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| NVENTI ON This invention relates in general to the packagi ng of integrated
circuits wodsmmse2 specifically to ball grid array (BGA) packasgzs7483 n
particular, this invention relates to the 5 use of an interposer in a ball
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connected solder, balls. Balls. on each sjde 8f the substrate are connected
by traces on AENE Y [ePRRatuEs cqefsﬁglento expansion (TCE) in the range of 2.5-4 ppm/degree

C, ceramic having a TCE of approximately 7 ppm/degree C, and the PCB having a TCE

20 in the range of about 12-25 ppm/degree C. A major issue with such BGA packages is
the ability of these packages to withstand thermal cycling when attached to a PCB.
During thermal cycling, the solder joints tend to fatigue at the package interface or the
PCB interface because of the strain caused by the TCE mismatch between the ceramic
package and the PCB. In the past, various approaches have been used to attempt to

25 improve fhe performance of the package when it is subjected to thermal cycling. In one
approach, it has been proposed that a flexible substrate is located between the package
and the PCB with a BGA on the package side being offset from a BGA on the PCB side
so that there is some open space between the edges of electrically connected solder
balls. Balls on each side of the substrate are connected by traces on one surface of the

30 substrate and by vias through the substrate. The offset supposedly allows the flexible
substrate to warp during thermal cycling and absorb the stress caused by TCE mismatch.
The substrate with the offset between corresponding solder balls and the traces on both

surfaces is expensive to fabricate. Further, in many high lead count packages the ability
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attach solder balls or columns to the LGA. The interposer is made out of alumina

20 ceramic and has 90/10 Pb/Sn solder attached to it. The interposer is attached to the
package with eutectic 63/37 Sn/Pb solder that is either printed on the package or
provided with the interposer. This approach only uses a high temperature non-melting
solder and does not accommodate a variety of solder balls and sizes. Also, since the
solder column does not completely reflow, this method is not self-aligning. In addition,

25 in some ceramic interposers the gap between the interposer and the LGA package is
only about 4 mils, which makes flux clean up after soldering very difficult.

Thus, a need exists for a BGA package that will reduce the TCE stress during
thermal cycling, provide excellent thermal performance and which can be easily
fabricated.

30 SUMMARY

The present invention solves these and other needs by providing in a first aspect
a ball grid array mounted circuit including a stress relief substrate having a top surface

and a bottom surface with spaced conductive vias extending between the surfaces and
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details.
FIG 3 shows a cross-sectional view of the interposer of FIG. 2 according to
section line 3-3 of FIG. 2.
FIG. 4 is a cross-sectional view illustrating a method of attaching solder balls to
20 the interposer of FIGS 2 and 3.
FIG. § is a cross-sectional view illustrating the attachment of the interposer of
FIG. 2 including adhered solder balls to an LGA package.
FIGS. 6-7 are greatly enlarged cross-sectional views of examples of the solder
connections of FIG. 1 showing additional details.
25 FIG. 8 is a greatly enlarged cross-sectional view of a connection between an
electronic component and a printed circuit board as found in the prior art.

DESCRIPTION OF THE PREFERRED EMBODIMENT

A BGA package according to the principles of the present invention is shown in
the drawings and generally designated 10. BGA package 10 includes a Land Grid Array
30 (LGA) package 12 which receives an integrated circuit (IC) die or chip 14 and includes
a domed lid 19. Die 14 is electrically connected by wirebonds 16 to pad 18 and in turn
by internal wiring 20 to contact pad 22 located at surface 23 of LGA package 12. The

present invention includes an interposer 30 located between LGA package 12 and



20 the interposer of FIGS 2 and 3. FIG 5 is a cross-sectional view
illustrating the attachnment of the interposer of FIG 2 including adhered
sol der bawbaswwsan LGA package. FIGS. 6-7 are greatly enl &cgamo2/37483
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next step in fonha thapadatisingnvanious lntownppwesses‘se gi, by using ar sddisp pleetrqpieding 46
process. According to the principles of the present invention, each copper pad will
typically capture a number of conductive vias 38 as shown in FIGS. 2 and 3. Copper
20 pads 46 and 48 may be formed directly over conductive vias 38 of copper without
providing plated portions 42 and 44. Conductive pads 46 and 48 will typically be in the
range of 20 to 30 mils in diameter. Thus, one pad will easily capture several vias.
After formation of conductive vias 38 and pads 46, 48, the construction of BGA
package 10 continues by providing a graphite fixture 50 having spaces 52 into which a
25 first level of solder balls 54 may be loaded. Interposer 30 is then positioned within
fixture 50 over the first level of solder balls with pads 48 aligned with solder balls 54. A
graphite fixture 56 having holes 58 is next placed within fixture 50 over interposer 30
with pads 46 aligned with holes 58. A second level of solder balls 60 is then loaded into
holes 58 of graphite fixture 56. The assembly made up of fixture 50, balls 54, interposer
30 30, fixture 56 and solder balls 60 is then heated to cause the solder balls 54 and 60 to
reflow and wet pads 46 and 48 so that interposer 30 is laden with solder balls 54 and 60.
An alternative process is to use graphite fixture 50 to load solder balls 54 into spaces 52.
Next interposer 30 is positioned over solder balls 54 with pads 48 aligned with balls 54.



