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Field of the Invention

This invention generally relates to the art of
electrical connectors and, particularly, to a low profile
electrical connector assembly.

Background of the Invention
Miniature or low profile electrical connectors

are used extensively in applications wherein it is
desirable to maintain the heights of the connectors as low
as possible. For instance, miniature or 1low profile
surface mount connectors are mounted on printed circuit
boards within a small electronic appliance, such as a
cellular phone or pager, where the space in which the
connectors and circuit boards are housed is of a premium.
This low profile of the connectors may cause a variety of
problems.

One such problem in low profile surface mount
connectors is that there is not always sufficient space or
height available to provide sufficient contact beam length,
and therefore beam deflection and contact normal forces may
be compromised. Therefore, it has been necessary to design
the terminals to increase the effective beamn lengths
thereof and to utilize expensive materials in fabricating
such terminals which have adequate thickness and/or
stiffness to provide sufficient normal force in the
finished product. Furthermore, in board-to-board connector
applications wherein no mechanical connections are provided
except the frictional engagement between mating terminals,
the possibility that the miniature or 1low profile
connectors can be accidentally unmated by mechanical shock

is significant. These considerations have necessitated
incorporating increased frictional engagement between the
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boards within a snmall electronic appliance, such as a cellular phone or
pager, where the space in which the connectors and circuit boards are
housed is of a premium This low profile of the connect(yq__ M|y cause a
variety of 15 probl ens. One such problemin | ow prof igge_esdgf e nount
connectors is that there is not always sufficient space “or ]hel ght avail abl e
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result in excessive mating and unmating forces which, in
5 turn, render the connector and/or the printed circuit board
assembly susceptible to damage or breakage upon mating and
unmating. Accordingly, it is important in these connector
assemblies to provide a cost effective, simple terminal
design which allows for adequate deflection and normal
10 force of the terminal during mating and unmating to both
prevent premature or inadvertent disconnection and to allow
for disconnection or unmating of the connector assemblies

when required.
The present invention therefore is directed to
15 providing an electrical connector assembly of the character
described above that employs a terminal design which
facilitates the miniaturization of the mating connectors
and which provides for adequate beam deflection and
sufficient normal force in the low profile space provided.
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stiffness to provide sufficient normal force in the 25 fini shed product.
FurtHernore, in board-to-board connector applications wherein no nechani cal
connections are provided except the frictional engagenent betmeen mat i ng
termnals, the possibility that the mniature or Iom1pr o) 8ectors can
be accidental |y unmated by nmechanical shock 30 S 5|d%§T}% n$ These
consideratio have nece Slt ted |ncorporat|ng I ncreased frictional

engagenent bérw S i , thereby increasing the force
required to An object therefore, of the invention is to

provide a new and improved electrical connector assembly
including a receptacle connector that lends itself to

5 miniaturization and a low profile construction.
In the exemplary embodiment of the invention, the
low profile electrical connector assembly includes a mating
plug and a receptacle connector each having a dielectric

housing mounting a plurality of terminals which themselves

10 include contact portions for interengagement with the
contact portions of the terminals of the other connector.
The housing of each connector has opposite ends with a
mounting face extending therebetween adapted for surface
mounting to a surface of a printed circuit board. The

15 terminals include mounting portions for surface connection
to circuit traces on the printed circuit board. The
terminals of at least one of the connectors include
generally U-shaped contact portions each defined by a first
leg that is joined to the respective mounting portion of

20 the terminal and a free spring contact leg engageable with
the contact portion of a corresponding terminal of the
other connector. The first leg includes a proximal end
fixed to the housing proximate the mounting portion of the
terminal and a distal end opposite the proximal end movably

25 supported along its edges to thereby allow the portion of
the first leg of the terminal between the proximal end and
the distal end to be flexibly movable into a slot in the
housing during mating of the plug and receptacle
connectors.

30 The free spring contact leg of the terminal
includes a distal end that is biased against a shoulder of
the respective connector housing to "preload" the terminal
thereby requiring minimal deflection of the terminal while
at the same time imparting adequate normal force upon

35 mating of the connectors. The terminal and housing design
therefore permit use of a less stiff and thinner stock
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di sconnect

the connectors. However, such increased frictional

engagenment between the mating ternminals can result in excessive mating and

unmating forces which, in 5 turn, render the connectgr, and/ or the
printed circuit board assenbly susceptible to damage or g:_

upon

mati ng and unmating. Accordingly, it is inportant in these connector
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requi red. The present invention therefore is

5

10

generally L-shaped retention memégggﬂ¥é¥j§ééurement of the
connectors to the surface the printed circuit board, and
holding members provided near opposite ends of the
connector housings to removably retain the connectors in
mated condition.

Other objects, features and advantages of the
invention will be apparent from the following detailed
description taken in connection with the accompanying
drawings.
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15  providing an electrical connector assenbly of the character

descri bed above that enploys a termnal design which facilitates the
mniaturization of the mating connectors and which proviglas{©r adequate
beam defl ection and sufficient normal force in the | ow pggiide space
provi ded. Summary of the Invention An object, therefore, of the

i nvention is gyG ¥ D iptiion o ﬁgm mwysectrical connector assenbly
;23' gd: 28\, gr (r)fe iclegt 2gn§t On%-ee%;[j;%rx'és %% *Leg(sjslrlntrgné{o}lowt?lch ar?'en ahy'd 'v’e&‘f hon

to be novel are set forth with particularity in the append-

ed claims. The invention, together with its objects and

S the advantages thereof, may be best understood by reference

to the following description taken in conjunction with the

accompanying drawings, in which like reference numerals

identify like elements in the figures and in which:
FIGURE 1 is an exploded perspective view of the

10 plug and receptacle connectors of the electrical connector
assembly of the present invention, in an unmated condition;
FIGURE 2 is a vertical section taken generally
along line 2-2 of Figure 1;
FIGURE 3 is a vertical section similar to that of
15 Figure 2, but with the plug and receptacle connectors in a
mated condition;

FIGURE 4 is a view similar to that of Figure 2,
but with the receptacle terminal removed from the housing;
and

