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SOLDERABLE CONNECTOR FOR HIGH DENSITY
ELECTRONIC ASSEMBLIES

BACKGROUND OF THE INVE N
Field of the Invention
5 This invention relates to an improved surface mount
connector for connecting an electronic module or package, such -

as a multi-chip module, to a printed circuit board.
Description of the Prior Art
An important trend in the electronics industry has
10 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
15 such integrated circuits being appropriately packaged and
electrically connected to their associated printed circuit
boards. However, the small dimensions and tight tolerances of
miniaturized.electricai.connectors preclude the use of holes in
printed circuit boards for establishing mechanical, as well as
20 electrical, connection between an electronic module and a
prlnted circuit board.
| Thus, in order to connect the densely packaged
integrateéd circuit modules to an associated printed circuit
board, very high density connectors utilizing surface mount
25 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 cf
an electronic module are disposed into contacting engagement




electrically co
However, the s
gl ectrical con
for establishyng necha "as electrical, connection between an
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packgd | eads or contact_pins of an electronic o e are disposed Int _
acting eﬁﬁﬁﬂﬁébﬂard or substrate 12 that has contacts 14 preferably
comprising copper, thereon. Substrate 12 can be a printed

5 circuit board or the like having electronic circuitry printed

ted-to their associated printed circuit boards.
| di mensions and tight tol erances or n1ﬁk, rrze

thereon for carrying out specific functions in a known manner.

| Connector 10 is adapted to receive an electronic
module 16 that is of the type that has a plurality of leads 18
positioned on an underside thereof adjacent to one or more

10 edges 20 of the electronic module ls. Leads 18 can be
substantially flat contact pads that are flush against the
underside of module 16, or leads 18 can be contact pins that

. are bent downwardly orthogonally to the plane of the underside
of module 16. ‘Electronic module 16 is, for example, a

15 multichip module of the type that includes several semi-

conductor chips interconnected with a high-density substrate

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
20 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 portion 24.
25 Terminals 26 preferably comprise a material having a high
electrical conductivity and high elastic modulus, such as
phosphorous 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
30 a foot portion 28 mournted on pad 14 by any known solder method

such that foot portion 28 is in electrical contact with the

conductive pad 14 on substrate 12. A solder composition having

silver as a constituent pr¢vidés for reliable electrical

connection between the connector terminal and the printed
35 circuit board. |
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: portion 30. A deep slot 34 is formed in terminal 26 for
receiving contact pin 38 formed as part of lead 18 of module

| 5 16. Pin 38 makes contacﬁ with contact portion 30 of terminal

26 at contact surfaces 40 such that module 16 is electrically

ccnnected to terminal 26. Terminal 26 can be coated over its

entire surface with an electrically conductive material for

preventing corrosion, such as nickel, and contact pqrtion'BO

10 can be plated with gold, palladium or other materials for

| establishing reliable electrical connection with the leads of

module 16.

Terminal 26 interconnects module 16 to the printed

~ circuitry (not shown) on substrate 12. Terminal 26 is a

15 resilient; cantilevered beam member for mechanically securing

edge 20 of module 16 into mechanical engagement with connector

10 in a known manner. Contact portion 30 of terminal 26 can be

in contact with conductive traces (not shown) on housing

portlon 24 for connectzng certain of the terminals 26 to

- 20 ground. _

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 present

invention and many other terminal configuratiohs are within the

25 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 substantlally flat contact pads or which are contact
pins. o

30 : .Referring to-FIGURE 3, terminal 26 is shown as having

first longitudinal side 42 and second longitudinal side 44, as

‘well as first lateral side 43 and second lateral side 45. The

dimension along the lateral side of the terminal is herein

referred to as the width of the terminal and the dimension

35 along the longitudinal side is referred to as the length of the

e

heet Has Been RTlaced

T



Due to the extre
di stances of 0.2
ikn conbi nation a
i ncreased occur
a lack of sol
W ring board
connecti on

mal | pitch di stance between ad ™tk erayi pa) %, —phteh
are desirable, these known sol demz}lﬁ!g S q:‘#ejnio@mrg 1
success in preventing one defect often results in an
ence of another. For exanple, since a cold joint defect is
r connection between a connector termnal and a printed '
ad, this problemis treated_by applying nore solder to the
rea.- However, since adjacent terninals are densely packed

t oget her, Lhe |ncr d f lqw | de e ti S ensg on; Hf
two adj agent 665'7‘% gl%‘ﬁesol é%r %2{8‘;‘@ a Es% @E e%ﬂtot?%r mH%gﬁ\%gg% aglj5 acleéh)t
_telr(T ng¥s sucsubstantimllyrereater b‘é‘@ﬂret@ é&’fcf“?l'éaﬂ VeRS R R hen t he
sol de

r E ﬂ 'dg' fi reg 3 te rr‘rlu'?géaé@tf&c@ o%%btlcpdsﬁuiéré dan aQb@llgr 1bﬁgobuaaha1t Side
er flow nﬁfel?eﬁﬂﬂ:? Vé%’ earyrgrn%fS ron- so%.sdeq: %q. eofll'adle tf_grform
' 5 coating 46 such that solder does not adhere to longitudinal
side 42 when terminal 26 is soldered to pad 14. Referring to
FIGURE 2, the surface of foot portion. 28 along the other
longitudinal side 44 does not have any such non-solderable
coating. Thus, in accordance with the present invention, only
10 one longitudinal side of the foot portion of each connector
terminal 26 is coated with a layer of non-solderable méterial.
When terminal 26 is soldered to péd 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
15 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 the area of foot portion 28, is adjacent

20 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

25 terminal'zs 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
solderable engagement with a printed circuit board wherein the

30 pitch dietance between adjacent te&rminals is about 0.1 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 middle

35 portion 32 of terminal 26 such that a non-solderable ring S0 is
formed around the middle portion 32 of the terminal 26. Ring
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surface area of t or term nal. However, inpr éd.” w or wetting
causes solder to t el up the connector term nal suc f hegsﬁl{dq_rzo 5 1
gont am nat es the rm nal contact area, generally plated with a ble

metal, in the arga of electrical connection with an electronic nodule. It

has not heretoffre been possible to adequately reduce the effect of all of
these proble si mul taneously. Locating adj,acent termnals farther apart on
the printed £ircuit board in order to obvigye the sol der bridging problem
[err] '530 “B}Svaér'zé’ e gbigért e el ff'ovs:ﬂ'?gCOﬂBeCtt%rrrr{irhdaLiStrgel S and
contaminating the contact surfaces 40 of contact portion 30.

