5 ALLCN’SCLDER CONNECT ASSEMBLY AND METHOD OF CONNECTI ON 10 Background of

t he *'nvention 1. Field of the Invention 15 The present invention rel ates
generally to pinless connector structures and, nore particularly, to sol der
connection structures. 2. Description of Related Art 20 The el ectronics

manuf acturing industry is noving away fromthe use of pins as a neans of
connecting electronic integrated circuit (1C) packages to substrates.
Fabrication of progressingly small el ectronic conponents realizes

i nput/output limtations. In addition, pin 25 connectors have an
unacceptably high failure rate. To overcone these and other quality
limtations and physical limtations of |IC packages and pin connectors,
surface nountabl e sol der connection stiuctures were devel oped to couple t he
| C package to the substrate. An |C package that utilizes surface nountabl e
sol der comhection 30 structures is referred to as a grid array package.
Today, grid array packages are utilized in electronic equi pnent ranging
fromconputers to tel ephone switches. Mounting the grid array package to
the substrate requires multiple sol der connection structures. An electronic
assenbly resulting fromt he array package to the
subst ra%/e -2- 8i a sol d&f‘@%@% M&SIWB} | (F:)al I ygrranuf actured
as stated herei nbel ow. The ANDMETHOPOF OONNECTION general |y consists
of a bal {4 shaped sol der portion ("ball") electrically connected between
the faying 5 surfaces of two substrates by solder fillets. Prior to
attachnment and creation of the sol der connection structure, the sol der

fillets are in the Background of the Invention

1. Field of the Invention

15
~ The present invention relates generally to pinless connector
structures and, more particularly, to solder connection structures.
2. Description of Related Art
20 '

The electronics manufacturing industry is moving away from
the use of pins as a means of connecting electronic ihtegrated circuit
(IC) packages to substrates. Fabrication of progressingly small electronic
components realizes input/output limitations. In addition, pin
25 connectors have an unacceptably high failure rate. To overcome these
and other quality limitations and physical limitations of IC packages
and pin connectors, surface mountable solder connection structures
were developed to couple the IC package to the substrate.
* An IC package that utilizes surface mountable.solder connection
30  structures is referred to as a grid array package. Today, grid array
packages are utilized in electronic equipment ranging from computers
to telephone switches. Mounting the grid array package to the substrate
requires multiple solder connection structures. An electronic assembly
resulting from the attachment of the grid array package to the substrate



form of-a paste ("paste"). The ball. typi cally has a higher nelting point
than the paste. The electronic assenbly may be fabricated by, first,
placing balls in contact with paste di sposed on the faying surfaces of the
10 grid array package and, second, applying heat above the nelting point
of the paste, but below the melting poif& of the balls. As a result, the
nol ten paste wets or attaches the balls to the faying surfaces of the grid
array package and:later solidifies into-fillets. The el g‘it roni.c .assenbly
can then be ctasplescoppection stiuctures ipHapicyly manufaetured asstated, r espondi ng
faying surfaggseipetowwubstrate, contacting the area of the balls opposing
"the grid array pagkage .to the paste, and simlarly a ] i t required
heat. The previ ougﬁ'l‘%’iqlréﬁr 5gqu\%t1|ona§trgq $ gﬁﬁ?ﬁ?ﬁ%‘f‘ﬂ%ﬁﬁé Qﬁ%tlmqgs are nore
fully descri abdped soldur porivel @balll)Rledtricelly chnnedtedd@t@¢dn the faying
"I ntercongpectio I r - o) ;E[m’" Sol der
connectio stsi“ﬁ{'atc% 8gg‘&§\?§b§{}%€g\ﬁ§§§@|&$§ﬁﬁﬁéﬁ%&ctl? rr%? at | v@tvga ening
caused by t enpeatinnpé therdolded conpection strustireathe solder fidletsareyisy theonnect i on
structures of t b S5 L1 halk o KRBt ntlBRpSAdihens, for
exanpl e, .gri b%r%%%%é%%%?e?ﬁty%%?% cofri%(rslggled Ef g?erarri c while
printed circihanihepaste glegiranicassemblpmay; ke fabgicatgd }59&55?' Because
dihf ferent s uqﬁhéiﬁg%usqﬂd:olhga@wm Paste dispbsectoh thefegingi surfaces pelche to
changes i.n te rature, .sol der, connection .sthuct ures St jant to
acconmodatle sﬁrﬁ‘ﬁ aptay pAckaae ahdy ﬁ%‘i?fﬁ‘r@?ﬁg)ﬂflg ahea% 315?75? g'.t‘]e gg%i“ué %@We
el ectroni c 30f thppastd, bax beldwtthe mpeltingtpaint of the ballsinAsta esulty thest ures
will typicall [ 1t d t he
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sol der connectron structures nust_al so, ) sistant. Prior art

sol der connedrrajhpeckage ancater olidifies into,filletsprihecelegironic assembiyt ai ni ng

two el ement s,cahl thed e é&ﬁglq[t%d‘%?’%ﬂiltak $té on the3- about 90% | ead
e re.co

and 10%tin. The paste aP ﬁlﬁﬁfmye?si '

ri sed pf, about 63%
tin and 3P% |OXEESPPREINgG, ﬁ

. sul | |
IR Is'a‘Ff%E%?ﬁ{% rg’P{’_%tﬁ%teo?o@tﬁﬁt‘B%l € 3R th®%aste are
chosen becaudsallstsppdsieg the giid asedyt packagedo the paste, and similarly

applying the required heat. The previous method as well as other

manufacturing methods are more fully described in, for example, U.S.

Patent No. 5,060,844, "Interconnection Structure and Test Method" by
20 Behun et al.

Solder connection structures have a limited life due to
cumulative weakening caused by temperature induced shear stresses
and strains. Solder connection structures often must attach substrates
having different compositions, for example, grid array packages are

25 typically comprised of a ceramic while printed circuit boards (PCBs) are
mostly comprised of an epoxy. Because different substrates tend to
expand at different rates with respect to changes in temperature, solder
connection structures must be compliant to accommodate such
expansions without mechanical failure. Because the electronic

30 apparatuses that employ the solder connection structures will typically
undergo temperature changes from cyclical operation, the solder
connection structures must also be fatigue resistant.