20 FIGURE 5 is a view similar to that of Figure 4
but of a prior art terminal.

_—
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In the exenpl ary enbodi nent of the invention, the |ow profile electrical
connector assenbly includes a mating plug and a receptacle connector each
having a dielectric housing nounting a plurality of terg,Ralg which
thensel ves 10 i nclude contact portions for intereggagererigwith the
contact portions of the termnals of the other connector. The housing of

each connect 8p+53%eQPPRELEEpEIdH Wet Rha PRUFeradf m&&h@iﬂﬂ ng
t her ebet ween adapt € surface nounting to ace g i nt ed CIrCUIt
board.  The 15 tePﬁfﬁ&F&an&Pu&@enﬁgﬁWFﬁgspéPt96ﬁ§ £5rd EEFF ce?

connection tejgkeCuid Figaes o1, t’&ﬁeprirﬁieiﬁtﬁﬂ clist dMlsodiied The 4 edownal s
of at | east one _Q

portions eacRkr Bgf-aﬁeﬁ]e-ﬁﬁggggg OchSnxlxé]é:tgxd ea rl%(l ,l %ene§gia§dd889&§§§:ed
5 10, which includes a plug connector, generally designated
12, that is mateable with a receptacle connector, generally
designated 14. The plug connector includes a dielectric
housing, generally designated 16, which has opposite ends
18 with a mounting face 20 extending therebetween and
10 adapted for surface mounting to a surface 22 of a printed
circuit board 24. Receptacle connector 14 includes a
dielectric housing, generally designated 26, that has
opposite ends 28 with a mounting face 30 extending
therebetween and adapted for surface mounting to a surface
15 32 of a printed circuit board 34.

Referring to Figures 2 and 3 in conjunction with
Figure 1, plug connector 12 has a plug portion 36 which is
mateable in the direction of phantom arrow "A"™ (Fig. 1)
into a receptacle 38 of receptacle connector 14. Plug
20 connector 12 mounts a plurality of terminals, generally
designated 40 (Fig. 3), and receptacle connector 14 mounts
a plurality of terminals, generally designated 42. As best
seen in Figures 1 and 3, terminals 40 of plug connector 12
include blade-like contact portions 44 exposed on the sides
25 of plug portion 36 and mounting portions 46 for surface
connection to circuit traces 48 on surface 22 of printed
circuit board 24. Terminals 40 of plug connector 12 are
generally L-shaped and are disposed on opposite sides of
plug portion 36 of the connector housing 16. The connector
30 housing is unitarily molded of an insulative material, such
as plastic or the like, and the terminals are stamped and

formed of electrically conductive material.
. Terminals 42 of receptacle connector 14 are
located on opposite sides of receptacle 38. Each terminal
35 42 has a mounting portion 50 for surface connection to a
respective circuit trace 52 on surface 32 of printed
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leg that is joined to the respective nounting portion of 20 t he
termnal and a free spring contact | eg engageable with the contact portion
of a corresponding termnal of the other connector. Theydddist | eg

i ncludes a proximal end fixed to the housing proximte tdyy@3irdg ng portion
of the termnal and a distal end opposite the proximal end novably 25

ThEPLL 2] Rt odsesal auhe stlaaideitin past cu sied Nonéiades, ) of
movabl e | nt o 9ENETEd L 1#&?9ﬁé?%ﬁﬁ%ﬂﬁ?rEP?ﬁ&?%ééﬁfl?ﬁg BYua gﬁ% g%ﬁyacle
connectors. 3@ that is joinedTite moemtimg peredomso aag of friee spriinga
i ncludes a dﬁgﬂ%ac “%.d“%s'Eh&%afﬁ@l&&ééﬂétréuﬁﬁaa'ESthEt portion 58
5 engageable with contact portion 44 of a respective plug
connector terminal 40, as shown in Figure 3. In essence,
first leg 54 has a proximal end 54a that is fixed against
a wall 60 (Figs. 2 and 3) of receptacle connector housing
26 and a distal end 54b movably supported along its edges
10 by tabs or flags 55 so that a portion of first leg 54
between distal end 54b and proximal end 54a is flexibly
movable into a slot 62 in housing 26 upon deflection of
rounded contact portion 58, while the bight portion of
terminal 42 remains relatively stationary. This
15 configuration allows for the distribution of stresses along
first leg 54 of terminal 42, thereby providing improved
deflection characteristics in the terminal, notwithstanding
its short beam length due to the low profile of receptacle
connector 14. Such improvement is achieved by the
20 provision of the secondary support area at 55 to ensure
that the entire terminal 42 is always under compression,
rather than fixing the terminal at a single fixed point
(e.g., at 54a).
Like housing 16 and terminals 40 of plug
25 connector 12, housing 26 is unitarily molded of an
insulative material, such as plastic or the like, and
terminals 42 are stamped and formed from a relatively thin
stock (e.g., 0.15 mm) of electrically conductive material,
such as phosphor bronze, which was heretofore deemed less
30 suitable for low profile beams as discussed below.

Still referring to Figs. 2 and 3, it can be seen
that terminals 42 are "preloaded" within their respective
terminal cavities in receptacle connector housing 26. In
particular, it can be seen in Figure 2 that a distal end

35 56a of leg 56 is spring-loaded or biased against a shoulder
64 of housing 26. When the connectors are mated as shown
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the respective connector housing to "preload” the term nal thereby
requiring mnimal deflection of the termnal while at the sane tine

i nparting adequate nornal force upon 35 mati ng of the gon ectors he
term nal and housing design therefore permt use of a I ?%%%Fand
t hi nner stock 4 termnal material, thus reducing the otk |ncrea5|ng

Lhe per or Maee st o1l el 00 SANRANY (BTG, Te St sl
secur enent of56 hisas moved off of shoulder 64. The preloading thus
requires minimal subsequent deflection of the terminal to
achieve adequate contact normal force between the mating
5 terminals since an opposing force is initially present at
rounded contact portion 58 due to the preload. In
addition, the presence of the preload helps reduce the
angle of incidence between the mating plug and receptacle
terminals, and thus reduces the force required to mate the
10 connectors. This becomes more significant as the number of
terminals, or circuits, increases per connector assembly.
Not only do the lower forces allow for a more effortless
mating of the plug and receptacle connectors, these lower
forces in turn allow for more efficient assembly of the
15 connectors by yielding a higher output and lower occurrence
of damage to the assemblies than would occur if higher
forces were needed. Furthermore, this allows the same low
profile connector design to be used in the apparent trend
of ever-increasing circuit sizes, which would not be
20 possible if mating forces were excessive.