The location, or height, of ring 50 can be predetermined to

provide that solder forms on longitudinal side 44 and lateral
sides 43, 45 only to a desired height on the terminal.
Terminal 26 is a cantilevered beam and the solder which adheres
to the beam along the height of the terminal changes the cross-
- section, and thus the mechanical characteristics, of the beam.
Thus; by placing ring 50 at a predetermined height to prevent
10 the flow of solder up the terminal beyond the location of the
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 secured into the
15 connector terminals. '

In a preferred embodiment of the present invention,
the non-solderable material used to provide the non-solderable
coatings for a surface mount connector terminal comprises an

- electrically conductive material, such as aluminum. In another
20 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
25 content, nickel at 60-90%, iron at 3-7%, and the balance of
copper. o | '

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 52 is formed between

30 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
preferred embodiment, channel surface 52 is a convex curved

surface.
35 .~ During the soldering process, when terminal 26 is
soldered into contacting engagément with substrate 12,
— T T
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disposed on the top surface 55 of pad 14 begins to flow. The
5 solder in the vicinity of the longitudinal side 42 of foot
portion 28 flows through the cepillary nest 54 since the solder
does not flow onto the foot portion in this area due to the
influence of the non-solderable coating 46. The solder in this
region flows through the capillary nest under the influence of
10 capillary forces in a khown manner and onto the other side of
Ehe terminal for engagement with longitudinal side 44 of foot
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 l:l.mlted by non-
15 solderable rlng 50.

In a preferred embodiment of the present invention for
a terminal having a total length along the longitudinal sides
of 0.08 inches (80 mils), the height of the capillary nest 54,
from top surface 55 to the top of channel surface 52, is 0.02
20 inches (20 mils) and the length of the capillary nest, the
distance between points p-p, is 0.06 inches (60 mils). In
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
25 height of the capillary nest should not be large enough to
provide an attachment area on the channel surface 52 for the
solder captured by capillery tension. Alternatively, the
height of the capillary nest should not be small enough to
prevent a flow of solder through the capillary nest such that
30 solder ig trapped on the unsolderable side of the terminal.
it is to be understood, however, that even though
numerous characteristics and advantages of the present.
invention have been set forth in the foregoing description,
together with details of the structure and function of the
35 invention, the disclosure is illustrative only, and changes may
be made in detail, especially in matters of shape, size and
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provi de an irrpro!d connector for a high-density elec dagl ‘Hat- i

i nexpensive and Sinple in construction and which corrpﬂ@g{s/@‘r)f cg' n’tU55 1
termnals that can be effectively and reliably soldered to a printed
circuit boardsor the like in order to achieve the above and ot her objects
of the invention, an inproved connector for an el ectronic nodule of the
type that has a plurality of |eads positi.oggd.on an underside adjacent to
at | east one edge thereof includes, a housing defining an opening that is
sized and confi@ridshdine amcgmrwmlteﬁw ehieCppRdulipled @fu::nélifyv&ﬁtlon o
term nat's, ea\_%beag 1éjlgeterrrg__nali (ggqafoot orilonth i S secure th
the hglising d Yk $FETRE cHHTACT Y orf °3 %%ﬂ‘ﬁ]ﬁ VETRH D Thetne
portion taafldnstiratwhschzotdsﬂa@:penﬁemcbbaxmgﬁacb texpreesmrRhiged by an edge
n electronic nodule for contacting at |east one | ead on an undersi de of
el ectroni c nodul e. One ' _ _
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1. 2An electrical connector, comprising:

a housing;
a plurality of terminals for solderable engagement
5 with a prlnted circuit board, said termlnals disposed in said
housing, each of said terminals having:

a foot portion having first and second
longitudinal sides and further having first and second bottom
surfaces for contacting engagement with the printed 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
iayer of non-solderable material coated thereon; and

a contact portion for receiving and establishing
electrical connection with an electronic module, whereby said
non-solderable cocating prevents solder from adhering to said
first longitudinal side and on said middle portion when said

20 terminal is soldered to 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 to claim 1,
wherein said non-solderable material comprises an electrically
25 conductive material. ' '

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

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

_ 5. An electrical connector according to claim 1,
wherein said non-solderable material comprises, by content,
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5 6. An electrical connector according to claim 1,
wherein said channel surface is a convex curve.

7. {CANCELLED]

8. A circuit assembly, comprising:
a printed circuit board having a plurality of
10 conductive pads thereon, each said conductive pad having a
top surface; '
an electrical connector having:
a housing;
~a plurality of terminals disposed in said
15 hou51ng, ‘each of said terminals disposed on and solderably
connected to a corresponding pad on said printed circuit
board, each of said terminals having:
N four -.external surfaces;
- a channel surface formed in said termlnal
20 such that a capillary nest is formed between said channel
surface and said top surface of said conductive pad; and
~ a layer of non-solderable material coated
on a portion of one of said external surfaces in an area
immediately adjacent to the top surface of the conductive
25 pad. :

AMENDED 377
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‘invention; FIGQU agnent ary cross-sectiﬁhéf VieM/of one conponent
in the systemd ed in FIGURE 1; FIGURE 3 is a=pe+spective-~view of-a .-,
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wherein the height of said capillary nest is 0.02 inches and
the length is 0.06 inches.

10. An electrical connector according to claim 8,
wherein the height of said capillary nest is 0.01 inches and
the length is 0.03 inches.

) 11. A surface mount connector comprising a
plurality of terminals -for solderable engagement with a
printed circuit board, said terminals being arranged

10 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
disposed in facing relation to the longitudinal side of an
adjacent terminal, a same one of said first and second

15 longitudinal sides of the foot portion of each terminal
having a layer of non-solderable material coated thereon,
whereby the longitudinal side of each terminal having a non-
soldérable coating faces the longitudinal side of an adjacent
terminal that does not have a non-solderable coating.

20 - : 12. The surface mount connector of claim 11,
wherein the foot portion of each terminal contacts a
corresponding conductive pad on said printed circuit board,
and wherein said layer of non-solderable material is coated
on said one longitudinal side of the foot portion of each

25 terminal in an area immediately adjacent a top surface of the
corresponding conductive pad.

-
-\-

*13.  The surface mount connector of claim 11,
wherein the predetermined pitch distance between adjacent
terminals is about 0.1 mm.

30 . 14. The surface mount connector of claim 11,
wherein the foot portion of each of said terminals further
has first and second bottom surfaces for contacting
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particular [err] figure 1, an | nproved
connector 10 is ¢ ucted and arranged to be attached to a notherboard or
substrate 12 tha contacts- 14, preferably coEgﬁq?v@g coppet,, .ihp
Substrate 12 Can rinted circuit board or ke haV|pg‘e ech ;1
circuitry printe ﬁbﬁ"ﬁ &ﬂﬂlmﬂ"rylng out specific fQﬁhywons in a khow
manner . Cbnnecto o receive an electronic 10 nodul e 16 that
is of the type that has ‘a pIurarlty of | ga § 8_positioned on an underside
t hereof adjacent to one or nore edges 20 o e el ectroni c nodul e 16.

Leads 18 can pe. oublmntisald e grle&réua@u@@% boalraa' anid WS Rragaidst the

surface located between said first and second bottom

[err] -5- views,

surfaces, whereby solder flows under said channel surface
between the foot portion and the printed circuit board when
5 said terminals are soldered to the printed circuit board.

15. The surface mount connector of claim 14,

wherein said channel surface is a convex surface.

1l6. The surface mount connector of cleim 11,
wherein said non-solderable material comprises an
10 electrically conductive material.

17. The surface mount connector of claim 11,
wherein said non-solderable material comprises a non-
'~ conductive, electrically insulating material.

