
WO 03/096485 PCT/US03/14410  EDGE CARD CONNECTOR ASSEMBLY WITH TUNED
IMPEDANCE TERMINALS  Background of the Invention The present invention is
directed generally to edge card connectors and, more specifically  to edge
card connectors in which the connector impedance is controlled by shaping
of the  connector terminals. High speed data transfer systems require
electrical connectors in which the electrical  impedance can be controlled
in order to maintain the required data transfer rate of the electrical
system. It is desirable at high speed data transfer rates to obtain a
specific impedance in a  connector that matches the impedance of the entire
electronic system, i.e., the circuits on the a  circuit board of an
electronic device and either the circuits of opposing electronic device or
in a  transmission cable. The impedance of a connector may be controlled by
the spacing of the  terminals, the size of the terminals and the thickness
and location of material within the  connector housing. However, low
profile connectors, such as those used in SFP (Small Form Factor
Pluggable) applications are desired in electronic devices in which space is
a premium and thus it  is difficult to control the impedance by modifying
the spacing and size of the terminals in a  reduced-size connector housing.
When the terminals are modified, it becomes difficult to retain  all of the
mechanical functions of the connector, such as terminal retention and
engagement  while tuning the impedance of the connector The present
invention is directed to an improved electrical connector system that
combines the aforementioned characteristics. Summary of The Invention
Accordingly, it is a general object of the present invention to provide a
low profile  connector in which the terminals may have varying shapes for
controlling the impedance of the  connector. Another object of the present
invention to provide a surface mount style connector for  mounting on a
circuit board, the connector having a plurality of conductive terminals
supported  therein in spaced apart order, the terminals having stubs and
slots formed as part thereof, thereby  reducing and/or increasing the
amount of metal to influence the capacitance and/or the 



-1 WO 03/096485 PCT/US03/14410  inductance of the terminals and control the
impedance thereof. A further object of the present invention is to provide
a right angle, low profile surface  mount connector for use in high speed
applications in which the connectors have a specific  structure for
controlling the impedance and inductance of electrical connectors. A still
further object of the present invention is to provide a connector for
surface  mounting to a printed circuit board, wherein the connector
includes a dielectric housing having  first and second opposing mating
faces, the first mating face including a plurality of first  stamped
terminals, the second mating face including a plurality of second stamped
terminals the  terminals of a first type that are stamped from a metal
strip and are inserted into slots in the  housing from a front face, and
terminals of a second type which are stamped from a second  metal strip and
are inserted into slots in the housing from a rear face, such that the
first and  second terminals are offset from each other and wherein the
front and rear faces are substantially  perpendicular to the printed
circuit board onto which the assembly is mounted. Another object of the
present invention is to provide a connector assembly with the
aforementioned terminal arrangement, wherein each of the second terminals
include a first  terminal retention section having a portion removed from
the central portion thereof, the first  terminal retention section having
sufficient metal remaining to retain the terminal in the housing,  yet
having sufficient surface area to provide a desired capacitance for tuning
the impedance of  the terminal to the preselected level, the second
terminals each having a second terminal  retention section with a central
portion removed thereof, the removed central portion being  spaced away
from the first terminal retention area, while minimizing the surface area,
size and  shape of the central section for tuning the impedance of the
terminal to a preselected range. A further object of this invention is to
provide a connector assembly with the  aforementioned terminal arrangement
and shape, and with a second terminal with a solder  section that is used
to mount the connector to a printed circuit board, of a .size and shape
that is  used to minimize metal area and the size and shape of the solder
portion being used to tune the  impedance of the terminal to the specified
amount. The present invention accomplishes the aforementioned and other
objects by the way of  its novel and unique structure. 



