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BACKGROUND OF THE | NVENTION Fiel d of the Invention: The present invention
rel ates tdVAPHAaT us and nethods for 5. nounting el ectroni BCOORPGHATS to a
substrate. In particular, the present invention relates to a | ead designed
to secure jacks or socke lug-in cables, to a printed
circuit board. State of FM&%%&%@P&@% Mtercommnl cation

bet ween i ndependent el ectronic deV|ces (cersonal conputers, local area
network severs, |nternet sétvetSROUND CI INVENZIQM| assistants, digita

caner as, conputer peri pheral s, etc ) becones connanIace t he electronics

i ndustry is st rwﬁgiﬁé—‘é‘ﬂ%@ yFisgpreseghinvention pilates tp apyesstus anemgtbodsifoe
componegnts for interfacing such independent el ectronic devices. A typical

i nt er f &ci ngma@vmeélchmac geimpaindsie ayubjteatk sin(pedisnles tis) présehiineamtinect or s

exi sting on or in each of the independent electronic devices. Such
connect or s Teldtsis teje lead designed thsrcuieijadks edsatBets,ovHilSBededvarplug-idabREgakh seri al
bus), 1394 (e.g., high-speed serial bus), RJ11 (e.g., telephone jack), and
RJ45 (e. g. ,printadwinckit pagd) connectors. An inexpensive net hod of attaching
the connectors to the internal circuitry of the independent electronic
device is by sBifexafehemuntdisigetfiingmditeicominin@atoiswalnasddosstiels as print
circuit boards) within the i ndependent el ectronic devices. FIGS, 9-11

i |l ustrat e eRBtraic desdtal(parsonalohiputers)oLal feh RIWorkGORPE Hidhedssanbl y 200. As
shown in FIGs. 9 and 10, a connector 202 is abutted against a first

surf a¢e 20Berobnandigithidstiathitts, 20dtal RRHRES, boEpiter chbr@ra%Q:c téaﬁmﬁ%mectm 202 is

primarily attached to the substrate first surface 2 relatively

large (L- sbammeiplceathe cRifoeindisiy is fivial &/hpbHing hGh éﬁa@p&;& a portion

inexpensive components for interfacing such independent electronic devices. A typical

interfacing device is a cable, which j.acks (comnects) into connectors existing on or in
each of the independent electronic devices. Such connectors include, but are not limited

15 to USB (e.g., universal sgriai bus), 1394 (e.g., higb~specd serial bus), RJ11 (e.g.,
telephone jack), and R¥45 (e.g., network jack) coqn;:ctors.

An inexpensive method of attaching the connectors to the internal circuitry of the
independent electronic device is by surface mounting the connectors to substrates (such
as print circuit boards) within the independent electronic devices, FIGs. 9-11 illustrate

20 an cxempiary surface mounted RJ45 connector assembly 200. As shown in FIGs. 9 and
19, a connector 202 is abutted against a first surface 208 Qf a substrate 204. Referring to
FIG. 10, the connector 202 is primarily attached to the substrate first surface -208 by two

relatively large (L-shaped) leads 212 and 212°. As shown in FIG. 10 and 11, a portion

- Shown-in-shadow: Jines-in-FIG. 10) of each.of the large leads 212.and 212’ extend-into——— ... .._

25 the connector 202, wherein they are electrically connected to routiﬁg wires (not shown)



--.- ----{showni nshadow | i nes-in-F-1G 1-0) of eachof-the-Iarge-|eads§2ARR 2005
and 212'3‘68;6%{?%(11 nto--- 25 the connector 202, wherein they are electrically:
connect T8Uting wires (not shown) | 1 6 APR 2005 WFPQOPNUSOBEHE1S
PCT/USQ / 31815 therein. Referring to FIG 10, first portions 214 and 214

of the large l.eads_212 and 212', respectively, extend fromthe connector
202 abutti%&r@?d&ﬁ’ﬂ@taﬁBG-Zli)ZfHStP@@p@c&lﬂ\ﬂedQM’@&'ﬂteHsge;bamndeOZ. At the
substrate first surface 208, second portions 216 and 216' of the | arge

" leads 212 &hd- EIpectivelygptend fipwl the caneent202dbattiagided 118 spdrad) el 5 to the
substrate first surface 208. As shown in FIG 11 (showing only large |ead
212 for creapsetiysly, efitee ¢amnetor|262d A¢ deonistptr firstanrf2d008 SsepddSiorddsy and
electrically attached to a |anding contact 220 on or in the substrate
first surfalfear@d®d6hpfthe krdedyais 201 ami)ine,rresp‘éttﬁl&gé&tcxﬁi dusasiday palahioy .

form ng solder joint 226. The | anding contact 220 is electri cgl 'y

connedt ed todhd substeate (rdburfbo208. AdsHOWnGAFINE 1GHRMikdy %gél?lcé&&%ﬁhovm in

FIG 9, additional, smaller |eads 224 may extend fromt connector sides

218 and 22darftyp thedbefleati 86coa® PoYEIGH 216 Bigh$si @)maggaﬁhﬁﬁ;a%%hltgaconnect ed
e

to traces (not shown) in or on the substraté 204. lI'arge l'eads 212 and

212" and tih®lingSdoatdcer2d fadksn 8 4ufib@tel 416 SHHQ&%OE%%HQ . %h]gog%géiﬁ%i% ﬁ? IC gnal s