18. The surface mount connector of claim 11,
15 wherein said non-solderable material comprises polyimide.

19. The surface mount connector of claim 11,
wherein said non-solderable material comprises, by content,
nickel ranging from 60-90%, iron ranging from 3-7% and the
balance copper. ' ' |

20 20. ' The surface mount connector of claim 11,
wherein said layer of non-solderable material comprises a
passivated electroplating'of a non-solderable material having
a thickness ranging from 10-200 micrometers.

21. The surface mount connector of claim 11,

25 wherein each terminal further has a ring of non-solderable
material formed around ‘a middle portion thereof, between the
foot portion and a contacting surface of said terminal.

22. A surface mount connector comprising a

plurality of terminals for solderable engagement with a _
' Sheet Has Been Reraced )
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under si de of nodul; e contact pins that are bent

downwar dl y ort hogo o the plane of the undersi de—ef—mdule 16.
El ectroni ¢ nodul e 6 is, for exanple, a nultichip nodule of the type - .

that includes several sem - -conductor chips int erconnjﬂmum'
hi gh-density substrate into a single package. As is b "ﬁ,’"l”ﬂt&ESl
and 2, connector 10 preferably includes a housing that has ah olit es si ng
portion 22 and an inner housing portion 243Abusing portions 22 and 24 are
preferably fabricated froma non-conductive; non-netallic material, such

as hard pl astigrinted pliwcalirt poardconnédt berménalaabeil§ areapgedti oned
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having first and second longitudinal sides at least one of
5 which is disposed in facing relation to the longitudinal side

of an adjacent terminal, a same one of said first and second
longitudinal sides of the foot portion of each terminal
having a layer of non-solderable material coated thereon,
whereby the longitudinal side of each terminal having a non-

10 solderable coating faces the longitudinal side of an adjacent
terminal that does not have a non-solderable coating.

23. [CANCELLED]

24. The surface mount connector of claim 22,
wherein the foot portion of each terminal contacts a
15 corresponding conductive pad on said printed circuit board,
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.

20 25. The surface mount connector of claim 22
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 ahd second bottom

25 surfaces,. whereby 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.

26. The surface mount connector of claim 25
wherein said channel surface is a convex surface.
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phosphor ous bron I um bronze, and can be formed by any known

manuf act uri ng metl, such as stanping or etching. As shown A FIrGORES—2

and 3, a termnal 26 includes a foot portion 28 nounteg any _
known sol der nethod such that foot portion 28 is in el mmm '\’m EH' wtth
the conductive pad 14 on substrate 12. A sol der conposition wng's er

as a constituent provides for reliable ?gz trical connection between the

connector termnal and the printed circui ard. - Terminal 26 further

includes a contact por44on 3y E RALAd 0y osat f oot
portion 28 and cont acté pbrtﬁgen S%in% deep sllf ot'lgjieéf s&ﬁofﬁe‘gﬁ%ir,\ﬁt m nal 26
wherein said non-solderable material comprises an

electrically conductive material.

28. The surface mount connector of claim 22
5 wherein said non-solderable material comprises a
noncondUCtive electrically insulating material.

29. The'surface mount connector of claim 22,
wherein said non-solderable material comprises polyimide.

30. The surface mount connector of claim 22,
10 wherein said non-solderable material comprises, by content,
nickel ranging from 60-90%, iron ranging from'3-7%'and the
balance copper. '

31. The surface mount connector of claim 22,
wherein said layer of nonFsolderéble material comprises a
15 passivated electroplating of a non-solderable material having
a thickness ranging from 10-200 micrometers.

_ 32. The surface mount connector of claim 22,
wherein each terminal has a ring of non—solderablé material
formed around a middle portion thereof, between the foot

20 portion and a contacting surface of said terminal.
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recei ving contact pi part of | ead 18 of nodule 16. Pin 38
makes contact with ¢ act portion 30 of termnal 26 at contact surfaces 40
such that nodule 16°is electrically connected to terminal m&;&r Qrﬁl/ 1630 5
can be coated over its entire surface with an electricall ctive

material for preventing corrosion, such as nickel, and contact portion 30

can be plated #fith gold, palladiumor other materials for establishing

reliable elegtrical connection with the | eadsl4of- nodul e 16. Termi nal 26

i nterconnegA's nodule 16 to the printed circuitry (not shown) on substrate

12. TerMmMnal 26 is aTesilient, cantilevered beam nenber for nechanically
securi ng’ edge 20 of nodule 16 int@g@@ni@&@%ggth connector 10

in a kfiomn manner. Contact portion of termna can be in contact with
condgCtive traces (not s ypggvg@ugqpﬁﬁctor 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
5 of terminals“mounted to the housing. Each of the terminals has
a foot portion having a layer of non-solderable material coated
on one side of the foot portion to prevent solder from adhering
to that side. A capillary nest is formed by a channel surface
on the underside of the foot portion when the terminal is
10 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 a middle
15 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 inexpensive manner

. and without the formation of known solder defects. '
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portion 24 for -ROMMECEMTertain of the terninals 26 to ground. It should

be noted that the enbodi nrent of terminal 26 shown in FIGURES 2 and 3 is

ly ill ' f I f ur f ' '
only illustrative of an exanple of a surface npunt LgLHgTIUSOﬁQCK%jinseO 51

with the present invention and many other term nal

wi thin the scope of the invention in accordance with the features of the
invention set forth in greater detail bel ow For exanple, termnal 26 can
be configured for connection with-|eads _48Wwhich are substantially flat
contact pads or which are contd¢3 pLas” g to FI m nal 26
is shown as having fiLst |9mgitue , e ong;éyﬁ nal side
44, as well as first latera ' de 43 -and second | ate si de The

~di nensi on al ong the | at er# '

r

side of the terminal is hr'

—
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LN . .

referred to as | '

Iongltudlnal S to asthelength of the

shown, the Height of the term nal i s substan @'ﬂﬂ@re@t ﬁr/tbq:no 51
2

the width of the terminal. The surface of foot portion

| ancitudinal si-e 42 is coated with a layer of non-sol derable materlal to
form com' ng 46 such that sol der does not adhere to |ongitudinal side 4.2
when teWrinal 26 is soldered to pad 14. Referring to FIGURE 2, the surface
of foot portion 28 along the other |ongi4udinal side 44 does not have any
such non-sol derabl e Qpatl ng. Thus, in accordance with the present :

| nvent ion, only ' % -

40
26
18 ' 38
% I\ & o0
- 3
DA
AN A
% 52 12

- Fig.2

30

12

T
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one Iongituainal side of the foot portion of each conn t erm nal 26 |s
coated with a layer of non-solderable material. Wen t bofy’u 1#] 95 1
§o|dered to pad 14 solder flows and adheres only onto the Ionglt di nal e

of t oot portion of the term nal which does not have a non- solderable
coatigp, as well as onto the two lateral sides 43, 45 which formthe w dth

of the termnal in the foot portion area. Termnals 26 are positioned on

pads 14 such that the |ongitudinal sidgs42 of one termnal, having a

non-sol derabl e coating 46 thereon in the area of foot portlon 28, is

adj acent | ongitudinal side 44 of an adjacent nal, wherein the

| ongi tudi nal side 44 of the adjacent term.n have any such

‘non- sol derabl e material coating in the are t portion. Thus, as

shown in FIGURE 4, sol der 48 adheres only it udi nal si de and
along the two lateral sides of each