. Prior art solder connection structures are typically comprised of
alloys containing two elements, tin and lead. The ball is comprised of



attachment of surfaces during heating. Also, the ball. and the paste 5
conponents of prior art solder connection structures have simlar
stress-strain performance, causing themto behave as a single entity. This
can be seen by conparing shear strength and tensile strength to el ongati on,
whi ch can be used to define conpliancy (¥ee Manko, "Sol ders and Sol dering, "
2d Edition, McGawHill, pg. 132, Table 4-3). 10 Because prior art
sol der connection structures are conprised mainly of tin and |ead all oys,
they |ack theabout86%lepdcabl0%riiyy. Jine pfaste gne the sesultingefillets are hstand the
tenperature-r n
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The present icontractions pf thve stebssteatesibf gneelectsonit assernblylduring the
operation thereof. Therefore, what is needed is a cost-effective,
15 manufacturable solder connection structure that is more compliant

and fatigue resistant and able to withstand temperature iriduced shear
stresses. '

20 Brief Description of the Drawings
FIG. 1 illustrates a perspective view of an electronic assembly

comprising a grid array integrated circuit package mounted on a circuit
board in accordance with the present invention;

25
FIG. 2 illustrates a cross-sectional side view of a partial electronic
assembly comprising one of the solder connection structures of the
- electronic assembly of FIG. 1 taken along section lines 2-2;
30 FIG. 3-1 and FIG. 3-2 illustrate a method of fabricating the solder

connection structure of FIG. 2;

FIG. 4 illustrates a microscopic cross-sectional side view of a
prior art solder connection structure; and



connecti-on structure. The sol der connection structure is conprised of a
preformfornmed of a conpliant solder alloy connectably disposed between two
fillets formed of a conparatively |ess conpliant solder alloy by a bl ended
regi on having a gradual changing concentration of 15 the preformand the
two fillets. Each fillet is furthetr attaghed to a faying surface of a
substrate. A solder connection of the solder connection structure is
fabricated by depositing a cost-effective |ess conpliant sol der paste onto
t he faying surface of a substrate, placing the conpliant preformin contact

wWith the paste, @%%ﬁlhﬁ&a&é&% Hﬁéfo(‘écg}[@ﬁ Vidw H‘ﬁm"é&l et Eb Etidrat

conpliant materi aI e prefto resent e so er paste)

di ssol ves i nisruaterepakFIG. 2 aegord #éstreﬂéepmae@t mwmcm ng fromthe
solidified paste is corrp03|t|onally different with respect ‘to the paste as
initially_deposited. The "sharing"” of conpliant material that results from
the di ssoPut i on, nekes the solder connection 25 nore conpliant and fatigue
resistant with respect to the prior art and, thus, capable of alleviating
harnf ul applied shear stresses. FIG 1 illustrates a perspective view of an
el ectronic assenbly 100 conprising a grid array |IC (integrated circuit)
package 106 nounted dietailedDesaripliontafvihefirefersed Embodimentard 108 in
accordance with the 30 present invention. The electronic assenbly 100 may
conpri se port | On['lg-]; an electrical circuit within an el ectronic device,

such as corrputer PEeseBt dpvRHIONs Rrovides prfatigueregistant spldetige 106 may be
any |C Corrportemhet:ﬁ@ﬁ sti@tiree SThe gbl&ewcmmummw&c Hséd of he |

bal | d EDEC t 156.
The orid arr & PieleRhBmed Y nisfRie PB&"*FH&«?VE&&%‘?&@%&F% w8 i ch' may
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structures 1 yﬁ?fa%iéﬂ&éc% ‘E%g%ﬁ‘i{ lgﬂfl&hﬁi g'd&h%%ﬁﬁ*gﬁSﬁtoéuct or s)

t wo- di nensi onal “ar angenen aces ace con
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cor r espondi NGafin gasum@rm @.fsutf»saﬁtag&%ﬁd@f%énﬁé&&ﬁ@sﬂm&a&tOp surface of
the circuit board 108. The f éf%%ilsur %Cecfepomecuvel oup Ie el ectronic

conponent's c&PPRESHOR StyEtyeil a cost-effective less

compliant solder paste onto the faying surface of a substrate, placing the
compliant preform in contact with the paste, and heating the paste and

20 the preform such that compliant material from the preform (not
present in the solder paste) dissolves into the paste, such that the fillet
resulting from the solidified paste is compositionally different with
respect to the paste as initially deposited. The "sharing" of compliant
material that results from the dissolution, makes the solder connection

25 more compliant and fatigue resistant with respect to the prior art and,
thus, capable of alleviating harmful applied shear stresses.

FIG. 1 illustrates a perspective view of an electronic assembly 100

comprising a grid array IC (integrated circuit) package 106 mounted on
a partially shown printed circuit board 108 in accordance with the

30 present invention. The electronic assembly 100 may comprise a
portion of an electrical circuit within an electronic device, such as a
computer or a telephone switch. The grid array package 106 may be any
IC component that requires high density input/output, such as the
ceramic ball grid array family described in JEDEC régistration MO-156.




package- 106 to adjacent electronic circuitry (not shown) disposed on the 10
circuit board 108 via traces 109. Al though the grid array package 106 and
the circuit board 108 are illustrated in FIG 1, it nust be realized that

t he sol der connection structures 101 can interconnect any two substrates
havi ng appropriate faying surfaces. Thewltiple sol der connection
structures 101 nust be 15 conpliant so as to be able to alleviate applied
stress by straini dur ng the gperatiqn of th ctr.oni,c, assg y 100..
During the operati & eRRypackage 06 inmaumied of om eqlrréalwa?ar&.g% i . e.

heat, is geneykicRGnay\b etcbm prisedesépo e aid lk%s‘iibé@é bynindilEplastider 100

bot h 06 d d 108
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Associated with the arorenentione er ma pansion Is t
subsequent c&HPsERtes Qiaving appropriztefaying e 106 and the ci rcwt boar d

108 at different ﬂaieemum Ié $dlder cORREQIVIC sRERIFES 101 RuETSS Eut 01‘106 g
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returning frdhe operatioradhéie elenttohicassetribdy 160. dduring the aiperation oé

the electronic assembly 100, thermal energy, i.e. heat, is generated. As

the temperature of the electronic assembly 100 increases, both the grid

array package 106 and the circuit board 108 expand. Because of different

20 compositions, the grid array package 106 and the circuit board 108 are
subject to different rates of thermal expansion. The grid array package

