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WD 2004/ 026517 PCT/ US2003/ 029092 SCLDER HI ERARCHY FOR

LEAD FREE SCOLDER JO NT BACKGROUND OF THE | NVENTI ON 5
wahbdog/oeasveEnti on relates to a | ead free sol der BCT/USL003/629092

for the assenbly of electronic conponents, and nore

particularly, to a |l ead free solder hierarchy for use

in a second | evel solder connection in electronic

conmponents such as joining an electronic nodule to a

circuit card or board. 10 The use of solder to join

conponents in an electronic assenbly is well known in

the art.SOLDERHEERARCHY FOR DEABD EREESOLDERPOINT! s

whi ch require connection to other electronic

conponents or to other |evels of packaging. Typica

I R urface nount technol ogy

BA&%@?@bﬁﬁ$§ﬁﬁF3§ﬁg cY'Bygb?gﬁﬁ) or ball grid arrays

(BGA) are used to forman 15 interconnecti on between a

circuit board and an el ectronic nodul e assenbly such

as a sem conductor chip attached to a nultilayer

c er'Hmi tnveMi@) refatdsgo mdead. freprseldensinicure Sershd hisemblyrad electronic

connected to the board or card by joining solder balls

conffone®9, hdMort Pattidaladly s tarleddefrddiol hitirtRCRr 08 idlal setdnd level solder
(BSM . The nodule is subsequently joined to 20 the

. | er.r .
con et 1e6G0s bmpBhis DL &Pt Ao, PRIRe T Bt cord o
grvironnental reasons the industry is noving to a | ead
board-ee sol der strategy for conponent assenbly. The
current |lead free interconnect solution is to use

Tin/ Si |l ver/ Copper

The use of solder to join components in an electronic assembly is well known in the art.
There are a variety of electronic components which require connection to other electronic
components or to other levels of packaging. Typical examples are second level surface mount
technology where column grid arrays (CGA) or ball grid arrays (BGA) are used to form an
interconnection between a circuit board and an electronic module assembly such as a

semiconductor chip attached to a multilayer ceramic (MLC) substrate.

The module assemblies are connected to the board or card by joining solder balls or
columns to the substrate bottom surface metallurgy (BSM). The module is subsequently joined to

the board or card in what is referred to as a second level assembly.
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eutectic as the joining alloy for both the nodul e and
card side joints. This alloy is used because nost of
wao b@4legger nmel ting al |l oys have ot her probl ensPCT/US2003/029092
associated with them For exanple, Tin 5 Antinony
(235-240C) has environnmental issues regarding oxides
of antinony. The current solution to a lead free
systemis to use the sane solder alloy (Sn/Ag/Cu of a
speci fic conposition, such as 3.8Ag, 0.7Cu, bal ance
Sn) on both the nodule and card or board side columm
j oiFek saridiBieavitamméntal reasgns thie dmduistrp isahbeing tas kod ifret eclder strategy for
with it. First is that the colum 10 nmay tilt or
com%i%élﬁ‘ BSEnBY. ThS cﬁﬁ&ﬁ "I‘éiadl f?e‘é%teﬁ:%ﬁﬁ‘é@ kMuB&FR l€§ 8sd Ti@/Silver/Copper

l'et on the nodule sid under go nel ting.

eute}]'r@ca 5 tglg 15%{’?1%@11182 lﬁ‘%@?@g odlsreuarn'é%aﬁgﬁﬁl% d{tss ﬁ@ssag\%ytlg]ﬁsed because

paste on the card side causes nodules to fal
mosa of thagishenmsiting alloyphrye othesproblmsesspciatad with ﬂaﬁm %P?example Tin
Second, the card rework process beconmes nuch nore
Antinmryl (Q&ﬁ%@%(a)um edvironmgeniad dhshes regardingloxides nf aritenawr d |
al nost all of the colums will 15 remain on the card
and then have to be painstakingly renoved prior to
rejoin. Rework of rmdul es fromthe card would | eave

m%%ﬁhgn?soﬂﬁmn é% 916 ﬁﬁe@ %ys(féﬂ’l QS toTLE% ?he' S%m%)%fd%frai% (Sn/Ag/Cu ofa

manuf act ur rod

Anot her problemis that no readily. av able | o

Speciic SQEPQREaN, VGRS A zﬁﬁebai%‘? Shhgp a@@ h@zl?@%ﬂaﬁ%d card or board
260C t hat does not have associated environnental,

sideproboms piws. Tad hasvoisignificetgrobleBB aF$neigedewiginit. First i is that the column
i nvention solves these problens by creating a sol der

may @l bi dlapderdidingR¥cdn@ievel addbmBR L ARE He/fillet on the module side will

PCT/ US2003/ 029092 second | evel assenbly. The present
undéﬁéj%gﬂrl&é? J &Bﬁx\é‘ SR8 Al w il Sﬁ,CA}g tnd @ﬁ‘@ﬂ@ 8h tRm&ule bottom
surface metallurgy BSM pad and SAC paste on the card side causes modules to fall over during
joining at 235°C. SAC eutectic melts at 217°C. Second, the card rework process becomes much
more involved because during module removal from the card almost all of the columns will
remain on the card and then have to be painstakingly removed prior to rejoin. Rework of modules
from the card would leave many columns behind on the card. This is extremely messy and time
consuming in manufacturing production. Another problem is that no readily available alloy

exists with a melting temperature between 220°C and 260°C that does not have associated

environmental, process or reliability issues.

