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SOLDERABLE CONNECTOR FOR HIGH DENSITY
ELECTRONIC ASSEMBLIES

BACXGRC QF THE INVENTION
iald the Invention .

This invention relates to an improved surface mourt
connector for connecting an electronic medule or package, such
as a multiQChip module, to a printed circuitc board.

Descripti of the Prior A |

An important trend in the electrenics in&ustry has
been the increasing utilization of integrated circuits as
individual components due to their relatively inexpensive cost,
miniature size, and electrical dependability. Today it is
common for hundreds of complex integrated circuits to be
treated as discrete components by the design engineer, with
such integrated circuits being appropriately packaged and
electrically connected to their associated printed circuit
boards. However, the small dimensions and tight tolerances of
miniaturized electrical connectors §reclude the use of holes in
printed circuit boards for establishing mechanical, as well as
electrical, connection between an electronic  module and a

. printed circuit board.

Thus, in order to connect the densely packaged

integrated circuit modules to an associated printed circuit

board, very high density connectors utilizing surface mount
technology ("SMT") have become prevalent in the industry. Such
connectors comprise a plurality of small electronic terminals
disposed within a housing and soldered to a printed circuit

_board or the like. The densely packed leads or contact pins of
~an electronic module are disposed into contacting engagement
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with the electronic terminals for establishing electcrical
interconnection with the printed circuit board.

' The terminals of the electrical surface mount
connectors are presently soldered to the conductive paas of a
printed circuit substrate using known soldering techniques such
as solder paste reflow, wave soldering, infra-red soldering, or
vapor phase reflow. However, due to the extremely'small pitch
distances between adjacent leads of electronic modules and the
terminals of the associated surface mount connectors, these
solder technigques are known to produce undesirable defects in
the solder joint, such as a solder bridge between adjacent
terminals, a cold joint, or solder contamination of the contact
area of the terminal. _

Due to the extremely small pitch distance between
adjacent terminals, pitch distances of 0.1 mm are desirable,
these known solder defects often occur in combination and
success in preventing one defect often results in an increased
occurrence of another. For example, since a cold jdint: defect
is a lack of solder connection between a connector terminal and
" a printed wiring board pad, this problem is treated by applying
more solder to the connection area. However, since adjacent
terminals are densely packed together, the increased flow of
solder and the resulting surface tension of two adjacent pools
of solder cause a solder bridge to form between adjacent
terminals such that the terminals become electrically connected
when the solder golidifies, thus causing a short circuit. 1In
order to obviate the solder bridge problem, connector terminals
are designed to provide for solder flow more readily over the
surface area of the connector terminal. However, improved flow
or wetting causes solder to travel up the connector terminal
such that the solder contaminates the terminal contact area,
generally plated with a noble metal, in the area of electrical
 connection with an electronic module. .

" It has not heretofore been possib\le to adequately
reduce the effect of all of these problems simultaneously.
Locating adjacent terminals farther apart on the printed
Circuit board in order to obviate the solder bridging proﬁlem
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is unfeTsible since the goal in che connector .industry is
toward more densely packed elactronic modules which must be
connected to a printed circuit board.  Strict control of the
volume of solder used and close monitoring of the soldering
process has been found to be costly and unreliable. Alsc,
known pre-solder cleaning techniques and platings and corrosion
rasistance coatings have also been found to be costly and
unreliable. _ :

Thus, there is a long and unfilled need in the prior
art for an improved.surface mount connector for a high-density
leaded or leadless electronic module that allows for simple and
effective solder connection of the connector terminals to a
printed circuit substrate. The present invention provides a
surface mount connector which satisfies this need.

I ION

Accordingly, it is an object of the invention to
provide an improved connector for a high-density electronic
‘module that is inexpensive and simple in construction and which
comprises surface mount terminals that can be effectively and
reliably soldered to a printed circuit board or the like.

