respect to the sidewall 4. Accord-
ingly, the deflection rate may increase up to approximately
16 grams per mil after the composite beam 6 acts as a
two-point supported beam in a preferred embodiment of the
current invention. -

Now referring to FIG. 3, the pin 2 has reached the final
insertion point. The pin 2 is pressed against the inner wall §
by the composite action beam 6 at a Hertzian stress dot 6D.
In this final insertion phase, the composite action beam 6
provides high normal force against the pin 2 relative to
initial insertion force so as to retain the pin 2 in the final
position. The composite action beam 6 now remains to
function as a two-point supported beam.

It will also be noted that an anti-stubbing top 11 has been
added to connector 1 which extends over pin receiving
opening 8. The function of top 11 is to prevent stubbing of
pins 2 on composite beam 6. In order to assist in the insertion
of pins 2, the end portion of top 11 extending over pin.
receiving opening 8 is chamfered or tapered.

In summary, FIGS. 1-3 illustrate a transition of the
composite action beam 6 from a cantilever beam to a
supported beam. Such a transition in the beam 6 yields low
insertion force during an initial phase relative to high normal
force against a completely inserted pin. Low insertion force
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two or nore rows of terminal pin inserts disposed in said pin REREAGHVIENBSHEET
said row of terminal pin inserts conprising: a plurality of term nal pins
having first and second ends, said term nal pins disposed in first and

second connecting wafers, said first connecting wafer |ocated proxinmate
said first end and said second -9 -

is an advantage for a compact connector. Since the area
required for each pin-to-beam contact is smaller with the
composite action beam of the current invention, a larger
number of the contacts may be placed in the compact
connector. Thus, a total amount of insertion force needs to
be kept minimal so as to make insertion relatively easy and
reliable. The composite action beam of the current invention
satisfies such a low insertion force requirement. At the same
time, when a pin is completely inserted, sufficiently high

~ normal force against the pim-is also provided by the com-
posite action beam of the current invention. Therefore, the
composite action beam of the current invention combines
the advantageous features of the cantilever beam and the
supported beam without sacrificing the space limitation of a
compact connector.

Another embodiment of an electrical connector in accor-
dance with the present invention is shown in FIGS. 4 and 5.
In this embodiment, adjacent pin insertion openings 20 in
the connector housing 22 are closely spaced together, both
in the longitudinal and lateral direction. A counter-sink bore
24 of each pin insertion opening 20 is in communication .
with an insertion bore 26 such that the counter-sink bore
facilitates easy insertion of adjacent pins 28 into the inser-
tion bores 26 of laterally adjacent pin insertion openings 20.
Pin 28 and the counter-sink bore 24 and insertion bore 26 all
have a coincidental central axis 30 such that the pins 28 are
inserted into the openings 20 along the central axis 30. The
insertion bores 26 are only slightly larger than, and prefer-
ably the same shape as, the external surface of the pins 28,
taking into account the necessary tolerances of the structure.

The insertion bore 26 of each opening 20 is in commu-
nication with a spring retention bore 32 in the housing, with
the central axis of the spring retention bore being parallel to,
but displaced from, the axis of insertion of the pins along
central axis 30. A surface 34 of the insertion bore 26 is
substantially aligned with a surface 36 of the spring reten-
tion bore 32 such that the pins 28 are inserted into the spring
retention bore closely adjacent to, and preferably contacting,
the surface 36 of the spring retention bore 32. The pins 28
are thus inserted into contact with the contact beams 38 in
the manner described above such that the pins are retained
against the surface 36. In this manner, the tolerances of the
assembly can be low, while ensuring that the pins contact a
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connecting wafer |ocated proxi mate said second end, wherein a fiﬁgft}u}
pin inserts is connected to a second row of said termnal pin

said term nal

|T SHEET
COEVI\\/!EOI\%T S

i hserts by connecting said first connecting wafer of said first row of
terminal pininserts to said first connecting wafer of said second row of
terminal pin inserts and further connectilfg-said second connect -

wall of the housing when the contact beam applies a high

" normal force in order to retain the pins in the housing.