The present invention solves these problems by creating a solder melting hierarchy for
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SnAg that adds sufficient internmetallics to the nodul e
BSMfillet to satisfy thefollowing requirenents: The
woradoa/2eh7 nust refl ow and wet at the standard POI/NBE2993/029092
tenperatures from235C to 260C to satisfy all |ead
free solder applications. The material nust stabilize
the nodule BSM5 joint to prevent nodules fromfalling
over during joining to the card or circuit board. The
material nust remain cohesive during card or board
rework to insure as many colums as possible stay
secetdt lavdl @skemblyt. e podedtanawndon pevindes ah effteutetiic wdnantrstives of SnCu or
card or board. The present invention discloses the use

SnAY theff ddde vifgielehCint@Retallic8 o BRIARIuIGBENYSII&G 20 bAisH thE follding
two or nore of the following: tin, silver, copper.

e RERBL LS HECOTROSHA TR GPRLRRL RSP RFyss rom 235
0C and add supstantial structural support to the
to 2%8 QCS fesakisfy qﬁjlépﬁlﬁ f.srewédeﬁ PRRlicafon, | b e Ak B ebiligertbe module BSM
desired tenperature hierarchy in the nodul e/ Col um
joinB&\prp winh modhles firoml fatling dver duramggoiminghtodhelcand oacincuit board. The
wi t hout the assistance of a nechani cal standoff and

matERA bhiest FeRRERY 8bHekRWAuking ERMok Beare 2¢worRlto ifdukQdmihny columns as
whereby the majority of colums remain attached to the

: ) abl .
pos{RE 5 oo IOUR, oot 87 8 b1 bR AR ATRe SR BLUERY,
and card side pads. Wthout a sol der tenperature
hi erarchy, all or nost of the colums remain on the
card or board through rework creating a very |abor .
i ntlegirssenicineentionalisclospy bp asd olppit-hateelia lead free sdider alloys containing
rejoin of a new nodule. The invention is the use of

twobir irice¢ eNthe &I Wiig! tth, il @] (Q)pEeIS Tadde®fSéutetticwompdsitibicontain
initial 20 card join and subsequent nodul e/ card rework

sec BRI TR o R e PR BEORYTC apdadd substanda
stru%tﬁ%ll ggpepotrtr}ce) tl?ei rrr]lgcliuele E%M jo?rﬁ’. Tﬁeqpr%ge%t %eﬁt%&cgchf'e%leg fhe desired
temperature hierarchy in the module/Column BSM joint which allows for card or board attach
without the assistance of a mechanical standoff and module removal/rework from the card or
board whereby the majority of columns remain attached to the module BSM. This eliminates the
problems involved when the same solder is used on both the module side and card side pads.
Without a solder temperature hierarchy, all or most of the columns remain on the card or board
through 'reyvork creating a very labor intensive Qxercise in preparing the site for the rejoin of a

new module. The invention is the use of different alloys to create a stable structure during initial

card join and subsequent module/card rework to prevent column collapse.
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pl anned for |lead free BGA. These and ot her purposes of
the present invention will beconme nore apparent after

w0 edoeedsny to the foll owi ng description consi deeEUS2003/029092
conjunction with the acconpanying drawi ngs. 5 BRI EF
SUMVARY OF THE | NVENTI ON The purposes and advant ages
of the present invention have been achi eved by
providing a |ead free solder hierarchy structure for
use in second | evel packaging assenbly. In one 10
enbodi nent an off-eutectic solder conposition of
be tThixarnat8fialGokutidA cOalSn repbet Weetingl © nilt-Snl AG%Un@Cu SAL) solder ball
having inter-netallics with a nmelting tenperature

planﬁp@i’cﬁ" 128G fee BGAUBRAe bR othBEpurpBEy bethe Iprdé%eﬁtqwe@ibh @/l become more
I'n a preferred enbodlnent the of f-eutéctic sol

appegergglg ?lléltggfo (ng T t@b grﬂ r%)soc/{lgtrl]cm cotng %‘ie%d i Eg%]nr‘?&lon with the
strucIure._lS I n another enbodi mnent an off eutectic
accopyrepEing dsTEBES- t i on of between 80.0 - 96. 0% Sn,
between 20.0 - 4.0% Ag; and having inter-netallics
with a nelting tenperature above 280C is wused for the
nodul e si de connection. In a preferred enbodi nent the

of f-eutectic solder conposition is about 82.0% Sn,
18.0% Ag and has di spersed grains of SnAg

5 re. I'n another preferred
BR%!‘ %Wipgg O Wol der conposition is

0 0
ab 9 %tﬁ Rg%ogﬁé)éio ﬁg{)@tq:r[g%aé géghg%éeasglgtrlg%{c’n&rglg %g\?ezr‘t?c%% agllflevedsby providing a
2004/ 026517 PCT/ US2003/ 029092 I n anot her aspect of the
leaddreesseluer hinsagehyisomctuteefop fife-ie seantlileves phakeging assobit. vone
Is used to provide a nethod for creating a sol der
embdBinidnt gn HIFRLRLE Yol A& cofPosiien bEbetvediea0l0 £ 90O, dRtween 10.0 -

1.0% Cu, and having inter-metallics with a melting temperature above 280°C, is used for the
module side connection. In a preferred embodiment the off-eutectic solder composition is about

93.0% Sn, 7.0% Cu and has dispersed grains of SnCu inter-metallic phase structure.

In another embodiment an off-eutectic solder composition of between 80.0 - 96.0% Sn,
between 20.0 - 4.0% Ag; and having inter-metallics with a melting temperature above 280°C is
used for the module side connection. In a preferred embodiment the off-eutectic solder
compoe_if_iop is abouf: 82.0% Sn, 18.0% Ag and lfe_e dispersed grains of SnAg inter-metallic phase
structure. In another preferred embodiment the off-eutectic solder composition is about 88.0%

Sn, 12.0% Ag and has dispersed grains of SnAg inter-metallic phase structure.
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assenbly. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS The
features of the invention believed to be novel and the
web@apedss7 characteristic of the 10 invention BCEUSEN3/029092
forth with particularity in the appended clains. The
Figures are for illustration purposes only and are
not drawn to scale. The invention itself, however,
both as to organi zation and nethod of operation, may
best be understood by reference to the detail ed
description which follows taken in conjunction with
t he acconpanyi ng drawi ngs in which: 15 Figures 1 a -
If represent a first method to provide a | ead free

S olgl@kothdrAEFHcE BF/thE Presétit Envefition BRWTHektestR] soRies evtpagsition is used to
Figures 2a - 2e represent a second nethod to provide a

l.ead f [ - £ QF '
o EE efiE8 e BIEf Mo Hortiefy 12 SRRINL IRl Rog polder
a_lead free BGA structure according to the present 5
asseppl2004/ 026517 PCT/ US2003/ 029092 i nvention. DETAI LED
DESCRI PTION OF THE | NVENTION 5 The purposes of the
present invention have been achieved by providing a
solder nelting hierarchy for second | evel assenbly.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention believed to be novel and the elements characteristic of the
invention are set forth with particularity in the appended claims. The Figures are for illustration
purposes only and are not drawn to scale. The invention itself, however, both as to organization
and method of operation, may best be understood by reference to the detailed description which

follows taken in conjunction with the accompanying drawings in which:

Figures 1a - 1f represent a first method to provide a lead free solder hierarchy for use in

second level assembly.

