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BACKGROUND OF THE INVENTION

The present invention is directed to electronic packaging and, more particularly, is
directed to a lead free solder composition for the assembly of passive components and

organic substrates with conventional ceramic packages.

A chip carrier may be attached to a circuit board by a ball grid array (BGA) or
column grid array (CGA) comprising solder alloys. Such solder alloys have typically
comprised a eutectic alloy composition of Pb/Sn. The chip carrier is typically a ceramic
substrate carrying semiconductor chips. The BGA consists of an array of solder balls

which are soldered to connecting pads on both the circuit board and the substrate.
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Another problem addressed by the present invention relates to cooling the circuit
chips. A current thermal solution for cooling circuit chips is to solder a heat sink to the
chip. The preferred solder is eutectic PbSn or some combination of Pb and Sn depending
on the temperature requirements of the various module interconnect compenents. As the
industry migrates to lead free solder, this soldered chip/heat sink interface is an important
consideration in solder hierarchy structure because the heat sink is typically attached to

the chip prior to second level module to card assembly.

Accordingly, it is a purpose of the present invention to provide a lead free solder

hierarchy structure for electronic packaging that includes organic interposers.
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BRIEF SUMMARY OF THE INVENTION

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.
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| east one electronic circuit chip attached to a top
conné@ioné; a chip carrier with a

a third array of solder connections attached to a bottom surface of the organic

interposer, the third array of solder connections having a third lead free off-eutectic
solder composition, the third lead free off-eutectic solder composition having a lower
liquidus temperature than the second lead free off-eutectic solder composition; and

a circuit board having a top side attached to the third array of solder connections

to create a solder interconnect structure.

The organic interposer to circuit board solder connection may alternatively be an
approximately eutectic Sn/Pb solder composition. The structure may also contain passive
components and underfill material at the chip to chip carrier and chip carrier to interposer

interfaces.
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lead free off-eutectic solder composition having a lower liquidus temperature than the
second lead free off-eutectic solder composition;

a third array of solder connections attached to a bottom surface of the organic
interposer, the third array of solder connections having a fourth lead free off-eutectic
solder composition, the fourth lead free off-eutectic solder composition having a lower
liquidus temperature than the third lead free off-eutectic solder composition; and

a circuit board having a top surface attached to the third array of solder

connections to create a solder interconnect structure.

The organic interposer to circuit board solder connection may alternatively be an

approximately eutectic Sn/Pb solder composition.
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According to another aspect of the invention, there is provided a lead free solder
structure for attaching a heat sink to a circuit chip comprising:

a circuit chip;

metallized layers on the chip;

a heat sink;

metallized layers on the heat sink; and

a lead free solder connecting the heat sink to the chip.

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 amended 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



in which: Fig. 1 is a schematic view of a chip/chip
carrier/organic interposer/circuit board assenbly.
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carrier/circuit board assenbly. Fig 3 is a schematic
view of a chip/chip carrier/organic interposer/circuit
board assenbly using solder colums. Fig. 4 is a
schematic view of a chip/chip carrier/circuit board
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view of a chip/chip carrier/circuit board assenbly
inWdighg solder columms. Fig. 6 is a schematic view of a
| ead free solder structure for attaching a heat sink
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vari ety of solder interconnect structures enploying a
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using solder columns.

Fig. 4 is a schematic view of a chip/chip carrier/circuit board assembly using solder

columns.

Fig. 5 is a schematic view of a chip/chip carrier/circuit board assembly using solder

columns.

Fig. 6 is a schematic view of a lead free solder structure for attaching a heat sink to a

circuit chip.

DETAILED DESCRIPTION OF THE INVENTION
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In another embodiment an off-eutectic solder composition of between 70.0 — 96.0
weight % Sn, between 30.0 — 4.0 weight % Ag, and having inter-metallics with a melting
temperature above 280°C. Preferred embodiments are 72Sn/28Ag, 78Sn/22Ag and
82Sn/18Ag, all compositions having dispersed grains of SnAg inter-metallic phase

structure.

A first embodiment of the present invention will be discussed with reference to
Figure 1. At least one circuit chip 10 is attached to a top surface of a chip carrier 20 with
a first array of solder connections 30. In this embodiment the first array of solder
connections 30 are comprised of a lead free off-eutectic solder composition. In a

preferred embodiment the first array of solder connections 30 are a composition of about
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carrier

to a printed circuit board 70. In this embodiment the third array of solder connections 60
are comprised of a lead free off-eutectic solder composition having a lower liquidus
temperature than the second array of solder connections 40. In a preferred embodiment
the third array of solder connections 60 are a composition of about 95.5 weight % Sn and
about 3.8 weight % Ag and about 0.7 weight % Cu and has a liquidus temperature of
approximately 217°C. The organic interposer 50 is preferably fabricated from a material
which has an expansion coefficient similar to the circuit board 70. For example, the
organic interposer 50, or the circuit board 70, could consist of FR4, FR4 with surface
laminate circuits, or organic carriers with at least one metal and at least one polyimide

layer.
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60 shown in Figure 1 are solder balls. However the
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carrier 20 with a lead free off-eutectic solder composition 110 having a liquidus
temperature lower than the first array of solder connections 30. In a preferred
embodiment, the solder composition 110 is about 78.0 weight % Sn and 22.0 weight %
Ag, and has dispersed grains of SnAg inter-metallic phase structure and a liquidus
temperature of approximately 375°C. In another preferred embodiment the solder
composition 110 is 78Sn/22Ag but the second array of solder connections 40 are
comprised of a lead free off-eutectic solder composition of about 82.0 weight % Sn and
18.0 weight % Ag, having dispersed grains of SnAg inter-metallic phase structure and a

liquidus temperature of approximately 355°C.
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a top surface of a chip carrier 20 with a first array
teafpesatirel &rwee dranelnd li pridus 3e€mpedsturervf ttieefigr &y Solder connections
enbodi nent, the first array of sol der connections 30

3@ D’ﬂteﬁiﬁﬁ'ﬂipélblsﬁdleﬂﬁ SW/Bh 684l SH/MEsH1 @ orhposMIndAN QAT fhdihs
PCT/ US2003/ 037952 eutectic sol der conposition,

teﬁfp@i“aﬁfré‘ Riwer aRAURe efridhs WethSHhituf oPth ARGt By df WH&%nr{écuons

havi ng di spersed grains of SnAg |nter-neta

36’91%? 8158 bl S TrEac@RIndhb il SHS of SARE BhitBons 60 may consist of a
eutectic Sn/Pb solder composition 61. In a preferred embodiment the Sn/Pb solder
composition is a eutectic composition of approximately 63.0 weight % Sn and 37.0
weight % Pb. However a'slightly off-eutectic Sn/Pb solder composition in the range of
approximately 58 to 70 weight % Sn and approximately 42 to 30 weight % Pb may be

used as well.

Referring now to Figure 2 there is shown a solder interconnect structure,
including passive components, but without an organic interposer, according to another
embodiment of the present invention. At least one circuit chip 10 is attached to a top
surface of a chip carrier 20 with a first array of solder connections 30. As in the previous

embodiment, the first array of solder connections 30 are comprised of a lead free off-
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of approximately 400C. At |east one passive conponent
100 is attached to the chip carrier 20 with a | ead
wo e@a/097987 eut ecti ¢ sol der conposition 110 havi POT/ES2003/037952
i qui dus tenperature lower than the first array of
sol der connections 30. In a preferred enbodi nent, the
sol der conposition 110 is about 78.0 weight % Sn and
22.0 weight % Ag, and has di spersed grains of SnAg
entadtrsoltet edmhpasitioh agefemsbiyabout 22.@ndight Vi SHAndWPS.0 weight % Ag,
tenperature of approximtely 375C. In another

hvigg eispersdrAdlo Mty ihlre neelIbeshasO R fird kit HdiidisSedperature
| ead free off-eutectic solder conposition of about

oBpploMBh@Rt4pEn and 18.0 wei ght % Ag, having
dispersed” grains of SnAg inter-netallic phase

structure and a |liquidus .tenperature of approximtely
355C. A second array of sol der connections 41 is used
to a ch the chip carri 0 to.,a, circuit boa 1/
i B5 b Gtk Bo TG LEL S bty oihe b quer 26 wifa eag
con&ections 41 are .conprised of a ]ead free
frge pUEieals $odeg GpResit daving 4 liqiAus gFmperagige fower than the
liquidus tenperature than the first array of solder
figsh Aresc el sokisr goneqtipng 3¢ 1 pereferedembndimenit the pldergoppagition
array of solder connections 41 have a conposition of
1Hhisabo gy 8% weiplylh Ser@h22.6veigh Gutg3and hae digbdrselh ghginaolSnAg
about 0.7 weight % Cu and have a |iquidus tenperature
indr-ragzpliio phase tserhotui biCa lig @i dWDeRPOALIO B proximately 375°C. In
PCT/ US2003/ 037952 The sol der interconnect structure

asdisttpréferrdd @htiodingenit SheadbRier E6phpdsitidntled id Dleadfrad bfflee@ekic
free off-eutectic sol der assenbly. For exanple, the
@G TP oS AHPONBOESB21IDNCiTRY% 3% and 18.0 weight % Ag, having dispersed

grains of SnAg inter-metallic phase structure and a liquidus temperature of approximately

355°C.