In oxrder to achieve the above and other objects of the
invention, an improved connector for an electronic module of
the type that has a plurality of leads positioned on an
underside adjacent to at least one edge thereof includes, a
housing defining an opening that is sized and configured to
accept an electronic module; a plurality of terminals, each of
the terminals having a foot portion that is secured to the
housing and a resilient contact portion that is cantilevered to
the foot\bortion and -that is constructed and arranged to be
engaged by an edge of an electronic module for contacting at
least one lead on an underside of the electronic module. One
side of the foot portion of the terminal has a layer of non-
solderable material coated thereon to prevent a solder joint
Eorﬁ forming on that side of the terminal. A channel surface
on the bottom of the foot portion of the terminal forms a
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capillafy nest in association with the ctop surface of a solder
pad on a printed circuit board. Solder flows through the
capillary nest under the influence of capillary forces from che
side of the terminal having the non-solderable coating thereon
to the other side for forming a solder'joinc on that other side
of the terminal. A ring of non-solderable material is coated
on a middle portion of the terminal, between the foot portion
and the contacting surface, for preventing solder from flowing
up the terminal and contaminating the cterminal contact
surfaces. _ _

‘These and various other advantages and featurss of
novelty which characterize the invention are'poinced out wiczh
particuiarity in the claims annexed hereto and forming a partc
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 paxt
herecf, and to the accompanying descriptive matter, in which
there is illustrated and described a preferred embodiment c&
the invention.
" BRIEF DESCRIPTION OF THE DRAWINGS

_ FIGURE 1 is an exploded perspective view of an
improved connector according to a prefe:red embodiment of the
invention;

FIGURE'Z is a fragmentary cross-sectional view of one
component in the system depicted in FIGURE 1;

FIGURE 3 is a perspective view of a surface mount
connector terminal according to a preferred embodiment of the
invention. .

~FIGURE 4 is-a broken-away end view of a preferred
arrangement of connector terminals soldered to a printed
circuit board in accordance with the present invention.

"DETAILED DESCRIPTION OF THE PREFERRED EMBQDIMENT(S)
'~ Referring now to the drawings, wherein like reference
numerals designate corresponding structure throughout <cthe



views, &hd referring in particular co FIGURE 1, an
cnnector 10 is constructad and arranged to be attached == a3
mctheérbcard or substrate 12 zhat has concac:=s 14, crafaraly
comprising copper, thereon. Supstraca2 12 can e a priazad

circuit board or cthe like having elactronic circuicry priacad

*
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thereon for carrying out specific functions in a known manner.

Connector 10 is adapted to receive an eleccreonic
mocdule 16 that is of the type that has a plurality of leads i3
positioned .on an underside thereof adjacent to one or mcrs
'edges 20 of the electronic module 156. Leads 18 can be
substantially flat contact pads that are £flush against the
underside of module 15, or leads 18 can be contact pins tha:
are bent downwardly orthogonally to the plane of the undersidas
of module 156. Electronic module 16 is, for example, a
mulcichip module of the type that includes several semi-
conductor chips interconnected with a high-density substrace
into a single package. | _

As is best shown in FIGURES 1 and 2, connector 10
preferably includes a_housing'that'has an outer housing portion
22 and an inner housing portion 24. Housing portions 22 and 24
are preferably fabricated from a non-conductive, non-metallic
material, ‘such as hard plastic. A plurality of connector
terminals 26 are positioned between and securely mounted in
outer housing portion 22 and inner housing porction 24.
Terminals 26 preferably comprise a material having a high
electrical conductivity and high elastic modulus, such as
.phosphorcus bronze or beryllium bronze, and can be formed by
any known manufacturing method, such as stamping or etching.