(power, ground, operational, etc.) are conmunica ro

202 A pl ugon Coul e Crame e oAl o Bk il o (ot

202. A plugon cabl & (not showl) conne ce (not

shown) i Sﬁﬁﬁ@{eg?@ﬁ&&@m‘?%@% gr%%t{nf?su éﬁ%g#fﬁﬁt rical contact with the

connector 202, whereby al g electrica ni cati on between an

extergal = devAeeuaoh iGN BhaiRfsh, st 100 25 TP 20S B0t ihl cmoun) Mounted

to the substrate
sides 218 and 222 (not shown for connector side 222) and electrically connected to

traces {not shown) in or on the substrate 204. The large leads 212 and 212’ and the
smaller leads 224 are the means by which electrical signals (power, ground, operational,
etc.) are communicated from electronic components (not shown) mounted on the
i5 substrate 204 to the connector 202. A plug on cable (not shown) connected to an
external device (not shown) is inserted into opening 206 to make electrical contact with
the connector 202, whereby allowing electrical communication between an external |
device (not shown) and electronic components (not shown) mounted to the substrate
204.
20 - Connectors 202 generally have cables (e.g., network interface cables for the RJ45
connector shown) connected and disconnected repeatedly over the course of the life of

the connectors 202. The large leads 212 and 212” are relied upon to carry stress loads

résulting connecting and disconnecting 6f the cables. Furthermore, the connector 202

also relies upon the large leads 212 and 212” to carry the stress from the coefficient of



20 Connectors 202 general ly have cables (e.g., network interface cgbfegppda)gs
the RJ45 connector shown) connected and di sconnected repeatedly over the
course of YMEOZ3I68 of the connectors 202. The |large | eads 2t2nmods3Ri2 are
relied upon to carry stress loads res""tilting connecti gg

an3di sconnecting of the cables.- Fur-thennote~ the connector202 also

relies upon t#emahexpensien(GTE) hismaedh BdiReed the Qdktte bitCarstth&SSunb&eMbhe
coefficient of 2 6 APR 2005 WD 02/ 35655 PCTI USOL1/ 31815 t hernal expansi on

(CIE) ni smat cFhebettweennta eass s soiiefjod 426 Melet e ]aﬁ?é‘f&%?stﬂﬁ gég %521’ 5&[ Rgse

stresses may cause the solder joint 226 under the Targe le and 212

to fail (e. deg,cmegide tishehOstehediveDhddaa hedesgioped in these | oads.
Therefore, it would be advant ageous to develop a | ead design which will 5

ef fectively achi eh®efdre; @RRtd heodhvadt subst.rat e whil e being
capable of handling the stresses I ?1"’ Sc%g%gﬁélﬁ%feg%%ﬁé%'t%l?mﬁyﬁl

connect i g/ dicSBARIPGELRE: £AHES: CTFol AL RS QESCRLPT! ON OF
THE DRAW NGS 10 V\hel?l e.the specﬁo?lc%gtaicgﬁr?e%ﬁg{y&ag%a%W’P‘fﬁg"‘a}gr@p FPicularly
poi nting out haline HleShbled lhalod ng that .which is regarded as the present
i nvention, the advant ages %?uct%ﬁi%g%ﬁ nven ,fgﬁchCﬁgnchggpq@csmd
ascertained fyef | om ng description of the invention when read in
conj unction V\#t??ﬂgngatgﬂ('fonpanyi ng drawings to which: FIG 1 is an oblique
view of the connector with an enbodi ment of an enhanced 15 joint thickness
| ead, according to the present invention; FIG 2 is a side plan view of the
enhanced j oint thickness A 1, according to the present
invention, FIG 3 is a si OF THE BRAMINGS\hanced | oi nt

thick nqgs | ead %hillg.lth% szcc’:ification concludes with claims particularly pointing out and
distinctly claiming that which is regarded as the pfescnt invention, the advantages of this
invention can be more readily ascertained from the following description of the
invention when read in conjunction with the accompanying drawings to which:
FIG. 1 is an oblique view of the connector with an embodiment of an enhanced
15 Joint thickness lead, according to the present mvention;
FIG. 2 is a side plan view of the enhanced joint thickness lead of FIG. 1, according
to the present invention;
FIG. 3 is a side cross-section view bf the enhanced joint thickness lead of FIG. 2,
according to the present invention;
20 FIG. 4 is an oblique view of the connector with another embodiment of an
enhanced joint thickness lead, according to the present invention;

FIG. 5 is a side plan view of the enhanced joint thickness lead of FIG. 4, according