106, which may be comprised of a ceramic material, may expand
approximately seven parts per million for every degree of centigrade
that the temperature of the grid array package 106 increases. The circuit

25  board 108, which may be comprised of epoxy and glass fibers, may
expand approximately eighteen parts per million for every degree of
centigrade that the temperature of the circuit board 108 increases. As
the grid array package 106 and the circuit board 108 expand at different
rates, stresses are imparted on the multiple solder connection

30 structures 101. '

Similarly, the multiple solder connection structures 101 must
further be compliant so as to be able to elastically return from a strained
condition when the electronic assembly 100 goes out of operation.
Associated with the aforementioned thermal expansion is the



mul ti pl essol der connection structures 101 are al so subject to additional
stresses impacted throughout the contraction. Thus, not only nust the
mul ti pl e sol der connection structures 101 be conpliant to prevent the
accurrul ation of harnful stress levels, 10 but also fatigue resistant to
endure cyclical expansive heating and, s@bsequent, contractive cooling of
the grid array package 106 and circuit board 108 at different rates as the
el ectronic assenbly 100 goes in and out of operation.. FIG 2 illustrates a
cross- sect i orsibseqentwondrastion of theigaid atraypaskage 166 and $barsirguitoo

CONpri sing Ongy408 1bbeat%ff@f’ernt‘%9fé'39ﬁhéx’i’ the bledfrbHiCasséblP 100 :ieé’ lofi¢ bFONi €

assenbly 100 of FI.G according tQ the present 1nyvention. rtial
el ectronic ammnzoé GoRks LAe soaling oerns agyd thegrid agFaypa 206 and -

a corres poggllaiﬂl ¥ éit@iit bbardl T08 @éhttadamraouﬁféﬁeﬁt&\ad ke @nd asfledfrboriconnect i on
structure et.we e sol de connecti o structure
201 mteréonrfgg"fgg?% f?‘fﬂm&ﬁ sfl% Sfﬁﬁ‘dé 2@‘&“&?‘39% RANG o pack_age 206
and the ci r cunultiplerstld@8conrectiontstmedtyres! 101t dwe qisefsabjeeti teadditiomalt , t he
faying surfa c al lized pads conprised of
copper, ni ckgﬂ"i s%ungs g%taggtrh rm$p§%ﬂl{e b&%e [Hﬁ ng surface 202 of the grid
array package 206 Thys, 10t ygnusb&mtﬂt@lerao Fonngetion stepstareso pr onot e

conductivity. 1@%&% miﬁ 5 tdrePent &{éea&%%lahahl mhﬂ:ﬁﬁﬂ%@ftsgn&él@ faying
sur face ﬁBle[?g E? durin anlnl | ow heati ng processg to prormte
attachne foytiplsQ fatighe res %‘étt'ioo?p glmns I ANEonnect i on
st I’]lc.ICtUI’e 20 subsequent; cmbﬂacﬁveec ofcthe g¥id am‘a@f dhla é(l06|’&i'ﬁl %&ﬁﬁtl ﬁal
preform 210 | a utili.zed 4 n the
o are. Oritbados calﬂsie&té‘%%g%f&“??éggﬁee$a%aegﬁ A9 gperifand, | oy

sol der. To admteafcopsrationonpl i ance and fatigue resistance with respect to

prior art,  the Sphad o BrakardTob0 et sESRAY of B5iaP BIctfidnfont 21 0

I ndi umrather -7- previous t he t he
prior artld solﬁé?mgbhgg‘l??mfﬁm&%r@ thgsoldereeonnestion stricsuresidli oft

material. As thefedédttdnic abserABlydEI0 of FIG. 1 according to the present invention.
The partial electronic assembly 200 includes a portion of a grid array
- package 206 and a corresponding portion of a circuit board 208 having a
solder connection structure 201 disposed therebetween. The solder
20  connection structure 201 interconnects faying surfaces 202 and 204 of
the grid array package 206 and the circuit board 208, respectively. In the
preferred embodiment, the faying surfaces 202 and 204 may be circular,
metallized pads comprised of copper, nickel, tungsfen, or
| molybdenum. The faying surface 202 of the grid array package 206 may
25 Dbe plated with a material such as gold to promote conduétivity.-
However, oftentimes, the gold plating disposed on the faying surface
202 is removed during an initial reflow heating process to promote
attachment of the solder connection structure 201.
The solder connection structure 201 is comprised of a spherical
30 preform 210. The spherical preform 210 is similar in form and
function to the ball utilized in the prior art. The spherical preform 210
is constructed from a metal alloy solder. To achieve more compliance
and fatigue resistance with respect to prior art, the spherical preform
210 of the present invention can contain indium rather than tin. As




connection structure 201 of the present invention is capable of straining
at ‘l'ower stress |levels and, thus, preventing the accunulation 5 of

harnful stress levels that lead to fatigue and failure. The sol der
connection structure 201 is further conprised of a pair of fillets 212 and
214. The fillets 212 and 214 are prefer-dbly a netal alloy solder that is
conparatively less conpliant than the netal alloy solder that conprises the
spherical preform 210, To achieve |ess 10 . conpljance, the fillets 212 and
214 may be cprevicesy discussed, thecball pf the priop ashsolden cannection he spheri cal

preform 210 go,éfge ' @SRES! i Sa ié&!dam@suﬁﬁaa&rmz £ réblt, Brosvlder t he
fillets 212 an‘é d are less co t t.han the

214 may cont Lin a mpl | ’
spherical pr€IRResONGIUCtYre &bfé’ itﬁ?@rﬁﬁ'élq‘?’ﬁnql%ﬁ %R?qg?é)--bet ween t he
fi |k| et?] 212I ﬁc@ﬂhﬂg adllowehetrkbs levedoand) ﬂms‘,quémtsmgfth?ascmlaimh f204_. To
make the so copnecti Qn st.r uct [ of resisting fatigue,
the fillets Eﬁga’gﬂg‘ﬁ?}lﬁfsﬁ:]8"?13Eﬁ?tz%gggtg]afgggggfag‘?ﬁgaﬁsﬂ%%ar stresses inparted
on the sol der confhesolderstormection sgocture 20cissivathersiomprisedbob acr oss