15 and 48 on top surface 34 and bottom surface 36 respectively of substrate
32. Copper pads 46 and 48 may be formed by depositing copper and then
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20 including an electronic component 70 having a connection pad 72 and a PCB 74 having

)

a connection pad 76. Solder connection 78 formed from a solder ball connects pad 72
with pad 76. When the connection of FIG. 8 is subjected to temperature cycling,
differences between the TCE of electronic component 70 and PCB 74 will cause
stresses on solder connection 78 at pad 72 and 76. The barrel shaped structure of solder
25 connection 78 is of very low height and is not ductile. Connection 78 does not provide
appreciable stress relief and consequently solder connection 78 may fail at pad 72 or pad
76.
FIG. 6 illustrates a connection, according to the principles of the present
invention, between electronic components 12 and PCB 25 in which pad 22a, pad 46a,
30 pad 48a and pad 24a are approximately the same size. By comparison to FIG. 8, it can
immediately be appreciated that the greater height of the connection illustrated in FIG. 6
will provide a more compliant connection and significantly greater stress relief than the

connection shown in FIG. 8
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Now that the construction and operation of BGA package 10 have been set forth,
many advantages can be set forth and appreciated. Package 10 improves the reliability
of conventional BGA solder connections by providing a solder joint that is much taller
and more compliant than the solder joint of a conventional BGA package. The taller the

25 solder joint the greater its resistance to thermal fatigue. The solder balls can be high-
melting temperature solders (such as 10/90 Sn/Pb) that do not melt, or they can be low-
melting temperature solders (such as 63/37 Sn/Pb, 60/40 SN/Pb, or 46/46/8 Sn/Pb/Bi)
that melt completely. The high temperature solders can be attached to the polyimide
with low melting temperature solders. The solders are reflowed to the polyimide

30 interposer at temperatures between 220 to 350 degrees C, depending on their liquidus
temperatures.

The thermal and electrical performance of BGA package 10 is greatly enhanced
by vertically aligning the solder balls utilizing multiple copper Vias 38 to connect solder
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the present invention, cause a |arger volune of solder to form near pads
24 than iwofoaomesd2 near pads 48. Therefore the cross sect ipomalSozsaas of

sol der joint 26b, for exanple is substantially Jlarger at pad 22b than it

is at pad 46b: ' . K 10_inel udges hapged

connecti ons bg?ﬁ%ﬁﬁggo%g og%éem{ef%g??&g%%ég \llﬁl%r%w&eﬁ@dgrgﬁgotﬁeﬁ@gleshape of 10

sol der connectpwhstidy mitdh@8gtiteginthemml bandugivessatahapeg., I1is aahegper, S

realized by ii%lrii be%?t eIE% si%i n%) conpecti on ad@%Z at ﬁgc age 12 and

connecti on pads Ba? {FEPEES FEUOLY 35mgt to gorgingithe Hosnethpatdhougteinterroseiid of

sol der wi || basndigpleeshdaytive s, B éxauipRITCESRr, REdbe Iﬁéﬂéedzcl?f am,&t a%ﬁ,qhmgcﬁ;{ at
e, i i's be

pads 46 and 48 respectively of interposer, 30. For exanple, it i eved
that intet posédt hawpelication rabsimiey? is shoxmonith evsnly spaeed eanductte aiseB8endised wi t h
15 PCB pads apfybGhnRads.Aindbo ] {]q,n& alls in the
range of about y25 - 35 ?n Iné ?n%?sgﬁ%%%éfwzd p%gé\ﬂmgggdé%%ggg‘%rt?{)rmnce. I t
is to be undemsmbpre prahatard el faxibie iiblpnabntdeter agdiestivny. Iofoildtlenpeser 30 and