Figures 2a - 2e represent a second method to provide a lead free solder hierarchy for use

in second level] assembly.

Figure 3 is a schematic cross section of a lead free BGA structure according to the present
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The need for a solder nelting hierarchy is driven by
the fact that card assenbly houses are 10 novi ng
W@ owaizis1a common sol ution for | ead free sol dePGI/82003/029092
attachnment of nodules to cards or «circuit boards.
However, the joining tenperature cannot be hi gher than
is allowed by the top surface netallurgy (TSM
structure. The industry trend toward a card side
sol der of eutectic 95.5Sn/3.8Ag/0.7Cu (or close to
_ that conposition) nmeans that an off- eutectic
mvegeposition with an inter-netallic phase structure
with a liquidus tenperature higher than the ternary
eutectic 15 tenperature of 95.5Sn/ 3. 8Ag/ 0. 7Cu sol der
(hereafter referred to as "SAC') in the card sol der
paste is desirable. The SAC eutectic tenperature is
217 C. An off eutectic conposition will allow an
' P ' o ) 1.o.exist in the nodul e
ALY hgﬁﬁﬁﬁﬁd Nﬁan inter-netallic
phase structure, which is evidence of inconplete
liquification, is critical in elimnating the issues
of tilt and coll apse during assenbly. 20 Simlarly,
t heThenjueposeebiiht pfes@ritadenbbn havelbeen Wetitvediby providiagd solder melting
rework by providing a nore 6 WO 2004/ 026517
hielbeh §§%Qg$hqgg9%§FH@ 1esive BSM joint thereby allow ng
renbval of the colunmis fromthe cards, w thout
si mul t aneous renoval from the nodul e. Exanples of such
of f-eutectic solder alloys which have shown
outstanding results are 82Sn/ 18Ag and 93Sn/7Cu. 5 The .
pr eEheriteed fRrarfoldsh melfing; ieratchy is dsTvgn by yhe et thpigard assembly houses are
(Tin/ Copper) and SnAg (Tin/Silver). In the case of
moviihg toSpeea cormtnen goltitien fou leadtfiee saldenyoratiplment cfmadsles to cards or
99.3% Sn and 0. 7% Cu (227C), the alloys eval uated

circ&_ﬁ;bﬁalgg.%v@ér,%@joﬁﬁ@{eﬁ@ératdr@ cifiofibé RigRéNflals AABREd by the top

surface metallurgy (TSM) structure. The industry trend toward a card side solder of eutectic
95.5S1/3.8Ag/0.7Cu (or close to that composition) means that an off- eutectic composition with
an inter-metallic phase structure with a liquidus temperature higher than the ternary eutectic
temperature of 95.5Sn/3.8Ag/0.7Cu solder (hereafter referred to as “SAC”) in the card solder
paste is desirable. The SAC eutectic temperature is 217°C. An off eutectic composition will
allow an inter-metallic phase structure to exist in the module side fillet during card join. Such an
inter-metallic rphase structure, vs{hich is evidence of incomplete liqgiﬁqation, is critical in

eliminating the issues of tilt and collapse during assembly.

Similarly, the inter-metallic phase structure will aid in card rework by providing a more
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97Sn/ 3Cu al |l oy encouragi ng results were obtai ned but
i nprovenents were necessary to achieve a nore robust
w@aorod/opesim and rewor k process. I n card j oi ni ngPErL/USBH3/Q29092
with a 93Sn/7Cu alloy, all 10 nodul es remai ned upri ght
wi t hout the need for any rework In contrast, previous
card joining attenpts at 235C, using SAC as both the
nodul e and card side solder paste, resulted in all
nodul es falling over. The only alternative was to use
standoffs attached to the corner of the nodule for
cohgsinest3 Sl jomu iporby atlbwirdgaemodallof the coffuriinefr@nttectards, without
conmposition for Tin/Silver was 96.5%5n/ 3. 5%Ag at 221

simitandOR BbvAYLRE tHeGnodlld. BkafPIR OGP kidhUTE c@Y¥al Ui RE al8fs8vhich have
90Sn/ | CAg, 88Sn/ 12Ag and 82Sn/18Ag. In card joi ning at

23 1§ 90Sn/ | l,| o ging results were
Shov(%? %Sé#él%l{ﬁg%%%uﬂgaraei %&%ﬁgﬁ%@ﬁ?@@r € hecessary to
achieve a nore robust card join and rework process. In
card joining with the 88Sn/12Ag alloy, all nodul es
survived a 235C card join reflow. In card joining with
t h&'h2 @réd328rintBwign a dicectedad hlloyschfl Se€Cur(@mdCopetr)umdi Spidtg (Tin/Silver).
during a 245C reflow. 7 WD 2004/ 026517
In t@%ééﬁzﬁ%(?%% Qdere ke EREQICII0l @bmPEiAATis|9®V3%h SEah8er7% Cu

assenbly w a reflow of 235C the preferred o

ff
[ Q I i ' : A B

B35 o BB o Sy B g38RICL eaERRBE AL " v

reqgui renments of 245 _C or hjgher the preferred .
97ppLnallpE ERGopTaghledEtulis sy ohigineq ?E‘rﬂﬂ?@?\\&mﬁﬁe@"é@ necessary to achieve a

of f-eutectic solder alloys formthe inter-netallic .
morp hehsist eard join amceresork prycdss alintcachjoining at@36 AE withcaPISnE&M alloy, all

In the case where the off-eutectic solder alloy is

modaisSéni&itled thiesht withehit thehedd fof Snydre® ofR Broedn AR pfel BB card joining
In the case ere the off-eutectic solder alloy is

ttefABeA i ' ; iid : i
oS3 17, U A e B g b i
modules falling over. The only alternative was to use standoffs attached to the corner of the

module for physical support of the modules.