As shown in FIGURES 2 and 3, a terminal 26 includes
a foot portion 28 moumnted on pad 14 by any known solder methad
such that fooi'portion 28 is in electrical contact with the
conducggée pad 14 on substrate 12. A solder composition having
silver as a. constituent provides for reliable electrical
connection between the connector terminal and the princad
circuic board.
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Terminal 26 furcher includes a contac: pertisn 19
iddle portion 32 located between foot portion 28 and contacs
recion 30. A deep slot 34 is formed in tarminal 26 Zar

ﬂ

ece;ving contact pin 38 formed as part of lesad 13 cf medulis
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5. in 38 makes contact with conctact portion 30 cf cerminal
26 &c contact surfaces 40 such that module 16 is electrically
connected to terminal 26. Terminal 26 can be coated over itcs
entire surface with an electrically conductive material for
preventing corrosion, such as nickel, and contact porction 33 -
can be plated with gold, palladium or other materials for
escablishing reliable eleccr:.ca1 connection with the leads cf
module 16. '

Terminal 26 interconnects module 16 to the printed
circuitry (not shown) on ‘substrate 12. Terminal 26 is a
resilient, cancilevered beam member for mechanically securing
edge 20 of module 16 into mechanical engagement with connecter
10 in a known manner. Contact portion 30 of terminal 25 can be
in contact with conductive traces (not shoﬁn) on housing
portion 24 for connecting certain of the termlnals 26 'r.o_
ground. o -

It should be noted that the embodiment of terminal 26
shown in FIGURES 2 and 3 is only illustrative of an example of
a surface mount terminal in accordance with the presentc
" invention and many other terminal configurations gre within the
scope of the invention in accordance with the features of the
invention set forth in greater detail below. For example,
terminal 26 can be configured for connection with leads 18
which are subatantially flat contact pads or which are contact
pins. ' o
Referrlng to- FIGURE 3, terminal 26 is shown as having
flrs: longitudinal side 42 and second longitudinal side 44, as
well as. first lateral side 43 and-seccnd lateral side 4S. Tk
dimension along the lateral side of the terminal is herein
referrad to as the width qf the terminal and the dimension
along the longitudinal side is referred to as the lengch of the



-7 -

cerminal. As shown, cthe height of cthe tarminal
substantially greater than the width ¢f the terminal.
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The surface cf foot portion. 28 alang longizudinal s

‘4.
il
ib

~ -
~

A}
i ]

42 is coated with a layer of non-solderable matcerial co
coating 46 such that sclder does not acdhere to longizudin
side 42 when terminal 26 is soldered to pad 14. Referring c:
FIGURE 2, the surface of foot porticn 28 along the other
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longitudinal side 44 does not have any such non-solderablis
coating. Thus, in accordance with the present invention, only
one longitudinal side of the foot portion of each cennector
terminal 26 is coated with a layer of non-solderable material.
When terminal 26 is soldered to pad 14 solder flows and adheres
only onto the longitudinal side of the foot portion of the
'terminal which does not have a non-solderable coating, as well
as onto the two lateral sides 43, 45 which form the width of
the terminal in the foot portion area.

Terminals 26 are positioned on pads 14 such that the
longitudinal side 42 of one terminal, having a non-solderable
coating 46 thereon in thé,afea of foot portion 28, is adjacent
longitudinal side 44 of-an adjacent terminal, wherein the
longitudinal side 44 of the adjacent terminal does not have any
such non-solderable material coating in the area of the foot
portion. Thus, as shown in FIGURE 4, solder 48 adheres only to
one longitudinal side and along the two lateral sides of each
. terminal 26 such that an undesirable solder-bridge does not
form between adjacent terminals. In a preferred embodiment of
the present invention, a surface mount connector 10 comprises
a plurality of terminals 26 disposed in a housing 22, 24 for
solderabie éngagemenc with a printed circuit board wherein the
pitch distance between adjacent terminals is about Q0.1 mm
(0.004 inches). The pitch distance is herein referred to as
the distance between the centerline of adjacent terminals.