16the present invertion,



according to the present invention; 20 FIG 4 is an oblique view of) EhﬁPR 2[135
connector w th anot her enbodi nent of an enhanced joint thickness le

accor di NP P¥F¥%e present invention; FIG 5 is a side pl anPQT/IiWI@ﬂfibhe
enhanced joint thickness |ead of FIG 4, according to t[i presen
-invention; 3 2 6 APR 2005 WD 02/35655 PCT/US01/31815 FIG 6 is a side
cross-sect i on KGefivd sifletroansectiar viewlod gétmeotherafmtmdimani afieeehbamied joint

t hi ckness | ead, according to the present invention; FIG 7 is a side plan
vi ew of st titkngssdtddeaccontimriionenpreshit mmemgiohanced j oi nt  thickness | ead | ead,
according to the present invention; 5 FIG 8 is a schematic of the forces

i nduced on t heFIGy piscadidd plaglvieasofistiuiothed eibediaieht of anlegharRed fpiAN 0bl i que
view of a connector with a typical lead, as knowmn in the art; FIG 10 is a

si de pl an thicknesefieatili€ad| ﬁﬁdrd@fgtﬁ'tl@pr@senﬁﬁvéﬁﬂ@ﬂm inthe art; and FIG 11 is
a side cross-section view of the lead of FIG 10, as knovvn in the art. 10
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detail ed description, reference is made to

show by vay #4Gld islisobRldfew 8PS EbrinbGo R LR Rak s b &L, qu? a Ve O

may be practiced. These enbodi nents are 'S etail to
enabl e t hough Il s ﬁfﬁ et elnv ntion Is to be
under st ood thg{ébﬁégggﬂg Iahh’%g%fr%& %am)n Oras e Ave talrtof’i“d aI t hough
different, ar U | | excl v For exanpl e

F1d1qy np?%ﬂé Aok i—Le\étmn L"éﬁ of the I ﬁ @e%ﬁ%mﬁ%ﬁ.n, in

partlcular feature, ruc ture aract
connection with one enbodi nent, may be i npl errent w t hin other enbodi nents

10 DETAILED DESCRIPTION OF THE II.LUSTRATED EMBODIMENT

In the following detailed description, reference is made to the accompanying
drawings that show, by way of ilfustration, specific embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable though
skilled in the art to practice the invention. It is to be undcrstood that the various

15 embodiments of the invention, although different, are not necessarily mutually
exclusive. For example, a particular feature, structure, or characteristic déscribcd herein,
in connection with one embodiment, may be implement within other embodiments
without departing from the spirit and scope of the invention. In addition, it is; to be
understood that the location or arrangement of individual elements within each disclosed

.20 embodimcnt may be modified without departing from the spirit and scope of the
- Invention. The following detailed description is, therefore, not to be taken in a limiting

sense, and the scope of the present invention is defined only by the appended claims,

appropriately interpreted, along with the full range of equivalents to which the claims are



Wi t hout departing fromthe spirit and scope of the invention. In add tARR,2005
it isto be wunderstood that the | ocation or arrangenent of i ndividual

el ement s WYPHRAS®4ch di scl osed 20 enbodi ment may be nodi fi edCAIS90aL81S
departing fromthe spirit and scope of the invention. The follow ng
detailed description is, therefore, not to be taken in a limting sense,
and t he scopesnstled.ha the deemesi likeamttieods iefer dethe seae ardintilfutdiienappended
clainms, appropriate y interpreted, along with the full range of

equi val ent s tthroughauhthelseverhiaiiews.are 2 6 APR 2005 WO 02/ 35655 PCT/ US01/ 31815
entitled. In the drawings, like nunerals refer to the sane or simlar
functionality tHhotgindutbstrae” seidhéd o\iheide, buthend: Biifled 88! R dards] S
defined to include, but is not limted to, notherboards, peripheral cards,
cartridges, piipticrallbfis/eeigessMaRien) B0dudSibsihill, LA SRHELGRILAS 85 || S
be evident to one skilled in the art. The term "solider™ ts defined to

i ncl ude, 5but bk svidait th bhd si8led;Qthet€ctrically conductive materials such as
l ead, tin, indium gallium bismuth, cadm um zinc, copper, gold silver,

antimony, ger MBNyRderAPehbiddr DR ELIEL The . pt Llnventd reduces the
stress induced failures (sol derﬁcr acﬁﬂﬁe’ﬁﬁm%ﬁ?ﬁﬂrl géoécf?ﬁ%’ﬁ%)@d

m cr oel ect r opl i : LE§ o0.the free-bod iagramof. FIG 8 and
to the correg%fgﬁgﬂﬁ}r%ﬁ %(é):—rl%l?%%fsi a%*cgg’lté’ mf?",m’tgﬁgmsnhgli%"g'r Fzgé%’@?’ 7 CPRPS 0l der

joint 226 c It'Xﬁ Eromthe farce and. shear assignnents |abeled in
FIG 8, the ?%?P%vv?n?’% &g’ earﬁa“lug‘nals“dci)l oAb i um may be written: 15 20

dx-ul'x=0 and c &-ﬁlg 'i::?e:osent invention reduces the stress induced failures (solder cracking) in

10 surface mounted microelectronic devices. Referring to the free-body diagram of FIG. 8
and to the corresponding portions of FIG, 11, the shear stresses in the solder joint 226
can be analyzed. From the force and shear assignments labeled in FIG. 8, the following

two equations of equilibrium may be written:

15 -‘ﬂdx-mzo and dF’aﬁc-—mﬁc:O
- dx
where: Subscript 1 denotes the lead 212
Subscript 2 denotes the substrate 204
Fis force
20 T is the shear stress

x is the spatial variable inside the lead 212 and the substrate 204 (see
element 242 in FIG. 11)

25 forces (strain dcvc!oped in manufacturing the device), external forces (plugging and

e —n.. The strain on the lead 212 and substrate 204, which can arise both fromintermal .