A second array of solder connections 41 is used to attach the chip carrier 20 to a
circuit board 70. In this embodiment the second array of solder connections 41 are
comprised of a lead free off-eutectic solder composition having a lower liquidus
temperature than the first array of solder connections 30. In a preferred embodiment the
second array of solder connections 41 have a composition of about 95.5 weight % Sn
and about 3.8 weight % Ag and about 0.7 weight % Cu and have a liquidus temperature

of approximately 217°C.
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attached to the chip carrier 20 with a Sn/Pb sol der
conposition having a liquidus tenperature |ower than

wo b@4l0p19a7 dus tenperature of the first array oPCHOBZIOS/037952
connections 30. Alternatively, either a Sn/Bi or a
Sn/In sol der conposition having a |iquidus
tenperature | ower than the |iquidus tenperature of the
first array of solder connections 30 may al so be
us edThd solded ditérc@mectish@ctaRhOG @i FigMref is 3Bb et limited to an all
connections 41 may consist of a eutectic Sn/Pb sol der

1e6@ RO 6fficRBtidsblddr AssBmBIye F6r &x@thpRTRRFabB coldpenaié R may be
sol der conposition is’ a eutecplc conposi tion of

2t BRASOK | tHBE I)fgﬁ% éj} Ggﬁ QQB/P?{Osme%%m%g;gQg 8?‘@%?@5@%&5’9

HOV\EVE_Y a S _ -eutectic /
TR o A 005 AR L S
d el | h di .0f th
SETR I e SN

3. At least one circuit chip 10 is attached to a top .
temperaire lger thagkheliquigus teppeparury; of the firsk grpayiof seldercogpections
sol der connections 30. In this enbodinent the first
3Qmayn plse be geadgbraddisioncibe fesnsd dgayaefsoldsnpanngeipns fil maly squsist
free off-eutectic solder conposition. In a preferred
ofemdyetitir®n{Pbtshklef ¢angioswion 42. Infa gefected embotdimentithaSn/BB solder
are a conposition of about 72.0 weight % Sn and 28.0

comspaghion® Aeytedid\cbmgogdii el perbxfnaeln $30f wpthFo Sn and 37.0
inter-netallic phase structure and a |iquidus

wEIRHPRIRY. Hoe®ir adRpHitBxdfiBhetic SHIPC solder $6@PHGHS indle Rhge of -
sol der connections 43 is used to attach the chip

a;g?&{i i Ble1y2$% bT0aNEigHR VIS hd %}Jﬁ&ﬁlﬂ%ﬁf 4298 30Avel %hg ?{)P@ Hﬁ%be

e sol der connhection 43'is attached to t otto

ufdf as $3p VWO 2004/ 097937 PCT/ US2003/ 037952

Another embodiment of the present invention will be discussed with reference to
Figure 3. At least one circuit chip 10 is attached to a top surface of a chip carrier 20 with
a first array of solder connections 30. In this embodiment the first array of solder
connections 30 are comprised of a lead free off-eutectic solder composition. In a
preferred embodiment the first array of solder connections 30 are a composition of about
72.0 weight % Sn and 28.0 weight % Ag, having dispersed grains of SnAg inter-metallic

phase structure and a liquidus temperature of approximately 400°C.

A second array of solder connections 43 is used to attach the chip carrier 20 to an

organic interposer 50. A first end of the solder connection 43 is attached to the bottom of

13



the chip carrier 20 with a second | ead free
of f-eutectic sol der conposition 44 having a | ower

WO 2@uioones7 t enperature than the first array of BOI/US2003/037952
connections 30. In a preferred enbodi nent the second
| ead free off-eutectic solder conposition 44 is about
78.0 weight Sn and 22.0 wei ght % Ag, havi ng di spersed
grains of SnAg inter-netallic phase structure and a

thei ctyipi c@tifer 26 nptraadetsrl 1edd ReppofoxiteaicableBddfpostion @d®ading a
end of the solder connection 43 is attached to the

loWeg Bhigud @inPERASSHhaR Qle\ﬁrﬁtrhr@%/ bhbdiger! BRcLCli6RS0. In a preferred
of f-eutectic solder conposition 45 having a | ower

emb&nEMShd SRBET RLHEe SRR MeERERRE Q&i:ipésﬁ?o?n i4ri§gb(91ft 8.0 weight
4. In a preferre

eutectic sol der conposition 44.

SR AL P e
[ % AQ,. ' [ . [ A
SN E I S L .

tenperature o approximately 355C. Athird array of
DR Bah s LRI R ERaC (ReoE SAPASHbEh s Fganflcutecti
interposer 50 to a printed circuit board 70. In this
sqidas sampesition 4ehavkigradower hguids tepetetredbihibe s¢oond le@g free off-
are conprised of a fourth lead free off-eutectic
eweitigespldenspamiition #4.Nai preferaed anerdihemubaihed ladfiee affoeuectic
than the third lead free off-eutectic sol der
saldarpompbdition 48is absut 82.0pvegiards 81 ardrib®diwetiht % Ag, Hakingd
array of solder connections 62 are a conposition of

dispassd grhs & RN Hifter-Yachilieptths@Ritturs atl MRiGMls t¥mpGaicor
about 0.7 weight % Cu and has a |iquidus tenperature

aftfro:aRBlefxds¥agel y 217C. The sol der interconnect
structure shown in Figure 3 nmay al so contai n passive
conmponents 100 attached to the chip carrier 20. In
thi s enbodi nent the passive conponents 100 are

att a&Q?lgd %r?ae/tot}%ol%lé‘rl Rnf&{HhE62 %%se‘:’g ttohzltiz‘:eilch]c thg E)rhga}li%qrcljtelfp%see? 50
of f -'eutectl|

to a printed circuit board 70. In this embodiment the third array of solder connections 62

are comprised of a fourth lead free off-eutectic solder composition having a lower

liquidus temperature than the third lead free off-eutectic solder composition 45. In a

preferred embodiment the third array of solder connections 62 are a composition of about

95.5 weight % Sn and about 3.8 weight % Ag and about 0.7 weight % Cu and has a

liquidus temperature of approximately 217°C.
The solder interconnect structure shown in Figure 3 may also contain passive

components 100 attached to the chip carrier 20. In this embodiment the passive

components 100 are attached to the chip carrier 20 with a fifth lead free off-eutectic
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14 WO 2004/ 097937 PCT/ US2003/ 037952 sol der
conposition 112 having a |iquidus tenperature | ower

wo b@na/optee7 first array of solder connections 3BCT/UR2083/037952
preferred enbodinent, the fifth lead free off-eutectic
sol der conposition 112 is about 78.0 wei ght % Sn and
22.0 weight % Ag, and has dispersed grains of SnAg
inter-nmetallic phase structure and a |iquidus
solderpenpisitien bI2 kyyirgoxdiiqridis| tympeadatafe. lower tAmMOIhB Elrst array of solder
preferred enbodinent the fifth |lead free off-eutectic
cemleditdns 300MRASefeirederhBadimsnt/ GOMrRIAM fRidtort-BRe SRGOE:
| ead free off-eutectic solder conposition 44 is about

cSpéLitisnl Thtis Joan7 80 delddt & RN 74 gvég{lt ‘%%’% gg% has dispersed

di spersed grains of SnAg inter-netallic p
iU ISHAS i Bealiic Bl rat roxi nat el y.

G R B el R Ry L ARB BTttty

i ' t Limted to.a .l lead_.free

ST Bfpule? eR e b Blnded 5 hefrad R g et S issoptas o ve
conpone 1 e attached to the chip carrier 20
R b ol et Ao el s ofge icat g ompositon
%enperature,lomer than the |iquidus tenperature of the
44 iy abputf2Qyyeight %snged 18 ivrighti%o Ag. haying disneesed grainseifiSnAg
_either a SnBi or a Sn/ln solder conposition having a
intergnetallis phase sipegtere yné a ligwidns temparatuneof dppuixdmately 355°C.
tenperature of the first array of sol der connections

30 may al so be used. In addition, the third array of

sol der connections 62 may consist of a eutectic Sn/Pb

sol dEhe suodep dsértomeetGEucture shoh éd BighR® B HBOBMTEN o 4nhE lead
Sn/ Pb sol der conposition is a eutectic conposition of

fraP PIFRxiebi Rllder BsteMbMEF& Hxattp Pth@%gss%-cgn}p\ggérﬁ@i%(yﬂf}bbe

However a slightly off-eutectic Sn/Pb so
SSEIREIS o L 9S00 RN E TP SR,
teﬂﬁaerature lower than the liquidus temperature of the first array of solder connections
30. Alternatively, either a Sn/Bi or a Sn/In solder composition having a liquidus
temperature lower than the liquidus temperature of the first array of solder connections
30 may also be used. In addition, the third array of solder connections 62 may consist of a
eutectic Sn/Pb solder composition 63. In a preferred embodiment the Sn/Pb solder
composition is a eutectic composition of approximately 63.0 weight % Sn and 37.0
weight % Pb. However a slightly off-eutectic Sn/Pb solder composition in the range of

approximately 58 to 70 weight % Sn and approximately 42 to 30 weight % Pb may be

used as well.
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used as well. 15 WO 2004/ 097937 PCT/ US2003/ 037952
Referring nowto Figure 4 there is shown a sol der

WO naoggmBnect structure, including passive conpOnER193/037952
but w thout an organic interposer, according to
anot her enbodi nent of the present invention. At |east
one circuit chip 10 is attached to a top surface of a
chip carrier 20 with a first array of sol der
connRefeirongsno80o Figuee # itiesd isaho ey a 6blderdnlett@hnds0 tAeGire,0NS
30 are conprised of a first lead free off-eutectic

ineiditerpasveasipoh@ns, bupwRh&i ap bygaﬁﬁQMEla)Bgerpac\é@d to foiotfer
and 28.0 wei ght % Ag, having dispersed grains o SnAg

ethBSBiehRIf Md dréseRNAS&Dh ACEA: Bn@8Ftuft chipi idYSached to a top
I 00C. At | t one

tenperature of approxi mately 4 east _
i 3 . J C rier
SRS DY F B PRABEA w72 g ok BEPR bhrbforS M RLRHil oy of

i ti.on k11 having.a.ljqgujd tegperature | ower . .

s RS TGRAR Deere ARGy B ifblen B SRR RLS seceriefmgosiion,
eferred odinent, the second |ead. free. )
pRTeretdy Pt TE DSGIEr SoPSLA MOMn ks b dispmsecgrains of

wei ght % Sn and 22.0 weight % Ag, and has dispersed
Seyh @ (nier-agtalsp ppase ﬁ‘trkl_frmrﬁ@flg? ligeidphisepersture of anpeoxamately 400°C.

i quidus tenperature of approximately 375C. A second

array of sol der connections 43 is used to attach the

chip carrier 20 to a circuit board 70. A first end of

t he Ableekt onepassiee toroponést 109 iahtmbéee thochipeadiet 20Witeh

the chip carrier 20 with a third lead free

seobiid letd fred ofE-esolitteoldeo bRapdsitioan 1441ahﬂi\;‘ hiliguiius @¥Perature lower
l'i qui dus tenperature than the second [ead free

thah tregitieetal 6f S @bncRARRSI0! P préftired bAbAdiInRIE HE EE&Md lead
enbodi nent the third |l ead free off-eutectic sol der

frEO5MR 8ol AR cdip AR 18%s Shout 78.0 weight % Sn and 22.0 weight %

Ag, and has dispersed grains of SnAg inter-metallic phase structure and a liquidus

temperature of approximately 375°C.