sectional ar ?ﬁr‘é&f.tﬁﬂé?s bie aﬁ{i!ﬁﬁr WE?E %leﬂqt%gggf%rég, a nidis] avay

fromthe bri intermetallic’l e s-secti onal

area of the adpyepldesthatis emperalisely éesggprpg}iarﬁt%@%q ’é'@faﬁ%g i bl e
g e R R
conpl i ant spR2 andl21grattaehrthd kphefibal prefbim 210oshe respectivedagings i onal ar ea
the respoct | Surtp 200 CBEGH,RRE P A Fbhd 21 dnby Sohtah e (120 D
that is | essandaretless compliarit than theyapherical prefosm2iD, akrittle1. Therefore,

when subj ect fftelefllB (ayl XEE Betwéth AR AREts AR R4 aRd theStructure 201

is stressed nbst where I'ts cross_sect 3ngl area is the small est possible,
at or nel? t FRSPEGHYREYIRG suK@ces3Pd & O&pherical preform 210 and not at

the brittle inter Totbke ¢hé syRier cdanacti®s structirec20ihmore sapatsieast can be
safely al | evigled viglhe St ERLAIAS 2la 1Pk WBekalbo BSH kSlusdneabe ol der
stresses imparted on the solder connection structure 201 to the smallest
possible cross sectional area within the solder connection structure 201
20 and away from the brittle intermetallic layer. The smallest possible
cross-sectional area of the solder connection structure 201 (or the
smallest possible diameter of the fillets 212 and 214 when the respective
faying surfaces 202 and 204 are circular) is not at the brittle intermetallic
layer, but rather within the fillets 212 and 214 and at or near the surface
25 of the compliant spherical preform 210. The smallest possible cross
sectional area can be realized by taking a cross section parallel to the flat
surface of the respective faying surfaces 202 and 204; this cross section
has an area that is less than the area of the faying surfaces 202 and 204.
Therefore, when subjected to shear stresses, the solder connection
30 structure 201 is stressed most where its cross sectional area is the
smallest possible, at or near the surface of the compliant spherical
preform 210 and not at the brittle intermetallic layer. As a result, the
~ shear stresses can be safely alleviated via the straining of the compliant
portion of the solder connection structure 101.



The solder connection structure 201 of FIG 2 may be fabricated using the
fol'l'ow ng process. FIG 3-1 shows a step in a nethod of attaching the
spherical preform 210 to the grid array package 206. Prior to
solidification, the fillet 212 is in the formof a solder paste 312 5
conprised of a netal alloy. The sol der faste 312 is deposited on the faying
surface 202 of the grid array package 206. A predeterm ned quantity of the
sol der paste 312 is de{)osMed on the fayi n% surface 202 to gnsure that the
resul ting solidi f Tbe splderconpection strugaire 201 nfFl6n Rapay be fabuicated 210 i s

P ;1*3?%5??5?6%%@?%&%0 D e e | i ng
Bgrt ﬁéﬁ‘ ;pre gi(?g F@)S@ﬁ%ﬁ%ﬁfewqjcﬁl i s then

surface 202 atta
ref | ow heat egb Eolidificatien,. t}@t&lnetmmlben\ehélfom ofahsulder pastec3 on oven Model

meiting B ORISR o omet AY o thd SRs Babt B2 lgﬁﬁéﬁﬁé%ﬂaﬁ’ VSOT o
';] ggez ;Sngrer i tcgfa}png{surﬁace 202 bbthengridrairmay packaige 2061 A predidenninedds . . |O Is tor
y gpﬁﬁﬁ gff dé&Y né@ff) B1S g@&@}&&ﬁé& oth @(é n% shifage 39%

paste 312 - pre or construction erature higher than
the nelting gosure that the resulidng splidifiedsfillet 21 Fseme ‘he sol der 20 paste

312 Llrom prﬁma{ ugemé Hcag e@fonh Eﬂisa&feﬁ xhhweaﬁhad amegubh%rmmt LUCt i on

capabpl e a I'S I'S 1 U m e

spE\eri caf6 pr BY dhgna 5%93}1@ r&%‘fqec}gﬁﬁﬁh Qldff F?‘oéﬁjn a nol ten

s:}at e. The dThegrid anaytpfackaghiﬁﬁ-ifmym suerface 202 - snﬂdexep&téfﬂriy be )
aracterize , the

(s:ol der past egﬁ%l&lﬁ egc%)ljrﬁrl?gglq%ﬁ%trhgt%l% % ﬁ‘?én pett l-rQéjaZ? g ﬁ]g%n

di stinctly dsudeaerthefWaﬂnnadobusQrecopagthrsspzeradvlpdel Nan |4 BSMERAA.t ed. Upon

cooling, theRendl heydflz SALART ripl gp 16 éﬂ%@fa@uf&aﬁ&%&@ﬁ@lﬁﬂgf'es i nto
the fille 5[5’/212 ai? onogeneous 30, when nelted, is

now I i kel tBOP'éts‘éfn"B‘lee‘; Qﬁtﬁﬁa %&QBWe% Paintithent o the fill et
212. The fil kpheridal prefarirt 38® for agpeﬂudlof abbangb ng 60 eebommd. hris of the

t | f th 21 h | d bet t
,m|i| 3; ?at e(rjom egyp {c:)eh Eﬁle %ri% aorrarl]} pagkagedzot efa??ng gtirfgcesi(f‘z %das etter

paste 312 - spherical preform 210 construction to a temperature higher
than the melting point of the solder paste 312 to prevent the solder

20 paste 312 from prematurely cooling as it contacts the metals in the
construction capable of heat dissipation. During this time period,
indium from the spherical preform 210 dissolves into the solder paste
312, now in a molten state. The dissolution of indium into the solder
paste 312 may be characterized as a re-alloying of the solder paste 312;

25 that is, the solder paste 312, now containing indium, has a composition
that is distinctly different from the solder paste 312 as initially
deposited.

Upon cooling, the re-alloyed solder paste 312 containing mdlum
solidifies into the fillet 212. The solder paste 312, while homogeneous
30 when melted, is now likely to resemble a multiphase mixture when
solidified into the fillet 212. The fillet 212 comprises a gradual,
changing combination of the material from the spherical preform 210
and the solder paste 312 as better illustrated in FIG. 5.