‘does
of the f

-

_—

E!g. 3 | This Sheet Has Been R,

Hllll!l Illlll i



Uoo1e9-4 TP0S

terni hal 26- such that an' undesi rabI e sol der | X q@mm sHEETSbet ygen
~adj acent term nz n.a preferred enmbodi nen B Dekébtion e paRd |;n\g@ Q4 2

$urface nount CWSCSHEETWA§?¥§ ses a plur '!‘.tHCl fn(§)er”':gﬂ ..... sed

in a housing 2 : blle engagenment pd.h.a  RRI.OLED Citcul T Doa
wherein the pit H ;

oar(
e¢n adj acent r@ fi"f.c% apay é& N |
(0.004 inches). The pItCh distance is hereip rererred t(g S Th et afte

bet ween the centerline of adjacent termmnals| -- Referrl g RRFE agai n {

FIGURES 2 and 3, a layer of non-sol derabl e nitleffE| OF REGE Sh--ak4--f our

si des of ni dd¥&pofbroreltapnier memingls s folr testiabd ishing okliecmbianl i ng
50 is formed phicuidbridieToddier) Ul goiddedicit@itepghal 26. Ring

The terminals of the electrical surface mount
connectors are presently scldered to the conductive pads of a
printed circuit substrate using known soldering techniques such
as solder paste reflow, wave soldering, infra-red soldering, or
vapor phase reflow., However, dus to the extremely small pitch
distances between adjacent leads of electronic modulas and the
terminals of the associated surface mount connectors, these
solder techniques 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 te 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
ogcurrence of another. For example, since a cold joint defect
is a lack of solder connection between a comnector 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 comnected
when the solder solidifies, thus causing a short ecircuit. In
order to ocbviate the solder bridge problem, connector terminals
are designed to provide for solder flow more readily over the
suxface area of the connector terminal. Howaver, improved flow
or wettimg causes solder to travel up the connector terminal
such that the solder contaminates the terminal contact area,

~generally plated with a ncble metal, in the area of electrical
connection with an electronic module.

It has not heretofore been possible to adequately
reduca 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 problem

is Sheet Has Been Rep laced
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S0 prevents solder from rovm ng up terminal 26 and contam nating
the contact surfaces 40 of - contact porti.on 30. The Iocatlon hei ght, of
ring 50 can be - predeternined to provide that solde wmoYa |tud| nal
side 44 and lateral sides 43, 45 only to a desiref B \SGEET HAS BrEhe
ternminal Ternminal 26 is a cantilevered beam and -t he kol derRERhAGED adheres to
t he beam al ong the height of the term nal changes the CroSs—%e and

t hus t he nechani cal characterl stics, of 3 me beam Thus, by placing ring 50

at a predetermne hel h event e flow of sol der up t he term nal
beyond 't he | b&atP Tﬁ)‘f @9‘?21 gt ©fe t FRARRATEE: YRGPAEXHNishe
non- coat ed stowmcd frucxee d‘emsblpopacm celredtercndot modhbeh twhighewast sbar ges

in the ”EChaEbﬁﬂct%Qarcéckebfﬁﬁ%&is Qkcbbe Qgg.oamhlﬁhi\éguﬁgu%s% £ ko break
when an el ec velune th‘D solde: use& and ‘clase em%unr..%grli%oo cehec osnoriedcéggc
term nal s.
process has been found to be costly and unreliable. aAlse,
known pre-solder cleaning techniques and platings and corraesion
resistance coatings have also been found to he costly and
unreliable. _
Thus, there is a long and unfilled need in the prier
art for an improved surface mount comnector 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.

SUMMARY OF THE INVENTION
- Accordingly, it ‘is an obiect 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 order 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; 2 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.portion and-that is comstructed and arranged to be
engaged by an edge of an electronic medule for contacting at
least one lead on an underside of the electronic module. One
side of the foot portion cf the terminal has a layer of non-
sclderable marerial coated chereon to prevent a sclder joint
form forming on that side of the terminal. A channel surface
on the bottom of the foot portion of the terminal forms a

e
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In a*preferred enbedi nent of the present invention, the non-solderable
used to priovide the non-sol derable coatings .for a surface nmount
connector termnal conprises an electrically conducti v e

mat eri al

al um num

§

3-7% and the bal ance of copper. As shown in FlIGURES 2 and 3, tern nal

has a bottom SEPLataf¥ 1ne%|’-éh3$%°q’ﬁtéﬁﬂt‘§cthf hHectRR GEREATe \iE B spldenp
surface S5 of gaed oiv.a Shined incudce bbaxds’ f GolddrbEloReNchPOWIE EhoN

bot t om surfacegti e ddidl uRasRhb! A8l ARRE SF afillary forces from the

side of the terminal having the non-sclderable coating thereon
to the other side for forming a solder joint on that other side

of the cterminal. A ring of non-solderable material is coated

on 2 middle portion of the terminal, between the foot portion
and the contacting surface, for preventing solder from flowing
up the terminal and concaminating the terminal contact
surfaces. _

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

. its advantages, and the cbjects cbtained by its use, reference

should be made to the drawings which form a further part
hereof, and to the accomﬁanying descriptive matter, in which
there is illustrated and described a preferred embodiment of
tha invention.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is an exploded perspective view of an
improved connector according to a preferred 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 preferrved embodiment of the
invention.

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

TAILED ON_ E_PRE EMBOD
Referring now to the drawings, wherein like reference

numerals designate corresponding structure throughout the -
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, such as
In another preferred enbodi ment, the non-sol g€ ISHEmam -

conpri ses a nonconductive electrically i nsul ating mat ekl aI el
pol yi m de or epoxy. In yet another enbodi nent, the non- :
coating conprises a passivated electroplating of material of 10 to 200
m croneters thickness conprising, by comtént, nickel at 60-90% iron at
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fornmed between the channel

surface 51 and the

ficinity of |[the_|lon

;the'terminal is positioned on pad 14. In a
“surfafe sﬂEPEA@ersymmtsurved;@urfhce Duri ng
term 'De%@n pdnSPages od.. td ple8d .confacting en
-9 ca ErXs)nEStpa e a'@(y‘ﬁa g@l ienisal der to
pad 1 Lg%@L ESE : g d_l_J_(_a"r]Q E&];dcapl Il ary force
sol de } é 3; X" p4§ddLsp¢sed on the
begi n e solder Pign tHe

f oot DATE OF RECI:.IPT ...................................

Woeqs7-3 xfos
top surface s5 of pad 14 when
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SOLDERABLE CONNECTOR FOR HIGH DENSITY
ELECTRONIC ASSEMBLIES

NVENTION

BACXGROUND OF

Fiald of the Inventign
This

connector for conneCCLng an electronic module or package,

as a multi-chip module,

Description of the Prior Art

An important trend in the electreonics

been

invention relaces Co an lmnrov=d surface mountc

such

to a printed circuit board.

industry has

the increasing utilization of integrated circuits as

individual components due to their relatively inexpensive cosc,

miniature size,

and electrical dependability.

Today it

common for hundreds of complex integrated circuits to be

treated as discrete components by the design engineer, wi

=
gy
by
3

such 'integrated circuits being appropriately packaged and

electrically connected to their associated pr

boards.