A second array of solder connections 43 is used to attach the chip carrier 20 to a
circuit board 70. A first end of the solder connection 43 is attached to the bottom of the
chip carrier 20 with a third lead free off-eutectic solder composition 44 having a lower
liquidus temperature than the second lead free off-eutectic solder composition 111. In a
preferred embodiment the third lead free off-eutectic solder composition 44 is about 82.0
weight % Sn and 18.0 weight % Ag, having dispersed grains of SnAg inter-metallic
phase structure and a liquidus temperature of approximately 355°C. A second end of the

solder connection 43 is attached to the circuit board 70 with a fourth lead free off-eutectic

16



wei ght % Sn and 18.0 wei ght % Ag, havi ng di spersed
grains of SnAg inter-netallic phase structure and a
WO 2@uiooes7 t enper at ure of approxi mately 355C. APGERTSI0M3/037952
end of the solder connection 43 is attached to the
circuit board 70 with a fourth lead free off-eutectic
16 WO 2004/ 097937 PCT/ US2003/ 037952 sol der
conmposition 45 having a | ower |iquidus tenperature
slferrsomppesitivn 45hdvergh formveeligfiflus tempeetuicthswthdelird lead free off-
conposition 44. In a preferred enbodi nent the fourth
elteaid sbideecafifositienddcini aprefelreembatimes thé oarth dead Fred ROUL
95.5 weight % Sn and about 3.8 weight % Ag and about

ellecticwBldghdonipdsitionad id@duos.b5 Wit SeiHaehshil. @ weisht % Ag and
approximately 217C. In an alternative to the above

195 g.dimgm % Rtid hixe ﬁﬁﬁ%q?hﬁaﬁufefog%}a@g)gﬁ@e%g‘z‘i*’zo&‘c,

sol der conposition 111" a e thir
of f-eutectic solder conposition 44 may both be about
82.0 weight % Sn and 18.0 wei ght % Ag. Additionally,

the sal der j.nterconnect structure shown in Fjgure 4
s nBnARmEREE BIISTPOLF Prpadiept beih drg segondlerd fee off-cutectic
| der assenply. For exanple, the passive conponents

SOlR5 CREOBEPTLL YLATHARF (isd {570 TR Pl cugdeh palfer mOmppyiRomA4 may
Sn/ Pb sol der conposition having a |iquidus tenperature
both ke pbauh 82 0peaght|% Suprer £3-Q weizhE %t Ag-Adshitianally fthe slder
~array of solder connections 30. Alternatively, either
Ingereogneistreturg sBpwn m Eighmaris oorijpoigidito am ah daad figze aff-eutectic

i quidus tenperature | ower than the Iiquidus
sdldamassemblyr Eondxatipie, fherpatsiar dompoaénts 0@ LY BOMRREEd 10 chip
30 may al sobe used. In addition, the second array of

cBOdrdOrwWiIDNSRED sG1a8 cbpdBYioRBavihd aaﬁJIj\ﬁaiust temp&8tusd 1064t than the
board 70 with a eutectic Sn/Pb solder conposition 46.

liduidd texhsdr@treest tRIMQEAPRIF sbia6r FRAERIoROSE qoltlpmatively, either a

conposition 46 is a eutectic conposition

SABPECXSHRE Rldér B nPos¥indalinLaTyufig te%?pepature lower than the liquidus

temperature of the first array of solder connections 30 may also be used. In addition, the
second array of solder connections 43 may be attached to the circuit board 70 with a
eutectic Sn/Pb solder composition 46. In a preferred embodiment the Sn/Pb solder
composition 46 is a eutectic composition of approximately 63.0 weight % Sn and 37.0
weight % Pb. However a slightly off-eutectic Sn/Pb solder composition in the range of
approximately 58 to 70 weight % Sn and approximately 42 to 30 weight % Pb may be

used as well.

Referring to Figure 5 there is shown another embodiment of the present invention.

A solder hierarchy structure for electronic package interconnections is comprised of an
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wei ght % Pb. However a slightly off-eutectic Sn/Pb

sol der conposition in the range of approximately 58

W0 20040987 ght % Sn and approxinmately 42 to 30 neT/gh1003637952
Pb may be used as well. Referring to Figure 5 there

IS shown anot her enbodi nent of the present invention.

A sol der hierarchy structure for electronic package

i nterconnections is conprised of an 17 WD 2004/ 097937
elP@TUniISROABE 63 WG is eftenéd BRI dretid Bodre 76 SvimunCliraly Sf solder
attached to a circuit board 70 wth an array of sol der

cE10IHNHE THO clethSni€ iRhle @Birkay Bl @oPRnBYAl B& 2R or orgamc chip
conventional ceramc or organic chip carrier with

bRt oPRRIKIuY Eas‘%ﬁf@ﬂgﬂg&eﬁts A il of Pth‘Bfun]hﬂ 6G0d %g@ﬁed to

66 are attached to bottom si de o he nD

7. Th
HMbbflord s d%% tt{ rrﬁgdlﬁé)kéj‘% th oar gr%l %bli(agr cg) posrﬁlga%? pflieﬁgp surface

surface he ™ ci rcw

b R R T

In a preferred egb glnent the . .Sn/ Ph sol de

YRS PEY pufestic SMEP selFicorBREen 63-d adr efalﬁi?ﬂr FRbadiment phe
63. 0 weight % Sn and 37.0 weight % Pb. However a

Su/Pp gpiderncopmpsision isc quicclp cmppasione! apprRpiseitely 65 0iweight & Sn
range of approximately 58 to 70 wei ght % Sn and
angor- @ weight %l Rp. BpweveraGligathudft-egie@ix Sufbly sdideriesmgosition in the
well. In one preferred enbodi nent the | ead free sol der

rapgepicepiptaximately J8sto 0 Sredghy % Sodrdieappasiamslyt42a6 30 weight % Pb
Preferred conpositions include approxi mately 78 wei ght

mY¥y Bousdds wald. wei ght % Ag, approxi mately 82 wei ght % Sn
and 18 wei ght % Ag, approximately 72 weight % Sn and
28 wei ght % Ag and approximately 96.5 wei ght % Sn and
3.5 weight %

In one preferred embodiment the lead free solder composition 67 is a Sn/Ag
solder composition. Preferred compositions include approximately 78 weight % Sn and
22 weight % Ag, approximately 82 weight % Sn and 18 weight % Ag, approximately 72

weight % Sn and 28 weight % Ag and approximately 96.5 weight % Sn and 3.5 weight %

Ag.

In another preferred embodiment the lead free solder composition 67 is a Sn/Cu
solder composition. Preferred compositions include approximately 93 weight % Sn and 7
weight % Cu, approximately 97 weight % Sn and 3 weight % Cu and approximately 99.3

weight % Sn and 0.7 weight % Cu.
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Ag. In another preferred enbodi ment the lead free
sol der conposition 67 is a Sn/Cu sol der conposition.
we@e@h@9T9eT conpositions include approxi nately PETAS20g5037952
% Sn and 7 weight % Cu, approximately 97 wei ght % Sn
and 3 weight % Cu and approximately 99.3 wei ght % Sn
and 0.7 weight % Cu. 18 WO 2004/ 097937
PCT/ US2003/ 037952 I n anot her enbodi ment of the
pr esbranotheyembodimenthuf ties prasestiavention thergisrsBown & Fig@d 6 a lead
free solder structure for attaching a heat sink 75 to
frae sdldeg Sirbetaifpr difdchihg B haatlsBRA5ft6 8 Rir&at &8P 10 ¢Ah a 108 free solder
mating surface of the chip 10 and heat sink 75 are

TOELHR InhdtiA e Guihde df thehig AP hedliher a&aﬁﬂ}éga&l?%rﬂ é&iﬁm}gﬂ‘ juitable

shown), such as N ckel or CGold, and

wEROsU R cd Rt slﬂﬁsx}rﬁ?, &gghs g{‘lgig?émﬁ) ol g{‘nd wﬂ%hlﬁeaxgzeli lérgoewnoip the

solder 76 I's a composi tion conpri

roxi 2y 7 6.5 ight % Sn apd 28 to. 3.5 .

R Rt e 80 g R a bR AT el B oo

ol der 76 i.s a.sSn/Cu.s er osition conprised o
b gm0 8850t 8 JaShan AT Sireia g on arorher

wei ght % Cu. | n another enbodiment the | ead free
efg'afrﬁ'@?mé‘@f‘r l5ed fipgsopdsr {76 i P8 seldersesmpesitiop cerhprised of

Sn/ Ag/Sn. In a preferred enbodi nent the |ead free
appagramaiglysH @ &P -3praglsrinSn codpte 8@sveaghiti% €. | ayer of Sn
approximately 10 mls thick; a layer of Ag

approximately 5 mls thick, the layer of Ag
contiguous with the first layer of Sn; and a second

| ayelin anbthGnemtsyanen it & frecldd]det binidhir K6 id HRySEE QIIekr
| ayer of Sn contiguous with the layer of Ag. In this

prefia it SRMg/$18n b RYedéred¥mbblinint tHeb&RRISydrQt ldet Befim

Tin, 5 ml thickness
comprises a first layer of Sn approximately 10 mils thick; a layer of Ag approximately 5

mils thick, the layer of Ag contiguous with the first layer of Sn; and a second layer of Sn

approximately 10 mil thick, the second layer of Sn contiguous with the layer of Ag.