-9-. FIG::3-2 shows a step in a nethod of attaching the spherical preform
210°to the circuit board 208. The nmethod is simlar to the method descri bed
in association with FIG 3-1. A predeterm ned quantity of a sol der paste
314, simlar in conposition to the solder paste 5 312, is disposed on the
faying surface 204 of the circuit board-208. The portion of the spherical
preform 210 opposite the grid array package 206 is then noved in a
direction described by the arrow 318 and brought into contact with the

sol der paste 314. Hex8:2 sivews grasep in methast of attaching thaspberigdlr paste 314
are reflow h ﬁffmﬁ'@té%@'%frcﬁﬁ'ﬂ?ﬁ?&%ﬂ Tthe ﬁ{eﬂ&k‘)‘dwﬁnﬁ% ®fthel G 2

results from nt.1.oned nethod s ho be noted that the
sol der conneé'f‘?@\?%sg nﬁ:@plemmogagpa Vﬁ’éf"efggr Bc tgd sterminedng t he or der
of the met hoa WRinditg of lal stﬂﬂéﬁpesiem4l:$ﬁ$11ar3n1ccﬁﬂ position tblthe soldert pastei r cui t

at tachmend ol en® FPOCEE PG il SERECE 3 of b Bt Boafd 28, The, 0°

attachmen?

el ectronic aqzmﬂbhy)fjthe sphefital. prefoan 230 opposite ithe geid array packagand0a he
af orement i Ongge 33 fﬁ@@ﬁlfé&h@ﬁ%@ﬁb@&'ﬁ)g’q\gdrﬁ}ﬁ ﬁ%r&{d B{' nections

by the nmulti er connectiQn structure rst, ast e,
such as sol ddntgpgentacbwith the solder paste 31de Net; the sphgrical m orm 6)
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paste, such as1eodde?; thatis tqurcmtﬂooged 208 cenldobe nttadledntmﬂme
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the circuit The spherical preforns exten ayi ng
sur f aces 130 the grid array package 106 are then br ought I nt o cont act

wi th the corresporThefabritatiog df&hé@@@rdliﬁ%hébénﬁbl 100t of FI@. d d&&:@ndhr ef | ow
ot or oment 1 ondireaneresy e fe Morentione Brrdit il tor © 11
account for multiple parallel connections by the multiple solder
~ connection structures 101. First, a solder paste, such as solder paste 312,
20 may be screen printed onto the two-dimensional arrangement of faying
surfaces of the grid array package 106 by using a metering stencil. Next,
spherical preforms, such as spherical preform 210, may be placed in
contact with and oriented to the faying surfaces with a template,
preferably comprised of aluminum. The partially constructed
25  electronic assembly is then reflow heated as previously described and,
subsequently, allowed to solidify. Next, a solder paste, such as solder
paste 314, may be screen printed onto the corresponding two-
dimensional arrangement of faying surfaces disposed on the circuit
board 108, The spherical preforms extending from the faying surfaces
30 of the grid array package 106 are then brought into contact with the
corresponding faying surfaces of the circuit board 108 and reflow heated
and, subsequently, allowed to solidify. Once connected via the
aforementioned steps, the grid array package 106 may operate in




-10- conjunction with other components in the electric circuit fornmed upon
the'-Circuit board 108. Various factors nust be considered when determn ning
whi ch all oys are capabl e of conprising the spherical preform210 and the 5
sol der paste 312 and 314 such that the sol der connection structure 201 of
FIG 2 can be fabricated via the aforengpti oned nethod steps of FIGs. 3- 1
and 3-2. The factors include, but are not limted to, conpliancy and
fatigue resistance, nelting point considerations, and nmanufacturability as
wel | as cost .conjumdibrt with otlier ecdhppaentssin the eletttiv eirtwit forinetinapon he 10

sol der paste . I.$eCapabl e of wetting to both the spheri cal
preform 210 atﬁé%f%{emfbgcglaﬁﬁgﬁssmfaces 202 and 204. To achi eve conpliancy and
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Speci fi ¢ exarfptigueiresistatee2theltihg point comsiderations, ahd unafGfadterabilityd 5%
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accept abl1€ siseider paste 342 and334iis sapable of wetting|todkoth the spherieali sed of

bet ween aboutpﬁﬁ)ﬁml@znmhgtﬁyiﬁ?@;ﬁfgcegQg'zgﬁum.the bal ance silver. 25 A

speci fic exanple ijcludes the gllloy comprised of .about. 90% i ndium and 10%
silver. In order t B&%‘\?gﬂtcom Eﬁ‘ﬂﬁt?ﬁ%ﬂ%ﬁewﬂ%ﬁ’%cﬁ?s rgal, 210 duriong
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201 can B8 f xiomplianay istexhibited by fsimplaaboysof ireline), twhigh are typically
characterized by a high level of elongation at failure stress (see Manko,
"Solders and Soldering," Table 4-3). These simple alloys of indium
preferably include those comprised of between about 3 and 50 percent
weight percent indium and the balance lead. Spe'cific examples include

20 alloys comprised of about 95% lead and 5% indium, about 90% lead and
- 10% indium, about 81% lead and 19% indium, about 75% lead and 25%
indium, and about 50% lead and 50% indium. Alternatively, '
acceptable simple alloys of indium may also include those comprised of
between about 90 and 97 weight percent indium and the balance silver.
25 A specific example includes the alloy comprised of about 90% indium
and 10% silver.

.In order to prevent liquidation of the spherical preform 210
during reflow heating, the melting point of the alloy comprising the
spherical preform 210 must be greater than the melting point of the

30 alloy comprising the solder paste 312 and 314. The solder connection
structure 201 can be fabricated when the difference in the melting
points of the spherical preform 210 and the solder paste 312 and 314 is
no smaller than about 25 °C. For example, if the spherical preform 210
is comprised of the 90% indium and 10% silver alloy, which has a



poi nts of. the spherical preform 210 and the sol der paste 312 and 314 is no
smal'l'er than about 25 C. For exanple, if the spherical preform 210 is
conprised of the 90% i ndium and 10% silver alloy, which has a mel ting
poi nt of about 237 [err]C, the solder connection structure 201 can be
fabricated by attaching the spherical pfEfForm 210 to the faying surfaces
202 and 204 with the solder paste 312 and 314 conprised of an aI | oy
conprised of about 63%tin and 37% | ead and having a nelting 5 point of

about 183 [ ermelting-pointaefeabgut@dfuiGdhegrsolder cannestignastrpqture 201 Kae a
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bismuth, 35% lead, 20% tin, and 9.5% cadmium and having a melting

point of about 90 °C (see Manko, "Solders and Soldering," pg. 110,

20 Table 3-16). Note that the specified melting points are directly
dependent on the percentages of the constituent elements comprising
the alloys of the spherical preform 210 and the solder paste 312 and 314.