Looking now to Figure 4, although exaggerated for
clarity and ease of understanding, it can be seen that the
operation of terminal 42 during mating of the connectors
(as shown in dotted lines) is different from the operation

25 of prior art terminal 42’ of Figure 5. Although the
terminals shown are structurally distinctive, 1like
reference numbers are used to refer to similar general
features of the terminals for ease of comparison. As
discussed above, the presence of flags 55 support distal

30 end 54b of first leg 54 of terminal 42 thus preventing
rearward movement (i.e., away from the applied force of a
mating connector) of both the distal end of the first leg
and the bight portion of terminal 42 during mating of the
connectors, as occurs in prior art terminal 42’ (as shown in

35 dotted lines in Figure 5). The behavior of prior art
terminal 42/ during deflection actually results in stress

[
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5 ~connectors to the surface the printed circuit board, and hol ding

menbers provided near opposite ends of the connector housings to renmpvably
retain the connectors in mated condition. O her objects giir es and
advant ages of the 10 invention will be apparent frorg é;aﬁl ow ng
detai |l ed description taken in connection with the acconpanylng amnngs

S Brief Descyj;nhiof Ofe! ReriA%¥i"Eoncentrated at distal end 54b’ and
along the bight portion of the terminal between 54’ and
free spring contact leg 56’. Furthermore, the absence of
a preload at distal end 56a’ requires an increase in the

5 deflection at contact portion 58/ to yield adequate contact
normal force. This concentration of stresses makes it
necessary to use a stiffer and thicker and consequently
more expensive contact material. For example, a prior art
terminal uses a 0.2 mm thick beryllium copper contact and

10 the preferred embodiment of the present invention utilizes

a 0.15 mm thick phosphor bronze contact. Such differences

can contribute significantly to the overall cost of the
connector.

Referring back to Figure 1, other features of the

15 connector assembly include a generally L-shaped retention

member 66 mounted at each end 18 of plug connector housing

16 and each end 28 of receptacle connector housing 26.

Each retention member includes a generally planar leg 68

adapted for securement to the surface of a respective

20 underlying printed circuit board. Another leg is defined
by outside arms 70 which are located on opposite side of an
inside arm 72. Inside arm 72, and particularly edge

portions 72a, of retention members 66 maintain an inference
fit within passages 76 in the respective housing, after
25 being inserted through the respective mounting faces 20 and
30 thereof, to securely fix the retention members in the
housings. Legs 68 of the retention members are surface
secured, as by soldering, to solder pads 78 on the printed
circuit boards to both relieve the stress at the terminal

30 solder joints and to provide additional retention of the
surface mount plug and receptacle connector to their
respective circuit boards. Furthermore, in order to

reinforce the retention of the retention members within the
respective connector housings, oppositely facing ears 74 of
35 the retention members abut against oppositely facing
shoulders 80 of the respective connector housings. Since
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The features of this invention which are believed to be novel are set forth
with particularity in the append- ed clains. The invention, together wth
its objects and 5 t he advant ages thereof, may be be rst ood by
reference to the follow ng description taken in conjunct n§f t he
acconpanyi ng drawi ngs, in which like reference nunerals T den rfy Iike

Viewof the fhet BHEEEn dihel) B8 THE | skingRat GnaiCE Aot Ve
connect or assmrtdqufva materiaht the getentiom menhenmmay Rshdidared
FIGURE 2 is gygf Eb%ia'ec%&% egohﬁhgaggemﬁeahtyoelam dddpeck rdfpfiriee 1;
FIGURE 3 is a vertjcal sectidon simlar t of
circuit board, and then coupfe& upon mating, thus resulting
5 in the assemblies, and their respective systems, being at
a common potential.

Complementary interengaging holding members may
also be profided near opposite ends of connector housings
16 and 26 of plug connector 12 and receptacle connector 14,

10 respectively, for removably retaining the connectors in
mated condition. The holding members are stamped and
formed of sheet metal material whereby, during mating of
connectors 12 and 14, radiused projections on each of the
holding members may give a tactile or audible indication

15 that the connectors are mated.

It will be understood that the invention may be
embodied in other specific forms without departing from the
spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be considered

20 in all respects as illustrative and not restrictive, and
the invention is not to be limited to the details given

herein.
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15 Figure 2, but with the plug and._receptacle connectors in a nmated
condi'ti on; FIGURE4 Is aviewsimlar to that of Figure 2, but with the

receptacle termnal removed from tg(fwlmmlj“”ﬂ FI GURE 5
is aviewsimlar to that of Figur ﬂ!ﬂlﬂp art teiﬁ 6
Det ai | ed Description of the Preferred Enbédi fren Rbferrrng 2 dr awi ngs
In greater d MS.and
1. A low profile receptacle connector (14) for
mounting on the surface (32) of a printed circuit board
(34), characterized by:
5 an elongated receptacle housing (26) mounting a
plurality of terminals (42), each terminal including
a mounting portion (50) for surface
connection to circuit traces (52) on the boarqg,
a generally U-shaped contact portion defined

10 by a first leg (54) joined to the mounting portion (50) and
a free spring contact leg (56) having a contact portion
(58) engageable with a contact portion (44) of a mating
connector (12), the first leg having a proximal end (54a)
fixed to the housing proximate the mounting portion (50}

15 and a distal end (54b) opposite the proximal end movably
supported within the housing along its edges by tabs (55),
whereby a portion of the first leg of the terminal between
the proximal end and the distal end is flexibly movable
into a slot (62) of the housing upon deflection of the

20 contact portion of the free spring contact leg, thereby
distributing stresses along the first leg (54) of the
terminal (42) to improve deflection characteristics of the

terminal.