where: Subscript 1 denotes the |lead 212 Subscript 2 denotes the suBsf riRR 2005

204 F is force i is the shear stress x is the spatial variable inside the
| ead 212WENE/ISHT substrate 204 (see elenent 242 in FIG 1FQT/T%0a/3s¢15ai nn_
-on-the | ead212 and substrate 204, -whi ch-can ari sebot hSrom nt enal - 25

forces (strain devel oped in manufacturing the device), external forces

(pl uggi ng anebloggng\RRIRNA5d BIDEGRLSS5 65 bE&T ¢S ma:&g%fumﬂh%ﬁqg abl es),
and CTE forces, nmay be expressed - in terns of displacenents (u). Thus: dui =
F, +a, AT anflhus2 =F2 +aAT dx Eitl dx T5212 5 10 where: a is the coefficient
of thermal expansion AT is tenperature change t1 is the thickness of the

| ead (shown as 244 in FIG 11) t2 is the thickness of the substrate (shown
as 248 in FIG 11) E is Young' s nodul us Through Hooke's |aw, the shear
stress can be related to ghe displ acerrentduof the lead ui and the substrate
u2, the thickness of the h%ﬁ—-ﬁm@(ﬁshmﬂm—és: HaAAH G 11), and the

I

shear npodulus G (provided t ul and u24di sftface with the sol der

materiél), in the

where: o is the coefficient of thermal expansion
AT is temperature change
) is the thickness of the lead (shown as 244 in FIG. 11)
t; is the thickness of the substrate (shown as 248 in FIG. 11)
[0 E is Young’s modulus

Through Hoeoke’s law, the shear stress can be related to the displacement of the
lead u; and the substrate 1, the thickness of the solder to (shown as 246 in FIG. 11), and
the shear modulus G, (provided that u; and u, displace with the solder material), in the

15 following manner:

By taking the second derivative of the above equations, ones arrives at:

20
d’r _1}d’w d'u,
Gdx® 1| dx,
R W*f“f*Si’ﬂcededx——r'rand”usinthhﬁequ-fIibrium-cquations"abovc;-one canmakethe —— -l
following substitutions:
25



15 fol l owing manner: z ul -u2 Gto By taking the second derivative of #RR 2005
above equations, ones arrives at: 20 d2-r | d2u,
Si nce- dF/ XO92B38638- usi ngt he- equi | i bri um equati ons- above;
one- can- make-the--- - - follow ng substitutions:
02/ 35655 PCT/11S01/31815 d2z _ /j2r where /32 = G| _

whi ch when

PCT/USO1/31815

25 6 2 6 APR 2005 WO
I c& to EE2 t2

ti on of.

Hence, the above equation ig?an grdinary di f@frpnt i ql iequat I on,
5

using the appropriate boun
r(X)= a2-a,] AT sinh(fir) p [cosh(,er4), 't
equation that as the thickness of the solder (to)

decr eases.

7 & andhereof Fgs

i ncreases, the stress

In addition, as to increases, the paraneter P decreases. 10

Hence, to miti gatiBieenhthe ghrysteqertion isarkorgnayyalifitredial equdtion Ivdiciumeinn wilgder
joint failure, it '

10

A5

20

the appropriate boundary condition has the solution of:

(=Gl —a ]AT[ sinh(ﬁr)]
5 cosh({AL)

1t is apparent from the above equation that as the thickness of the solder (to)
increases, the stress decreases. In addition, astg increases, the paramctér {3 decreases.
Hence, to mitigate the onset of crack propagation and subsequent solder joint failure, it
would be desirable to make the solder joint 226 thicker. However, there are serious
maqufacturing implications that effect yield loss to add a higher stand off in the large
pin. In manufacturing studies, this yield loss may increase as much as 1% for thicker
joints.

Thus, the prcgent invention involves the formation of an enhanced joint thickness
lead that can be easily manufacture using known stamping techniques. Although the
present discussion relates to a RJ45 conncctof, the lead of the present invention may be
used with any sm_-facc mountcd electronic deﬁces mncluding, but are not limited to USB,

1394, RJI11 connectors, as well as, a variety of components including, but not limited to, "

CPU sockets, slots (PCI, ISA, AGP, etc.), coils, FETs, and other such components as

will be evident to one skilled in the art.

As shown in FIG. 1, a connector 102 is abutted against a first surface 108 of a substrate

104, Referring to both FIGs. 1 and 2, the connector 102 is primarily attached to the
_ 7 _

d2u2 Gdx2 to L dx22 -----

rent fromthe above

FIGs. 1-3.illustrate an exemplary surface mounted RJ45 connector assembly 100,



woul d be desirable to nake the sol der joint 226 thicker. However, thﬁeﬁPReZBﬂﬁ
serious manufacturing inplications that effect yield |loss to add a ht gher
stand of WO#H28¥¥&5 | arge pin. In manufacturing studies, thi BCYUSIL3188SSs nay
increase as nuch as 1 %for thicker joints. .15 Thus, the present

i nvention involves the formati on of an enhanced joint thickness |ead that
can be easi |sybsaisdirsicutfre 108ityg! leasvne sttanqidojnt Biknésqlead 112 Though t he
present discussion relates to a RJ45 connector, the |lead of the present

i nvent i on neEphdoecd joie hivit kekd Bidyis profiralte a oondot et w64l MOMuGind Bl 565
including, but are not limted to USB, 1394, RJI | connectors, as well as,
a variety ofimitedpgnetdissuchab cshipagandalimiagh. | i mted to, 20 CPU sockets,
slots (PCl, ISA, AGP, etc.), coils, FETs, and other such conponents as