Referring to FIGS. 6a~6¢, wherein an embodiment of the
connector housing is shown without the contact beams, the
connector housing 22 has a cavity 40 in the bottom surface
41. Referring to FIG. 5, the contact beams 38 are mounted
in a receptacle 42 such that the contact beams are detachably
mounted within the housing when the receptacle 42 is
mounted into the cavity 40. As shown in FIGS. 7a-7b, in a
preferred embodiment, one row of contact beams is disposed
in one half of a receptacle 42. In such an embodiment, each
half of the receptacle 42 includes alternating pins 44 and
holes 46, which are preferably square. In this manner, these
rows of contact beams are easily manufactured separately
and subsequently assembled together with the pins of one

" row connected into a corresponding hole of another row in

a known manner to form a single receptacle having adjacent
rows of contact beams. Accordingly, the rows of adjacent
contact beams are inserted into the spring reteation bore and
detentes 48 on the receptacle 42 engage the walls 50 of the
connector housing, causing elastic deformation of the walls
in the area of the detentes, such that the receptacle is
mechanically-connected to the connector housing.
Referring to FIGS. 6b-6c¢, in order to facilitate insertion

‘of the contact beam rows into the housing, in a preferred

embodiment connector housing 22 includes beam insertion
ramps 52. These ramps comprise a flat portion 54, extending

from the base of the insertion bore, and a sloped portion 56

which extends toward the bottom surface 41 of the connec-
tor housing. Upon insertion of the contact beams in the
spring retention bore, the contact beams slide up the sloped
portion 54 and onto the flat portion 56 such that all of the
insertion tolerances are applied to one side of the connector
housing and.can be.accounted for during manufacture of the
connector structure. It should be noted that in this embodi-
ment a small additional insertion force on the pins 28 will be
necessary to insert the pins into the housing, since the
insertion ramps 52 impart a small load on the contact beams
as they come into contact with the surface 36 of the
connector housing in the spring retention bore.

- A preferred embodiment of a contact beam 38 is shown in
FIG. 7b. A straight portion 60 is disposed within the recep-

~ tacle 42. Preferably, the straight portion 60 is molded into

the receptacle during the manufacture of the beam and
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ing wafer of said first row of termnal pin inserts to said secorthPLACEMENTSHEE?
connecting wafer of said second row of termnal pin inserts. 2. The

etectrical connector of claiml, said pin housing having a first and second
cavity, wherein said first connect- ing wafer of each said first and second
rows of termnal pin inserts is disposed lh said first cavity and said

first end of

receptacle assembly such that solder used to mount the
contact beam to a printed substrate cannot flow from the
bottom of the connector housing and into the spring reten-
- tion bore. Another straight portion 62 extends at an angle
from one end of the straight portion 60. The straight portion
62 is joined to a curved contact portion 64 and the curved
contact portion 64 is joined to top portion 66. The end of the -
contact beam including the straight portion 60 and curved
- contact portion 64 is the end that is inserted into the spring
retention bore, as shown in FIG. 5. Accordingly, when the
pins 28 are inserted into the openings 20 of the housing 22
they contact the curved contact portion 64 of the contact
beam 38 and the top portion 66 of the beam deflects away
from the surface 36. When the pins 28 are fully inserted into
the spring retention bore, the curved contact portion of the
contact beam applies a high normal force against the pins for
_ retalmngthepmsmthehousmgmthemannerdescnbed
above. =
The mounting portion 68 of the contact beam extends
from the other end of straight portion 60. In the embodiment
shown, mounting portion 68 is for straddle mounting of the
connector wherein the mounting portion of the contact beam
in the adjacent rows of beams is soldered to a pad on either
side of a printed circuit board or the like in a known manner.
However, the present invention is not intended to be limited
in this manner and a known mounting portion for surface
mounting the connector is within the scope of the invention.
A terminal pin header 80 for mating with connector
housing 22 is shown in FIG. 8. Upon mating of the pin
header 80 and the connector housing 22 in the manner set
forth below, electrical connection is established between a
plurality of terminal pins 82 disposed in the header 80 and
the contact beams 38 disposed in connector housing 22.
Header 80 is a right angle header wherein the terminal pins
82 are bent substantially at right angles within the header in
the manner set forth in further detail below.
The circuit board end 84 of the terminal pins is inserted
into holes 85 in a printed circuit board 86 and solderably