2. The low profile receptacle connector (14) as
25 set forth in claim 1 further characterized by preloading
means (54a, 64) between the free spring contact leg (56) of
said U-shaped contact portion and the housing (26) for
preloading the contact portion by providing an opposing
force within free spring contact leg prior to deflection of

30 the terminal.

. "rrrrrrrrrrr



first to Figure 1, the inventionTs enbodied in a |low profile electrical

connector assenbly, generally desi whi ch includes a plug
connector, generally designated 12ﬂlmgﬂl “HH“ Qule W t receptacl e
connector, generally designated 14 ug cennector i E@%

di el ectric housing, generally designated 16, which has opposi e ends 18

with a nmounting face 2(5 ext,ﬁ_ﬂ_:dl }J}%fﬂti%t &P onnégﬁ%}t e(q_4f)o

surface nounting to a surface printed circuit boar
Recept acl e caetectforth iim| wledim @ ewhengin h@adichg predeading ®eanfhat ed

26, that hasa&g&% dSgREuYbeR munbhngtﬁacqsé‘&ﬁeqml Rbnnect
t her ebet ween an apte gf%r surfacg( nount i ng to_a surf 15 nne?::zor]: a
print ed ci r clpqusidgy @ngageable by a distal end (56a) of e free spring

5 contact leg (56).

4. The low profile receptacle connector (14) as
set forth in claim 1 further characterized by a stamped and
formed retention member (64) mounted at the end (28) of the
connector housing (26) for securing the connector to its

10 respective printed circuit board, the retention member
being generally L-shaped with a first leg (70) attached to
the respective end of the housing and a second leg (68)
adapted for surface securement to said circuit board.

5. The low profile receptacle connector (14) as

15 set forth in claim 1 further characterized by a holding
member (88) near each opposite end (28) of the connector
housing (26) for removably retaining the receptacle
connectors in mated condition with a complementary plug

connector (12).

20 6. The low profile receptacle connector (14) as
set forth in claim 1 wherein the distal end (54b) of the
terminal includes a bight portion located generally between
the tabs (55) and the contact portion (58) and, upon
deflection of the contact portion (58) whereupon the

25 portion of the first leg (54) between the distal end (54b)
and the proximal end (54a) is movable within the slot (62)
of the housing (26), the bight portion of the terminal
remains relatively stationary.
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Referring to Figures 2 and 3 in conjunction with Figure 1, plug connector
¥2 has a plug portion 36 which is mateable in the direction of phantom
arrow "A" (Fig. 1) into a receptacle 38 of receptacle c tor 14. Pl ug
20 ~ connector 12 nounts a plurality of term nals, :%% ;r si gnat ed
40 (Fig. 3), and receptacle connector 14 nounts a pIuraI 0 Eggrninals,

generally deékgggéﬁﬂ%42 As best seen in Figures 1 and 3, terntnals 40 of

pl ug connect | ude bIade I|ke contact portlons 44 ex-osed on t he
sides 25 @OW PROFIIE Es] B MBLY

connection to circult iy aeRs g fq&éwlfeéeel%%lofcowem alsrsewmyoqqroq 24,
Term nals 40 of plug connect are generally L shaped and are dlsposed
on opposite dingdaidgs plug and receptacle conhectors (12, 14; hav

5 mating housings (16, 26) each mounting a plurality of
terminals (40, 42) each of which include contact portions

(44, 58) for interengagement with the contact portions of
the terminals of the other connector. The terminals
further include mounting portions (46, 50) for surface
10 connection to circuit traces (48, 52) on respective printed
circuit boards (24, 34). The receptacle terminals (42) are
generally U-shaped and are defined by a first leg (54)
joined to the mounting portion (50) of the terminal -and a
free spring contact leg (56) having a contact portion (58)
15 engageable with the contact portion (44) of one of the
terminals of the other connector. The contact portion (58)
is preloaded on a shoulder (64) of the receptacle housing.
The first leg (54) of the terminal (42) includes a proximal
end (54a) fixed to the housing and a distal end (54b)
20 movably supported along its edges by tabs (55) to pernit a
portion of the first leg between the proximal end and the
distal end to be flexibly movable into a slot (62) in the
housing during mating of the connectors. The secondary
support of the terminal at its distal end by the tabs (55)
25 distributes stresses along the first leg (54) to improve
deflection characteristics of the receptacle terminal.
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pl ug portion 36 of the connector

housing 16. T

iI's unitarily nolded of an insulative materi al,
and the termnals are stanped and fornmed of electrically conductive

mat eri al .

si des of

Term nal s 42 of

receptacle 38. Each term na

receptacl e connect or

he connector 30 housi ng
such as plastic or the |ike,

14 are | ocated on opposite

42 has a nmounting portion 50

for surface connection to a respective Circuit trag@ 52 on surface 32 of

printed 7 circuit board 34. Eexh t®rmnal 42 rther includes a
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general | y U-shaped contact portion defined by a first leg 54 that is joined .
to nmounting portion 50 and a free spring contact leg 56 that includes a
rounded contact portion 58 5 engageable with contact portion 44 of a
respective plug connector termnal 40, as shown in Figure 3. In essence,
first leg 54 has a proximal end 54a that is fixed against a wall 60 (Figs.
2 and 3) of receptacle connector hoyxng)26 and a distal end 54b novably
supported along its edges 10 by tabs or flags 55 so that a portion of
first leg 54 between distal end 54b and proximal end 54a is flexibly -
movable into a slot 62 in housing 26 upon defl ection of rounded contact
portion 58, while the bight portion of ter | 42 ins relatively
stationary. Thi s na@a 42™ 54b

AN
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34 50
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15 . configuration allows for the distribution of stresses along first
l-eg 54 of termnal 42, t hereby providing i nproved deflection
characteristics in the termnal, notwithstanding its short beam | ength due

to the low profile of receptacle connector 14. Such inprovenment is
achieved by the 20 provi si on of gr%asecondary support area at 55 to
ensure that the entire terminal 42 isf ys under conpression, rather than

fixing the termnal at a single fixed point (e.g., at 54a). Like housing 16
and termnals 40 of plug 25 connector 12, housing .26 is wunitarily
nol ded of an insulative material, such as plastic or the like, and
termnals 42 are stanped and forned froma relatively thin

/42
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This invention generally relates to the art of -
electrical connectors and, particularly, to a low profile
electrical connector assembly.