w1 be evi dentAs showdn FKGd, aGhottionof€achlof the enharcd@oint thickness lead 112
1-3_illustrateansxenpl arysurface. nount ed- RJ45_connect or_asser?% y 100__ As

shown i Fl &xtenld infd tBOLGRELEF 10bQAd af ADE &9.%}; if ace 108 of
a substrate 1041?1 Referring to both FI Gsé.aﬁgcan %&E%%gflﬁc%ﬁr%g@é{ 102 is

primarily aiHodnlgrei® Ré¥erribg YOFRE/ 232 8RPp&tibn f‘f’fof?tﬂg aﬁg%%ﬁ&é 1815

substrate first surface 108°by at feast® one enhanced |oin i CkAESs | ead

112 The  cebenaedo it B Syl ARl I ELEEE0 L G ROUNEIL
ST ¥ REL o R AR T G W
comected. Yot A SEnf R e T B B SR LS 2 2
10 least one other cxihanccd'joint thickness lead, which is similar to the enhanced joint
thickness lead 112, abuts a second side 122 of the connector 102.
As shown in FIG. 3, the lead sec;)nd portion 116 is physically and electrically
attached to a landing contact 120 on or in the substrate first surface 108 with a layer of
solder, forming solder joint 126. The landing contact 120 may be of any appropriate
15 material, including, but not limited to, copper, aluminum, and alloys thereof. The
landing contact 120 is electrically connected to traces (not shown) in or on the substrate
104.
The lead second portion 116 includes an arcuate portion, shown as arch 142, which
| extends above an upper surface 144 of the lead second portion 116. The arch 142 may
20 be formed by cutting two substantially parallel through the lead second portion 116 in
the direction of the length of the lead second portion 116 and bending the portion of the
lead second portion 116 between the slots to form the arch 142 which inherently forms a

" void.”As'will be evident 16 one sKilled in the art. The cuifing of the su bstantially



l ead 112, extends fromthe connector 102 abutting a first side 118 Jof E‘ER %ggg
connector 102. At the substrate first surface 108, a second portion 116 o

t he enhand¥&0p8%63% thi ckness |ead 112 extends substanti al | ycparsai/sshst o
the substrate first surface 108. Preferably, at 10 | east one other enhanced
joint thickness lead, which is simlar to the enhanced joint thickness
lead 112, abyemliel ikesantths betrling2ek th artifag 08 PAIREd WAR 2 thS-s&BMBiAy FI G 3,
the | ead second portion 116 is physically and electrically attaghed to a

| andi ng cont agdeesk20 on or in the substrate first surface 108 with a |ayer
of solder, tormng solder joint 126. The | anding contact 120 may be of any
appropriate 15 nRieafoiddreatbd6y #d1aRG: 140 UiioW0) ehﬂg}ﬁlfcg:é%srglm 2 ﬁsﬁa{h&: sGhym num

and alloys thereof. The |anding contact 120 1s e C connected to

traces (not shannd, dRcAbn @ik EFRYNS ML oid 1T NS, Ledd secopd portion 116

I ncl udes an arcuate portion own as arc above an

oper S 8ol AR, AL Bl Ty S50 142 20 00

formed by cutting two substantia arati

portion 116 | h hrection. of .t | ength of the | ead second_portion 116
and bendi ng %ﬂ?‘gc%lggf-‘ ?%ﬁg%qu%gofg%zessa@@%ﬁ oRdhe fiesises fremRe Gradicieiel s| ot s
to formthe arch, 142 whi a void. As wll be evident to

l.)nher en for
one skil | ed PHThEPEpYion g‘ﬂ@d’&i‘ﬁ‘!’#ﬁé%‘?"?’h e stftsEnts 404 and the conmgetapt92005 WO
02/ 35655 PCTLUSO1/ 31815 parallel |ines and the bending of the arch may be
performed w ‘PYFTERE tgssm : ¢ forfopm scksyvhich eventually sommtctlp eadhe ar ch

142 allows a greater thickness to exist in the solder joint 126, as
denmonst r at et toforn agrackthrgegh the solderiaint. (Fhds ¢rack prppagationy ddeiprimaily e
10 CTE stressing and low stress cycle fatigue (caused by loading and unloading of the
connection), is generally stow and tends to happen over numerous cycles, typically 50 to
10000 cycles, or more.
The thicker solder joint 126 (i.e., the higher volume) increases the distance of
microcrack propagation. Thus, microcracks have a lessened chaﬁce of completely
15 cracking on the solder joint 126. In fact, the enhanced joint thickness lead 112 can result
in as much as about a2 20% decrease in maximum shear stress. Assuming a typical lead
configuration, wherein the lead has a length of 3.5 mm, a width of 7.0 mm, and a solder
of thickness of 0.0875 mm, the solder volume would be about 2.1 mm®. Now, for the
enhanced joint thickness lead 112, it has been assumed that the arch 142 has at its peak
20  hada height equal to the thickﬂcs_s, and at its most dcveloped region covered 30% of the

surface of the lead second portion 116. It has been further assumed that the arch 146

spanned one-half the width and would make a volume of a2 segment of 2 hexahegon,

" which resulfs in an additional volume of about 0.65 mm" or a total volume of about 2.75