However, the small dimensions and tight tolerances of

inted “circuit

]

miniaturized electrical connectors preclude the use of holes in

printed circuit boards for establishing mechanical, as well as

electrical,
printed circuit board.
Thus,

connection between an electronic module and a

in order to connect the densely packagsad

incegrated circuit modules to an associated printed circul

board,

disposed within a housing and soldered to a printed circul

board or the like.

very high den51ty connectors utilizing surface moun:
technology ("SMT") have become prevalent in the industry. :
connectors comprise a plurality of small ele

-\-tronlc t-sl -

The densely packed leads or contact pins <3

an electronic module are disposed into c¢ontacting engagemern:




portion 28 flows through the capillary nest 54 sinc
_flowonto the foot portion in this area due to the

" non-sol derabl e coating 46. The solder in this regio
capillary nest under the influence of capillary for
and onto the other side of the term nal for engager
side 44 of foot portion 28. Accordingly, a solder At—ls fornmed jonp foot
portion 28 only on longitudinal side 44 and | ateral| sides 43, 45 andjthe

hei ght of the solder joint is limted by non- sol derabterreg-56~lunja

g

preferred enbodi nent of the present invention for a termnal having a total
| ength al'tirfd t RE=| HARANE SpERLnals 0.f0F | Aehablighing | $leceméchdi ght of
the capi|iffarddRslec®4onf LQBA! Qﬁes?fi@@&%ﬁf&ﬁh%é%ﬁ channel surface
52, 15 0.021 nchesrh(eZO t:rgz!msi)naalgd orl:e lt:%ne(‘:]t he].Oefct:trqeca(iapIs-';lulrar'.ra)c/:e:ne?nE:i.mtthe
connectors are presently soldered to the conductive pads 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 techniques 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.

nRERLﬂNGEﬁ_! R gHee

-

_ h
o o RukCRg7: Jainal

Due to the extremely small pitch distance between
adjacent terminals, pitéh distances of 0.1 mm are desirable,
these known soclder defects often occur in combination and
success in preventing one defect often results in an increased
occurrence of another. For example, since a cold joint 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
terminéis such that the terminals become electrically connected
when the solder solidifies, thus causing a short circuit. 1In
order to obviate the solder bridge problém, 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 possible 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 problem



di stance between points p-p, is 0.06 inches (60 mls). rn anot her

enbodi nent where the total length of the terminal is 0.04 (40 mls) inches,
the height of the capillary nest is 0.01 inches (10 mls) and the length is
0.03 inches (30 mls). The height of the capillary nest should not be

| arge enough to provide an attachnent grea on the channel surface s2 for

t he sol der captured by capillary tension. Alternatively, the height of
the capillary nest should not be snmall enough to prevent a hfIOM/ordsolgFr
through the capid | ary.nest such_that solder is trapped on the unsol derable
si de gf t heé St 'eﬁ%ll?élﬁ §5%% B}éeuﬁ&égst’ﬁ’od‘?h?\oﬁBV@FFtPﬁatm@\V‘éﬁ’-‘Vhd&fgh
nunmer ous chawactiempsei densedyagaahiedged eat rbAtcpmedlnesi MraRNh Gudtavwa been

set forth i reqoLn [ pon,, tyogether wth detaih§(ﬁ ;h
structure é’%&}‘?‘gﬁ%‘?. g% éf gfggts'%%vg}ﬁ%%t ertcpd'l sC Ié’u‘:rte ‘f%n?‘ﬁluﬁ'r dt1®e
only, and gﬁéHggsoﬁaﬁolder used and close monitoring of the soldering

process has been found to be costly and unreliable. Also,
known pre-solder cleaning techniques and platings and corrosion
resistance coatings have also been found to be costly and
unreliable.

Thus, there is a iong 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.

SUMMARY OF THE INVENTION
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 order 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.portion and-that is constructed and afranged 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
form 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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be nmade in detail, especially in matters of shape, size and -10- .
arrangement of parts within the prinples of the invention to the ful
extent indicated by the broad general neaning of the ternms in which the
appended cl ai ns are expressed. 1. An electrical connector , a housing;
a plurality of termnals for solderabls engagenent with a printed circuit
board, said terminals disposed in said™"

capillafy nest in association with the top surface of a solder
pad on a printed circuit board. Solder flows through the
capillary nest under the influence of capillary forces from the
side of the terminal having the non-solderable coating thereon
to the other side for forming a solder joint 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 features of
novelty which characterize the invention are pointed out with
particularity in the claims annexed hereto and forming a parc
hereof. However, for a better understanding of the invention,
its advantages, and the objects obtained by its use, refsrence
should be made to the drawings which form a further parc
hereof, and to the accompanying descriptive matter, in which
there is illustrated and described a preferred embodiment of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is an exploded perspective view of an
> improved connector according to a preferred embodiment of the
invention;
H FIGURE'Z is a fragmentary cross-sectional view of one
cohponent 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 _termihals soldered to a printed
circuit board in accordance with the present invention.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

Referring now to the drawings, whersin like reference
numerals designate corresponding structure throughout the




housi ng, each of said termnals having: a foot portion having first
. and second | ongitudinal sides and further having first and second bottom
surfaces for contacting engagenent with the printed circuit board, of said
first and second | ongitudinal sides only said first |ongitudinal side has a
| ayer of non-sol derable material coated thereon, said foot portion further
havi ng a channel surface |ocated between said first and second bottom
surfaces; a mddle portion, said mddle portion having a | ayer of
non-sol derable material coated thereon; and a contact portion for receiving
and estainshing_&lechical connecti on wfth an el ectronic nodul e, whereby
sai d nonZ<tfter 2BF e TROREFAGIpr-éy SRS ST §PoM-&8REr ilng ad bt uctadst
| ongi t udidrelecisle pOdignceakd-gtedlieapar bireRnWaen Rikh ternjdala i s, sgl dered
to the prlntquCIFEUIt bogrd and sglder . ]
motnerboard or substrate 12 trnat has contacts 14, gralerazly
comprising copper, thereon. Substracte 12 can bte a princad
circuit board or the like having electronic circuitry princad
thereon for carrying out specific functions in a knewn manner.
Connector 10 is adapted to receive an elaccroni
module 16 that is of the type that has a plurality of leads 138
positioned on an underside thereof adjacent to one or mcrs
edges 20 of the electronic module 16. Leads 18 can ctce
substantially flat contact pads that are flush against the
underside of module 16, or leads 18 can be contact pins that
are bent downwardly orthogonally to the plane of the undersida
of module 16. Electronic module 16 1is, for example, a
multichip module of the type that includes several semi-
conductor chips interconnected with a high-density substrats
into a single package.
As is best shown in FIGURES 1 and 2, connector 10
preferably includes a housing that has an outer housing porcicn
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 conneccor
terminals 26 are positioned between and securely mounted in
oucer housing portion 22 and inner housing portion 24.
Terminals 26 preferably comprise a material having a high
electrical conductivity and high elastic modulus, such as
phosphorous 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 mournted on 'pad 14 by any known solder methed
such that foot portion 28 is in electrical contact with the
conductive pad 14 on substrate 12. A solder composition having
ilver as a constituent provides for reliable electrical
connaction between the connector terminal and the princad

circuic board. REPLACEMENT. SHEET
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fl ows under the.channel surface between the foot portion and the printed
~circuit board. 2. An el ectrical connector according to claiml1, wherein
sai d non-sol derable material conprises an electrically conduetive material.
3. An el ectrical connector according to claim1l, wherein said

non-sol derable material conprises a nonconductive electrically insulating
material. 4. An el ectrical connector according to claiml1l, wherein said
non-sol derabl e material conprises polyi#fide. 5. An el ectrical connector

according to claim1, wherein said non- solderable materi al conprises, by
cont ent, Terminal 26 furcher includes a conzac: porzicn 30 and

a middle portion 32 located between foot porticn 28 and contac:

oa 30. A deep slot 34 is formed inm carminal 26 Zor
racaiving contact pin 38 formed as partc cZ l=ad 13 ¢ modulis