In one embodiment of the invention, a connector assembly is provided for
mounting to a  circuit board with surface mount technology. The connector
includes a dielectric housing and  terminals of a first type which are
stamped from a metal strip and are inserted into slots in a front -2 WO
03/096485 PCT/US03/14410  face of the connector housing. Terminals of a
second type are stamped from a second metal strip  and are inserted into
slots along the rear face of the connector housing so the first and second
type terminals are opposing each other. The first and second sets of
terminals are inserted into  the connector housing along two distinct faces
of the housing, which are preferably on opposite  ends of the housing. The
first and second type terminals have cantilevered contact arm portions that
extend  into an internal receptacle of the connector housing which is
designed to receive the edge of a  circuit card. At least the second type
terminals have contact portions, tail portions and intervening body
portions. Part of the second type terminal body portions include terminal
retention portions that are press fit into slots formed in the connector
housing. At least one of  these terminal retention portions has an opening
formed therein, which has the practical effect of  reducing the surface
area of the metal, which affects the capacitance and inductance of the
terminal (i.e., lowering the capacitance and increasing the inductance),
thereby also influencing  the impedance of the connector insofar as
adjoining terminals are concerned and the openings  are preferably used to
tune the impedance of the terminal to a desired level. In order to
compensate for the removal of metal in this portion of the terminal, the
connector housing is  modified to provide additional reaction surfaces that
abut the terminal retention portion. In another embodiment of the
invention, the terminals have two terminal retention  portions, each of
which has an opening formed therein for impedance tuning. In one retention
portion, the opening is disposed in a central part of the retention portion
and preferably takes the  form of a circular opening, while in the other
retention portion, the opening takes the form of a  slot extending along a
central part thereof. These and other objects, features and advantages of
the present invention will be clearly  understood through a consideration
of the following detailed description. Brief Description of the Drawings In
the course of this detailed description, the reference will be frequently
made to the  



attached drawings in which: FIG. 1 is an exploded perspective view of a
known connector assembly illustrating one  type of circuit board
application to which the present invention is directed; FIG. 2 is a
cross-sectional view of the connector assembly of FIG. 1 taken along line
2-2  thereof, removed from the circuit board and illustrating the housing,
its mating slot and the -3 WO 03/096485 PCT/US03/14410  positioning of
first and second terminals therein; FIG. 3 is a cross-sectional view of a
connector housing constructed in accordance with  the principles of the
present invention; FIG.4 is a side elevational view of a first type
terminal utilized in the connector assembly  of FIG. 1 and in the
connectors of the present invention;. FIG. 5 is a side elevational view of
a second type terminal utilized in connectors of the  present invention in
which the body portions thereof have been modified to reduce the overall
surface area of metal in the body portion and to improve retention of the
terminal within the  connector housing of FIG. 3; FIG. 6 is a side
elevational view of another embodiment of a second type terminal  suitable
for use in connectors of the present invention illustrating another
modification of only a  single terminal body portion to reduce the overall
surface area thereof; FIG.7 is a perspective view of the connector housing
of FIG. 3, angled to show the rear  face thereof and having the second
terminals of FIG. 5 inserted therein; FIG. 8 is a cross-sectional view of
the connector housing of FIG. 3, with a second  terminal as shown in FIG.
6, inserted in place within the rear face of the housing; and, FIG. 9 is a
cross-sectional view of the connector housing of FIG. 3, with a first
terminal  as shown in FIG. 4 and a second terminal as shown in FIG. 5
inserted therein. Detailed Description of the Preferred Embodiments FIG. 1
illustrates a known connector assembly, generally designated as 1, that
will be  used to explain the environment in which the present invention
operates. The connector  assembly 1 is a surface-mount style and is
intended for mounting to a printed circuit board 2.  The connector assembly
includes an insulative housing 3, preferably formed from a dielectric
material, and a plurality of conductive terminals 19 are supported in the
housing 3. The  