mm?®. This represents about a 30% increase in solder volume. It is, of course,



5 devel opment of nicrocracks caused by strain loading in The joint ¢ 6 APR 2003
resul ti ng from connecting and di sconnecting of cables and/or fromthe

st r esse¥O0REaFhe coefficient of thermal expansion (CTEPCHGS®BINSbet ween
the substrate 104 and the connector 102. Overtine these m crocracks

coal esce to formcracks, which eventually connect to each other to forma
crack t hr gugersiopé thebthees estiiates repTiserst neitlaes k picipag at infrimugiUequifeinenr i |y to 10
CTE stressing and | ow stress cycle fatigue (caused by | oadi ng and unl oadi ng
of the cdarmBctivniphibittongdnecablayk slopayato ritesrdiest MehRRPRMt S fneFUIFTET OUS
cycles, typically 50 to 10000 cycles, or nore. The thicker solder j-oint

126 (i .e. extthplatyi ghreiil beolndewjoot b bRasiEledtih thedirth @RGAHO of VbIGMES EQSK
propagation. Thus, mcrocracks have a | essened chance of conpletely 15

cracki ng oaatHieved ahd @fayjbeialéred dépendiflg bRte tydett sEIRNAREE thd QiUr i Ckness
| ead 112 can result in as nuch as a%out a 20% decrease i n nmaxi nrum shear

stress. At Hnd@tiRr bydN dtgad configuration, wherein the |ead has a
length of 3.5 mMmm a width of 7.0 nm and a solder of thickness of 0.0875

M the sol degs yRWATR P’T@W,%Qﬁo@a@%ll&d%d?gtl \é’xtezl;cﬁﬁit%lgﬁ co%ﬂ&-?g}f:ed j oint

thi ckness lead 112, it has been assumne arc as at its peak
20 had a | AR ' at i 1s S evel oped regi on
covered 3%]% g%’gt th e gﬁ] r@%%dgﬁ%#&isﬁdegﬁggﬁld%% %‘6%‘%8‘ ub%or“fl?e%?l& tf%%“ﬁ @‘gtn as been
further spanned -half t 1 gt nd woul d
meke a v?ﬁ@%f&gﬁgg%%ﬁ%%%&%ﬁ@%%d W M%%Q&Y%aﬂs g%ﬁ'ﬁﬁ‘ﬂi ti onal
vol e of r, -tat.al volu of aboyt 2.75 mmB, This represents
about a 3%%"‘% miai VIR ekt SiEBr i oo TR, operaigaleric) 3 APR 2005 WD
02/31 655 PCT/ USQ /?i:FL815 under st ood th?t these estinmates represent neither a
maxi- um SPIR G TFR Gler EoRihtompogEnts ok shopps mopmipd PR thesubitmtectldde ack

on, rather these neasurenents are nerely
the connector 102. A plug (not shown) on cable connected to an external device (not

pr opagat i
shown) is inserted into opening 106 to make electrical contact with the connector 102,
whereby allowing electrical communication between an external device (not shown) and
electronic components (not shown) mounted to the substrate 104.

15 F 1Gs. 4 and 5 illustrate another embodiment of the present invention, wherein the
arcuate portion comprises a substantially concave pocket 152 that extends above a lead
second portion upper surface 144, thereby inherently forming a void. The concave
pocket 152 may be formed by simply stamping it into the enhanced joint thickness lead
112, as will be evident to one skilled in the art. The void of the concave pocket 152 aiso

‘0 results in a greater thickness to exist in the solder joint 126, as was demonstrated m FIG.

3 for the embodiment presented therein.

It is, of course, understood that the enhanced joint thickness lead 112 need not be

- an electrical conductor. Rather, it may merely be a stabilizing and/or attachment

mechanism. FIG. 6 illustrates such an embodiment. The lead first portion 114 may bé

10



exenplary. It will be understood by one skilled in the art ‘that a vagi &PR 2005
of volumes could be achieved and nmay be altered depending on the type of
sol der "use¥WO #6837 ze of the 5 | ead, and ot her such par anmet errUSR/SIIGWN | N
FIG 1, additional, smaller |eads 124 may extend fromthe connector side
118 (not shown for connector side 122) and electrically connected to traces
(not shown) Ritrched forthe ¢ransaibrsfirsistide MB4vithEhieye ohanedve garidilizsand tHehead

smal l er | eads 124 may be the neans by which electrical signals (power,
ground, oper asdscombpqrtien t16may b ddnenedtwnhcabattd 10a7i8) aeé‘o‘!ch_gBiﬁt 1g@onent s
(not shown) nounted on the substrate 104 to the connector-102. A plug (not
shown) on cabpreviomindstesed 0 an external device (not shown) is inserted
into opening 106 to nake electrical contact with the connector 102,

wher eby al | owi ng Ik @Bb kih@btoSDIBILRE EfHaheR j&‘?xiﬂ?ﬁﬁﬁbs@ﬂa@ﬁfﬁlﬁghag@oaﬁg?( not

shown) and el ectronic conponents (not shown) nounted to t substrate 104.
i,nyent.ion,