LGA package 1 ce aft.er delive f the assenbly to a
cust omer and ? %éggsgg'grg g?or%r%s;sl e ag%r% g’rpﬁ%ﬂg%?%f ﬁé an{%}gs @Sﬁc&f}?% i{y or
anot her faci | intay be devitalsip prisph kitiseate antedianikt oty 16fatdshes SRR theyiwigs is 20
necessary. Now th%;& he c%ﬂtsetructi on,_and operation of BGA package 10 have
been set % ort fOR1C %@V%?&% Lt theamiferamn snaping ot hakes ap shoxpp Hadds areenly Package
10 inproves t hRate@vhaRitel kil bO@font RN 28R voBFAvSA laﬁi}%on%glﬂﬁc%%{di by
providing a solder joint that is nuch'taller and nore conpliant an the
sol der joi nt eftEINgSRYETorvRal seEroithe kagand affagsingahd figw ofitbe @Bdssohder | oi nt

the greater i istanee.. i The sol der. balls ¢ be

hi gh- el ti ngi’fdéTﬁpﬁ%@ta@@g@%ﬁgﬁé}’g@@%ﬁ%ggg’%g"ﬁdﬁayg’ﬁﬂﬁ%rfp?ﬂ%?‘OHSV%g?qe mel t,

or they can beast ofifabrieting agrestenpentat afiveassdlh dmaler Gzt elthed $hab 3B gerShigRd, 60/ 40
SN Pb, oJ, 46/§g/i8?e§n/ PB/ ch); tgat mel t con}% etely. The high tenperature

sol ders tan b& At PREREC PSR aIREIAF 1 TBest WRLUCHI9Ew el ting t enper at ur e

sol ders. The sol deTis pagsentigfehtieiths beentilestaeh Witkiréerea® th AlehRRSEEA At

t enper at ures Eet ween 220 to 350 degrees C, depending on their |iquidus

t enper at ur es. NFHYh HEmRwPnt avantande petiliszited fepich p patkese pe. Btanyanticagesy10 i s
greatly enhangggd ad@a)ﬁtaggsr\kfﬁeﬁ%géd%vﬂ ér%?laggigé Q@h&f? W8 7 Qlaéyéaﬁmp}& b bR Rhn

mul tiple copper vias to connect
applies to a plastic BGA package. The invention may also be used with chip scale

20 packages that are only slightly larger than the semiconductor die and have balls spaced
on a pitch in the range of about 10 to 40 mils, e.g. 32 mil or 20-mil pitch. It is to be.
understood that in applications such as chip scale packaging, the connection pads on
substrate 30 and the solder balls would be proportionally smaller than described
hereinbefore. The invention may be used with large ruggedized semiconductor die or

25 chip intended for mounting directly to a PCB. Such ruggedized chips are formed using
known wafer level chip scale processing. Such chips typically have an array of
connection pads located above a protective layer over the chip and at a central portion of
the chip. The interposer of the present invention with proportional sizing of the pads and
solder balls would be used between the array of connection pads and the PCB.

30 Thus, since the invention disclosed herein may be embodied in other specific
forms without departing from the spirit or general characteristics thereof, some of which
forms have been indicated, the embodiments described herein are to be considered in all

respects illustrative and not restrictive. The scope of the invention is to be indicated by



WO 03/ 049512 PCT/ US02/ 37483 balls 54 and 60 on opposite sides of substrate
32. This provides a direct thermal conductivity path through high thermal
conduct i vwomawnessial s, e.g., solder and copper, having a IPETgSIZETASS
section so as not to constrict the flow of heat through i nt erposer 30