terminals 19 are arranged in two distinct sets of first terminals 4 and
second terminals 5. The  connector housing preferably has a configuration
which includes a plurality of distinct faces and  these faces include a
first, or front face 6 and an opposing second, or rear face, 7. Side faces
or  sidewalls 8, 9 are seen to interconnect the front and rear faces 6, 7
of the housing together; and in  the embodiment illustrated, the housing.
The first face 6 of the connector housing may be  considered as a mating
face of the connector inasmuch as it contains a slot formed therein for
receiving an edge of a circuit board or edge card therein, and the second
face 7 of the connector -4 WO 03/096485 PCT/US03/14410  housing may be
considered as a mounting face inasmuch as a portion of the connector, by
way of  the rear terminals, is mounted to the circuit board 2. The first
terminals 4 are mounted into slots 71 formed in the connector housing 3
along  its front face 6, while the second terminals 5 are mounted in slots
72 that are formed in the  connector housing 3 along its rear face 7. The
front and rear faces 6, 7 are oriented substantially  perpendicular to the
printed circuit board 2 onto which the connector housing 3 is mounted.
Mounting portions 20 formed in the terminals 19 are located on the
terminals 19 in locations  spaced away from the connector housing 3 and
serve as a means for connecting the terminals of  the connector to
corresponding conductive pads 22 formed with the circuit board 2 in a
surface  mount manner. These mounting portions are illustrated as
conventional surface mount tails.  The connector housing 3 may also include
mounting pegs, or posts 24 formed therewith that are  received within
complementary openings 26 formed with the circuit board 2. This Figure
depicts the connector environment in which terminals and connectors of the
present invention  are used. FIG. 2 illustrates, in cross-section, the
connector housing 3 of FIG. 1. This view shows  the position of the two
sets of terminals 4, 5. The connector housing 3 includes an internal
cavity, or receptacle 30, which receives an insertion edge 32 of an edge
card 31, illustrated in  phantom. The two terminals 4, 5 each have contact
arm portions 72, 73 that extend in a  cantilevered fashion, from body
portions 87, 88, into the internal receptacle 30 along opposite  sides
thereof in opposition to circuit pads 33 arranged on the circuit card 31.
The terminals 4, 5  may also include terminal retention portions 8, 88 & 89
which may or may not form part of the  terminal body portions. These
retention portions include one or more teeth or barbs, 81, that  



skive, or cut, into the connector housing material along the edges of the
three retention slots 90  which are shown in the Figure. FIG. 4
illustrates, a first type of terminal 100 that is use din the connectors of
the  invention. This terminal 100 is seen to have a surface mount portion
22, an elongated,  cantilevered contact portion 72 that extends into a
card-receiving slot of the connector, a body  portion 87, and a terminal
retention portion 8 that is received within a slot or cavity formed in  the
connector housing. Barbs 81 are provided as part of the terminal retention
portion 8 to  increase the retention of the terminal in the connector
housing. FIG. 5 illustrates a terminal 101 used in the second set (or type)
of terminals in  connectors of the present invention. The terminal 101
includes an elongated, cantilevered  -5 WO 03/096485 PCT/US03/14410
contact portion 91, a first (upper) retention section 92 that is also
considered to be part of a  terminal body portion 93. A second (lower)
retention section 94 is also provided and is spaced  apart from the first
retention section 92. Both retention sections 92, 94 are disposed on the
terminal 101 between the contact portion 91 and the mounting, or tail
portion, 97. The first retention portion 92 includes a relatively large
central part 98, which has an  opening 95 formed therein. This opening is
shown as circular and completely enclosed within  the terminal retention
area and serves to reduce the metal of the terminal and this particular
portion thereof and it also reduces the capacitance of the terminal with
respect to any adjoining  terminal, by reducing the amount of surface area
of the terminal. This reduction of material also  increases the inductance
of the terminal, which also influences the impedance of the terminal.  The
reduction of capacitance (or increase in inductance) will in turn, as is
known, affect the  impedance of the terminal, and of the connector overall
in the region from the second terminal  contact portion 91 to the mounting
portion 97 thereof. The second terminal retention portion 94  also has an
opening 96 formed therein and this opening 96 takes the form of a slot that
preferably extends from an edge and through a portion of the central area
of the second terminal  retention portion 94. This slot 96 is not
completely enclosed in the retention portion 94 as in the  top retention
portion. In the illustrated embodiment, the opening 95 is shown as
circular, a  variety of other shapes, preferably polygon shapes may be
used. The size and shape of this first  retention portion 92 may be varied
in order to vary the impedance of the system. 