-~ Referring once again to FIGURES 2 and 3, a layer of
non-solderable material is coated on all four sides of middie
portion 32 of terminal 26 such that a non-solderable fing Sa is
formed around the middle portion 32 of the terminal 26. Ring



s0 preveats solder from flowing up carminal 25 n
concaminacing the ccntact surfaces 40 cf contact perticn 313,
the location, or height, ¢f ring S0 can bpe predscarminad :o
grovide that solder Zorms on longitudinal side ¢4 and lateral
sides 43, 45 only to a desired heighc on che. cerminal.
Terminal 26 is a cantilevered beam and the solder which adherss
to the beam along the height of the terminal changes the crcss-
section, and thus the mechanical characteristics, of the team.

Thus, by placing ring 50 at a predetermined height to preven

i

the flow of solder up the terminal beyond the location of zhe
ring, the height of the solder joint on the non-coated sides of
the foot portion can be controlled to prevent changes in the
mechanical characteristics of the beam which would cause it to
break when an electronic module or the like is securad inctc the
connector terminals.

In a preferred embodiment of the present inventicn,
the non-solderable material used te provide the non-solderatle
coatings for a surface mount connector terminal comprises an
electrically conductive material, such as aluminum. In another
preferred embodiment, the non-solderable material comprises a-
nonconductive electrically insulating material, such as
polyimide or epoxy. In yet another embodiment, the non-
solderable coating comprises. a passivated electroplating of
material of 10 to 200 micrometers thickness comprising, by
content, nickel at 60-90%, iron at 3-7%, and the balance of
copper. '

As shown in FIGURES 2 and 3, terminal 26 has a bottom
surface 51 which is in contacting engagement with the top
surface 55 of pad_14.' Channel surface S2 is formed between
points p on bottom surface 51 such that a capillary nest 54 is
formed between the channel surface 51 and the top surface 55 of
pad 14 when the terminal is positioned on pad 14. In a
prefg?fed embodiment, channel surface S2 is a convex curved
surface. '

During the soldering process, when cerminal 25 i3
soldered 'into contacting engagement with substrate 12,
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 :;pilla=Y nest 54 allows molcen solder :o_flow.chrcugh the nas
and along pad 14 under che influence cf capillary Iorces.
-nus, at che initiation of soldering ¢

dispesed cn the top surface S5 of pad 14 begins to Sicw. The
solder in che vicinity of the lengitudinal

pcrtion 28 flows through the capillary nest S4 since che so
does not flow onto the foot portion in this area dus to the
influence of the non-solderable coating 46. The scléer in thi
region flows through the capillary nest under the influence
capillary forces in a known manner;and onto the other side
the terminal for engagement with longitudinal side 44 of foo=
portion 28. Accordingly, a solder joint is formed on foot
portion 28 only on longitudinal side 44 and lateral sides 43,
45 and the height of the solder joint is limited by non-
solderable ring S0.

o 0
th s B

In a preferred embodiment of the present inventicn for
a terminal having a total length along the longitudinal sides
of 0.08 inches (80 mils), the height of the capillary nest 5S¢,
from top surface 55 to the top of channel surface 52, is 0.02
inches (20 mils) and the-iength-of the capillary nesc, the
distance between points p-p, is 0.06 inches (80 mils).
another embodiment where the total length of the terminal is
0.04 (40 mils) inches, the height of the capillary nest is 0.01
inches (10 mils) and the length is 0.03 inches (30 mils). The
height of the capillary nest should not be large enough to
érbvide an attachment area on the channel surface 52 for the
solder éaptured by capillary cenS_ion. 'Alternat:ively, the
height of the capillary nest should not be small enough to
. prevent a flow of solder through the capillary nest such that
 solder is trapped on the unsolderable side of the terminal.
' It is to be understood, however, that even though
numerous characteristics and advantages of the presenc
inveqﬁion have been set forth in the foregoing descripticn,

together with details of the structure and function of che
invention, the disclosure is illustrative only, and changes may
be made in detail, especially in matters of shape, size and
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arrangement of parts within the pnﬂt:iblés 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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1. An electrical connector, comprising:
'a heusiag;

a pluralicy of cerminals for soldarapls sngagement
wizh a printed circuit board, said tarminals disposed in said
housing, each of said terminals'having: ,