Background of the Invention

Miniature or low profile electrical connectors
are used extensively in applications wherein it is
desirable to maintain the heights of the connectors as low
as possible. For instance, miniature or 1low profile
surface mount connectors are mounted on printed circuit
boards within a small electronic appliance, such as a
cellular phone or pager, where the space in ‘which the
connectors and circuit boards are housed is of a premium.
This low profile of the connectors may cause a variety of
problems.

One such problem in low profile surface mount
connectors is that there is not always sufficient space or
height available to provide sufficient contact beam length,
and therefore beam deflection and contact normal forces may
be compromised. Therefore, it has been necessary to design
the terminals to increase the effective beam lengths
thereof and to utilize expensive materials in fabricating
such terminals which have adequate thickness and/or
stiffness to provide sufficient normal force in the
finished produdt. Furthermore, in board-to-board connector
applications wherein no mechanical connections are provided
except the frictional engagement between mating terminals,
the possibility that the miniature or 1low profile
connectors can be accidentally unmated by mechanical shock
is significant. These considerations have necessitated
incorporating increased frictional engagement between the




s

Fn Figure 3, it can be seen that the distal end 56a of |eg 56 has noved of f

of “shoul der 64. The preloading thus requires nininmal subsequent
deflection of the term nal to achi eve adequate contact normal force between
the mating 5 termnals since an oppoging force is initially present at
rounded "contact portion 58 due to tTHe preload. In addition, the

pre_sencé of th&:d&‘nﬁ!ﬂ@!&,hamefﬁskklceiﬁéﬁeé@ﬂhg othéncirdepee Q@Eﬂﬁ%dt _hQ:o
mat i ng plug and Jegﬁgﬁ%%%e termnals, and thus peduces the force required
to mate the 10 91sc torle  GPNReEERESes noHeYEVERifi & asnareasgther

of term nals, dirigttinndls, engageasnt pPestweencdihe nasénbl yteteinadld y cém
the |ower forces, 1'@"\&{. %xéegEiseeinL%%l;e%%&r%&MPﬂgtPSrBLEQwﬁﬁg,h, in

receptacl e connectors, these Tower
5 turn, render the connector and/or the printed circuit board
assembly susceptible to damage or breakage upon mating and
unmating. Accordingly, it is important in these connector
"assemblies to provide a cost effective, simple terminal
design which allows for adequate deflection and normal
10 force of the terminal during mating and unmating to both
prevent premature or inadvertent disconnection and to allow
for disconnection or unmating of the connector assemblies

when required.

The present invention therefore is directed to
15 providing an electrical connector assembly of the character
described above that employs a terminal design which
facilitates the miniaturization of the mating connectors
and which provides for adequate beam deflection and
sufficient normal force in the low profile space provided.
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forces in turn allow for nore efficient assenblym LAPCEMENTS nect ors
by yielding a higher output and | ower occurrenceg gf damage to the
assenblies than would occur if higher forces werfe nedFMARPEOT hérqore, this
allows the same |ow profile connector desggn to jbg used in the apparent
trend of ever-lncrea5|ng CIrCUIt si zes, which wquld not be 20 possi bl e
I f mating forceumihrs ehe venmtdlopng now totelgure 4 3l f houg
exaggerated for c arlty ease 0O nder st andi n can be een t hat the
operation of terminal 42 r?ﬂ@e‘r‘rﬁtl %ﬁ‘eﬁﬁ%'coﬁﬁeé’bﬁ 1{‘3?“ ABAn 1% t
dotted |ines) iprodtifdlecreemedr andt imprpwvest ieledtrical ofoymectorr assembilya
42 of Figure Snoidlingough LG Gildconntittl 2h8e SILMSL Vildeir to

di stinctive, JK ; ) .
5 miniaturization and a low profile construction.

In the exemplary embodiment of the invention, the
low profile electrical connector assembly includes a mating
plug and a receptacle connector each having a dielectric
housing mounting a plurality of terminals which themselves

10 include contact portions for . interengagement with the
contact portions of the terminals of the other connector.
The housing of each connector has opposite ends with a
mounting face extending therebetween adapted for surface
mounting to a surface of a printed circuit board. The

15 terminals include mounting portions for surface connection
to circuit traces on the printed circuit board. The
terminals of at least one of the connectors include
generally U-shaped contact portions each defined by a first
leg that is joined to the respective mounting portion of

20 the terminal and a free spring contact leg engageable with
the contact portion of a corresponding terminal of the
other connector. The first leg includes a proximal end
fixed to the housing proximate the mounting portion of the
terminal and a distal end opposite the proximal end movably

25 supported along its edges to thereby allow the portion of
the first leg of the terminal between the proximal end and
the distal end to be flexibly movable into a slot in the
housing during mating of the plug and receptacle
connectors.

30 The free spring contact leg of the terminal
includes a distal end that is biased against a shoulder of
the respective connector housing to "prelocad" the terminal
thereby requiring minimal deflection of the terminal while
at the same time impartiﬁ§ adequate normal force upon

35 mating of the connectors. The terminal and housing design
therefore permit use of a less stiff and thinner stock