The eutectic composition for Tin/Silver was 96.5%Sn/3.5%Ag at 221°C. The off-eutectic
alloy compositions evaluated were 90Sn/10Ag, 88Sn/12Ag and 82Sn/18Ag. In card joining at
235°C with a 90Sn/10Ag alloy encouraging results were obtained, but again improvements were
necessary to achjeve a more robust card join and rework process. In card joining with the
88Sn/12Ag alloy, all modules survived a 235°C card join reflow. In card joining with the

82Sn/18Ag alloy, all modules remained upright during a 245°C reflow.
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art that higher card join reflow tenperatures may
require the use of off-eutectic solder alloys, wth
whie@heeesebncent rati ons of internetallic phase PCT/US2003/029092

structure. 10 The preferred vol une of off-eutectic

solder alloy will depend on the size of the contact

pad and the size of the interconnect feature, i.e.

ball, colum, etc. The volune preferred for each

of f-eutectic sol der conposition described above is in

the range of between about 2,000 to 7,000 cubic mls.

Tha@hssfdre. dor secondilstiel salderasemply| with preflosneiZso qibe prgterred off-

colum dianmeter was 10 15 mls. In the eval uations
eutebticsolds alopRk @ithert I38 n) 7&ag 885192 A9 bri82En/ 1846l Foeseeond [eyelrassembly

colums. However, the present invention is not

With,lr]liﬁgé\]ial ?%Wﬁl@mgﬁﬁ ophlige € ?Pﬁg{ﬁrciﬂé %ﬁfé%'edgﬁeelﬂé&ﬁ%ﬂfdeﬁﬂid%%

y I's also applic e to standard kovar (N Fé

82Sl§||1 {Zgézl’lgisé Rﬁf-%ur@ggg %}Xer}ﬂla}qﬁ%{o?rgléﬁ%fn:teg}rtﬁ%alli{% %ggs:grns S%tﬁlt%dduring
invention is also conpatible with |ead free soql der
attadhanienstoghe medulefB9d. lndhelease sdwurrebe pEresitackc gelderaloy 199PSn/7Cu, the
It will be apparent to those skilled in the art that
inteit fetaBlidd bic QRSN OfndIMMBh. lanmkuss whereahd biifredtecti@salMer alloy is
2004/ 026517 PCT/ US2003/ 029092 or even a fourth
lipiet-BRpHickiafd eft vl e Bppdr&itlty Blose skilled in the
ssslg/'Tl?)}IgBI 824118 }h@ iRt Hﬁﬁghc &gﬁa e hppidr o

utectic all oys wou not ect the hierarchy

an et R S Bt R Bl P el B el lfer atoye

_woul d have to readily forman internetallic conpound

withjigher Fppeensatime of iemeidliephass srsGer . Exanpl es of

possi bl e additional elenents include 5 N ckel, Cobalt

and Gold as N ckel/Tin, Cobalt/Tin and Gold/ Tin are

wel | known Tin

The preferred volume of off-eutectic solder alloy will depend on the size of the contact

pad and the size of the interconnect feature, i.e., ball, column, etc. The volume preferred for each
off-eutectic solder composition described above is in the range of between about 2,000 to 7,000
cubic mils. The BSM contact pads were 32 mils in diameter and the column diameter was 10
mils. In the evaluations discussed above the lead free columns used were copper columns.
However, the present invention is not limited to use with copper columns. The present solder
hierarchy is also applicable to standard kovar (NiFe) alloys with a readily solderable plated

coating, and alloys of Ni, Co, Cu, and Pt. Similarly, the present invention is also compatible with

lead free solder balls or lead free solder connections in general.

It will be apparent to those skilled in the art that the additions of small amounts of a third,
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intermetallics. The present invention is also not
limted to a colum interconnect. It is also
wa@ppkioxsEht e to "springs", "connectors”, PCT/US2003/029092

"s-connectors", "c-connectors", "cantilever beans",
and just about any 10 assenbly where a nenber is hard
joined on both sides, ie, ceramc and card sides. The
present invention allows the use of acceptable
Iead-free all oy systens, with the additional advantage
of a erature hierarchy, w thout the need for

or em@rfamﬂ@ gﬁmﬁﬂh e isclogecal @/ Goppenend BinAtilvgr ?ﬁﬁf}ﬁéﬂc alloys would
processes. 15 A preferred nethod is illustrated with

not effebethe hixgarthy fthgture ahdsushiadditiohoas tiereforecwithin¢he ggopd Of the
attached to a top side of an el ectronic nodul e 20.

discl%%dt iﬁ%{ﬁﬂ)ﬁf el BRLAS h&Hea)(Nc(u@l?Mveﬁa d$adB9 fordd & RERMeBBE compound

ottom surface of the nodule 20. A preform boat

made f hi.t e

wnhé‘eﬁv e s ¥R Siees SRR o THE iR R RN e

BSM pads 30 on the nodul e 20. The off-eut ectl ¢ sol der
Nickst, é?qbﬁhén@ okt astfiskedlan drrbaltrhie ard GRldiTia el fparedin

20 in the boat openings 50. The nodule 20 is then
interpe&dlliésoned on the boat 40 such that the BSM pads 30

are in contact wwth the off-eutectic solder preforns

60. The resulting nodul e/ boat assenbly is 9 WO

2004/ 026517 PCT/ USZOOB/ 029092 then heated to the

s REeer el SERE L s | P o B MR Hé%%’ﬁweaapﬁcable to

nt”o“the BSM “ads 30 The nodul e/poat flsserrb thenb
“sprigghh EPNPEAP | ﬁ@oﬂnﬁ‘?tf’ﬁe» BSINPREEES 3(0CagH 3%4 §oggyshabout any

the off-eutectic solder alloy. 5 Referrlng now to
assefablyuwkert b nidnebemizchakdjod@datteth sidéd, tawceremihandncardrsides. The present

resulting off- eutectic coated BSM pads are conmonly

inveh@EAITRE theu@SorsetdpaibldieiPered AlloyRBkRATs| With i dddiional ddvantage of a
a

temperature hierarchy, without the need for mechanical standoffs to aid in the joining/rework

processes.