_ In addition to suggesting plausible compositions for the

spherical preform 210 and the solder paste 312 and 314, |

25 manufacturability and cost considerations must be considered to justify
usage of the aforementioned alloys. In order to maintain compatibility
with the manufacturing process, the solder paste 312 and 314 must
consist of a solder alloy that can be used to attach all of the electronic
components of the circuit board 208 (components in addition to the

30 grid array package 206) in a one-step in-line screen printing process that
typically initiates circuit board manufacturing. Because of its relatively
low cost, the solder paste 312 and 314 comprised of tin and lead is
typically preferred.




30 . grid-array package 206) in a one-step in-line screen printing process
that.-"typically initiates circuit board manufacturing. Because of its
relatively | ow cost, the solder paste 312 and 314 conprised of tin and | ead
is typically preferred. -12- Although it is possible to create a fatigue
resi stant sol der connection structure wilzh indiumin the sol der paste 312
and 314 to start with, the higher cost of indiumbearing solder paste and
ot her nanufacturabibgty cqoncerns di scourage jhis. Because e cost of

indium 5 greatly etttbelghihis pessiblertocrents afatigug repigtantseidet ep screen
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paste of the ihdiwin has\bean deternrnbd ite havietdishint shelf life due to
unwanted congealing of the paste caused by the reaction of the indium
‘'with the paste chemistry.
Some of the aforementioned solder paste alloys, spherical

20 preform alloys, and their melting points, which can be combined to
form the solder connection structure 201, are listed in the Table below
for clarity. In accordance with the aforementioned, the solder paste
alloys in the first, the second and the third, and the fourth row may be
combined with a spherical preform alloy of the fifth, the sixth, the

25 seventh, the eighth, the ninth, or the tenth row to form the solder
connection structure 201. For example, the 63% tin and 37% lead alloy
comprising the solder paste of the first row can be combined with the
81% lead and 19% indium alloy comprising the spherical preform of
the seventh row. Or, similarly, the 35.5% bismuth, 35% lead, 20% tin,

30 and 9.5% cadmium alloy comprising the solder paste of the second and
the third row can be combined with the 90% indium and 10% silver
alloy comprising the spherical preform of the ninth row or with the
50% lead and 50% indium alloy comprising the spherical preform of
the tenth row. '



81% | ead.and 19% i ndium al l oy conprising the spherical preformof the
seventh row O, simlarly, the 35.5% bismuth, 35%I|ead, 20%tin, 30 and
9. 5% cadmi um al | oy conprising the sol der paste of the second and the third
row can be conbined with the 90% i ndium and 10% sil ver alloy conprising the
spherical preformof the ninth row or wlBh the 50% | ead and 50% i ndi um

all oy conprising the spherical preformof the tenth row. -13- TABLE
SCLDER SPHERI CAL ' MELTI NG PASTE PREFORM
PO NT ALLOY ALLOY TABLE (lerr]C) 5 B63% Sn/37% Pb

183 35.5% Bi /3 0% Sn/ 9. 5%cHal G 90 62% Sn/ 36%
Pb/ 2% Ag Egi,@ngEle Rt B/ 59 1 n MELTIN 314 10
90% Pb/ 10% | n 300 81% Pb/ 1 - 280 %% Pb/ 25% I n

264 90% | n/ 1696AHLOY 59 ot SO 15 FI G 4

il lustrat@gs 863%Sn¢52%|d?b: Cross- sect i onal side view 4183 of a prior art

sol der conne ég Py € 401. The m croscopic side view 400 of FIG 4.
was rendered y conformto m crophot ogr s of prior art

sol der connect| F‘Z??’f This 20 sol der connect% strugture 401 is
conpri sed of &Q%ﬁhe!Bé%de,fﬂ%ngm 410 di sposed bet weenl?he fillets 412 and

414. The spherical preform 410 ofg )3 fipus sol derzppnnection structure
401 is conprised of about 90% | ea gg t The f%d ets 412 and 414 are
conpri sedOof about 63% | ead and 3%/6% use of s3I ar composi tions,
t he spheri cal 81% Pb/19% _ 280
' ' 75% Pb/25% In - 264
90% In/10% Ag 237
50% Pb/50% In 209
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FIG. 4 illustrates a microscopic cross-sectional side view 400 of a

prior art solder connection structure 401. The microscopic side view
400 of FIG. 4 was rendered to substantially conform to
microphotographs of prior art solder connection structures. This

20 solder connection structure 401 is comprised of a spherical preform 410
disposed between the fillets 412 and 414. The spherical preform 410 of
the previous solder connection structure 401 is comprised of about 90%
lead and 10% tin. The fillets 412 and 414 are comprised of about 63%
lead and 37% tin. Because of similar compositions, the spherical

25 preform 410 and the fillets 412 and 414 exhibit similar stress-strain
performance suggesting that this solder connection structure 401
mechanically behaves like a uniform structure. However, because of

- the presence of tin throughout, this solder connection structure 401

lacks the compliance to strain so as to adequately alleviate applied

30 thermally-induced stresses. As a result, these stresses tend to
accumulate within this solder connection structure 401 leading to
eventual fatigue and mechanical failure.

The microscopic side view 400 reveals a distinct junction

between the 90% lead and 10% tin alloy comprising the fillets 412 and

35 - 414 and the 63% lead and 37% tin alloy comprising the spherical



25 .preform 410 and the fillets 412 and 414 exhibit simlar stress-strain
per formance suggesting that this solder connection structure 401

mechani cal | y behaves like a uniform structure. However, because of the
presence of tin throughout, this solder connection structure 401 |acks the.
conpliance to strain so as-to adequatel yl4al | eviate applied 30

thermal | y-i nduced stresses. As a result, these stresses tend to accunul ate
within this solder connection structure 40 i&}_g to eventual fatigue and
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beconmes sl ightly t n sha unca curs as ult of
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t he di ssofaition of eREed ABPR:
into the 20 ﬂ@éd@lﬂeﬁ@ats@,thauwteﬁSolidalfﬁsrtoﬁenh&hafﬂlwalzaﬂd5m4e anount of

the - During reflow heating, the spherical preform 510 becomes slightly

truncated in shape. The truncation occurs as a result of the dissolution
of some of the indium comprising the spherical preform 510 into the

20 solder paste, such as solder paste 312 and 314. The amount of the
spherical preform 510 that is dissolved into the solder paste is directly
proportional to the amount of the solder paste deposited on the faying
surfaces during the method steps described in association with FIGs. 3-1

“and 3-2.