This is the replacement sheet

pate: 13 AUD 199



said ternminal- pins of each said first and second rows of terni naREBAEMENT SHEET
I nserts extends into said second cavity. 3. The electrical connector of

cl'aim 1, each said first and second connecting wafers having a side surface,

a plurality of projections extending fromsaid side surface and a pl u-

rality of sockets extending into said si-dé2surface, wherein said first row

of termnal pin inserts is connected to said

connected thereto in a known manner for establishing elec-
trical connection between the printed circuitry (not shown)
on the circuit board and the contact beams 38. Accordingly,
the mounting portion 68 of the contact beams 38 can be
connected to a second printed circuit board or the like such
that an electrical connection is established between the first
and second printed circuit boards for carrying out a variety
of functions in a known manner.

The terminal pins 82 are disposed in header housing 88
and stand-off pin guide 90, wherein pin guide 90 is bolted to
header housing 88 by bolts 91. As shown in FIGS. 9z and 10,

~ in one embodiment of the present invention eight longitu-
dinal rows of terminal pins 82 are disposed in the pin header
80. In this embodiment, two adjacent header housings 88 are
mated together. However, the present invention is not
intended to be limited in this manner, and any number of
longitudinal rows of pins can be provided, depending upon
the application requirements. Thus, as shown in FIG. 11, in
another embodiment, four longitudinal rows of terminal pins
are provided with only one header housing 88.

Referring to FIGS. 10 and 11, at the connector end 92 of
the terminal pins the pins are aligned in two adjacent rows
per each header housing 88. The number and arrangement of
the terminal pin rows at the circuit board end 84 of the pins
82 can be configured to meet the desired mating require-
ments for the printed circuit board. Thus, in order to provide -
pins aligned in four longitudinal rows, using one header
housing 88, or eight rows, using two header housings 88, at
_the circuit board end 84 of the terminal pins, the pins-are
bent substantially at a right angle 93 with the pins in one.
vertical column being bent in an upward direction and the
pins in an adjacent vertical column being bent in a down-
ward direction.

RefemngtoHG.SandFIGS 10 and 11, mordertomate
the connector housing 22 and the header 80, the connector
housing is inserted into the cavity 94 in the header housing
88. In an embodiment with two header housings 84, two
separate connector housings 22 are mated with the header.
When the connector housing 22 is inserted into cavity 94 the
connector end 92 of the two adjacent rows of terminal pins
is inserted into the corresponding adjacent rows of pin
insertion openings 20 such that the pins contact the contact
beams 38 in the manner described above. As set forth in

This is the replacement sheet

pate: 13 AUG 1939



: : REPLACEMENT SHEET
second row of termnal pin inserts by |nsert|ng said projec- tions of said
first connecting wafer of said first row of terminal pin inserts into said
séckets of said first connecting wafer of said second row of termnal pin
inserts and further inserting said projections of said second connecting
wafer of said first row of termnal pihl8nserts into said sockets of said
second connecting wafer of said second row of term nal pin

detail below, because of the alignment features of the header
80 the pins are simply inserted into the connector housing 22
without interference such as pin stubbing.