A preferred method is illustrated with reference to Figure 1a which shows a circuit chip
10 attached to a top side of an electronic module 20. Bottom surface metallurgy (BSM) pads 30
are provided on the bottom surface of the module 20. A preform boat 40, typically made of
graphite, contains openings 50 which are arrayed to coincide with the position of the BSM pads
30 on the module 20. The off-eutectic solder preforms 60 of the present invention are then placed
in the boat openings 50. The module 20 is then positioned on the boat 40 such that the BSM pads

30 are in contact with the off-eutectic solder preforms 60. The resulting module/boat assembly is
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second boat 80, typically made of graphite, contains

openi ngs 90 which are arrayed to coincide wth the
w@omiien? of t he sol der bunps 70. Lead free soP@BDS2003/029092

colums, in this exanple copper colums 100, are

pl aced in the boat openings 90. 10 Referring to Figure

Id the nodule 20 is positioned on the boat 80 such

that the solder bunps 70 are in contact with the ends

of the columms 100. The resulting nodul e/ boat assenbly

IS then heated to the required reflow tenperature.
theprgeatedbipgbe regiredieslowgemperamne typieally bstweea 3o ¢ ang 84T C, whereby the

Dependi ng on the particul ar solder hierarchy used this
solde fpeaforinengleara kreffosved amkaithb 8 SO pads13D. Th Grodhikebaabhsdambly is then

bunps 70 reflow on the ends of the colums 100 and

0 I . .

Co G (OB Bl 30 belMR B yfiang Bl orBbiutoy.
Referring now to Figure e the nodule 20 is shown wth
colums 100 attached by the resulting inter-netallic
phase structure 110 of the present invention.

Ref Refeiring neswio Rignreilh threempdule 20 afterareflewds showg. Abeltasulting off-
20 with colums 100 attached in now assenbled to a

eutédtic @uhtbd BSM Paddrar€ edriimdal?) refdhed @ dsGuider b@apsl70. 2 fdiabg to Figure 1c a
el ectrical contact pads 140. SAC sol der paste 130 is

R T v TG p—

.pboard 120 sq th he free ends of the colunms 100
Wltgf@ Rositics g&Squtef unps /s Aead Bpgpldercofumnsa thisiegample copper
nodul e/ board assenbly is then heated to reflowthe .
col@n® HY), deerplpad iretherbortapeningu®h ends. Upon cool i ng t he
refl oned SAC sol der paste forns the sol der joint
whi ch adheres the colums to the board 120. This
resulting 5 nodul e/ board assenbly conprises the sol der

hi eﬁ&gﬁ‘ﬂ% tg %}Mee fa {hlé ?nJHﬁge%(ﬁs %Bgu&‘?&f c% t?lle %Satj iﬁ)‘ S that the solder

bumps 70 are in contact with the ends of the columns 100. The resulting module/boat assembly is
then heated to the required reflow temperature. For copper columns up to 260°C , and preferably
250°C. Depehding on the particular solder hierarchy used this refow temperature could be over
350°C. The solder bumps 70 reflow on the ends of the columns 100 and after cooling form the

module side solder fillets which adhere the columns 100 to the module 20.

Referring now to Figure le the module 20 is shown with columns 100 attached by the
resulting inter-metallic phase structure 110 of the present invention. Referring now to Figure 1f

the resulting module 20 with columns 100 attached in now assembled to a circuit board or card

120. The circuit board 120 has electrical contact pads 140. SAC solder paste 130 is applied to the

10
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of the present invention. Referring now to Figure 2a

there is illustrated a second nethod using a screen-on
W@ olodome31pr ocess, whereby the of f-eutectic sol PEr/USI08§29092

of the present invention, in paste form is screened

10 onto the colum array and then reflowed. This

nmet hod saves one refl ow step. A screeni ng mask 200,

typically nmade from M or stainless steel, is placed

on a colum boat 80 containing |ead free solder

colums 100. In this enbodi nent the col um boat 80
contaciiads b40. fTihklcelunapdiagspld@ad corthe bodrd A 3@ so thapthe free ends of the

portions of the col unm openi ngs 90. The screeni ng mask

colufifd 1%@%@5%%&9@%& 8 SAGQoIbY fabteano. Blid MWY@ElebOard assembly is then
colncide wth the positions of the solder colums 100.

el S B S5 A1 n 9L RSP RRL A Sl RO s

preforms 60, 1is screened into the_ nask o enin
soldanppste forras theyseldenigént vuch sdbpies (e RPIHBYS (©J qtb‘efag é2%f his resulting

the screening mask 200 is renoved and the colums 100
modulle/bdaid ageiblyrcongaiseSibe aolded leértrchy bbtvaan dief meditle and lpoard side joints
"sol der paste bunp" 170 on one end of the 20 col ums

1he etry of this solder paste bunp 170 is
Oft%gé}gsrempng the conbi nation of the thickness of the

screeni ng nask 200 and by the geonetry of the fillet
openings 180 in the 11 WD 2004/ 026517
PCT/ US2003/ 029092 col utmm boat 80. Referring now to
Fi diefaring novtie Fimaulether iniliustrasie peread seethad wingaepress-on column
the columm boat 80 such that the BSM pads 30 are in .

prodess) ndetebwittidoff-bateotid sdddr afidy of the présent paneméot,linmpsstd kO, is screened
5 The resulting nodul e/ boat assenbly is then heated to

ontd @1@ cf)l%ﬁiﬂ aﬁlﬁ ftllxé?xvi’eﬂ&ﬂ%e MatsUfi&thodSives B@dreklbRestéO BRRfeening mask
col ums C, and preferably 250C. Dependi ng

2000t9p11c y et: frC i l 1\91'6 of (s?tlald Tdss steel, is placed on a column boat 80 containing lead

free solder columns 100. In this embodiment the column boat 80 contains fillet openings 180 or
enlarged upper portions of the column openings 90. The screening mask 200 has mask openings
150 which are arrayed to coincide with the positions of the solder columns 100. The off-eutectic
solder paste 160, which is made of the same composition as the off-eutectic solder preforms 60,

is screened into the mask openings 150 and fillet openings 180.