I=

ref erence nunbers are used to refer to simlar general features of the
termnals for ease of conparison. As di scussed above, the presence of
flags 55 support distal 30 end 54b of first leg 54 of term nal 42 thus
preventing rearward novenent (i.e., away §romthe applied force of a mating
connector) of both the distal end of the TTrst |eg and the bight portion of

term nal 42 duritegwinialngmates il £fOBRES! PeBucdfigO Q.Qi&scéé‘tpﬁhar ﬁ&%freasm
termnal 42' (a shovvn |.i nes |n ure he behaV|
of prior art ter rwcl%é’fg%ee SrIHna an %W’ﬁﬁtt%r S SankLy
The electrical connector assembly may include
generally L-shaped retention members for securement of the
5 connectors to the surface the printed circuit board, and
holding members provided near opposite ends of the
connector housings to removably retain the connectors in
mated condition.
Other objects, features and advantages of the
10 invention will be apparent from the following detailed
description taken in connection with the accompanying
drawings.
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9 within the term nal concentrated at distal end 54b' and al ong t he bi ght
portion of the termnal between 54° and free spring contact |eg 56.
Furthernore, the absence of a preload at distal end 56a' requires an

increase in the 5 deflection at contagt portion 58 to yield adequate
contact nornal force. This concentration of stresses nmakes it necessary

to use a stiffeBriefl bosEkpt 6§n§EQ windg®re expensirﬁ CEnLaCt .
ool o S S B Safrets o Bl TP BT

utilizes a 0. 15tonbe mosie]pfala)lselt forthewd tht patticutériity th etlie append-

contribute signidi&agihy, tohe ﬁ@éﬂforﬁoséogétﬁehze with its objects and

5 the advantages thereof, may be best understood by reference

. to the following description taken in conjunction with the

accompanying drawings, in which like reference numerals

identify like elements in the figures and in which:

FIGURE 1 is an exploded perspective view of the

10 plug and receptacle connectors of the electrical connector
assembly of the present invention, in an unmated condition;

FIGURE 2 is a vertical section taken generally
along line 2-2 of Figure 1; |

FIGURE 3 is a vertical section similar to that of

15 Figure 2, but with the plug and receptacle connectors in a
mated condition;

FIGURE 4 is a view similar to that of Figure 2,
but with the receptacle terminal removed from the housing;
and

20 FIGURE 5 is a view similar to that of Figure 4
but of a prior art terminal.
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connector. Referring back to Figure 1, other features of the 15

connector assenbly include a generally L-shaped retention nmenber 66 nounted
at each end 18 of plug connector housing 16 and each end 28 of receptacle
connector housing 26. Each retention menmbgr includes a generally planar |eg
68 adapted for securenment to the surface™0of a respective 20 under | yi ng

printed circuitpgeaidled BegtiReptiog 'bs ¢Rbi pedrbyrayt gnfeqdn@Rt/0 Which are
| ocated on opposite side geianran5| gﬁﬁ? 2 i nslne arm /2, an. and
particul arly edge portionSe7S5F1B8 Fet EREi TRaTLRge L0 cFr RAFAT Aetakl,
inference fit wEihsh passRiguré6t 1,0 the riesentiionr beusmbddi’zid ein2% low
being inserted Lhrpyep éf@bﬁf@@gﬁﬂééﬁiég§ﬂy:aggeki&§s égnerally designated
5 10, which includes a plug connector, generally designated
12, that is mateable with a receptacle connector, generally
designated 14. The plug connector includes a dielectric
housing, generally designated 16, which has opposite ends
18 with a mounting face 20 extending therebetween and
10 adapted for surface mounting to a surface 22 of a printed
circuit board 24. Receptacle connector 14 includes a
dielectric housing, generally designated 26, that has

opposite ends 28 with a mounting face 30 extehding

therebetween and adapted for surface mounting to a surface
15 32 of a printed circuit board 34.

Referring to Figures 2 and 3 in conjunction with
Figure 1, plug connector 12 has a plug portion 36 which is
mateable in the direction of phantom arrow “aA" (Fig. 1)
into a receptacle 38 of receptacle connector 14. Plug
20 connector 12 mounts a plurality of terminals, generally
designated 40 (Fig. 3), and receptacle connector 14 mounts
a plurality of terminals, generally designated 42. As best
seen in Figures 1 and 3, terminals 40 of plug connector 12
include blade-like contact portions 44 exposed on the sides
25 of plug portion 36 and mounting portions 46 for surface
connection to circuit traces 48 on surface 22 of printed
circuit board 24. Terminals 40 of plug connector 12 are
generally L-shaped and are disposed on opposite sides of
plug portion 36 of the connector housing 16. The connector
30 housing is unitarily molded of an insulative material, such
as plastic or the like, and the terminals are stamped and

formed of electrically conductive material.
' Terminals 42 of receptacle connector 14 are
located on opposite sides of receptacle 38. Each terminal

35 42 has a mounting portion 50 for surface connection to a
respective circuit trace 52 on surface 32 of printed
REPLACEMENT SHEET
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30 thereof, to securely fix the retention nmenbers in the housings. Legs 68
of the retention nmenbers are surface secured, as by soldering, to sol der
pads 78 on the printed circuit boards to both relieve the stress at the
term nal 30 solder joints and to prowde additional retention of the
surface nount plug and receptacle conneCtor to their respective circuit

boar ds. FUT /RS, boaRa 0B4e" 1 RabR! MdtatihdNe4 5 Cletfithd} OindiiGdes a

retention nmenbers w thin the respective connector housin séyopposlte
g

facing ears 749snerally Yqghapeq santart Remkien dgfine n§tf16§§oiﬁﬂély
faci ng shoul desat &hatf ilshgoieridetiod wountingc poktions 50gandSan¢eee spring

contact leg 56 that includes a rounded contact portion 58
5 engageable with contact portion 44 of a respective plug
connector terminal 40, as shown in Figure 3. 1In essence,
first leg 54 has a proximal end 54a that is fixed against
a wall 60 (Figs. 2 and 3) of receptacle connector housing
26 and a distal end 54b movably supported along its edges
10 by tabs or flags 55 so that a portion of first leg 54
between distal end 54b and proximal end 54a is flexibly
movable into a slot 62 in housing 26 upon deflection of
rounded contact portion 58, while the bight portion of
terminal 42 remains relatively stationary. This
15 configuration allows for the distribution of stresses along
first leg 54 of terminal 42, thereby providing improved
deflection characteristics in the terminal, notwithstanding
its short beam length due to the low profile of receptacle
connector 14. Such improvement is achieved by the
20 provision of the secondary support area at 55 to ensure
that the entire terminal 42 is always under compression,
rather than fixing the terminal at a single fixed point
(e.g., at 54a)}.

Like housing 16 and terminals 40 of plug
25 connector 12, housing 26 is unitarily molded of an
insulative material, such as plastic or the 1like, and
terminals 42 are stamped and formed from a relatively thin
stock (e.g., 0.15 mm) of electrically conductive material,
such as phosphor bronze, which was heretofore deemed 1less

30 suitable for low profile beams as discussed below.