15 FI Gs. 54 ansf shapie tdntidtaQo BROLASY of AP QAL IRNL 09 ressat, |
wherein the arcfgte porti 0?1 corrpgf‘{%es %ﬁ%@tlg%'tf\é%ﬁc%ﬁggv%% cﬁ?gtﬁ’ 152

that extends ypbg b&g@ﬂ i upper. surface. 144, there

i nherently form gelg Vol .thérﬁeégc?ig%@g{:/t{eonqg%%%glfmdﬁgﬁomﬁﬁ’é’ Iflér‘f’r%'af%?’){%i mpl y
stanping it ipt enhanced jaint thickness |'ead 112, as wll be evident
to one skillé “ﬁﬁb?ﬁ%’eﬁﬁfﬁ -"'{7%!3&“5%%‘/ beAngio\mEcal Bap aero pad lass 880 1 0

results in a greater thickness to exist in the solder joint 126, as was
denonst r at ed dFgiesst Eor examply, in RIG. dntheangle sis thows en bletdset theneform td the stape of
course, understood that the enhanced joint thickness |ead 112 need not be
an el ectri capfbepennetior I02Rat her, if may nerely be a stabilizing and/or
attachnent nechanism FIG 6 illustrates such an enbodi ment. The | ead
first pértion 114 may be 10 2 6 APR 2005

Having thus described in detail embodiments of the present invention, it is
understood that the invention defined by the appended claims is not to be limited by
particular details set forth in the above description, as many apparent variations thereof

are possible without departing from the spirit or scope thereof,

15
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WD 02/ 35655 PCT/ US01/31815 5 10 15 attached to the connector first gigleARRE005
with a |layer of adhesive material 154 and the |lead second portion 116 may
be connected to the substrate 104 with a solder joint 126, as previously

di scussed. It is also understood that the enhanced joint thi-ckness |ead 112
may have a variety of shapes to conformto the shape of the connector 102.
As shown in FIG 2, 3, 5, and 6, the angle 4 between the lead first

porti oncLAfMgnd | ead second portion 116 is preferably about 90 degrees.
However, the angle ~ may be angle great than zero and | ess 180 degrees.

For exanple, in FIG 7, the angle + is shown as obtuse to conformto the
shape @hatileaRONEct or 102. Having thus described in detail enbodi ments of
the present invention, it is understood that the invention defined by the
appended clains is not to be [imted by particular details set forth in

t he abo (Wely! a ny Aapparent .variations thereof are possible
wi t hout t/g\e%%? folrrr?ggclfh?'%%nteﬁeec@%%r‘i?ﬁg%ﬁo L PENES SRPRIUTNE 11 2 6 APR 2005 CLAI NS
What is clainmed is: 1. Alead for attaching an electronic device to a

substrat oppri.sing: .a first ]Jead portion adapted to abut a side of said
el ectr o":hﬁ’lét ]%@‘SF on Qfg’ﬁte& t%é%ﬁ&“ieé’zaalgtﬁwti"%c firisehtdy first surface adapted
to attach to said substrate and having a

a second lead portion having a first surface adapted to attach to said substrate and having a
second surface opposing said first surface, wherein said second lead portion includes an arcuate

structure extending from said second lead portion.

2. The lead of claim 1, wherein said arcuate structure comprises a portion of said lead second

portion partially detached therefrom and bent to form an arch.

3. The lead of claim 1, wherein said arcuate structure comprises a substantially concave pocket

formed from a portion of said lead second portion.
4. The lead of claim 1, wherein a portion of said first lead portion is adapted to extend into said
electronic device.

5. The lead of claim 4, wherein said lead comprises a conductive material.

6. The lead of claim 1, wherein said first lead portion and said lead second portion are oriented

substantially perpendicularly to one another.

12



second surface opposing said first surface, wherein said second | egdy APR 2005
portion includes an arcuate structure extending fromsaid second | ead
portion. 2. The lead of claim1, wherein said arcuate structure conprises a
portion of said | ead second portion partially detached therefrom and bent

to forman arch. 3. The lead of claim11l, wherein said arcuate structure
conprises a substantially concave pocket fornmed froma portion of said

| ead Squﬂﬂe@gﬁ&ﬁ@ﬂmmﬂmymhﬂqﬁﬁﬁg:Of claim1l1, wherein a portion of said
first lead portion is adapted t0 extend into said electronic device. 5.

The |l ead of claim4, wherein said | ead conprises a conductive material. 6.

The 'eaQnQQaﬁhihﬁh&gaﬂ@ﬁﬁgkgmﬁﬁ£ .first lead portion and said | ead second

portion are oriente tantrally perpendicularly to one another. 12 2 6
APR 2005 7. An el ectronic assenbly, conprising: an electronic device

butti ' | ead i fi | ead, [ butti i de of
i of SEBABAREE hBbTIcal anPR 0P Lo B oh ! o dfipiivice R Bttty o

subst r atead paidn adfeckns @ddndbsiraahngor ti on having a first surface attached to
said substrate with a solder material, and having a second surface
opposing said first surface, and including an arcuate structure extending

from saifd seeRNdad StloPRAViIALDFAEHr RO Qqﬁhycpﬂo@aidvélﬁﬁsrtﬁ{%?{ a 5@ mdAeRP! L1 ON
of said solder material resides in said void. 8. The electronic assenbly
of cl ai fdMaviggersererdsurierepposingsad fistsfae, codrincluding a apoate simctofe sai d

| ead se i ] ' refrom and hent to for. arch.
o e o aci s o4 B Sa ofiPhARate L SC AR Rar el B
conpr i sesteralyadidasamsdidivoig.