Referring now to Figure 2b, the screening mask 200 is removed and the columns 100 in
the column boat 80 are left with an off-eutectic “solder paste bump” 170 on one end of the
columns 100. The geometry of this solder paste bump 170 is determined by the combination of

the thickness of the screening mask 200 and by the geometry of the fillet openings 180 in the

11
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hi erarchy used this refow tenperature could be over
350C. The off-eutectic sol der paste bunps 170 refl ow
worottiozssends of the col unms 100 and after cool PEUSZNG029092
t he nodul e side solder fillets which adhere the
colums 100 to the nodule 20. 10 Referring now to
Figure 2d, the nodule 20 is shown with colums 100
attached with the resulting inter-nmetallic phase
structure 110 of the present invention. Referring now
to Figure 2e the resulting nodule 20 with colums 100
coluadnttdah®y i n now assenbled to a circuit board or card
120. The circuit board 120 has el ectrical contact pads
140. SAC sol der paste 130 is applied to the 15 contact
pads 140. The colums 100 are placed on the board 120

igﬁ%&énéﬁtfm ftqr Z%S of t({J]J Wéthl ?}ﬁ)d %%2 3 & pieﬁed on the column

nodul e/ boar d assenbuy |s then heated to reflQw th
boatSAGuelbihdethe REM @adn3 #re inemiaeh waihdhe offjsytecte ﬁﬂliifﬁg’a?tﬁ dumps 170.
refl oned SAC sol der paste forns the sol der joint

The Wuliihg rAsH@s/BSat atsembiyols tvnshehted tdhebequintd 1&flow Emperature. For lead
resul ting nodul e/board assenbly conprises the sol der

free %ﬁ;{ ﬁE&HMmQ ﬁh‘f@%‘iﬁ dch ean'aﬁﬁjéﬁeﬁb OanDg% gi% dnah®psrticdi@r solder

€ preseht Inventior. 2004/

. PCT/ US2003/ 029092 I n surv | ¢

hiergek e aceio VP e e Sk AR E o B A eRbldRt paste bumps
present invention has achieved a sol der hierarchy

170 wflashonithesndvet tbx celmas 40 ard giter gpelingriopmitie Al side solder fillets
critical to the initial card joining, but it is also

whiMeddhefelthé télant 0@ & the hydalek20. Wt h t he present
invention the majority (95% or nore) of the colums
remain attached to the nodule during 5 refl ow renoval
fromthe card.

Referring now to Figure 2d, the module 20 is shown with columns 100 attached with the
resulting inter-metallic phase structure 110 of the present invention. Referring now to Figure 2e
the resulting module 20 with columns 100 attached in now assembled to a circuit board or card
120. The circuit board 120 has electrical contact pads 140. SAC solder paste 130 is applied to the
contact pads 140. The columns 100 are placed on the board 120 so that the free ends of the
columns 100 are in contact with the SAC solder paste 130. The module/board assembly is then
heated to reflow the SAC solder paste on the column ends. Upon cooling the reflowed SAC
solder paste forms the solder joint which adheres the columns to the board 120. This_resulting
module/board assembly comprises the solder hierarchy between the module and board side joints

of the present invention.
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VWil e the preferred enbodi nents are descri bed above,

it wll be appreciated by one skilled in the art that
wa@200as1Df of f-eutectic sol der conpositions fPRCT/UR®03/029092

Sn/ Ag and Sn/Cu and Sn/Ag/Cu systens are also within

the scope of the present invention. \Wen these

of f-eutectic 10 solder solutions are used on the

nodul e side, in conjunction with the "standard"

National Electronics Manufacturing Initiative (NEM)

alloy in the range of 3.8 to 4.0 weight %Ag, 0.5 -

0. 9 mBugitingsecardataah eefldBnyithswdeqriringtheawe df sangioff sgpports the

natural tenperature hierarchy is achieved, greatly

presfeﬂtcl'n{/i fif3hhag a&ﬁ'@/eﬁ LQGRRShitfardHY i dSdythod Eﬁ@t p2ksently. Not only is this
reworking. This occurs because the of f- eutectic

e BP0 08 B GAREU, Y s

card side solder alloy Therefore althou%P th% %ey
invepdon theanajerityr@p Qfgnorﬁh@frtée pelumps, apaip @ifached to the module during
liquification, leading to an inter-nmetallic phase
reflowietadwal éomlthe saidnt er - met al | i ¢ phase structure, which
has hi gher resultant viscosity, is the key enabler for
this solution. It prevents the colums, or other
nenbers from col | apsi ng during joining/rework

The 1 i .
P SE558 B edPer L SuPARRRRS oSS B iRty on
one of these alloys, or simlar co s|t|
skilledre thegwidbpcrviange SIcPIF euteptircsoldsi camBoRitians fogshe Sh/Ag ihd Sn/Cu and
2004/ 026517 PCT/ US2003/ 029092 nenti oned probl ens of .
Sn/AgiCuraysteink aresaigh wishiarthe scope peths ipresent, ineeation AW demiliege off-eutectic
houses are noving towards a conmon |ead free sol der

solcfe@ﬁolﬁ@&ﬁ 2% R dadhitRehod@bdidehia cohpaeiorcwith sl “slandard’eNatonal
be close to 95.5Sn/3. 8Ag/ 0. 7Cu. 5 The present

eI N R ks s

0.9 gvghggnﬁ %}sﬁe o z!nlgg E’IH%F gg thaerctar t a%ta Fal tler%%edra ure l%erarchy is achieved,

greatly facilitating the process of joining and also of reworking. This occurs because the off-
eutectic solder alloy contains inter-metallic compounds whose liquidus temperature are higher
then that of the card side solder alloy. Therefore, although there may be onset of melting, there is
incomplete liquification, leading to an inter-metallic phase structure. This inter-metallic phase
structure, which has higher resultant viscosity, is the key enabler for this solution. It prevents the

columns, or other members, from collapsing during joining/rework processes.