In this embodiment the layers of 10 mil thickness (0.01 inch) Tin, 5 mil thickness
(0.005 inch) Silver and 10 mil thickness (0.01 inch) Tin would result in an off-eutectic
SnAg alloy of approximately 80Sn/20Ag vol % once reflowed. The reflow temperature
would be approximately 235°C but the resulting off-eutectic heat sink/chip solder thermal

interface would remain stable at temperatures up to 300°C.

In a preferred method commercially available Tin and Silver ribbon is cut roughly

to the same planar area size as the chip. The Sn/Ag/Sn layered sandwich structure
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(0.005 inch) Silver and 10 m | thickness (0.01 inch)

Tin would result in an off-eutectic SnAg all oy of
wapproxisaat el y 80Sn/ 20Ag vol % once refl owed. REEUS2003/037952

reflow tenperature would be approxi mtely 235C but

the resulting off-eutectic heat sink/chip solder

thermal interface would remain stable at tenperatures

up to 300C. In a preferred nethod comrercially

descaibbabbcye T9 placednIhd metallized0iokdl &S okdiétc ) BaGUrYhe ¢H@p hltEheld

sanme planar area size as the chip. The Sn/Ag/ Sn

in pijes @ilh a 301wl Mk, Thé bk AR, al ﬁ‘f@al%ggﬂ'isocﬁg@ﬁked on the layered
PCT/ US2003/ 037952 descri bed above is pl ace t he

Sﬂﬁiﬁ&ll k@l@é} st eGHe&In/ t@cl:}gp efh%ral%epﬁ&(ls%e eﬂoﬁ@&j tg mel melt the

in place with a sol de sin

%‘?&i”bé‘?e? Tot Sp SR Bl R Tl G ﬂﬁ ’ ?%gﬁlzed layers

ce refl d.to. nme | der structure

O{‘o By eﬁ“oﬂﬁ‘ QB a&OO#'Bﬂnq 6 P b 61068 iy parorm

g%%;zed ayers. on the chip and heat sink formng a
aﬁ@% SﬁﬂmCt ASHERI$ P 0l der forms uniform areas
of off-eutectic SnAg during reflow. Once the preform
is melted or reflowed it will result in a Sn/Ag
of f-eutectic soldered thermal interface with the
appr Opr¢ teprefempsmeglied or teflowad ahwilltresuitémaiSn/Agt b ketectic
duri ng subsequent nodul e/card join assenbly. The
s¢liéredt rhesmalafitefachwittegie appropididle fenpeth@ire hivr € th @emain stable
provide a specific solder structure during the heat

dsrimKsubsequbitin@iuleAcid joaf Asemnbly! THY thickR&s 8PHRK @anjtar #Buld be
those skilled in the art having regard to th

deteSRineS o Rotibah spe@ifi&%[)ld@pgfufctu?@% h@g eat Eﬁhﬁ td cgl\fl? Etfta{cﬂ Reflow.

beyond t hose enbodi nents specif escr i
may be nade without departing fron1the splrlt of the
i nvention. Accordingly, such

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.
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nodi fications are considered within the scope of the
invention as limted solely by the appended clains.
wQ@BoM»BED4/ 097937 PCT/ US2003/ 037952 WHAT | S BIAUNGD3/037952
IS: 1. A solder interconnect structure for electronic
package i nterconnections conprising: at |east one
el ectronic circuit chip (10) attached to a top surface
of a chip carrier (20) with a first array of sol der
connections (30) , said first array of sol der
connections (30) having a first lead free
WHATISIGIAIMEDBdRder conposition; a second array of
sol der connections (40) attached to a bottom surface
of said chip carrier (20), said second array of
sol der connections (40) having a second lead free off-
1841 €& LhiBeriRleABhn L HARRILE rQcoBhif ﬁ&&g@&&f&%&f&?
off eutectlc sol der conposition i a [over
CO Us tenperature than said first |ead free
nﬂ% gl ectic sol der conposition; an organic interposer

(50) havin surface ach d, to said_sec ) )
b v 3 Tt 18 Ptk B CTTR AD) ARt b & bipgof S hipgaier
connections (6Q) attached to botton1surface of said

(28 gt acfinstareny 96 s@fer appectigns @01 hyapdfingh aEpRy absolder qpapections
connections having a third lead free off- eutectic

(39b Ihereing e dings desid fico Rff-wudede stlderdompasitibmee of f - eut ecti c
sol der conposition having a |ower |iquidus
t enpeseadnd araylvd soldei cdnsedomd 4D pathchadae adbftomustiefadel of said chip
sol der conposition; and

carrier (20), said second array of solder connections (40) having a second lead free off-

eutectic solder composition, said second lead free off-eutectic solder composition having
a lower liquidus temperature than said first lead free off-eutectic solder composition;

an organic interposer (50) having a top surface attached to said second array of
solder connections;

a third array of solder connections (60) attached to a bottom surface of said
organic interposer (50), said third array of solder connections having a third lead free off-
eutectic solder composition, said third lead free off-eutectic solder composition having a
lower liquidus temperature than said second lead free off-eutectic solder composition;
and

a circuit board (70) having a top side attached to said third array of solder

connections to create a solder interconnect structure.
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a circuit board (70) having a top side attached to
said third array of solder connections to create a
waedd@p798Nt er connect structure. 21 WO 2004/ 0978G7US2003/037952
PCT/ US2003/ 037952 2. The sol der interconnect
structure of claim1l wherein said first lead free off-
eutectic solder conposition is about 72.0 weight % Sn
and 28.0 wei ght % Ag, and having dispersed grains of
2. SnAgTherdokter intdradinect sphie@e: ciclaudtiuvigeréin@aid firktQeddits off-
tenperature of approximately 400C, wherein said

et€stieROldbedehpoki€6n & Aot 220 ivkieh6%! Fheind 28 PRS L 9 I’Ag f#nd having
about 78.0 weight Sn and 22.0 wei ght % Ag, and havi ng

dﬁ%é&%rﬁﬁﬁ’s & s%fA?o:Sm{%i Gr?%ﬁgc fgﬂ%@&rﬁﬁfr@bﬁd li &%ecemﬁ%r?tgfeyof

ructure and a enperature o ppr oxi

@%ééhmé reln sald third lead free off-eutectic
er conposition is about 95.5 melght % Sn and 3.8
% has ui. dus
termareap B dreondiche e e 1 9 chTbeRgon 8y et 7e.0 weight
I htercannect structure of claim1 further conprising
%r§ o 3 esien A Age Ardbrvingdisnsrrergtains of SnAgopter-metallic phase

surrounding said first array of sol der connections
styugiyye ang a Hepidusdergpgraturp ofapproniseately BYi€k ané of claim 3
further conprising a second underfill encapsul ation

mat ewhea¢in (@0 thighiead fracioffigusaticsoddec ormdpasiticanis eous 65.deveight

connections (40). 5. The sol der interconnect structure
%e8n alded. rweightdot Aeando@Tpreight HoCwand e atliqoids tep@Bedtve of

conponent (100) attached to said chip carrier (20)

aphirdimatefyaur7ed. | ead free of f- eutectic sol der
conmposition having a |iquidus tenperature | ower than

said first array of

3. The solder interconnect structure of claim 1 further comprising a first underfill

encapsulation material (80) surrounding said first array of solder connections (30).

4. The solder interconnect structure of claim 3 further comprising a second underfill

encapsulation material (90) surrounding said second array of solder connections (40).

5. The solder interconnect structure of claim 1 further comprising at least one
passive component (100) attached to said chip carrier (20) with a fourth lead free off-
eutectic solder composition having a liquidus temperature lower than said first array of

solder connections (30).
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sol der connections (30). 22 WO 2004/097937
PCT/ US2003/ 037952 6. The sol der interconnect
watoob198E of claimb5 wherein said fourth | eadpd€T/€82003/037952
of f- eutectic solder conposition is about 78.0 wei ght
% Sn and 22.0 wei ght % Ag, and has di spersed grains
of SnAg inter-netallic phase structure and a |i qui dus
tenperature of approximately 375C. 7. The sol der
6i Nt eThosulee intsicontyt@ctie o okiim Dwhkieinehid SaiidchOFEd brr
| ead free off- eutectic solder conposition is about

eut8ctld sORIeBEmPGsHon3N5hode 780 Welgihts 96 zﬁgl 228 ei3BV4 L and has

di spersed grains of SnAg inter-netallic phase

d%f;érkl&lt HHhifs 8h e dnkIh Mﬁc Eo b ?tf'l?c'tlgé ?nc?g hg®?l?sre t‘é{ﬁg%&% f

5C, and wherel n sal ree ctic

itionis about 82.0 weight Sn and 18.0
a@%#gﬁ%&éyggféand havi ng di spersed grai ns of SnAg

inter-nmetallic phase structure and a |i quidus
tenperature of approxi mtely 355C. 8. The sol der
|nte connect structure of claim5 wherein said at

7| eastho1ldes Jugcomecmsyaclaimdoyhgrein said {puith lead freeoff-
The sol der interconnect structure of claim5 wherein
ewigtig salder enarposising ipzhoyt V&0 weighpBrivmand (22D eight % Ag, and having
resistor. 10. The sol der interconnect structure of
dispasath SHainhel i Ag wrdnadllic plase stomairp asbi liguideonmpeaeante of
(100) is a therm stor. 23
approximately 375°C; and
wherein said second lead free off-eutectic solder composition is about 82.0 weight
% Sn and 18.0 weight % Ag, and having dispersed grains of SnAg inter-metallic phase

structure and a liquidus temperature of approximately 355°C.