Pin 38 makes contact with contact portion 30 cf cterminal
25 at contact surfaces 40 such that module 16 is electrically
connected te terminal 26. Terminal 28 can be coated cvsar ics
entire surface with an electrically conductive material for
preventing corrosion, such as nickel, and concact portion 39
can be plated with gold, palladium or other materials for
establishing reliable electrical connection wich the lzads ci
module 186.

Terminal 26 interconnects module 16 to the printed
circuitry (not shown) on substrate 12. Terminal 26 is a
resilient, cantilevered beam member for mechanically sscuring
edge 20 of module 16 into mechanical engagement with ccnnector
10 in a known manner. Contact portion 30 of terminal 26 can be
in contact with conductive traces (not shown) on nousing
portion 24 for connecting certain of the terminals 26 to
ground.

It should be noted that the embodiment of terminal 25
shown in FIGURES 2 and 3 is only illustrative of an example of
a surface mount terminal in accordance with the present

invention and many other terminal configurations are 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 substantially flat contact pads or which are contact
pins.

.Referring to-FIGURE 3, terminal 26 is shown as having
first longitudinal side 42 énd second longitudinal side 44, as
well as first lateral side 43 and second lateral side 45. Th
dimension along the lateral side of the terminal is herein

e

referred to as the width of the terminal and the dimension
he length of the
REPLACEMENT SHEET
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REPLACEMENT SHEET - 12 - nickel ranging from60-90%, iron ranging from
.3-7% and the bal ance nickel, said |ayer conprising a passivated

el ectropl ati ng having a thickness ranging from 10-200 m croneters. 6. An
el ectrical connector according to claiml1, wherein said channel surface is
a convex curve. 7. Acircuit assenbly, conprising: a printed circuit board
having a plurality of conductive pads thereon, each said conductive pad
having a top surface; an electrical conmeétor having: a housing;, a

plurality of term nals disposed in said
carminal. As shown, the height of cthe terminal 25 ig

substantially greater than the widch of the terminal.
The surface cf foot porcion 28 alzng longitudinal s
42 is coated with a layer of non-solderable macerial to Zarm
coating 46 such that solder does not achers to longitudinsl
side 42 when terminal 26 is soldered to pad 14. Referring co
FIGURE 2, the surface of foot portion 28 along the other
longitudinal side 44 does not have any such non-solderable
coating. Thus, in accordance with the present invention, only
one longitudinal side of the foot portion of each connector
terminal 26 is coated with a layer of non-solderable material.
When tarminal 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 the area of foot portion 28, is adjacent
longitudinal side 44 of an adjacent tarminal, 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

_term;nal 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
solderable engagement with a printed circuit board wherein the
pitch distance between adjacent terginals is about 0.1 mm
(0.004 inches). The pitEh 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 middle
portion 32 of terminal 26 such that a non-solderable fing SQ is

formed around the middle portior ,i lACEMENTSHEE% 1l 26. Rirng
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housi ng, each of said term nals disposed on and sol
correspondi ng pad on said printed circuit board, ea
havi ng: four external surfaces; a channel surface f
such that a capillary nest is formed between said c
top surface of said conductive pad; and a |ayer of

coated on a portion of one of said exterpal surfaces

.nel dgp&aﬁg7ar

ﬁﬂﬂ_GﬁMEMkBHEEbI

T sardrenm

adj acent to the top surface of the conduBtTve pad.

g prevents solder from <flowing wup cerminal 25 and

LY ]9

concaminatcing the contact surfaces 40 of contact pecrzion 13.
the location, or height, cf ring SO can be predstarminad z=o
grovide that solder Zorms on longitudinal side 44 and lataral
sides 43, 4S5 only to a desired height c¢n the ca2rmina
Terminal 26 is a cantilevered beam and the solder which adheras
to the beam along the height of the terminal changes the cress-
section, and thus the mechanical characteristics, of the ceam.
Thus, by placing ring 50 at a predetermined height to pravent
the flow of solder up the terminal beyond the location of chs
ring, the height of the solder joint on the non-ccated sides of
the foot portion can be centrolled to prevent changes in the
mechanical characteristics of the beam which would cause it to
break when an electronic module or the like is securasd intc the
connector terminals.

In a preferred embodiment of the present invention,
the non-solderable material used to provide the non-solderacls
coatings for a surface mount connector terminal comprises an
electrically conductive material, such as aluminum. In anothar
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
contert, nickel at 60-90%, iron at 3-7%, and the balance of
copper.

As shown in FIGURES 2 and 3, terminal 26 has a botzcm
surface 51 which is in contacting engagement with the top
surface 55 of pad 14. Channel surface 52 is formed between
points p on bottom surface 51 such that a capillary nest 54 is
formed between the channel - 'surface S1 and the top surface S5 of
pad 14 when the terminal is positioned on pad 14. in a
preferred embodiment, channel surface 52 is a convex curved
surface.

During the soldering process, when cterminal 25 is
soldered 1inco contacting engagement wich substcrate 12,



8. An electrical connector according to claim?7, wh r%ﬁpr‘}ACEMEMEingET sai d
_capillary nest is 0.02 inches and the length is 0.0 nches. o
el ectrical connector according to claim?7, wherein @%QDN @&75
capillary nest is 0.01 inches and the length is 0.03 JincheS” 107 A
nount connector conprising a plurality of termnal § f
engagenment with a printed circuit board, said termjinals being arrange¢d
adj acently and having a predeternined pi?ch di stanceé fhéerébetween—each
term nal conprising a foot portion having fjrst and second | ongitudinal
si des at Ieaégi;nuzyoﬂeahiiﬂ1ﬁ%%qmssﬁﬁ BAD| FRFART e rii At iICHT Gt RBe nasc
| ongi tudi nal”_si de,of gadadjsacendes eerenalnsusaie ene Qfpisaidfi pstcapd

second Iongf?ﬁdlnal sLdes.af.thg'foot;portion of each term.nal” _ .
© Senys, at the ‘inmiciacion’ of" soldering the solder which is

i
syrface

dispcsed cn the top surface 55 of pad 14 begins cto flcow. <Tha

-
solder in the vicinity of the leongitudinal sids 42 of fcoc

pcrtion 28 flows through the capillary nest S4 since che scider
does not flow onto the foot portion in this arsa dus to che

"y

influence of the non-solderable coating 46. The solder in chis

region flows through the capillary nest under the influence of

capillary forces in a known manner and.onto the other side of

e

the terminal for engagement with longitudinal side 44 of fooc

portion 28. Accordingly, a solder joint is formed on £oot

'g

orction 28 only on longicudinal side 44 and lateral sides 43,
45 and the height of the solder joint is limized by necn-
solderable ring 50.