a foot portion having_ first and second
longitudinal sides and further having first and second beccom
surfaces for contacting engagement with the princed circuit
board, of said first and second longitudinal sides only said
first longitudinal side has a layer of non-solderable material
coated thereon, said foot portion further having a channel
surface located between said first and second bottom surfaces;

a middle portion, said middle portion having a
layer of non-solderable material coated therecn; and

a contact portion for receiving and establishing
electrical connection with an electronic module, whereby said
non-solderable coating prevents solder from adhering to said
first longitudinal side and on said middle portion when said
terminal is soldered tc the printed circuit board and solder
flows under the channel surface between the foot portion and
the printed circuit board.

2. An electrical connector according teo claim 1,
wherein said non-solderable material comprises an electrically
conductive material.

3. An electrical connector according to claim 1,
wherein said non-solderable material comprises a nonconductive
electrically insulating material.

4. An electrical connector according to claim 1,
wherein said non-solderable macerial comprises polyimide.

S. An eleactrical conneccor according co claim t,
wherein said non-solderable material comprises, by conctenc,
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gickel rasging from 60-90%, iron fanging from 3-7% and the
palance nickel, said layer comprising a passivated
alactroplating having a thickness ranging from 10-200
miércmecers. :

6. BAn electrical comnector according to claim I,
wherein said channel surface is a convex cusve.

7. A circuit assembly, comprising:

a printed circuit board having a plurality of
conductive pads thereon, each said conductive pad having a
‘top surface;

‘an electrical connector having:

a housing;
~a plurality of terminals dispesed in said
housing, each of said terminals disposed on and solderakbly
connected to a corresponding pad on said printed circuit
Doard, each’ of said terminals having:
| | four -external surfaces;

a channel surface formed in said terminal
such that a éapillary nest is formed between said channel
surface and said top surface of said conductive pad; and

a layer of non-solderable material coaced
~on a portion of one of said external suxfaces in an area
immediately adjacent to the top surface of the conductive
pad.
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8. An electrical connector acccrding to claim 7,
wnerein the height of said capillazy nesc is 0.02 inches and
che length is Q.06 L1ches '

9.. An electrzcal connector accscerding to claim 7,
wherein the height of said capillary nest is Q.01 inches and
the length is 0.03 inches.

10. A surface mount connector ccomprising a
| plurality of terminals for solderable engagement with a
printed circuit board, said cerminals being arranged
adjacently and having a predetermined pitch distance
therebetween, each terminal comprising a foot portion having
first and second longitudinal sides at least one of which is
isposed in facing relation to the longitudinal side of an
adjacent terminal, a same one of said first and second
lengitudinal sides of the foot .portion of each terminal
having a layer of non-solderable matarial coated therson,
wnereby the longitudinal side of each terminal having a non-
solderable coating faces the longitudinal side of an adjacent
terminal that does not have a non-solderable coating.

11. The surface mount connector of claim 10,
wherein the foot portion of each terminal contacts a
corresponding conducfive pad on said printed circuit board,
and wherein said layer of non-solderable material is coated
on said one longitudinal side of the fcot portion of each
terminal in an area immediately adjacent a top surfac
corrasponding conductive pad.

(]
o]
(2}
a
o
1]

12. The surface mount connector ¢ claim 10,
wherein the predetermzned pitch dxs:ance becwesn adjacenc
:e*m;nals is about 0.1 mm.

. 13. The surface mount connector of claim 10,
wherein the footr portion of each of said terminals further
has first and second botccom surfaces for concacting
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engagement with che printed circuit board, and a channel
surface located between said first and second bottom
surfaces, wheraby solder flows under said channel sur:ace
pecween the foot portion and the printed circuic beard when
said terminals are soldered to the printcad circuit toard.

14, The surface mount connector of claim 13,
wherein said channel surface is a convex surface.

15. The surface mount connector cf claim 10,
wherein said non-solderable material comprises an
electrically conductive material.

16, The surface mount connector of claim 10,
wherein said non-solderable material comprises a non-
conductive, electrically insulating material.