Referring to FIGS. 12a-12¢, a longitudinal row 98 of
terminal pins 82 is molded into a top retention and alignment
wafer 100 and a bottom retention and alignment wafer 102,
the wafers 100 and 102 comprising a molded plastic mate-
rial. During formation of a row of terminal pins, the terminal
pins are aligned in a die and the molded wafers are formed
out of molten plastic material with projections 104 and
sockets 106 being formed as part of the wafers. During

~ formation of the wafers, projections in the mold form the
sockets 106. The projectionsonthemoldextendintocomact
with and positively locate the row of pins, i.e. sockets 106
_extendmocontacthththepms such that alignment of the
pins- can be measured and maintained within a desired
tolerance. Thepmscanbeembossedtoformabtngelw
such that the bulge is used to positively secure the row of
pins in the header housing when the pins are inserted therein
in the manner set forth below.

In order to form adjacent longitudinal rows of tenmnal
pins 82, individual rows 98 of pins and wafers are bent
.substantially at right angles, as shown in FIGS. 10 and 11,
and the wafers 100, 102 of one such bent row of pins are
joined to the wafers of another bent row of pins by inserting
the projections 104 of the wafers of one row into the sockets
106 of the wafers of the other row. One of ordinary skill in
the art will recognize that the top and bottom wafers are
sized appropriately to provide a desired spacing between the
.pins in a vertical column of pins, taking into account the
additional right angle bend 93 in the pins.

Referring once again to FIGS. 10 and 11, after the
individual longitudinal rows of pins are bent substantially at
a right angle and adjacent rows of pins are joined by
connecting wafers 100, 102, the top wafers 100 are inserted
into wafer cavity 110 in each of the header housings 88.
Projections 104 of the wafer 100 are supported upon shoul-
der 112 of the housing and the connector end 92 of the pins
extends through adjacent pin holes 113 in the header housing
88. Countersinks 114 in the pin holes 113 assist in the
positive location of the pins in the pin holes and obviate pin
stubbing. Accordingly, adjacent rows of pins are properly
aligned within the header housmg such that the desired -
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inserts. 4. The electrical connector of claim3, each said terni naEPIACEMENT SHEE
having a pin surface, wherein said sockets extend fromsaid side surface
into contact with said pin surface.

- 14 -

tolerances of the connector components are maintained and
the header can be simply mated with the connector housing
such that the pins are effectively connected to the contact
beams in the connector housing in the manner set forth
above.

Referring to FIGS. 13a-13d, in order to provide for
proper alignment, within a desired tolerance, of the circuit
board end 84 of the pins when the pins are connected to the
printed circuit board 86, stand-oﬂ'pmgmde%mcludesa
plurality of longitudinal rows of pin guide holes 120. In the
embodiment shown in FIG. 13a, eight longnudmal rows of
pin guide holes are provided for receiving eight rows of -
terminal pins discussed above. It should be noted that the

- rear surface 122 of the pin guide is mounted to the header
.. housing 88 with the bolts 91 extending through bolt holes

In order to provide for positive location of the pins 82 in -
the pin guide holes 120, ridges in the pin guide form four
inclined ramp surfaces 124, 125, 126, 127 around each of the
holes 120 wherein the ramp surfaces extend into communi-
cation with the holes 120. Accordingly, the pins are posi-
tivelyinsertedintothepinguidewalongtherampsutfaces :
and into the holes 120. Thus, pin stubbing is obviated and
thendges ensure that the pins are properly guided into the
pin guide holes..

‘Thus, the present invention prowdes for connection of a
large array of pins to a printed circuit board such that all of
the pins are properly aligned and thus, can’ be simply

_ inserted into their respective holes on the board.

It is to be understood that, even though numerous char-
acteristics and advantages of the present invention have been
set forth in the foregoing description, together with details of
the structure and function of the invention, the disclosure is
illustrative only, and changes may be made in detail, espe-
cially in matters of shape, size and arrangement of parts
within the principles of the invention to the full extent
indicated by the broad general meaning of the terms in -
which the appended claims are expressed.
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16 5. The electrical connector of claim1, further conprising aRBFMFgEMmT SHEET
having two or nmore rows of pin holes extending through said pin guide for

récei ving said second end of said ternminal pins, said pin guide further

having ridges formng four inclined ranp surfaces around each said pin hole
and extendi ng into communi cation with eat$-said pin hole.