8. The solder interconnect structure of claim 5 wherein said at least one passive

component (100) is a capacitor.

9. The solder interconnect structure of claim 5 wherein said at least one passive

component (100) is a resistor.

10.  The solder interconnect structure of claim 5 wherein said at least one passive

component (100) is a thermistor.
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WO 2004/ 097937 PCT/ US2003/ 037952 11. The sol der
i nterconnect structure of claim1 wherein said second
wa@eooapo™B7 sol der connections (40) and sai d t hPeTUsZN0HY37952

of sol der connections (60) are solder colums. 12. The
sol der interconnect structure of claiml1 wherein said
second array of solder connections (40) and said
third array of sol der connections (60) are sol der
1bal | The $@derTherceahdestrictir€ 6CAMNRET hslenliaidbeeordfar@l 3F Bdlder
1 further conprising at |east one passive conponent
cod¥tiont (1 RCANE Aaitl GhifcPdrthy T 's@ld&ﬂ{oﬁh@&ioﬁ@{%b) e sBldgr M.
sol der conposition having a |iquidus tenperature

| ower than the liquidus tenperature of said first

| ead free off-eutectic solder conposition. 14. The

ol d ' r. t .of . claim1 further
1o rpne AL FERARE Shhe M Gl Shst i tepdagrey of soler
attache 0 sai.d .chjp carrier (20) with a Sn/Bi sol der
SRR bR 201 AGLE D el olmbapaa B s e lan
the liquidus tenperature of said first lead free

of f-eutectic solder conposition. 15. The sol der

I nterconnect structure of claim1 further conprising
13+ | dhepolderantersaupcisiruemnpoimaim | findyr compeaisingat feestoag d
chip carrier (20) with a Sn/In solder conposition
phssiveregmponhdng (00 st tackerte saitl whip daover(20)Ivdth 4 $rePb saldérdus
tenperature of said first lead free off-eutectic
cempobitioncleivpn@si liquitus tehfperaddurs ddwiarthirthe ligatmashperature of said
structure for electronic package interconnections
fiesd 1A itk REF-cudt i V614 MP8sifAsy, PCT/ US2003/ 037952

14.  The solder interconnect structure of claim 1 further comprising at least one
passive component (100) attached to said chip carrier (20) with a Sn/Bi solder
composition having a liquidus temperature lower than the liquidus temperature of said

first lead free off-eutectic solder composition.

15. The solder interconnect structure of claim 1 further comprising at least one
passive component (100) attached to said chip carrier (20) with a Sn/In solder
composition having a liquidus temperature lower than the liquidus temperature of said

first lead free off-eutectic solder composition.

16. A solder interconnect structure for electronic package interconnections

comprising:
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at | east one electronic circuit chip (10) attached to

a top surface of a chip carrier (20) with a first
wa@eeoapo™B7 sol der connections (30), said first BPCT/aEF2008/037952

sol der connections (30) having a first lead free

of f-eutectic solder conposition; a second array of

sol der connections (40) attached to a bottom surface

of said chip carrier (20), said second array of

sol derlessonmedédtoni: 0} chipyig)gittactee eon thpl sasbed dfaechgf Earrier

eutectic sol der conposition, said second |lead free

(2th f withih €iest bgays &l SdRTer E8HHBEING (3V), AAMBCarr ch Q¥¥8Er connections
| i quidus tenperature than said first |ead free

(30 f @ QO rh Cle &Pt ELES T Eﬂg&f%%lofdep&ﬁl’é@gltghgam Cc interposer

(50) having a top surface atta to said first array
f rra of spl de
e s PO

ter ser th|r rra of SO
SRIR0E b SRR R Rien Pt QGET P fee off:

Sn/Pb older conposition; and a CIrCUIt board (70
*HEHR dﬁf ‘f%’bpoé}“g’g S99 seeonidieadyfreeqffreutaetisgldst ?%WP%%UOH having
sol der . connections (40) to create a sol der
ajloyves ligidHeemperafure thap said fipst londdese @éf-etitestie seldemmootposition;
structure for electronic package interconnections

conpiil &igae iierpdenti0) bmdngh eptsudadecateliedud aid firg afrdPPf
attached to a top side of a chip carrier (20) wth a
sdldersonectians (80); sol der connections (30), said first

array of solder connections (30) having a first |ead

f r eea oifidd-aétay @€ $d1Ger SOhELT o AOPO Stkdch@o s HottoBARFAQNEF said
passi ve conponent (100) attached to said chip carrier

ofgdhit iMibrpBseR (509 a@fNdirh ﬁﬁgy &t s%ﬁlepfzénng&b%g (6 hﬁﬁhg &h

conposi tion, Said second [ead free of f-eutecti
approximately eutectic Sn/Pb solder composition; and

sol der

a circuit board (70) having a top side attached to said second array of solder

connections (40) to create a solder interconnect structure.

17. A solder interconnect structure for electronic package interconnections
comprising:

at least one electronic circuit chip (10) attached to a top side of a chip carrier (20)
with a first array of solder connections (30), said first array of solder connections €N)
having a first lead free off-eutectic solder composition;

at least one passive component (100) attached to said chip carrier (20) with a

second lead free off-eutectic solder composition, said second lead free off-eutectic solder
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25 WD 2004/ 097937 PCT/ US2003/ 037952 conposition
having a | ower |iquidus tenperature than said first
wo e@d/0pT98® Of f - eut ecti c sol der conposition; aPCETSIN3/037952
array of sol der connections (40) attached to a bottom
side of said chip carrier (20), said second array of
sol der connections (40) having a third lead free off-
eutectic sol der conposition, said third | ead free
cafifosiiohéaving adoveaiquiiuspagietdnad tim\salidit [eAOM® off-eutectic
i qui dus tenperature than said second |ead free
s@aémﬁypegﬁ@p sol der conposition; and a circuit board
(70) having a top side attached to said second array

of spldehd ar?@rﬁ'f%(%fdbloéb?mé&g)ls {Fl@) Qt'ia%ﬁ%c?toaa SRlofidide of f spid chip

i nt erconnect “structure. he so |ntercon

aﬁ# %ﬂ{%)u C&d %Iac&uld%:ngg !)Z s&@e? 1{&3&{&46)‘ ra%} a§§ e\ﬂg%ﬁ?ff-

-eutectic's r COﬁpOSI ron 1's a

d 28 we % d
e AP el SR s SR S0 G
te ehgture of a rOXIﬁHte|é 400C; wherein said
loévéfggﬁ‘a IsdgRpaEe i saad pesend fead Geeieff-eutsaioqlder sampesition;

about 78.0 weight % Sn and 22.0 wei ght % Ag, and
ving di spersed grains of SnAg inter-netallic phase
structure and a liquidus tenperature of approximtely
375C cieaudt behwslr (@0rhagiigar topisidel aftazheld forsael setdndeutag of balder
sol der conmposition is about 95.5 weight % Sn and 3.8
campegivhs (4OAP andte @ sdldeenghionfiecCoinamdehas a | i qui dus
tenperature of approximately 217C
18.  The solder interconnect structure of claim 17 wherein said first lead free off-
eutectic solder composition is about 72.0 weight % Sn and 28 weight % Ag, and having
dispersed grains of SnAg inter-metallic phase structure and a liquidus temperature of
approximately 400°C;
wherein said second lead free off-eutectic solder composition is about 78.0 weight
% Sn and 22.0 weight % Ag, and having dispersed grains of SnAg inter-metallic phase
structure and a liquidus temperature of approximately 375°C; and
wherein said third lead free off-eutectic solder composition is about 95.5 weight

% Sn and 3.8 weight % Ag and 0.7 weight % Cu and has a liquidus temperature of

approximately 217°C.

19. The solder interconnect structure of claim 17 wherein said first lead free off-

eutectic solder composition is about 72.0 weight % Sn and 28 weight % Ag, and having
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19. The sol der interconnect structure of claim17
wherein said first lead free off- eutectic sol der
W@ eompo3i9BT on i s about 72.0 weight % Sn and 28 meT/yk1003637952
Ag, and having 26 WD 2004/097937 PCT/ US2003/ 037952
di spersed grains of SnAg inter-netallic phase
structure and a |liquidus tenperature of approximtely
400C;, wherein said second |lead free off-eutectic
dispdrskargra 0epSHiAd @ferinfetAROpHasSarfete higthd ligleRnedPerd@rdor
wei ght % Ag, and having di spersed grains of SnAg

appié 8Bl AdobCC phase structure and a |iquidus
tenperature of approxi mately 355C, and wherein said

hi P Fe : | Lo . '
o SRS S SO0 REBLA ol i
45 Pobs F P LA B B A RS SRt phase
structure.of. claim17 erein,saidﬁggcond array of

st pnd & B des tPORTalPEy! ARPOXERARE AT Sl dRths. 21. The

sol der interconnect structure of claim17 wherein said
secowberainsaid third lead fee offenigpiictoldns sompepjtionyia alkaut 485 weight
balls. 22. A solder interconnect structure for
Toc¥reandroh weighhlkdagand BT sieigbh feCa kshizs adigrisius siopgratae of
| east one electronic circuit chip (10) attached to a
appogxima@gty 27°@. chip carrier (20) with a first array of
sol der connections (30), said first array of sol der
connections having a first lead free off-eutectic
sol der conposition;
20. The solder interconnect structure of claim 17 wherein said second array of solder

connections (40) are solder columns.

21.  The solder interconnect structure of claim 17 wherein said second array of solder

connections (40) are solder balls.