17. The surface mount connector of claim 10,
wherein said non-solderable material comprises polyimide.

, 18. The surface mount connector of claim 10,
wherein said non-solderable material comprises, by content,
nickel ranging from 60-30%, iron ranging from 3-7% and the
balance copper. ' |

19. The surface mount connector of claim 10,
wherexn said layer of non-solderable material comprises a
passivated electroplating of a non-solderable material having
a thickness ranging from 10-200 micrometers.

20. The surface mount .connector of claim 10,
wherein each.terminal further has a ring of non-solderable
material formed around a middle portion thereof, between the
foot portion and a conta&ting surface of said terminal.

21.' A surface mount connector comprising a
plurality of terminals for solderable engagementc with a
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grinced <Tircuit board sa*d cermi a’s'be'.g arranged_
adjacently and having a predetermined pitch distance of about
0.1 mm therebetween, each tarminal comprising a foot portien
raving first and. second longitudinal sides at lsasc one of
which is disposed in facing relaticn to the loagitudinal side
of an adjacent terminal, a same one of said firsc and second
longitudinal sides of the foot portion of each terminal
having a layer of non-solderable material coated thereson,
whereby the longitudinal side of each terminal having a non-
solderable coating faces the longitudinal side of an adjacenc
cerminal'that does not have a non-solderable coating.

22. The surface mount connector of claim 21,

- wherein the foot portion of each terminal contacts a
corresponding conductive pad on said printed circuit bhoard,
and wherein said layer of non-solderable material is coated
on said one longitudinal side of the foot portion of each
terminal in an area immediately adjacent a top surface of the
.corresponding conductive pad.

23. The surface mount connector of claim 21
wherein the foot portion of each of said terminals further
has first and second bottom surfaces for contacting
engagement with the printed circuit board, and a channel
surface located between said first and second bottom
surfaéesp,whe;eby solder flows under said channel surface
between the foot portion and the printed circuit board when
said terminals are soldered to the printed circuit board.

24. The surface mount connector of claim 23
wherein said channel surface is a convex surface.
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95. The surface mount conneccor of claim 21
wherein said non-solderable material comprises an
alectrically conductive material. '

26. The surface mount connector of claim 21
wherein said non-sclderable material comprises a
nonconductive electrically insulating material.

27. The surface mount connector of claim 21,
wherein said non-solderable material comprises polyimide.

28. The surface mount connector of claim 21,
wherein said non-solderable material comprises, by content,
nickel ranging from 60-90%, iron ranging from 3-7% and the
balance copper. '

29. The surface mount connector of claim 21,
wherein said layer of non-solderable material comprises a
passivated electroplating of a non-solderable material having
a thickness ranging from 10-200 micrometers.

_ 30. The surface mount connector of claim 21,
wherein each terminal has a ring of non-solderable material
formed arcund a middle portion thereof, between the foot
portion and a contacting surface of said terminal.
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. SOLDERABLE CONNECTOR FOR HIGH
'DENSITY ELECTRONIC ASSEMBLIES -

An improved connector for an electronic module or the like
- includes a housing having a socket opening that is sized and
configured to accept an electronic module, and a plurality of
terminalsmomwdmthehousing.l’iachoftheterminalshas
a foot portion having a layer of non-solderable material
.coated on one side of the foot portion to prevent solder from
' adhenng to that side. A capillary nest is formedhy a channel

- . surface on the underside of the foot portion when the

" terminal is mounted on a conductor pad such that solder
flows through the capillary nest under the influence of
capillary forces from the side of the terminal having a
non-solderable coating thereon to the other side for forming
a solder joint on that other side. A ring of non-solderable
material is coated around a2 middle portion of the terminal to
prevent solder from flowing to the electrical contact surfaces
located above the ring. As a result, the connector terminals
can be soldered to a printed circuit board or the like in a
simple and inexpeasive manner and thhou:theformauon of
known solder dcfects

Figure 3
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