8. The electronic assembly of claim 7, wherein said arcuate structure comprises a portion of said

lead second portion partially detached therefrom and bent to form an arch.

9. The electronic assembly of claim 7, wherein said arcuate structure comprises a substantially

concave pocket formed from a portion of said lead second portion.

10. The electronic assembly of claim 7, wherein a portion of said first lead portion is adapted to

extend into said electronic device.

11. The electronic assembly of claim 7, wherein said first lead portion and said lead second

portion are oriented substantially perpendicularly to one another.

13



concave pocket formed froma portion of said | ead second portion. 15 HRR 2005
el ectronic assenbly of claim7, wherein a portion of said first |ead
portion is adapted to extend into said electronic device. 11. The

el ectronic assenbly of claim7, wherein said first |ead portion and said

| ead second portion are oriented substantially perpendicularly to one
another. 13 2 6 APR 2005 12. The electronic assenbly of claim7, wherein
sai d | ead TRMNEHRDAR RschIMHCAME7, WHeRAA Bhid ledBcontitfiesh @afrfdﬁ&we(inﬁé-ﬁﬁ”bl y of
claim 12, wherein said |ead is adapted to conduct an eleciric signal

bet ween said el ectronic device and said substrate. 14. A nethod of form ng
an enhanced joint thickness lead for attaching an electronic device to a
substrate, conprising: providing a lead having a first portion and a second
por t i on,13sBheklddtnosic apsentbilyoof dadmplt2e drhereinodaidt leal is adapeedab cemdudt @ dattioni ¢

devi ce, and.said second partian havi first surface and an opposi ng
second §ﬁP%§§ e Th oy fﬁ? B davic ?@hﬁ#ﬂm€$Vﬁ%ture extending fromsaid | ead
second surface. 15. The nethod of claim 14, wherein form ng said arcuate
structure conprises: cutting two substantially parallel slots through said
| ead second portion; and bending a portion of the | ead second portion

bet ween 133 thetldlto? frhih@iMAIn&RH §éInt tﬂlféknégl?:' feal B NR4cIR g £ &éd@oﬁl%qewes fd N
form ng said arcuate structure conprises formng a substantially concave
pocket PyksiRlg. goomEiste: of said | ead second portion. 17. The method of claim
14, further including orienting said lead first portion to be substantially
perpendi cul ar to said | ead second portion. 18. A nethod of form ng an

el ect r opiroyidieya lbed hadrgrb fiyst padinpanda segond portion, said first portion adapted to abut a

side of said electronic device, and said second portion having a first surface and an opposing

second surface; and

~ forming an arcuate structure extending from said lead second surface.

15. The method of claim 14, wherein forming said arcuate structure comprises:
cutting two substantially parallel slots through said lead second portion; and
bending a portion of the lead second portion between said slots to form an arch.

16. The method of claim 14, wherein forming said arcuate structure comprises forming a

‘substantially concave pocket from a portion of said lead second portion.
17. The method of claim 14, further including orienting said lead first portion to be substantially
perpendicular to said lead second portion. '

18. A method of forming an electronic device assembly, comprising;

14



14 2 6 APR 2005 providing at |east one |l ead having a first portion gﬁ@ %PR 2005
second portion, said second portion having a first surface and an opposing
second surface; form ng an arcuate structure extending fromsaid at |east

one | ead second portion defining a void; attaching said at |east one |ead
first portion to a side of an electronic device; attaching said at |east

one | ead second portion to a substrate with a solder material, wherein at

| east a &hg Bt I@Iist 8Ad Iéacfﬂzlv‘ﬂ?gr a fIRE fdrtioh aﬂtﬁfée@@rﬁi dtticf dﬂd A bH@b&iSh flé{ﬁﬁ

void. 1 The net hod of claim 18, where orm g sal d arcuat struct
conpr i s@édirst syrfaed ang anwwppesingssesondisatfhee; paral | el sl ots through said | ead
second portion; and bending a portion of the | ead second portion between
said slots to forman arch. 20. The nethod of claim 18, wherein form ng
sai d ar doatieg st angodte steuchwerpxtbmdtisg fromrhidgt Fastunb Sdad BEdoad byrtion defnigy pociket
froma portion of said | ead second portion. 21. The nethod of claim18,
further including orienting said lead first portion to be substantially

per pendiatidhirg datl fdtadt drRAITRGIHICiRAD taisRiR-of 47 cledtidhid®ivited of cl ai m 18,
wherein attaching said at | east one | ead second portion to a substrate

with a solder material conprises attaching said at |east one |ead second
por ti on afi@chng At Mhst SRUEAGERE poidd t8 YRS t3eSvithlPsolder material, wherein at

least a portion of said solder material resides in said arcuate structure void.

19. The method of claim 18, wherein forming said arcuate structure comprises:
cutting two substantially parallel slots through said lead second portion; and
bending a portion of the lead second portion between said slots to form an arch.

20. The method of claim 18, wherein forming said arcuate structure comprises forming a

substantially concave pocket from a portion of said lead second portion.

21. The method of claim 18, further including orienting said lead first portion to be substantially

perpendicular to said lead second portion.

22. The method of claim 18, wherein attaching said at least one lead second portion to a substrate
with a solder material comprises attaching said at least one lead second portion to a landing

contact of said substrate.
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