22. A solder interconnect structure for electronic package interconnections
comprising:

at least one electronic circuit chip (10) attached to a top side of a chip carrier (20)
with a first array of solder connections (30), said first array of solder connections having
a first lead free off-eutectic solder composition;

at least one passive component (100) attached to said chip carrier (20) with a

second lead free off-eutectic solder composition, said second lead free off-eutectic solder
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at | east one passive conponent (100) attached to said
chip carrier (20) with a second lead free
wobkdo4@otoaTti ¢ sol der conposition, said second PernUSIn®a37952
of f-eutectic solder 27 WO 2004/097937
PCT/ US2003/ 037952 conposition having a | ower |iquidus
tenperature than said first lead free off-eutectic
sol der conposition; a second array of sol der _
cOmposEd 1R hg(A0y eraidudtiR @empeRatarein A0 SistiBadfreS & Qutectic
chip carrier (20), said second array of sol der
s61IaBNR&ipogien;:Navi ng a eutectic Sn/ Pb sol der
conposition; and a circuit board (70) having a top
si de j I S r . oy
connaetane Lo oREt SrBBGRAS ) heLBl kREbR sige of e
. der Interconnect structure for electropic
cBher Q0% ST et AP S0 Dhesib] Fynia <G SRR Golder
el ectronic,circuit chip (10) attached to a top side of
COMRRTe ARt i er (20) wth a first array of sol der
connections (30), said first array of sol der
connd etr%h@a{ds@;)) hayiRg sgpaideiaftaghefl Engpid yesend array of solder
of f-eutectic sol der conposition; a second array of
celedieqns ¢ prigete piselder ipBlonhent istmectaref i r st end attached to
a bottom surface of said chip carrier (20) with a
second lead free off-eutectic sol der conposition
(44), said second |ead free off-eutectic sol der
28 0 Assoldedinterébhhedi8itudi@redot €¥dronid padkady SnterlcBRREH&IsUT €
than said first lead free off-eutectic sol der
c6RpRAed:t i on; an organic interposer (50) having a top
surface attached to a second side of said

at least one electronic circuit chip (10) attached to a top side of a chip carrier (20)
with a first array of solder connections (30), said first array of solder connections (30)
having a first lead free off-eutectic solder composition;

a second array of solder connections (43) having a first end attached to a bottom
surface of said chip carrier (20) with a second lead free off-eutectic solder composition
(44), said second lead free off-eutectic solder composition (44) having a lower liquidus
temperature than said first lead free off-eutectic solder composition;

an organic interposer (50) having a top surface attached to a second side of said
second array of solder connections (43) by a third lead free off-eutectic solder
composition (45), said third lead free off-eutectic solder composition (45) having a lower
liquidus temperature than said second lead free off-eutectic solder composition (44);

a third array of solder connections (60) attached to a bottom surface of said

organic interposer (50), said third array of solder connections (60) having a fourth lead
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second array of solder connections (43) by a third
| ead free off-eutectic solder conposition (45), said

wo boor@otoend free of f-eutectic sol der conpositi POT/88)3/037952
having a lower |iquidus tenperature than said second
| ead free off-eutectic solder conposition (44); a
third array of solder connections (60) attached to a
bottom surface of said organic interposer (50), said

fieh bffdutciayol@dr ceMpOgfiors 9418 alrihabs fr&Qff-Ba¥tiGoRief &thidiition
| ead 28 WD 2004/097937 PCT/ US2003/ 037952 free

h@fihg £1WwRe 'ht]&'ldﬁé)ie%éraﬁﬁémﬁﬁ kdil @Brd 1§§H Hed S E\Et@ct SRkt r ee
of f-eutectic soldéer conposition having a | ower

bhSdtias ademperature than said third lead free
C]?Q&Eutecffc sol der conposition; and a circuit board

of WBPR conﬁﬁﬁ%M FPR TR by 5 Sl of

strqpture e sol der interconnect structure of
C@Fﬁ?ﬁ?@@’ﬂﬁ@?éﬁﬂ ELIDETGONPet SIS ree of f- eutectic
sol der conposition is about 72.0 weight % Sn and 28.0
wei ght % Ag, and having di spersed grains of SnAg
inter-metallic phase structure and a |iquidus
24.e np Epagalges inercorspr s e & ofaimP3CGyhontin sail dirst ddad free off-
- second |lead free off-eutectic solder conposition (44)
eutsctgizolder Bntbsitiveiigittou/q23h waiptlt Z2S0anded8ghiveidh i’ , Ag and having
havi ng di spersed grains of SnAg inter-nmetallic phase

disparsudit gusias 6fSh A IntegimheialBc IRRP skt endh LiGRRELSBBLRKY of
375C, wherein said third | ead free off-eutectic sol der
asRoBRBtely A00°C45) is about 82.0 weight % Sn and 18.0
wei ght % Ag, and having di spersed grains of SnAg

| Nt efynieihahld cond lead free off-eutectic solder composition (44) is about 78.0
weight % Sn and 22.0 weight % Ag, and having dispersed grains of SnAg inter-metallic
phase structure and a liquidus temperature of approximately 375°C;

wherein said third lead free off-eutectic solder composition (45) is about 82.0
weight % Sn and 18.0 weight % Ag, and having dispersed grains of SnAg inter-metallic
phase structure and a liquidus temperature of approximately 355°C; and

wherein said fourth lead free off-eutectic solder composition is about 95.5 weight
% Sn and 3.8 weight % Ag and 0.7 weight % Cu and has a liquidus temperature of

approximately 217°C.

25.  The solder interconnect structure of claim 23 wherein said second array of solder

connections (43) are solder columns.
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phase structure and a |iquidus tenperature of

approxi mately 355C, and wherein said fourth |ead free
wobkdo4@otoeTti ¢ sol der conposition i s about 95. 5P@EU§INN3/037952

% Sn and 3.8 weight % Ag and 0.7 weight % Cu and has a

i quidus tenperature of approximtely 217C. 25. The

sol der interconnect structure of claim23 wherein said

second array of solder connections (43) are sol der

26.0| umhssoldR indc2hHI4 DA ERZ/oREIMUSANRPEiA 3418 Betond Brray ¥ older
sol der interconnect structure of claim23 wherein said

cofeants M) aye Ridesvhiler connections (43) are sol der
balls. 27. The solder interconnect structure of claim

23 further conprising at | east one passive conmponent
(100) attached to said chip carrier (20) with a fifth

ead £ - tecti ol.der. ition.(.112). 28.
2 e T SRl it B S o Rl TR o7 easE e
said fifth free off- eutectjc solder caonposjtion
S pormidntpl (190l siie SO Srish 13578 adkigRee Broag
and. having di spersed grains of SnAg inter-netallic
CHEACSOLET IR EIoB K%, [ qui dus tenperature of
approxi mately 375C. 29. The sol der interconnect
structure of claim 27 wherein said fifth [ead free
of f- eutectic solder conposition (112) is about 78.0
wei ght % Sn and 22. 0 wei ght % Ag, and having
di spersed grains of SnAg inter-netallic phase
28t r UTharoddeaitderaornecstrdctaret FRPEN T Wi reif fai@ AR Wall TRE Oy
375C, and
eutectic solder composition (112) is about 78.0 weight % Sn and 22.0 weight % Ag, and
having dispersed grains of SnAg inter-metallic phase structure and a liquidus temperature

of approximately 375°C.

29. The solder interconnect structure of claim 27 wherein said fifth lead free off-
eutectic solder composition (112) is about 78.0 weight % Sn and 22.0 weight % Ag, and
having dispersed grains of SnAg inter-metallic phase structure and a liquidus temperature
of approximately 375°C; and

wherein said second lead free off-eutectic solder composition (44) is about 82.0
weight % Sn and 18.0 weight % Ag, and having dispersed grains of SnAg inter-metallic

phase structure and a liquidus temperature of approximately 355°C.

30. A solder interconnect structure for electronic package interconnections

comprising:

30



wherein said second |lead free off-eutectic sol der

conposition (44) is about 82.0 weight % Sn and 18.0
wowiogion7936 Ag, and havi ng di spersed grains of SP&LUS2003/037952

inter-metallic phase structure and a |i quidus

tenperature of approxi mtely 355C. 30. A solder

i nterconnect structure for el ectronic package

i nterconnections conprising: 30 WO 2004/ 097937

PCT/ hiS28034e0:3t8bgic oicuit EABI(1MRBa DS 4 @E!sﬁdefdfrat‘cﬂiﬁ carrier (20)

chip (10) attached to a top side of a chip carrier

witBQ)firdd Aoy af §d186 leoRdeAYnsqBOS ShidlBFst %Wﬁ%%ggép é%r{g\é;%ogns 30)

1
said first array of sol der ‘connecti ons

h£\iiﬁ§£g¥s??c§d%’é@?fféégfegﬁé'éo?&&i&m gliflgr. conposition; a

second array o er connections’(43) gaang a first
end t ottaom. surface.of sai I p, carrier
(20 Pl PO SRR sRgBP o B FEuEt o oot
itiqgn 4) . said secon ad free off-eutectic

SGHTREF 4 A el PURORRlP AG Y la HoF pfifsdc solde composton
tenperature than said first lead free off-eutectic

(4l saidrsecpendifree R-euiprtis spldai emnesidpp bang ¢ Boyer ligvidng

a top surface attached to a second side of said
tegmperatire thap a9id dirstdeddese offoentestic isalder qoa®psibyn;a t hi r d

| ead free off-eutectic solder conposition (45), said

t hi rah ¢rgardc inteeposef (508 havang 2 LpSoifaeratiadien s h kéodnd 645 bf said
having a lower |iquidus tenperature than said second

sdcemblartayad solilér @uhetiohe(4SPb e thikiaeIEdet dfRBute 4#)soldr
third array of sol der connections (60) attached to a

| dsRish $48)f AGEhEH 16l ffke oL ARGLE sbIBLORDDSTio P) hasif 41
c%ﬁﬁrd a??gy of sol der connections (68?RﬁaJ?n8Q% avifig ¥ lower

li§HERGEhFeramR thkh S dRbnFRIPHS! Sk Qleci? \Wider composition (44);
a third array of solder connections (60) attached to a bottom surface of said
organic interposer (50), said third array of solder connections (60) having a eutectic
Sn/Pb solder composition, and
a circuit board (70) having a top surface attached to said third array of solder

connections (60) to create a solder interconnect structure.