Still referring to Figs. 2 and 3, it can be seen
that terminals 42 are "preloaded" within their respective
terminal cavities in receptacle connector housing 26. 1In
particular, it can be seen—in Figure 2 that a distal end

35 56a of leg 56 is spring-loaded or biased against a shoulder
64 of housing 26. When the connectors are mated as shown
REPLACEMENT SHEET[
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10 each retention nenber 66 is stanped and fornmed of conductive material,
the retention nenbers may be soldered to a respective grounding circuit of
the respective printed circuit board, and then coupl ed upon mating, thus
resulting 5 in the assenblies, and thgir respective systens, being at a
comon potential. Conplementary interengagng hol di ng menbers nay al so be

T T PR £ Sl 45 Gl e 2
connect or and receptacle, co
renovably ret ai nBthé“EGﬁhe€f5r§ﬁrﬁ?@ﬂ%@Fﬁoﬁﬂrtlo he H?ﬁi megthus

menbers are st agepdirasE minimal subsequent deflection of the terminal to
achieve adequate contact normal force between the mating
5 terminals since an opposing force is initially present at
rounded contact portion 58 due to the preload. In
addition, the presence of the preload helps reduce the
angle of incidence between the mating plug and receptacle
terminals, and thus reduces the force required to mate the
10 connectors. This becomes more significant as the number of
terminals, or circuits, increases per connector assembly.
Not only do the lower forces allow for a more effortless
mating of the plug and receptacle connectors, these lower
forces in turn allow for more efficient assembly of the
15 connectors by yielding a higher output and lower occurrence
of damage to the assemblies than would occur if higher
forces were needed. Furthermore, this allows the same low
profile connector design to be used in the apparent trend
of ever-increasing circuit sizes, which would not be

20 possible if mating forces were excessive.

Looking now to Figure 4, although exaggerated for
clarity and ease of understanding, it can be seen that the
operation of terminal 42 during mating of the connectors
(as shown in dotted lines) is different from the operation

25 of prior art terminal 42’ of Figqure 5. Although the
terminals shown are structurally distinctive, 1like
reference numbers are used to refer to similar general
features of the terminals for ease of comparison. As
discussed above, the presence of flags 55 support distal’

30 end 54b of first leg 54 of terminal 42 thus preventing
rearward movement (i.e., away from the applied force of a
mating connector) of both the distal end of the first leg
and the bight portion of terminal 42 during mating of the
connectors, as occurs in priBr art terminal 42’ (as shown in

35 dotted lines in Figure 5). The behavior of prior art
terminal 42’ during deflection actually results in stress
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formed of sheet netal material whereby, during mating of connectors 12 and
14, radiused projections on each of the holding nenbers may give a tactile

or audi bl e indication 15 that the connectors are mated. It will be
understood that the invention may be enboglied in other specific forns
wi t hout departing fromthe spirit or central characteristics thereof. The

present exanpl eswizhdrentiodi tening nal heyorticertratied t@t b31§Qa§| EedsgBs and N
T e S U, BIofED RtabR gt CLhL® et LR OB, 1Y
free spring contact leg 56’. Furthermore, the absence of
a preload at distal end 56a’ requires an increase in the
5 deflection at contact portion 58’ to yield adequate contact
normal force. This concentration of stresses makes it
necessary to use a stiffer and thicker and consequently
more expensive contact material. For example, a prior art
terminal uses a 0.2 mm thick beryllium copper contact and
10 the preferred embodiment of the present invention utilizes
a 0.15 mm thick phosphor bronze contact. Such differences
can contribute significantly to the overall cost of the
connector.
Referring back to Figure 1, other features of the
15 connector assembly include a generally L-shaped retention
member 66 mounted at each end 18 of plug connector housing
16 and each end 28 of receptacle connector housing 26.
Each retention member includes a generally planar leg 68
adapted for securement to the surface of a respective

20 underlying printed circuit board. Another leg is defined
by outside arms 70 which are located on opposite side of an
inside arm 72. Inside arm 72, and particularly edge

portions 72a, of retention members 66 maintain an inference
fit within passages 76 in the respective housing, after
25 being inserted through the respective mounting faces 20 and
30 thereof, to securely fix the retention members in the
housings. Legs 68 of the retention members are surface
secured, as by soldering, to solder pads 78 on the printed.
circuit boards to both relieve the stress at the terminal

30 solder joints and to provide additional retention of the
surface mount plug and receptacle connector to their
respective circuit boards. Furthermore, in order to

reinforce the retention of the retention members within the
respective connector housiﬁ&s, oppositely facing ears 74 of
35 the retention members abut against oppositely facing
shoulders 80 of the respective connector housings. Since
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CLAIMS: 1. Alow profile receptacle connector (14) for nounting on the
surface (32) of a printed circuit board (34), characterized by: 5

an el ongated receptacle housing (26) nounting a plurality of terminals
(42), each termnal including a nountingg portion (50) for surface
connection to circuit traces (52) on théboard, a generally U shaped

contact portiogadfi fedeh®ion Mémdeli I ¥ | 8 (Hanpidethi® t BerARENt bR
portion (50) and free s havi a contact portion

Po8) onguoonbr BondnrtivechrkRri8T)! Bhh rafehifbn Repbers nay Be'sblherad

to a respective grounding circuit of the respective printed
circuit board, and then coupled upon mating, thus resulting

5 in the assemblies, and their respective systems, being at
a common potential.

Complementary interengaging holding members may
also be provided near opposite ends of connector housings
16 and 26 of plug connector 12 and receptacle connector 14,

10 respectively, for removably retaining the connectors in
mated condition. The holding members are stamped and
formed of sheet metal material whereby, during mating of
connectors 12 and 14, radiused projections on each of the
holding members may give a tactile or audible indication

15 that the connectors are mated.

It will be understood that the invention may be
embodied in other specific forms without departing from the
spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be conside:ed

20 in all respects as illustrative and not restrictive, and
the invention is not to be limited to the details given
herein.
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housi ng proximte the nounting portion (50) 15  and a di nd
opposite the proximal end novably supported within the ho ﬂ J’Eﬁw ,’,ﬂlm
* c

connector (12), the first leg having a proximal end (54a) fixed to-the.