FIG. 6 illustrates another embodiment of a second terminal, where the
terminal 102  contains a contact section 15, a single retention section 16,
and a board mounting section 17.  The retention section 16 of this second
terminal 102 also contains an opening 18 therein in  which metal has been
removed from the stamped terminal 102. In the illustrated embodiment,  this
central portion is substantially circular, but can also take a variety of
shapes. The size and  shape of this central portion can be varied in order
to vary the impedance of the system. The retention section of the second
terminal may contain barbs 19 which are used to embed in  the slots of the
dielectric housing to provide terminal retention. The size of the board
mounting  portion 17 may also be varied to provide adequate area for
mounting to the printed circuit board,  while also being tuned to provide a
specific impedance in the terminal. The terminals are easily stamped from
sheet metal, but because of the openings 95, 96  formed thereon, a concern
is raised about the ability to retain the second terminals 101, 102  within
the connector housing 3. This concern is alleviated by modifying the
connector housing -6 WO 03/096485 PCT/US03/14410  3, as illustrated in FIG.
3, in order to provide additional housing material 66', 67' and 68' near
the retention slots 90'. The effect of this additional material is shown in
FIGS. 8 & 9, where the  material 66' and 67' enclose and abut the enlarged
terminal first retention portion 92 and in  effect, provide additional
reaction surfaces against which the retention portions 92, 94 bear.  FIG. 9
illustrates how the other second terminal of FIG. 3 is fit into the
housings 3' of the  invention. The length and width of the second retention
portion can also be varied in order to vary  the surface area of the
terminal, and therefore also the impedance. Both first and second
retention sections of the second terminal may contain barbs, or teeth 51
which are used to embed  the terminals 101 firmly and reliably within the
slots 72 of the connector housing 3. The size of the board mounting section
may also be varied to provide adequate area for  mounting to the printed
circuit board, while also being tuned to provide a specific impedance in
the terminal. FIG. 7 illustrates the rear face of the connector housing,
where each of the terminal  receiving slots 72 include a pair of opposing
retention bumps 21 disposed on opposite sides of  the terminal, for
increased terminal retention to the housing. 



While the preferred embodiment of the invention have been shown and
described, it will  be apparent to those skilled in the art that changes
and modifications may be made therein  without departing from the spirit of
the invention, the scope of which is defined by the appended  claims. -7 WO
03/096485 PCT/US03/14410  CLAIMS: 1. A connector for providing a connection
between a circuit board and an opposing  electronic element, the circuit
board having a plurality of conductive traces disposed  thereon and the
opposing electronic element including a male portion having a plurality  of
conductive members disposed thereon, comprising: an insulative connector
housing having first and second ends interconnected by  an intervening body
portion, the first end being a mating end including a receptacle  portion
for mating with said opposing electronic element and the second end being a
mounting end for mounting said connector housing to said circuit board; a
plurality of conductive terminals supported by said housing, the terminals
being  arranged in distinct sets of first and second terminals, the first
and second terminals  including contact portions for contacting a
corresponding conductive member of said  opposing electronic element,
mountings portion for mounting said terminal to a circuit  board, body
portions interconnecting the terminal contact and mounting portions
together, and retention portions for retaining the terminal in place with
the connector  housing, the terminal retention portions being disposed
intermediate said terminal  contact and terminal mounting portions; and,
said retention portions of the second terminals having openings disposed
therein,  the openings being centrally located within said terminal
retention portions and being of  sufficient size so as not to weaken the
retention of said second terminals within said  connector housing by said
terminal retention portions. 2. The connector as claimed in claim 1,
wherein said connector housing includes a plurality  of first and second
cavities, each of the first cavities receiving a single first terminal
therein and each of the second cavities receiving a single second terminal
therein. 3. The connector as claimed in claim 2, wherein each of said
second cavities includes a step  



formed therein, the steps being aligned with opposing terminal retention
portions of said  second terminals disposed within said second cavities. 4.
The connector as claimed in claim 1, wherein said openings include circular
openings.  -8 WO 03/096485 PCT/US03/14410  5. The connector as claimed in
claim 1, wherein openings include slots. 6. The connector as claimed in
claim 1, wherein said second tenninals include two distinct  retention
portions spaced apart from each other, one terminal retention portion being
disposed proximate to said terminal contact portion and the other terminal
retention  portion being disposed proximate to said terminal mounting
portion, each of said two  terminal retention portions including openings
formed therein, one of said openings  including a slot. 7. The connector as
claimed in claim 5, wherein said terminal retention portion slots extend
lengthwise within said connector housing. 8. The connector as claimed in
claim 6, wherein said one terminal retention portion  includes an opening
that is enclosed within said one terminal retention portion and said  other
terminal retention portion includes a linear slot, and said one terminal
retention  portion is disposed above said other terminal retention portion.
9. The connector as claimed in claim 3, wherein some of said steps extend
toward said  terminal contact portions. 10. The connector as claimed in
claim 1, wherein said second cavities include a plurality of  projections
that extend inwardly from opposite sides of said second cavities into
contact  with said second terminals proximate to said terminal mounting
portions thereof to stabilize said second terminals in said second
cavities.,  -9 