25 The blended regions 520 and 522 effectuate the bonding of the
less compliant fillets 512 and 514 to the compliant spherical preform
510. The blended regions 520 and 522 transfer thermally induced
stresses from the less compliant fillets 512 and 514 into the compliant
spherical preform 510 to permit elastic strain of the solder connection

30 structure 501 without mechanical failure or, specifically, without
shearing or detachment of the compliant spherical preform 510 from
the less compliant fillets 512 and 514. '

The blended regions 520 and 522 and the respectlve fillets 512

and 514 consist of a gradual, changing combination of material from



spherical. preform 510 that is dissolved into the solder paste is directly
proportional to the amount of the sol der paste deposited on the faying
surfaces during the nmethod steps described in association with FIGs. 3-1
and 3-2. 25 The bl ended regions 520 and 522 effectuate the bonding
of the less compliant fillets 512 and 5i-to the conpliant spheri cal
preform 510. The bl ended regions 520 and 522 transfer thermally induced
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paste comprised of 62% tin, 36% lead, and 2% silver and the spherical
preform comprised of 95% lead and 5% indium combine to form the
blended regions 520 and 522 and respective fillets 512 and 514 having a

20 composition of about 76% tin, 22% lead, 2% indium, and trace amounts
of silver. Although indium is present throughout the fillets 512 and
514, higher concentrations of indium typically will exist near as well as

- within the blended regions 520 and 522.
-In addition, temperature cycling testing has shown that the

25 fatigue life and reliability of solder connection structures having the
aforementioned combinations of alloys in accordance with the present
invention exceed that of previous solder connection structures. For
example, temperature cycling from about 5 °C to 100 °C of multiples of
the solder connection structure 501 fabricated from the spherical

30 preform comprised of 81% lead and 19% indium according to the
present invention revealed no failures after approximately 2,290 cycles. -
Similar testing of prior art solder connection structures fabricated from
the spherical preform comprised of 90% lead and 10% tin revealed a



bl ended- regi ons 520 and 522 and respective fillets 512 and 514 having a 20
conposition of about 76%tin, 22% | ead, 2% indium and trace anounts of
silver. Al though indiumis present throughout the fillets 512 and 514,
hi gher concentrations of indiumtypically will exist near as well as within
t he bl ended regi ons 520 and 522. |n add+¥&-on, tenperature cycling testing
has shown that the 25 fatigue life and reliability of sol der connection
structures haV|n% t he af orenmenti oned conbi nati ons of alloys in accordance

2

with the pr es r&t ilrerati 329 wxlesed seennd failure 4248 ey cles) and acthvirek failurn

structures. E%,_ tenperature cycling fromabout 5 [err]C to 100

[err] C of rrultl pI e sol der c nection structure 501 fabricgted from
t he spherical 30 e@?‘i‘i‘ﬁr"ﬁ?cﬂfﬁfﬂ‘g I ¢PIRecHen strctiees, ¢omprised Xor ding to

the present iaiikﬁgnito}ftafrﬁn &Wdi%ﬁnﬁ?élem%ﬁs,aﬁﬁ amdalt@aapmmmtzy (23 290

| ti art sol de nnec ruct.ut
o Tont o8t riprekBbb e tubd 501 sPhinsiess IEIIRERbUSH: Flemity irdiven. ; 1
reveal ed a Thel@omphaacyfmd theefadiguso@sispanaesof thessnddex commeation 1, 248
cycles, and as&aéth&ie 581 leWsts 8t 32re§3ﬁ ofmﬁl;_@éha a¢ 5&1{41&1&3&9&@5%&?0' der

connection structyres COITpI’I se con I stinct el enents,

n
tin and | ead, thenphegicgh preformcGiihand |tbﬁ %letmé%aedéé( teswiting drom thei r d
conpliant el e@ﬁ?ﬁiémehﬁd)h@m d{ghghﬁmml iancy and the fatigue resist ance of the

sol der c ection 501 exi st.s t of aring" of the
i ndi um b en the F‘c&\ iﬁ}’é‘f’%‘? gﬁsaaﬁ?a{’?‘ii@?mﬁl%ég‘%ﬁégﬁﬁd 514
(resulting f rmnnelatlonfsmrtmmm S@inatilide assphericahprefbbm, it is possibleitough t he

afor ement | oneg b APS'dghe KBS UFa SARRASH SBIAK EEAQROL Ui 11 ze

spherical preform 1t rranu ure I stant and
conpl i ant sol%tmctewnhxdﬁ%sgldeu @lloyeprefo msq Oﬂlﬂrtﬁhapaﬂﬁwpxmmlers of

Bﬁ Ihg:n Zﬂapes a Eg?oriéﬂrylﬁcé-ﬁxagﬁmwaﬁf&-sﬁhﬁéé &2@@% Hife gﬂﬁqg or
di stri but @F? égEgéletqfaFﬁg?l@W%Gn ey élﬁtﬁ{’BFlﬁSts&[eﬁﬁ%s transh Fé"eébet ween
the fillets aﬁdnt thee fretgimetallic layers (between the fillets and the faying
surfaces) via the less compliant fillets and the blended regions.
In summary, the present invention provides a fatigue resistant
solder connection for a solder connection structure. The solder

20 connection structure, which couples the faying surfaces of two
substrates, is comprised of a compliant metal alloy solder preform
connectably disposed between two less compliant metal alloy solder
fillets. The solder connection structure is fabricated by depositing a
solder paste, which can be comprised of lead and tin, onto the faying

25 surface of one of the substrates. The preform, which is comprised of a
more compliant alloy, such as lead and indium, is placed in contact
with the paste. The preform and paste are then sufficiently reflow
heated, such that indium from the compliant preform dissolves into
the solder paste, effectively re-alloying the solder paste. The fillet,