31. A solder interconnect structure for electronic package interconnections
comprising:

at least one electronic circuit chip (10) attached to a top side of a chip carrier (20)
with a first array of solder connections (30), said first array of solder connections (30)

having a first lead free off-eutectic solder composition;
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a circuit board (70) having a top surface attached to
said third array of solder connections (60) to create
w@2@alogm®B7 i nt er connect structure. 31. A sol der PCT/US2003/037952

i nterconnect structure for el ectronic package

I nterconnections conprising: at |east one electronic
circuit chip (10) attached to a top side of a chip
carrier (20) wth a first array of solder connections
(30) at leasit dnd passitve admpohef (160) HQEheH BAE thipRar{eAR0) with a
having a first lead free off-eutectic sol der

SEEUNB Rl trde@ BFf- &%cﬁ@s@@%o%@ﬁﬁg OQCI:T ls@agﬁcodgg $40 ¥ e 8ﬁ°t—eutectic

| east one passi ve conponent attac to sal

sGﬁblpco?rﬁToﬁl'u@ﬁ {1 9)121\)5‘% él%jlc?ve? ﬁgxﬂg\gss o ggraaﬁrgﬁ"lag %afld UL 8GH kS ofr.

der conpo ition

&&Kg &Ef &ﬁ OSi?,ﬁ)loler conposition (111) having a | ower
enp

erature than said first |ead free off-

eutectlc ol der. c osi tion; econd array of so

c o n né é?‘ioaﬁ VAR Soﬁgg Fofectiqp l(%) ?‘éﬂag afrsien ﬂtt"tcéedato a botiom
om side of said chip carrier (20) with a third

S1d€é? sqid ghip GRrice70 With @ thisd lead e pffsuieetiaipldes gympositigng 44),

third |l ead free off-eutectic solder conposition (44)

spid vhirdglead fres/pdf-cnteefin soidsr campasition|(#4) having adawer lspobind

| ead free off-eutectic solder conposition (111); and a

tepprecaiiie tirosed sed@) lbmMiraegpfBedtepicsbler adnpsiied (11d)aand

second end of said second array of solder connections

(43) abicuit Board (70) haatk 4 topsideatia@id EOMRREAA bTbf(s4@)second
said fourth |Iead free solder conposition (45) having

adtay OMRIdel ESHbEiths (TP aabstiiflchd Bl Sld cbmgés@lu&f {s), said fourth
-eutectic lead free solder conposition (44) to create

12d 3Rk 48iier! BHPOERON EBY hihd'& IoWeP liquidus temperature than said third off

—eutectic lead free solder composition (44) to create a solder interconnect structure.

32.  The solder interconnect structure of claim 31 wherein said first lead free off-
eutectic solder composition is about 72.0 weight % Sn and 28.0 weight % Ag, and having
dispersed grains of SnAg inter-metallic phase structure and a liquidus temperature of
approximately 400°C;

wherein said second lead free off-eutectic solder composition (111) is about 78.0
weight % Sn and 22.0 weight % Ag, and having dispersed grains of SnAg inter-metallic
phase structure and a liquidus temperature of approximately 375°C;

wherein said third lead free off-eutectic solder composition (44) is about 82.0
weight % Sn and 18.0 weight % Ag, and having dispersed grains of SnAg inter-metallic

phase structure and a liquidus temperature of approximately 355°C; and

32



32. The solder interconnect structure of claim31
wherein said first lead free off- eutectic sol der
W@ eompo3i9Bi on i s about 72.0 weight % Sn and 28. BCTesZS/037952
% Ag, and having dispersed grains of SnAg
inter-nmetallic phase structure and a |iquidus
tenperature of approximately 400C, wherein said
second |l ead free off-eutectic solder conposition (111)

i s aletdin 98d Curtheéadifiee YiiSrutand s@ldecompogiktibn %45Ads, abandd5.5
havi ng di spersed grains of SnAg inter-nmetallic phase
weiHt Ys bHafd 3180vedgtt WA'EQH@ ol7eragitah ThenehaPpduidisnehdryre
375C; wherein said third |lead free off-eutectic sol der

Sk ) is about 82.0 weight % Sn and 18.0
(ﬁ%gggﬁﬁhéégg}ﬁgﬁd havi ng di spersed grains of SnAg
inter-netallic phase structure and a |iquidus
tenperature of approxi mtely 355C, and 32 WO

2004/ 097937 PCT/ US2003/ 037952 wherein .said fourth
35 eadh FHGE IUPEOME ST EoRt G elnsar ey DRrrassibl!

about 95.5 weight % Sn and 3.8 weight % Ag and 0.7
COMRTI§RE: % Cu and has a |iquidus tenperature of

approxi mately 217C. 33. A solder interconnect . .

st r it teasteont gleciaprae eiryiichingd Ok aehadde arten it ek a @i carrier (20)

conprising: at |least one electronic circuit chip (10
widh 4 ficshedlay of saldeogonsedione (30, seidi fjrsicarayioé pold@@pnnagiiens GO0)

first array of solder connections (30), said first
haingayfiref legbirebesff-emaniecbidensony@Bjtionhavi ng a first | ead

free off-eutectic solder conposition; at |east one

pas S YasteaepaiericonpOitht abRehRHed 10 saidicliptdatrier @athra etond

wth a second
lead free off-eutectic solder composition (111), said second lead free off-eutectic solder
composition (111) having a lower liquidus temperature than said first lead free off-
eutectic solder composition;

a second array of solder connections (43) having a first end attached to a bottom
side of said chip carrier (20) with said second lead free off-eutectic solder composition
(111); and

a circuit board (70) having a top side attached to a second end of said second
array of solder connections (43) by a third lead free solder composition (45), said third

lead free solder composition (45) having a lower liquidus temperature than said second

off-eutectic lead free solder composition (111) to create a solder interconnect structure.

34, The solder interconnect structure of claim 33 wherein said first lead free off-

eutectic solder composition is about 72.0 weight % Sn and 28.0 weight % Ag, and having
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| ead free off-eutectic solder conposition (111), said
second lead free off-eutectic solder conposition

wQ 2doi)potsavi ng a | ower |iquidus tenperature thaPCHERZNN3/037952
first lead free off- eutectic solder conposition; a
second array of solder connections (43) having a first
end attached to a bottom side of said chip carrier
(20) with said second | ead free off-eutectic sol der

disperpabgrhinonf SHAgl ihyer-nadiglia phdse etidiurb@ad 6 hgﬂl@ﬁs feaybffhrdof
top side attached to a second end of said second

approRiyna@lly s00°der connections (43) by a third lead free
sol der conposition (45), said third |ead free sol der

c Onp%é&in%d(sé@ndh@éﬁ 2% B E&&\ﬁfc sbid P#dglggﬁ)sftl%ﬁgﬁ 1§ibSut 82.0

t an sai d second off- eutectlc

u = %&r éen(anl Sé)’]\;zgl#wt‘% 1% ﬁava Is g:ﬁs:e]:cél natlr? rci(}?gl%rlgtebpetalhc

i d flrst ead free eutectic
Pﬁ%ﬁaé?c%%fs ﬁﬁ%gfﬂwsﬁsaﬁeglpsram o#afpa)%fﬂaw S5%nitkhd 26, o
v\/elgt)}jg?r g@ %g% havi ng 33 WD 2004/ 097937
PCT/ 4 lgad free Bgr%lggatl@§cg¢q§§0@powg(45) is about 95.5
inter-netallic phase structure and a |iquidus
wWekehh @ 3 nde-Svei ghipfrds el & WpighD B owhas iadiquigiug temperature
second lead free off-eutectic solder conposition (111)
of appadxemeteB216°Cwei ght % Sn and 18. 0 wei ght % Ag, and
havi ng di spersed grains of SnAg inter-nmetallic phase
structure and a |iquidus tenperature of approximtely
355C, and wherein said third lead free off-eutectic

350! darsorlenpesidnhe std@dreifsr eﬂ&,@éhicﬁcl&ge mwmnec@iéﬁ and
3.8 weight % Ag and 0.7 weight % and has a |iquidus

cOBpR@IAt ur e

at least one electronic circuit chip (10) attached to a top side of a chip carrier (20)
with a first array of solder connections (30), said first array of solder connections (30)
having a first lead free off-eutectic solder composition;

at least one passive component (100) attached to said chip carrier (20) with a
solder composition (111);

a second array of solder connections (43) having a first end attached to a bottom
side of said chip carrier (20) with a second lead free off-eutectic solder composition (44),
said second lead free off-eutectic solder composition (44) having a lower liquidus
temperature than said first lead free off-eutectic solder composition; and

a circuit board (70) having a top side attached to a second end of said second

array of solder connections (43) by a third lead free solder composition (46), said third
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of approximately 217C. 35. A solder interconnect

structure for electronic package interconnections
w@oopnd®BNg: at | east one electronic circuit chCpU§H0I/037952

attached to a top side of a chip carrier (20) wth a

first array of solder connections (30), said first

array of solder connections (30) having a first |ead

free off-eutectic solder conposition; at |east one

lgpd dieveldencrpgosition (46) Bhviag b éone dighidus Mﬁ)eﬁ‘dﬂlrQ tHaRlshild 8Econd

(20) with a solder conposition (111); a second array

offfeusaatid &ad deB REIdE RRH oA (AW diBata fsd)lﬁ@rtmf%%nﬁ‘éctt %ﬁnﬁﬂ'e
to a bottom side of said chip carrier (20) w

second | ead free off-eutectic sol der conp05|t|on (44),
said second |lead free off-eutectic sol der conposition

h. d
BT el R W R LR b BB a ek ane
t
Pé%@%%éﬁlgg%%‘?lo@g& B i By T3 SEERAGEE: ons

third |ead f | d t 46
oGP o i i o e Bp b oo B et

oId r conposition (46) having a | ower |iquidus
f¥%§ﬁ€§§?8 feeufactin saldereompesiien. of f-eutectic | ead free
sol der conposition (44) to create a sol der
i nterconnect structure. 36. The sol der interconnect
structure of claim35 further conprising at |east one
3pas sThesatdampoersotnet By tuet dfatdhed Stiortsaicdmphibipg e6lest 6fie
(20) with a Sn/Pb solder conposition having a
passiye cohiportean(100 pattacked 10wl chip@frrieP €20) Wit 284981 solder
tenperature of said
composition having a liquidus temperature lower than the liquidus temperature of said

first lead free off-eutectic solder composition.