What is claimed is: .
1. An electrical connector, comprising:
a pin housing; and

twO Or more rows oftermma]mnmsertsd:sposedmsmd
pmhousmg,eachsaxdrowofwnnmalpmmsms
comprising: _
a plurality of terminal pins baving first and second
ends, sa:dtemnnalpmsdxsposedmﬁrstandsecond _
connecting wafers, said first connecting wafer
located proximate said-first end and said second
connecting wafer located proximate said second end,
wherein a first row of said terminal pin inserts is
connected to a second row of said terminal pin
inserts by connecting said first connecting wafer of
said first row of terminal pin inserts to said first
connecting wafer of said second row of terminal pin
inserts and further connecting said second connect-
mgwaferofsa:dﬁrstrowoftemnnalpmmsertsto
said second connecting wafer of said second row of
terminal pin inserts.

2. The electrical connector of claim 1, said pin housing
having a first and second cavity, wherein said first connect-
ing wafer of each said first and second rows of terminal pin
inserts is disposed in said first cavity and said first end of
said terminal pins of each said first and second rows of
terminal pins inserts extends into said second cavity. _

3. The electrical connector of claim 1,.each said first and
second connecting wafers having a side surface, a plurality
of projections extending from said side surface and a plu-
rality of sockets extending into said side surface, wherein
said first row of terminal pin inserts is connected to said
second row of terminal pin inserts by inserting said projec-
tions of said first connecting wafer of said first row of
terminal pin inserts into said sockets of said first connecting
wafer of said second row of terminal pin inserts and further

- inserting said projections of said second connecting wafer of
said first row of terminal pin inserts into said sockets of said
second connecting wafer of said second row of terminal pin
inserts. :

4. The electrical connector of claim 3, each said terminal
pin having a pin surface, wherein said sockets extend from
said side surface into contact with said pin surface.
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6. The electrical connector of claim1, wherein said term nal pWﬁEL&EEWENTSHEE1
bent substantially at a right angle between said first and second

connecting wafers. 7. The electrical connector of claiml, wherein said

second end of said termnal pins is bent substantially at a right angle in

a first direction and is further bent sustantially at a rlght angle in a
second direction, said first direction

8. The electrical connector of claim 1, further comprising
a pin guide havmg two or more rows of pin holes extending
through said pin gmde for receiving said second end of said
terminal pins, said pin guide further having ridges forming
four inclined ramp surfaces around each said pin hole and
extending into communication with each said pin hole.

- 6. The electrical connector of claim 1, wherein said
terminal pins are bent substantially at a right angle between
said first and second connecting wafers.

7. The electrical connector of claim 1, wherein said
second end of said terminal pins is bent substantially at a
right angle in a first direction and is further bent substantially
at a right angle in a second direction, said first direction
being substantially normal to said second direction.

8. An electrical connector assembly, compnsmg

a first connector comprising: .
-a pin housing having a first and second cavity; -
two or more rows of terminal pin inserts, each said row
of terminal pin inserts comprising:

a phlurality oftemnnalpmshavmgﬁrstandsecond
ends, said terminal pins disposed in first and
second conmecting wafers, said first connecting
wafer located proximate said first end and said
second connecting wafer located proximate said
second end, wherein a first row of said terminal
pin inserts is connected to a second row of said.
terminal pin inserts by connecting said first con-
necting wafer of said first row of terminal pin
inserts to said first connecting wafer of said sec-
ond row of terminal pin inserts and further con-
necting said second connecting wafer of said first
row of terminal pin inserts to said second con-
necungwaferofsa:dsecondmwoftemnnalpm
inserts; .