Mul tiple cond ctlve gd Size
and quantity i ﬁ%a§hgf?%%ﬁ?%ﬂﬂé%u%§9§§§§> |s S%Pdﬁh ?ﬁ&gvghﬁy
spaced conductvithia thé Msanke aad chngﬂagleqheralemme]mblmmﬂmnmmdeﬂyo besenptivacely pe  of
z-axi s connector material made for nenbrane probe card and flexible ribbon
connect or appIFE%Hlons It would then be necessary to process the materi al
to provide pads 46 and 48. In sone applications, it nay be desirable to
use a substrate material that only | ocates vias where they will be 10
connected by pads rather than the uniform spacing of holes as shown. If
vias are only |ocated where they will be connected by pads it would avoid
any concern regarding pads capturing only a portion of sone of the vias
and affecting the flow of the solder on the pad. In sonme applications, a
si ngl e conductive via 38 naybe appropriate; however, the ease of
fabricating a greater nunber of vias of a smaller size rather than a |arger
single 15 via is believed to offer an advantage in nost applications. The
present invention has been illustrated with reference to a ceram c LGA,
however, the present invention is not Iimted to such a package type. The
invention may offer advantages when used with any package w t hout | eads.
For exanple, the invention applies to a plastic BGA package. The invention
may al so be used with chip scale 20 packages that are only slightly |arger
t han the sem conductor die and have balls spaced on a pitch in the range
of about 10 to 40 mls, e.g. 32 ml| or 20-m| pitch. It is to be.
understood that in applications such as chip scal e packagi ng, the
connection pads on substrate 30 and the solder balls would be
proportionally smaller than described hereinbefore. The invention may be
used with |arge ruggedi zed sem conductor die or 25 chip intended for
mounting directly to a PCB. Such ruggedi zed chips are forned using known
waf er | evel chip scale processing. Such chips typically have an array of
connection pads | ocated above a protective |ayer over the chip and at a
central portion of the chip. The interposer of the present invention with
proportional sizing of the pads and solder balls would be used between the
array of connection pads and the PCB.



30 Thus, since the invention disclosed herein may be enbodied in ot her
specific forns wthout departing fromthe spirit or general

char act erwstisogosiher eof , sone of which fornms have been i rdiTamozei48s he
enbodi ments described herein are to be considered in all respects
illustrative and not restrictive. The ;%%§@ﬁ§f the invention is to be

i ndi cated by 7 WO 03/049512 PCT/ US02/ 3 he appended cl ai ns, rather
than the foregbi ng Adealbgriduriaymoustadiciatuit comangeg whi ch come within the

meani ng and range qf . equiyval en f.ihe clains _are intended to pbe raced
therein. 8 WO 03/0 @gf% rﬂ&?ﬁ'ﬁﬁ‘%%? @?21 g Rp Risfape ?3,&5 B%ﬁe? b‘ﬁﬁo}ncfugjf?‘?ea( Oount ed
circuit conprisingpses toastiveaids €78) sxtbsdif et éondie 10 Wifle gud a1 borbhace

(34) and a bottomsurface _(36); spaced conductive vias (38) extending
bet ween t Re top sur f aceS¥fd®sai d bottom 5 surface; connection pads (46) at

sai d top surface Wchihe3R6H a0 MoFHThid Btk GARTHELR _gorﬂectio!ng)%éalpﬁﬂﬁggi sal d

vi as; connection pads (48) at said bottomsurface in registrationwth said
connection pads at sai éastope aigefdadas; 10 an el ectronic component (12)

having a first ther - f-l. gdeent. nsion (.T and having ..
connection pads (23 éﬁ%%g%d%@8§%f3§%%??ﬁg§§?%n”%%ﬁ%%%?ﬁ@%Sﬂi&@“%?“?aid top
surface; first sol der copaidectaidwopsr26g; f ormed from sol der balls (54)

bet ween said connectjon pads at said top surface and said conmponent
connecti ofl pads: f%eiﬁc'ﬁ?‘ﬁ%‘foé‘?foﬁw @@?Favﬁg‘!aar’g‘sf(tgg}na% eReH)Cih of $1gasic®econd TCE
and having connect | on bRt Gadhaald @R bt g pecalRegh 6 Bags 2t sal d

bottom surface; second solder connections (2 formed from sol der balls
(60) between said connB¥WEGienpadsst seid topiserfaset t om surface and said PCB

connection pads, WAL&HE cdRtidds (B tiRed BomGOMALEHs Velis) v Sald second

sol der connections _
connection pads at said top surface and said component connection pads;

15 a printed circuit board (25) (PCB) having a second TCE and having connection
pads (24) aligned with said connection pads at said bottom surface;
second solder connections (28) formed from solder balls (60) between said
connection pads at said bottom surface and said PCB connection pads,
wherein said first solder connections and said second solder connections
20 are shaped to absorb at least a portion of the stress due to differences

between said first TCE and said second TCE.

2. Ball grid array mounted circuit of claim 1 wherein said stress relief substrate

comprises a flexible polyimide like material having a thickness in the range of about 2

25 to 5 mils.

3. Ball grid array mounted circuit of claim 1 wherein said electronic component
connection pads (22b) have a size substantially larger than a size of said connection
pads (46b) at said top surface and said first solder connections (26b) have a substantially
30 smaller cross section at said pads at said top surface than at said component connection
pads which acts to absorb at least a portion of the stress due to differences between said

first TCE and said second TCE.