The present invention is not limited to these compositions alone. The disclosure is to use

one of these alloys, or similar compositions of the same components, to resolve the above

13



10

15

nmet hods may be easily adapted to benefit fromthe use
of the off-eutectic solder conposition of the present
WO poogfozdson. An exanple is illustrated in Fi gurECBUSIIES/€29092
the off-eutectic solder conposition is used as the
sol der ball 190 for second | evel BGA assenbly of the
nmodul e 20, 10 havi ng BSM pads 30, to the board 120.
Use of a solder ball conposed of the off-eutectic
conposition of the present invention would achieve the
same rework advantages already discussed in that nost )
mention¢dprobliehef colaningilivend ¢ woskdiiareasingtis hard asggmbhehouses are moving
nodul e after rework. This wll reduce the tinme and

tow it ecbmAraded ke soldarorand siditesh, dndehdeirseh ammsitidbn seems to be
attach sites. 15 1t wll be apparent to those skilled

[ i regard to this disclosure that other
CIOS%%?%%‘S’?%%@Z‘?‘% his i nvention beyond those

enbodi nments specifically described here may be nade

wi t hout departing fromthe spirit of the invention.

Accordi ngly, such nodifications are considered within )

t hdhepugsentdfivention inalsmndtdimites tpithe seeendsishel|agsepiply methods described
appended cl ai ms. 14 WD 2004/ 026517 PCT/ US2003/ 029092

abo Wi TwilIHeGpphivEoltisse bkilled Anthefaft-tRattotiedr leadSadedecond level assembly
conposition (60) consisting essentially of- 2 between

met st.Qnaa/ R%adith %Jellpgel:c)l d %Emﬁg 3 e use &f B¥oBbuteBE sdider composition of

aving i nter- [Tcs w melting tenperature
reater than 280C, 2..The qoff-eutectic | der .
the FSeg SMentit (o el F ditaed i e g e iFsaiepiigspicer
is 2 about:15 3 93. 0% Sn; :
composition is used as the solder ball 190 for second level BGA assembly of the module 20,
having BSM pads 30, to the board 120. Use of a solder ball composed of the off-eutectic
composition of the present invention would achieve the same rework advantages already

discussed in that most of the solder balls would remain attached to the module after rework. This

will reduce the time and effort needed to clean and redress the board or card attach sites.

It will be apparent to those skilled in the art having regard to this disclosure that other
modifications of this invention beyond those embodiments specifically described here may be
made without departing from the spirit of the invention. Accordingly, such modifications are

considered within the scope of the invention as limited solely by the appended claims.

14



4 7.0% Cu; and 5 having dispersed grains of SnCu
inter-netallic phase structure. 1 3. The off-eutectic
wa@lodeeesebnposition (60) of claim2, wherein seETUS2003/029092

inter-metallic 2 phase structure conprises Cu6Sn5 at

a tenperature greater than 300C. 1 4. The off-eutectic
sol der conposition (60) of claim?2, wherein said
inter-nmetallic 2 phase structure conprises Cu3Sn at a
tenperature greater than 300C. 1 5. The off-eutectic

sol der conposition (60) of claim2, wherein said

VWIEARASI € | 2 vol ume between 2,000 and 7, 000

cubic mls. 1 6. An off-eutectic sol der conposition
(60) consisting essentially of: 15 WD 2004/026517
PCT/ US2003/ 029092 2 between 80.0 - 96.0% Sn; 3

bet 20Ot YR hawtitghd k&l | ics
1’vvi t\ﬁﬁg%ﬁ% t%rﬁlé Sté}g%%r Oaﬁg)qg(é%)aterl thglan 2815%.? 1 7. The

of f - eut ec{ | r ition (60) of claimb®6,
wher ei n sé%tge%génggs? pz‘ﬁﬁ?s 2 about: 3 82.0% Sn; 4

18. 0% Ag; 5 Vi I,.sper sed grains of SnAg
inter-rret%%?’?%n %gsé"bg] ?B’c@@re. 1 8. The off-eutectic

sol der copposition | ai b B $han 280°C.
i nter-met \1151%1&% I%é%gg%s ‘g[ﬂrl %é@é &{r{‘illég7 ”Sénﬁ%ﬁﬁgeg‘ AgSSnanat a
tenperature greater than 280 C.

2. The off-eutectic solder composition (60) of claim 1, wherein said composition is
about:15
93.0% Sn;
7.0% Cu; and

having dispersed grains of SnCu inter-metallic phase structure.

3. The off-eutectic solder composition (60) of claim 2, wherein said inter-metallic

phase structure comprises CugSn; at a temperature greater than 300°C.

4. The off-eutectic solder composition (60) of claim 2, wherein said inter-metallic

phase structure comprises Cu,Sn at a temperature greater than 300°C.

5. The off-eutectic solder composition (60) of claim 2, wherein said composition has a -

volume between 2,000 and 7,000 cubic mils.