said first connecting wafer of each said ﬁrst and second
rows of terminal pin inserts disposed in said first
cavity and said first end of said terminal pins of each
said first and second rows of terminal pins inserts
extending into said second cavity;

a second connector comprising:

"a contact housing having two or more rows of insertion
bores corresponding in number to the number of
rows of terminal pin inserts; and

Thic is the replacement sheet

P o



bei ng substantially normal to said second direction. 8. An el ect BEQ%CEMENT SHEET
connector assenbly, conprising: a first connector conprising: a pin housing
having a first and second cavity; two or nore rows of terminal pin inserts,
each said row of termnal pin insertsng: a plurality of termnal pins
having first and second -17 -

a plurality of contact beams disposed in said housing
such that one of said contact beams is disposed in a
corresponding one of said insertion bores;

- whereby said contact housing is disposed in said second
cavity of said pin housing such that said first end of each one
of said terminal pins is inserted into a corresponding one of
said insertion bores and contacts said contact beam disposed
therein. :

9. The electrical connector assembly of claim 8, said
contact beams having a first and second end, wherein said
first end is supported in said contact housing and said
terminal pins contact said second end.
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ends, said termnal pins disposed in first and second connecti ng%‘f‘

AGCEMENT SHEET
ers,

said first connecting wafer | ocated proximate said first end and said
second connecting wafer |ocated proximte said second end, wherein a first
pin inserts is connected to a second row of said
term nal pin inserts by connecting sai ¢ 8rst con-

row of said term nal

ELECTRICAL CONNECTOR

ABSTRACT
An electrical connector assembly according to the current

- invention comprises a receptacle and a right angle header for

connecting two or more printed circuit boards. A composite
action beam is located in the receptacle and has a movable
end and a fixed end. During an initial phase of the pin
insertion cycle, the movable end of the composite action
beam deflects so as to minimize the force necessary to insert
the pin into the connector housing. During an intermediate

- phase of the insertion cycle, the movable end contacts an

inside wall of the connector and the composite action beam
functions as a two-end supported beam. The composite

- action beam supported at both ends exerts sufficiently high

normal force against the inserted pin so as to retain the pin
in the inserted position. Thus, the composite action beam

reduces insertion force without compromising normal reten-

tion force once the pin is inserted. The pins are positively
aligned in a header housing such that component tolerances
are maintained and a large array of pins can be easily
inserted into connection with the printed circuit board at one
end and into connection with the receptacle at the other end.

Figure 10
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necting wafer of said first row of termnal pin inserts to said 44
connecting wafer of said sec- ond row of terminal pin inserts aﬁé@?MngSHEET

con- necting said second connecting wafer of said first row of termnal pin
. inserts to said second con- necting wafer of said second row of term nal
pin inserts; :
-1 -

L
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said first connecting wafer of each said first and second rows 5t '
pin inserts disposed in said first cavity and said first end ofﬁéghéﬁéﬂéN¥SHEET

t'erm nal pins of each said first and second rows of term nal pins inserts
extending into said second cavity; a second connector conprising: a contact
housi ng having two or nore rows of insertion

. . ” _2_

FIG I8 1c
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bores corresponding in nunber to the nunber of rows of term nal piREPLACEMENT SHE
inserts; and REPLACEMENT SHEET - 17 - _

FIG 2 —
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a pIuraIity of contact beans disposed in said housing such that CREPLACEMENE SHEE
contact beans is disposed in a cording one of said insertion bores; whereby

said contact housing is disposed in said second cavity of said pin housing
such that said first end of each one of said terminal pins is inserted into

a.correspondi ng one of said insertion bores and contacts said contact beam
-3 -
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therein. 9. The electrical connector assenbly of claim8, said coREBEACEMENT SHEE
beans having a first and second end, wherein said first end is supported in

sai d contact housing and said term nal pins contact said second end. This
is the replacenent shet '
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