In a preferred embodiment of the present inventicn’

In
0
L]

]

terminal having a total length along the longitudinal si
of 0.08 inches (80 mils), the height of the capillary nestc 34,
from top surface 55 to the top of channel surface 52, is 0.02

an

[H]

inches (20 mils) and the length of the capillary nestc, the
distance between points p-p, is 0.06 inches (60 mils). in
another embodiment where the total length of the terminal is
0.04 (40 mils) inches, the height of the capillary nestc is 0.01
inches (10 mils) and the length is 0.03 inches (30 mils). Ths
hgighé of the capiliary nest should not be large enough to
provide an attachment area on the channel surface 52 for the
solder captured by capillary tension. Alternatively, 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 undeérstood, howe%er, that even cthough
numerous characteristics and advantages of the present
invention have been set forch 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 macters of shape, size and




having a | ayer of non-sol derable naterial coated ther Y
.longitudinal side of each term nal having a non- sol der Léﬁﬁ,%m sgtﬂa es
t he | ongi tudi nal side of an adjacent term nal that ddges not haVe a’
non-sol derabl e coating. 11. The surface nmount connectjor ot)‘;

wherein the foot portion of each terpjgal contacts a cqrrespo
conductive pad an said printed circuit board, and wh re"h‘s*a-n—d-l-a.y.&L o]
non-sol derable material is coated on said one Ionglt al side of thef foot

portion of each term nal ap ar.eq di at el ent._a to of
t he cor r e3HIEEMSH c‘f’lt&é‘ %Br‘“‘ilElegnEéhesW‘F !99 ﬁf“kﬁ’ﬁ‘ﬁ@ct or of claim

10, wher efndicard 4 badread geneer! eapingnfohe frems Ha (Wit thepperded terninals is
about 0. 1claims arg expressedur f ace nount connector of clai m 10,

‘y



wherein the foot portion of each of said termnals further has first and
.second bottomwg},a@gssﬁeg}m@gggdactl ng engagenent wth the printed

circuit board, urface | ocat ed between said first—aned-—second
botton1surfaces
the foot portio

r flows under said channel surface between

ed circyiit board when mwﬂ“mnmg“
sol dered to the prlnted circuit board. 14. The surf iﬁl or

claim 13, wﬂgirqsfa‘sg fannel” surface is a convex surféace: 5. "The surface

nmount connecfor of alm 10, wherein said non-sol derable nmaterial conprises
an electrically conductive mat eri al .
1. An electrical connector, comprising:

a heusing;

a pluralicy cf terminals Zor soclderabis 2angagemen:
with a printed circuit board, said terminals disposed in said
housing, each of said terminals having:

a foot ©portion having <first and second
longitudinal sides and further having first and second bottor
surfaces for contacting engagement with the printed circuit
board, of said first and second longitudinal sides only said
first longitudinal side has a layer of non-solderable macerial
coaced thereon, said foot portion further having a channel
surface located between said first and second bot:iom surfaces;

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

a contact portion for receiving and sstablishin

n

elactrical 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 to the printed circuit board and soldex
flows under the channel surface between the £foot portion an

the printed circuit board.

. 2. An electrical comnnector according to c¢laim 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 material comprises polyimide.

5. An electrical connector according o claim 1,
wherein said non-solderable material cg ?ﬁ' ' ne,
P ENT SHEET
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16, .The surface+wount—connector of claim 10, wherein said non-sol derable
.material conprlses a non- conductive, electrically |ﬁ§ﬁT§TTng—ﬁa%eppal 17.

The surface hﬁﬁ claim 10, wherein sa der abl e
mat eri al corrpr H 18. The surface rmunt Bmm JH'FI m 10,
wherein said n naterlal conprises, by con angi ng

from 60-90% iron ranging from 3-7%_anRg the batance copper. 19. The surface
nmount connector of claim 10, wherein said | ayer of non-sol derable material

conprlse312§%3335¥§ €1g£gﬁtg@p§gglngr9ﬁ gaﬂgﬂniotggﬁaqu‘nahgrtgg having a

t hi cknesss m cr onet er he surface nount connector
of clalnmkmﬁnmheﬁb¢heéacﬁa%§rﬁ?KﬁF Fﬁ??ﬁé?lﬂﬁs aPPFﬁQVGFeﬁon sol derabl e

electroplating having a thickness ranging from 10-200

micrometers.

6. An electrical connector according to claim 1,
wherein said channel surface is a convex curve.

7. {CANCELLED]

8. A circuit assembly, comprisin

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

an electrical connector having:

v

a housing;
~a plurality of terminals disposed in said
nousing, each of said terminals disposed on and solderakly
connected to a correspending pad on said printed circuit
board, each of said terminals having: ’
. four.external surfaces;
a channel surface formed in said terminal
such that a capillary nest is formed between said channel
surface and said top surt face of said conductive pad; and
_ a layer of non-solderable material coated
on a portion of one of said external surfaces in an ar=sa
immediatzly adjacent to the top suriace of the cq nﬁgq_q'ggmgm SHEET
pad.
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material formed around a middle portion thereof, between the foot portion
and a contacting surface of said ternminal. 21. A surface nount connector .

conpri si ng &mpmggqhgh&mngge{ninals for sol derabl'eé engagenent with a

printed circyi ‘mow terninal s being arrang ' havi ng
a predeterm m& Mm ance of about 0.1 rrmth; ﬁ !"iﬁmﬂ Im! term nal
conprising a aving first and second etudl nal sSi des at

| east one or which is disposed in faci 33 relation to the |ongitudinal side
of an adjacent termnal, a sane one of said first and second | ongitudi nal
sides of the foot Pertidn elecazhcaér APRARCRAYI AGCArLapar Cof ChABAMsEl. der abl e

material goatech téred eRBight of said capillary nest is 0.02 iaches and
che length is 0.06 inches.

10. An electrical connector acccrding to claim 8,
wherein the height of said capillary nest is 0.01 inches and
the length is 0.03 inches.

11. A surface mount connector comprising a
plurality of terminals for solderable engagement with a
printed circuit board, said terminals 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 ¢f which is
disposed in facing relation to the longitudinal side cf an
adjacent terminal, a same one of said first and second |
longitudinal sides of the foot portion of each terminal
having a layer of non-solderable matsrial coated thereon,
whereby 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.

K ' 12. The surface mount connector of claim 11,
wherain the foot portion of each texrminal contacts a
cc;resﬁonding conductive pad on said printed circuit board,
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 tcp surface of the
corresponding conductive pad.

-
.‘.

_ *13. The surface mount connector c¢f claim 11,
wherein the predetermined pitch distance between adjacent
terminals is about 0.1 mm.