6. An off-eutectic solder composition (60) consisting essentially of:

15



1 9. The off-eutectic solder conposition (60) of claim
7, wherein said conposition has a 2 volune between
wQ2@902@mt 7, 000 cubic mils. 1 10. The of f - eut BCT/U82003/029092
sol der conposition (60) of claim®6, wherein said
conposition is 2 about: 3 88.0% Sn; 4 12.0% Ag; and 5
havi ng di spersed grains of SnAg inter-netallic phase
structure. 1 11. The off-eutectic sol der conposition
(60) of claim8, wherein said inter-netallic 16 WO
2004/ 026517 PCT/ US2003/ 029092 2 phase structure
conprhieteeen KPIBOGO% B, enper at ure greater than 280C. 1
12. The off-eutectic solder conposition (60) of claim
10, Visewesn20dhi 40%ohgiceidti on 2 has a vol ume between
2,000 and 7,000 cubic mls. 1 13. A nethod for
cr eatlianingdnteeantdlicsevidod theltinggtmpergtukd greaterthpn 280°C.
second | evel solder 2 assenbly conprising the steps
of 3 providing an el ectronic nodul e (20) having bottom
surface netallurgy pads (30) 4 on a bottom surface of
%ai d Hlesxff-ewtactic sohtntenp@ition GOpdladainm6,offerensad composition is
| ead free solder (60) on said bottom surface
met aldbougy pads 6 (30) ; 7 placing a first end of
| ead free colums (100) in contact with said
of f - 8M@%iSng | ead 8 free solder (60);

18.0% Ag; and

having dispersed grains of SnAg inter-metallic phase structure.

8. The off-eutectic sblder composition (60) of claim 7, wherein said inter-metallic

phase structure comprises Ag;Sn at a temperature greater than 280°C.

9. The off-eutectic solder composition (60) of claim 7, wherein said composition has a

volume between 2,000 and 7,000 cubic mils.

10. The off-eutectic solder composition (60) of claim 6, wherein said composition is
about:
88.0% Sn;
12.0% Ag; and I o , -

having dispersed grains of SnAg inter-metallic phase structure.

11.  The off-eutectic solder composition (60) of claim 8, wherein said inter-metallic
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9 heating said off-eutectic lead free solder (60) to
reflow said off-eutectic lead free 10 solder and form

woraiozess? de of f-eutectic | ead free sol der filP&L/ES2003/029092

(110) which adhere said 11 first end of |lead free

colums (100) to said bottom surface netal |l urgy pads

(30); 12 providing a circuit board (120) havi ng

contact pads (140) on a top surface of said 13

circuit board (120) ; 14 applying a sol der paste (130)

to said contact pads (140); 15 placing a second end of

| ead fhasestyehueraempries Aghn a eriemperaiife sreafgy ham sPQs-.

paste.. 16 (130) ; 17 heating said sol der paste (130)

to reflow said solder paste (130) and formcard side

18 solder fillets which adhere said second end of |ead
X ee @hewffisut¢ddGpldeocanpasitimn(6Ak of gais 10,1wheygn said composition
2004/ 026517 PCT/ US2003/ 029092 19 (140) thereby

cr eatliang valuod bewedr 2000 aitd/ 7,000} cubhemgecond | evel

sol der assenbly. 1 14. The nmethod of claim 13 wherein

said nodul e side off-eutectic solder fillets (110) 2

have a conposition of about 93.0% Sn, 7.0% Cu and have

18. s peA seth@l fat aeatdig Slead fre@soldéraneltipg hietarchyfoaseond level solder
structure. 1 15. The nethod of claim 13 wherein said

nmodul Ks&hisle comprisitg e@tistepsodl der fillets (110) 2 have
a composition of about 82.0% Sn, 18.0% Ag and have

di speprseiding i diéct@hicInSAg (20N hevingredtadnh burfaeh assallurgy pads (30)
structure. 1 16. The nethod of claim 13 wherein said

modul ¢ $helomkirfRYbesdill eles@bilemotilel(@0)s (110) 2 have
a composition of about 88.0% Sn, 12.0% Ag and have :
di spegia@an effalufteti©fead free solder (60) on said bottom surface metallurgy pads
(30) 5

placing a first end of lead free columns (100) in contact with said off-eutectic lead

free solder (60);

heating said off-eutectic lead free solder (60) to reflow said off-eutectic lead free
solder and form module side off-eutectic lead free solder fillets (110) which adhere said
first end of lead free columns (100) to said bottom surface metallurgy pads (30);

providing a circuit board (120) having contact pads (140) on a top surface of said
circuit board (120) ;

applying a solder paste (130) to said contact pads (140);

placing a second end of lead free columns (100) in contact with said solder paste.. .
(130) ;

heating said solder paste (130) to reflow said solder paste (130) and form card side

solder fillets which adhere said second end of lead free columns (100) to said contact pads

17



19

3 SnAg inter-netallic phase structure. 1 17. The
met hod of claim 13 wherein said off-eutectic | ead free

walodoe65(60) is placed on 2 said bottom surf aP€r/us2003/029092

netal lurgy pads (30) as a solid off-eutectic lead free
solder 3 preform 1 18. The nethod of claim 13 wherein
said off-eutectic lead free solder (60) is placed on

2 said second end of-lead free colums (100) by
screening an-off-eutectic lead free 3 sol der paste
(160) through a screening mask. 18

14.

15.

16.

17.

18.

(140) thereby creating a solder hierarchy for the second level solder assembly.

The method of claim 13 wherein said module side off-eutectic solder fillets (110)
have a composition of about 93.0% Sn, 7.0% Cu and have dispersed grains of SnCu

inter-metallic phase structure.

The method of claim 13 wherein said module side off-eutectic solder fillets (110)
have a composition of about 82.0% Sn, 18.0% Ag and have dispersed grains of

SnAg inter-metallic phase structure.

The method of claim 13 wherein said module side off-eutectic solder fillets (110)
have a composition of about 88.0% Sn, 12.0% Ag and have dispersed grains of

SnAg inter-metallic phase structure.

The method of claim 13 wherein said off-eutectic lead free solder (60) is placed on
said bottom surface metallurgy pads (30) as a solid off-eutectic lead free solder

preform.

The method of claim 13 wherein said off-eutectic lead free solder (60) is placed on

said second end of lead free columns (100) by screening an. off-eutectic lead free. -

solder paste (160) through a screening mask.
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