38.  The solder interconnect structure of claim 35 further comprising at least one
passive component (100) attached to said chip carrier (20) with a Sn/In solder
composition having a liquidus temperature lower than the liquidus temperature of said

first lead free off-eutectic solder composition.

39. A solder interconnect structure for electronic package interconnections
comprising:

at least one electronic circuit chip (10) attached to a top side of a chip carrier (20)
with a first array of solder connections (30), said first array of solder connections 30)

having a first lead free off-eutectic solder composition;
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first lead free off-eutectic solder conposition. 37.

The sol der interconnect structure of claim35 further
wa@oempnd®BNg at | east one passive component ( 1BO¥/US2003/037952
attached to said chip carrier (20) with a Sn/Bi sol der
conposition having a liquidus tenperature | ower than

the liquidus tenperature of said first |lead free

of f-eutectic solder conposition. 38. The sol der

i Nt enclemnend patinelcdrusden (100)aitERIRE b tHid BEp c&SRPII0F W a

at | east one passive conponent (100) attached to said

s€ddng 163a Fiek OFf-udddic YW1ad c@g;?@éiii@n 89k fefid sCBHP %%F tele@ B¢t eutectic

having a |iquidus tenperature | ower than the [iquidus

sblaBm@hfHosttiEn A1 lﬁﬁdvﬁlgsafgfo(x%} lsié)tﬁg\gsrt&{hﬁ%atgg thgr%aff‘& Fits lead free off-

sol der "conposition. er connec

eﬁ%&ﬂﬁkﬂk?c&ﬂé§ﬁkﬁctroniC package i nterconnections

conpri si ng: east one electronic circuit chip (10)
attached to at ide of . a chip carrier (20) wth a

1 r o8 G0pd gl o 3BidGhirodringe [P ReTraoiire: b tachads a borom
arr X' f .sol der connections (30) having a first |ead
siF 8B ehid Gerieh D) Sk BURLIsMpS] e GWEctESoes composition (4),
2004/ 097937 PCT/ US2003/ 037952 at | east one passive

3 HpwHet freerdbyutesticseldericanapasitiod (4hibpvisarroveer ligadus

with a second |l ead free off-eutectic sol der

tepepepadwe thaprsaif kedond leadiftbeéanettic aalderf doamosifibn eLtIgehiic

sol der conmposition (111) having a |ower |iquidus

t enpeciatuir®atd @) saing f top Sidelag@thed teLse0bid erRWreSit isécond
sol der conposition; a second array of sol der

aeONerRoldepBsint4idhs bRy eitdct $i/Ps o1& doRpbAchEdss.0 a
bot t om
40. A solder hierarchy structure for electronic package interconnections comprising:
an electronic module (65);
an array of solder columns (66) having a first end attached to a bottom side of said
module (65) with a lead free solder composition (67); and
a circuit board (70) having a top side attached to a second end of said array of

solder columns (66) by a Sn/Pb solder composition (68).
41.  The solder hierarchy structure of claim 40 wherein said lead free solder

composition (67) is comprised of approximately 78 weight % Sn and 22 weight % Ag

and said Sn/Pb solder composition is approximately 63 weight % Sn and 37 weight % Pb.
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side of said chip carrier (20) with a third lead free
of f-eutectic sol der conposition (44), said third |ead
wo c@a/ogfoB7 eut ecti ¢ sol der conposition (44) havP@DUs2003/037952
| ower |iquidus tenmperature than said second |ead free
of f-eutectic solder conposition (111); and a circuit
board (70) having a top side attached to a second end
of said second array of solder connections by a
42Ut eThd $olden hiZparsi8) HREMEOHVEM400Mherdif said 4€Ad e SOldeer
hi erarchy structure for el ectronic package

c&%@sftfbﬁ%@@% LGS L8 Gpgﬂp?&;ﬁﬂlételm WSk % Bl dnd TR ht % Ag
(65); an array of solder colurms (66) having a first

oS DA BRI gyl b o
circuit board (70) having a top side attached to a

second end of said array of solder colums (66) by a

n/ Ph, sol der. conposition 8). .41. The .ol der
45 or THERIE hieTr Dy Rroch R g A5 Ve B HO Searee salder r ee
sol der conposition (67) is coq?rised of approxinatelx
COBPRREIHHE 7 ois Spmprigd 9D aRpEPH ptedy Kyweight Bainnd B prpight % Ag
sol der conposition is approxi mately 63 wei ght % Sn and
aig¥/saie iSgAb svbdehcomB6itinDiLYPIITOR O3PBILIST2 0310 37 98t % Pb.
42. The sol der hierarchy structure of claim40 wherein
said |l ead free solder conposition (67) is conprised
of approxi mtely 82 weight % Sn and 18 wei ght % Ag and

482ai dTRNdoRler Bk dely SRBReSHtdlam 405wiRpEh QX naiddtey s6lder
wei ght % Sn and 37 weight % Pb. 43. The sol der

cOthBEsRImNE7)SE 5@@%%@ opfé%;bﬁme{l@em %%Lﬂ%sai shd 28 defchien Ag

sol der conposition ( is conprised of approxi mately

adsa P isdPp s%@c&ﬂﬂosﬁ%n‘@@é%xir%ﬁé@ 63 weight % Sn and 37 weight % Pb.

45.  The solder hierarchy structure of claim 40 wherein said lead free solder
composition (67) is comprised of approximately 93 weight % Sn and 7 weight % Cu and

said Sn/Pb solder composition is approximately 63 weight % Sn and 37 weight % Pb.

46.  The solder hierarchy structure of claim 40 wherein said lead free solder
composition (67) is comprised of approximately 97 weight % Sn and 3 weight % Cu and

said Sn/Pb solder composition is approximately 63 weight % Sn and 37 weight % Pb.
47.  The solder hierarchy structure of claim 40 wherein said lead free solder

composition (67) is comprised of approximately 99.3 weight % Sn and 0.7 weight % Cu

and said Sn/Pb solder composition is approximately 63 weight % Sn and 37 weight % Pb.
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and said Sn/Pb sol der conposition is approximately 63

wei ght % Sn and 37 weight % Pb. 44. The sol der
who@rapeBy structure of claim40 wherein said pepdsin®es79s2

sol der conposition (67) is conprised of approxi mately

96.5 weight % Sn and 3.5 weight % Ag and said Sn/Pb

sol der conposition is approximately 63 wei ght % Sn and

37 weight % Pb. 45. The solder hierarchy structure of

clai m40 wherein said | ead free solder conposition

(67) is conprised of approximately 93 wei ght % Sn and

we [ i TN
oo IS UM s

The rchy structure of cIa|n140 wherein
saldé g&?gggbgolder conposition (67) is conprised

ight % Sn and 3 wei ght % Cu and

sa|dggﬁﬁ 8PESPS ﬁ%@%ltlon is approxi mately 63

ME|gh£ @6SEI%§Q 37 weight % Pb. 47. The sol der

hi er 2P PE(Uct ure of claim 40 wherein said lead free
sol der co osition (67) is conprlsed of approxi mately
99. 3111&;@115@11 SISO 4 t'F“\Kei“@ﬂwt % Cu and said Sn/Pb
sol der conposition is approximately 63 wei ght % Sn and
37 welegthfreesadier (29) o200 $00 FGB FinRET $aibA00.3/ 037952
48. A lead free solder structure for attaching a heat
sink to a circuit chip conprising: a circuit chip
(10); metallized |l ayers on said chip; a heat sink

44.75) Themehdfrbd Zidbr k@ycdirs oPBlamai8lwieRin Sidikad R&koRiek €AY is a
free solder (76) connecting said heat sink to said

Sﬁ/ﬁ\'g%older composition comprised of approximately.72 to 96.5 weight % Sn and 28 to

3.5 weight % Ag.

50. The lead free solder structure of claim 48 wherein said lead free solder (76) is a
Sn/Cu solder composition comprised of approximately 93 to 99.3 weight % Sn and 7 to

0.7 weight % Cu.

51. The lead free solder structure of claim 48 wherein said lead free solder (76) is a

layered solder preform of Sn/Ag/Sn.
52.  The lead free solder structure of claim 51 wherein said lead free layered solder

preform comprises:

a first layer of Sn approximately 10 mils thick;
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49. The | ead free solder structure of claim48 wherein
said lead free solder (76) is a Sn/Ag sol der

W@ oorposi9BT on conpri sed of approxi mately. 72 tor@BUS2003/037952
wei ght % Sn and 28 to 3.5 weight % Ag. 50. The | ead
free solder structure of claim48 wherein said |ead
free solder (76) is a Sn/Cu sol der conposition
conprised of approximately 93 to 99.3 wei ght % Sn and
7 t OalaQerofwed @ptox¥m&ely Srhils thitgk, sL@rhyér FA S@InEBHous with said
structure of claim48 wherein said Fead free sol der

fiks{ BVer of SR; adgayer ed sol der preform of Sn/Ag/Sn. 52. The
| ead free solder structure of claimb51 wherein said

| ead 0 ' ' kst
S RS a1 1 88t
4/ 097.937. [ US2003/ 037952 a | ayer of Ag
Coﬁl%%?éu%iwﬁgisgf@%rr#%&thi ck, said | ayer of Ag
contiguous with said first layer of Sn; and a second

| ayer of Sn approximately 10 m | thick, said second
| ayer of Sn contiguous with said | ayer of Ag. 39
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