30  which results from the solidified paste, is comprised of a distinct metal
alloy solder mixture containing lead, tin, and indium that is different
in composition from the metal alloy solders of both the preform and
the solder paste. The process is then reapplied to attach the other
substrate to the preform. Because the preform and the re-alloyed fillets



surfaceS) via the less conpliant fillets and the bl ended regions. In
summary, the present invention provides a fatigue resistant sol der
connection for a solder connection structure. The sol der 20 connection
structure, which couples the faying surfaces of two substrates, is
conprised of a conpliant netal alloy sclider preform connectably di sposed
between two | ess conpliant nmetal alloy solder fillets. The sol der -
connection structure is fabricated by depositing a sol der paste, which can
. be conpri sed shhrd teiratitm,ithe sohder conndctipnnsfracture ésimoreccoshpliant 80 the

substrates. BRGoRGLP el e BATR ifihedly fodilifig (RERhARY! al | Oy, such
as | ead and indiu I'S pﬁace i n contact vmth}{ e pasge. The preform and
paste are thdnduced,harapul pheas s1§98s88at ed, such that i ndium-fromthe
conpliant preformdissolves into the sol der paste, effectivety re-alloying
t he sol der paste. The fillet, 30 which results fromthe solidified paste,
is conprised of a distinct nmetal alloy.solder mixture containing lead, tin,
and indiumthat is different in conposition fromthe netal alloy sol ders of
both the preformand the sol der paste. The process is then reapplied to
attach the other substrate to the preform Because the preformand the
re-alloyed fillets -17- share the indium the solder connection
structure is nore conpliant so as to resist fatigue and nechanical failure
by reducing thermally induced, harnful shear stresses. -18- Cainms 1. A
met hod of formng a nelted alloy connection to a faying surface of a
substrate, the nethod conprising the steps of: 5 (a) depositing a
first alloy solder having a first nelting point onto the faying surface;
(b) placing a second alloy solder formed of conpliant material in -




contact-with the first alloy solder, the second alloy solder having a
second nelting point greater than the first nelting point; and 10
(c) heating the first alloy solder and the second all oy _ -
tenperature between the first nelti.ng point and the secummm"tnﬁumunm '
sufficient to dissolve conpliant mater+¥- fromthe second & | dy 4ol der*into
the first alloy solder and transformthe first alloy solder into a third
all oy solder that is conpositionally different fromthe first alloy 15
sol der and the second all oy sol der. Xlaftms met hod according to claim 1,
wherein the second all oy solder placed in said step (b) conprises a first
I ndium al | oy sol der, 20 3. . The net hod _according to claim 2, vfyherei n the
first alloy borumethedsfiforning agnelied allgy cannection g afaying syriackii um fr ee.
4. The met hogg @%ﬁﬁéﬁaﬁgtﬁé)nfétﬁbdncam&)ﬁﬁﬁ 'tHeb&?r)sté‘ftrd al 1 oy ‘sol der _
conprises. a seconél di ug} al | Y soll1 er..25.5..The rrteéého .accor.dJ( ng to claim
1, furthet conpri )rFB?Hoﬁ “}&381’6?? QY poldss haying Arst NG RAYE connect i on -
to solidify bhmtﬂdf(zfiwgb@ﬁawl der into a multiphase nmixture of elenents of
§
C

ot hod. accor di ng. (3 R Sele aloy Bty e of Eomplions matdial fn, "0

met hod accordi ng
the second neontactywithi the fixst alloyaolden thesesondnlioy seldeehay@mgn nore. 5
7. The met hogeddoiitiigy bR Sefltel (HARIeTirsh SndlfiR@bidl! dtt ol der
conpri ses_between 31 out, éﬁn - 50 I ght perge‘gt I n rlp#nl and e bal ance
subst ant ¥l |y | eaff) hgating raballon: eldgr agd;the second allgksplder 0O second
al 1 oy sol der telfiperatiiie’ betovechetheckist aheltingdPoint Grldl/ thwesadhdpietitng | ndi um
and t he bal ancets%? t.an%i aH. : ?i | ver. .9. ‘A nelt g? al Igglg conn‘gcﬁy’ on assenbly
i nt er connect PRESUHHENE £Q 1#@ ¢, Fomipliagt material fromy fop seeond Alloy s o ong
fayi ng surf assldef imtosthedimst alloy solder and transform the first alloy solder into

: a third alloy solder that is compositionally different from the first alloy

15 solder and the second alloy solder.

2. The method according to claim 1, wherein the second alloy solder
placed in said step (b) comprises-a first indium alloy solder.

20 3. The method according to claim 2, wherein the first alloy solder
deposited in said step (a) is substantially indium-free.

4. The method according to claim 3, wherein the third alloy solder
comprises a second indium alloy solder.

5. The method according to claim 1, further comprising the step of:

(d) cooling the melted alloy connection to solidify the third alloy
solder into a multiphase mixture of elements of said second alloy
solder and said first alloy solder.

30



15 substrate, the assenbly conprising: a preformforned of a conpliant
solder alloy -having a first nelting point; a first filTet and a second

fillet formed of a |less conpliant, conpositionally diff _
having a second nelting point 20 less than the first: rmlﬂ"muﬂ'“ﬂmllﬂm%
first and said second fillet attached t<19a respective orfe 6f the"fitst*
fayi ng surface and the second faying surface; and wherein said preformis
connect ably di sposed between said first fillet and said second fillet by
hﬁat i ng suf fi&i The methoduaccoadingtedeldinsl, wheyeim the:firstgmeltingpoint| iy
changi ng con ' f ' r'{R; ' ' fd pd
second fill eﬁswl%%éﬁqgggg?@‘gné%@%gﬁr%p?%%%?éﬁ%&&%ﬂr%ﬁutgd@gr'ef orm
conpri ses a sm®¥ee sol der alloy of indium S

5 7. The method according to claim 1 wherein the second alloy solder
comprises between about 3 and 50 weight percent indium and the
balance substantially lead. '

8. The method according to claim 1 wherein the second alloy solder
10 comprises between about 90 and 97 weight percent indium and the
balance substantially silver.

9. A melted alloy connection assembly interconnecting a first faying
surface of a first substrate and a second faying surface of a second
15 substrate, the assembly comprising: |
| " a preform formed of a compliant solder alloy having a first
melting point;
a first fillet and a second fillet formed of a less compliant,
compositionally different solder alloy having a second melting point
. 20 less than the first melting point, said first and said second fillet attached
to a respective one of the first faying surface and the second faying
surface; and _
wherein said preform-is connectably disposed between said first
fillet and said second fillet by heating sufficient to cause a blended
25 region having a gradually changing concentration of said preform and
said first fillet and said second fillet.

10. An assembly according to claim 9, wherein said preform comprises
a simple solder alloy of indium.