54b)

edges by tabs (55), whereby a portion of jqhe first |eg of _ I
between the proximal end and the distal "end is flexibly novable into a sl*ot
(62) of the housiRgMgpPON deflectign of Ehe 20 contac} porELonfpf EhF
free spring contact Teg, thereb i strikuting stresses al ong e firs eg
(54) mp thg termnal (42)1to AmiPyy@refile. resertasie: cannaqtar of14hefor
termnal. 2. Theohrtingobhl &HeCcoptfate ¢9DVeWfOra (printéd2eircuiteindFd h
inclaiml furtng)ch acte£|zed gybegeloadlng
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15
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 characterize
an elongated receptacle housing (26) mounting a

plurality of terminals (42), each terminal including

a mounting portion (50) for surface
connection to circuit traces (52) on the board,

a generally U-shaped contact portion defined
by a first leg (54) joined to the mounting portion (50) and
a free spring contact leg (56) having a contact portion

(58) engageable with a contact portion (44) of a mating

-connector (12), the first leg having a proximal end (54a)

fixed to the housing proximate the mounting portion (50)
and a distal end (54b) opposite the proximal end movably
supported within the housing along its edges by tabs (55),
whereby a portion of the first leg of the terminal between
the proximal end and the distal end is flexibly movable
into a slot (62) of the housing upon deflection of the
contact portion of the free spring contact leg, thereby
distributing stresses along the first leg (54) of the
terminal (42) to improve deflection characteristics of the
terminal.

2. The low profile receptacle connector (14) as
set forth in claim 1 further characterized by preloading
means (54a, 64) between the free spring contact leg (56) of
said U-shaped contact portion and the housing (26) for
preloading the contact portion by providing an opposing
force within free spring contact leg prior to deflection of
the terminal.
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means (54a, 64) between the free spring contact feg (56) of said Ushaped

cont act portion and the housing (26) for preloading the c
pfrovi di ng an opposing force within free spring contact r“m(mmam”lm}l l
defl ection of 30 the term nal . RPLACEWENT SHEET 3 The ¢l ow profs
receptacl e connector (14) as set forth rmTlaim2 wherein said prel oadi ng

means conprises a shoul dey ?g-)es ci'bwt?ﬁ' ﬁ@&%@&ﬁ%@egﬁnm "Q4) as

engageabl e by a dlstal end ( ree Spri %
set in claim 2 wherein said preloading means

comprises a shoulder (64) on the receptacle connector
housing engageable by a distal end (56a) of the free spring
5 contact leg (56).

4. The low profile receptacle connector (14) as
set forth in claim 1 further characterized by a stamped and
formed retention member (64) mounted at the end (28) of the
connector housing (26) for securing the connector to its

10 respective printed circuit board, the retention member
being generally L-shaped with a first leg (70) attached to
the respective end of the housing and a second leg (68)
adapted for surface securement to said circuit board.

5. The low profile receptacle connector (14) as

15 set forth in claim 1 further characterized by a holding

member (88) near each opposite end (28) of the connector

housing (26) for removably retaining the receptacle

connectors in mated condition with a complementary plug
connector (12).

20 6. The low profile receptacle connector (14) as
set forth in claim 1 wherein the distal end (54b) of the
terminal includes a bight portion located generally between
the tabs (55) and the contact portion (58) and, upon
deflection of the contact portion (58) whereupon the

25 portion of the first leg (54) between the distal end (54b)
and the proximal end (54a) is movable within the slot (62)
of the housing (26), the bight portion of the terminal
remains relatively stationary.

- |REPLACEMENT SHEET| -
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5 contact leg (56). 4. The low profile receptacle connector (14) as set
forth in claim1l further characterized by a stanped and formed retention
nmenber (64) nounted at the end (28) of the connector housing (26) for
securing the connector to its 10 respegtive printed circuit board, the
retention nmenber being generally L-shaped Wwth a first leg (7Q) attached to
the respective end of the housing and a second | eg (68) adapted for surface
securenment to said circuit board. 5. The low profile receptacle connector
(14) as 15 set forth in claiml further characterized by a hol ding
menber (88) near each opposite end (28) of the connector housing (26) for
renmovably retaining the receptacle

STRAC

LOW PROFILE SURFACE MOUNTABLE ELECTRICAL CONNECTOR ASSEMBLY
A low profile electrical connector assembly (10)
includes plug and receptacle connectors (12, 14) having
5 mating housings (16, 26) each mounting a plurality of
terminals (40, 42) each of which include contact portions
(44, 58) for interengagement with the contact portions of
the terminals of the other connector. The terminals
further include mounting portions (46, 50) for surface
10 connection to circuit traces (48, 52) on respective printed
circuit boards (24, 34). The receptacle terminals (42) are
generally U-shaped and are defined by a first leg (54)
joined to the mounting portion (50) of the terminal and a
free spring contact leg (56) having a contact portion (58)
15 engageable with the contact portion (44) of one of the
terminals of the other connector. The contact portion (58)
is prelocaded on a shoulder (64) of the receptacle housing.
The first leg (54) of the terminal (42) includes a proximal
end (54a) fixed to the housing and a distal end (54b)
20 movably supported along its edges by tabs (55) to permit a
portion of the first leg between the proximal end and the
distal end to be flexibly movable into a slot (62) in the
housing during mating of the connectors. The secondary
support of the terminal at its distal end by the tabs (55)
25 distributes stresses along the first leg (54) to improve

deflection characteristics of the receptacle terminal.

FIG. 3
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connectors in mated condition with a conpl enentary plug connector (12). 20
6. The low profile receptacle connector (14) as set forth in claim1l
wherein the distal end (54b) of the ternminal includes a bight portion

| ocat ed generally between the tabs (55) and the contact portion (58) and,
upon deflection of the contact portion (58) whereupon the 25 portion of
the first leg (54) between the distal emdt—<{54b) and ®he proxi mal end (54a)
is movable within the slot (62) of @e hBusing (26.),'\the bi ght portion of
the term nal renains relativgy st atRona @©.
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