14. The surface mount connector of claim
wherein the foot portion of each of said tsrminals U

v

has first and second boctem surfaces for ccontacting 0 JUN-TY7 ¥
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wher eby the’ IOngIIUGIndI side—of each term nal having a non- sol derable

coati ng faces tu I nal 'side of - an adj acent term nal that does not
have a non- so 22. The surface mbu N | ai m 21,
wherein the fo ach term nal contact sﬂnlﬂgmﬂﬂﬂ!!}ﬂﬂm
conducti ve pad d C|rcu board, and wher®ei n+ sai dsl ayer of
non- sol der abl e naterlal |s coat ed oh ald one | ongitudi nal side of the foot .
portion of each terminal in an area_innediately adjacent a top surface of
t he corr espgagément oniititthie printed cimeiithered nowrd &orheanet of claim
21 whereip,{fged %caﬂédlmwéezeaﬁh@ffm@ dred nsdabsd fustfeq has first and
second bo ton1surfa s for n en enent th the printed circuit
board, an%l-‘-a‘-‘?:cfﬁ;ﬁvné’f O]t éef;gb’é%‘g?lr s%?h&??%?n%%ds‘é’ée%%l bott om
between the foot portgon and the printed circuit board when
said terminals are soldered to the printed circuit board.

15. The surface mount connector of claim 14;
wherein said channel surface is a convex surface.

16. The surface mount connector of claim

1 REPLACEMENT SHEET
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wherein said non-solderable material comprises an
electrically conductive material. _ _ 006 JUN 1997

17. The surface mount connector of claim I3

wherein said non-solderable material comprises a non-
conductive, electrically insulating material.

18. The surface mount connector of claim 11,
wherein said non-solderable material comprises polyimide.

19. The surface mount connector of claim 11,
wherein said non-solderable material comprises, by ccntent,
nickel ranging from 60-30%, iron ranging from 3-7% and the
balance copper. .

, 20. The surface mount connector of claim 11,
wherein said layer of non-solderable material comprises a
passivated electroplating of a non-solderable material having
a thickness ranging from 10-200 micrometers.

21. The surface mount .connector of claim 11,
wherein each terminal further has a ring of non-solderable
material formed around a middle portion thersof, between the
foot portion and a contacting surface of said terminal.

22. A surface mount connector comprising a
plurality of terminals for solderable engagement with a



surfaces , whereby solder flows under said channel surface between the foot
. portion andthe printed—eirewi-t board when said terminals are soldered to

t he printedagj uj oard.. 24. The surface npunt connector of claim 23
wherein sai dis a convex surface. The surface nount
connector of in said noP sol der abl e S an
electrically erial. ¥nhe surface mllm "IIlegmumﬁf claim
21 wherein said non-sol derabl e naterlal conpri ses a*nohconduct isve*
electrically insulating material. 27. The surface nmount connectors of claim

21,

orinced Tircuit board, said terminals being arranged

adja

Q. c
kaving f£irst and second longitudinal sides at lsasc one of

bout

rh
fu

acently and having a predetermined pitch distance

rcien

4 \_5

‘g O
o

mm therebetween, each terminal comprising a foo:

which is disposed in facing relation to the longitudinal side
of an adjacent terminal, a same one of said firstc and second
longitudinal sides of the foot portion of each terminal
having a layer of non-solderable material coated thereon,
whereby the longitudinal side of each terminal haviag a non-
solderable coating faces the longitudinal side of an adjacen
terminal that does not have a non-solderable coating.

REPLACEMENT SHEET
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24. The surface mount connector of claim 22,
wherein the foot portion of each terminal contacts a
corresponding conductive pad on said printed circuit board,
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.
L

25. The surface mount connector of claim 22
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
surfaces,. whereby solder flows under said channel surface
between the foot portion and the printed circuit board when
said terminals are soldered toc the printed circuit board.

26. The surface mount connector ¢f claim 25

wherein said channel surface is a convex surface.



wherei n sai -sol derabl e material conprises polyimde. 28. The surface
noulnt connector of cIa|n1 “wher ei n sai d non-selderabl-e-material-

conpri ses, Hsnkﬂ, g&ﬁl rangi ng from 60- 90W i ron rangin fron13 7%
and the bal a The surface nount c nLEII “ﬂ@ ilr

wherein sald solderable terial c at ed
electroplatlng of a - Iderable fateri al haV|ng a thickness ranging from

10- 200 m croneters. 30.The surface nount connector of claim 21, wherein
each termnal has a rin% of non-sol derable material fornmed around a mddle
portion thereof, béfweeh hELFEBESpBPERSN CRRTSSOsnPEcClAdMs @Rl ace of said

termnal . yherein said non-solderable material comprises an
elactrically conductive material.

28. The surface mount connector of claim 22
wherein said non-solderable material comprises a
nonconductive electrically insulating material.

29. The surface mount connector of claim 22,
wherein said non-solderable material comprises polyimide.

- 30. The surface mount connector of claim 22,
wherein said non-solderable material comprises, by centent,
nickel ranging from 60-90%, iron ranging from 3-7% and the
balance copper.

31. The surface mount connector of claim 22,
wherein said layer of non-solderable material comprises a
passivated electroplating of a non-solderable material having
a thickness ranging from 10-200 micrometers.

32. The surface mount connector of claim 22,
wherein each terminal has a ring of non-solderable material
formed around a middle portion therecf, between the foot
portioﬁ and a contacting surface of said terminal.

REPLAGCEMENT SHEET
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- 17 - SO H GH DENSI TY ELECTRONI C ASSEMBLI ES ABSTRACT
~ An "i nproved gonpector_ for an el ectronic nodule or the like includes a

housi ng havi M n ng that is sized and configured to accept an
el ectronic no !I rality of termnals nounted to the housing.
Each of the t f oot por;1i7c_)n having a | ayer of non-sol derabl e
mat eri al coated on one side of the foot portion to prevent solder from
adhering to that side. A capillary nest is formed by a channel surface on

t he undersi de of the foot rii jil ern he terminal is nobunted on a
conductor pad such that ‘A—ﬁkég—(ﬂé—ww |l ary nest under the
i nfl uence of
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 terminals mounted to the housing. Each of the terminals has a foot portion
having a layer of non-solderable material coated on one side of the foot portion to
prevent solder from adhering to that side. A capillary nest is formed by a channel
surface on the underside of the foot portion when the terminal is mounted on a conductor
pad such as 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 a midddle 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 inexpensive manner
and without the formation of known solder defects.

REPLACEMENT SHeeT
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capillary forces fromthe side of the term nal having a non-sol derable

. coating thereon to the other side for formng a solder joint on that other
side. Aring of non-solderable material is coated around a m ddl e portion
of the termnal to prevent solder fromflowng to the electrical contact
surfaces | ocated above the ring. As a result, the connector term nals can
be soldered to a printed circuit board or the like in a sinple and

_ i nexpensive nmanner and without the formati on of known sol der defects.
Figure 3 -1- 26 -1-

4

REPLACEMENT SHEE

28 ) E
\ o 06 JUN 1997
) | |




[[Lgelerr] 44 42

=
x
-.- o ..l'
)
- x i
3 A
R
: e

48

A

oauuumf‘-;.f




 REPLACEMERT SHEET |

'] owuunmer