20 are shaped to absorb at |l east a portion of the stress due to differences
between said first TCE and said second TCE. 2. Ball grid array nounted
circuit oWoaBaigsidl wherein said stress relief substrate ECIUISITERSA
flexible polyimde |like material having a thickness in the range of about 2

25 to 5 mls. 3. BahygaLd, %i’rbfed@ {?Jt ?ﬂc&aﬁéﬁ%e&elﬁéalﬁ h’@Br@o%ne\M?&{ ghp said

el ectronic corrponent conn t| on have a size substantially
| arger than a (34bacfa Sz &dbsimﬂm&y:targantharpadse aéféls@id)coamecgeu phds ()%ﬁbkursméce and

said first sol d r co nect ave a..sub @r Cross
section at salbé? PRgE" %ﬁeagé?ad‘?feg (Q{? Jgﬁ%ogn?cﬂ%s @%ﬁgﬁv%la E‘%ﬁ%éth@x onnectl on
pads whi ch actcsost eclbs O shidafadd a&@ﬁﬂ battd0Edrfacdthed atishid PIB @88ediog pAde

di fferences between said first TCE and said second TCE. WO 03/ 049512

PCT/ US02/ 37483"hich acts4p pbsgy %rl%laistraatgp%mﬁl&ftrﬁsrdea fq diffprepges PrvEeR MR sai d
PCB connect i onpdgags) saldddbhah@e a size substantially larger than a size of
sai d connection pads (48b) at said bottom surface and said second sol der

com ections (28b) have a substantially smaller cross section at said pads

at said bottory surtage.k Ak, Abudd dheREE GAANREAOR BB ISumoth ik ACkS 1O

absorb at |east a por stress erences between said
first TCE andosairficsepancla plokalitbof stdlcbndyetive vaasr ay nmounted circuit of claim
2 wherein said connection pads at said top surface capture a plurality of
said condfctive vias. 10 6. Ball grid array mounted circuit of claim 2

wherein sai d cpndushi\sed whASmB@auel @rcuitl bedEiIer wheteih Bad camgetifviak ibee H M |'s
and a pitch in the range of 2 to 10 mls. 7. Ball grid arra¥ nount ed
b

circuit of cl adigmetenipgicamgeoiil i %@#ﬁ@@tqmwhﬁa@gr%egéwl 18i% op surface and
sai d connection pads at said bottom surface have a dianeter in the range

of about 20 to 30 mils. 8. Ball grid array nmounted circuit of claim2
wherein said élect ﬁaﬁlgud@mmmn@md ¢irsuit of damBmvhergin siid gennsetidnngdset VaE of

ag?r;lfje;r g]gm dqﬁg}g surface an sa aclogmec 1011 paad§ ataSal-H%gtt&ﬂ sm‘%a ethg@e J(ﬁ&g&eﬂﬂ ﬂ’%t}% 12-25

of about 20 to 30 mils.

8. Ball grid array mounted circuit of claim 2 wherein said electronic component is
a ceramic package having a TCE of about 7 ppm/degree C and said PCB has a TCE in
20 the range of about 12-25 ppm/degree C

9. Ball grid array mounted circuit of claim 2 wherein said electronic component is
a chip scale package and said conductive vias have a pitch in the range of about 10 to 40
mils.

25
10.  Ball grid array mounted circuit of claim 2 wherein said electronic component is

a ruggedized die having an array of pads suitable for mounting to a PCB.

11. Ball grid array mounted circuit of claim 2 wherein said conductive vias are

30 located in said flexible substrate only at said connection pads.

12. A ball grid array mounted circuit comprising;

a stress relief substrate having a top surface and a bottom surface;

10



9. Ball grid array nmounted circuit of claim2 wherein said electronic
conponent is a chip scale package and said conductive vias have a pitch in
t he rangewofosalmsuz 10 to 40 mls. 25 10. Ball grid arrayPaourso®si48s r cui t
of claim2 wherein said electronic conponent is a ruggedi zed di e having an
array of pads sui tspdebe cér@ictiRWiMsieR@ndifly BetkleB thelthp sBBck afd da6h BYifoy nouNt ed
circuit of claim2 wherein said conductive vias are 30 located in said

fl exi bl e substrate onI?mgFasald connection pads. 12. A ball grid array

i Dot o sur ¢ SRR & SHSSHELA RHEPEALS HBhAGA 4 8.5 200

vi as ext endi ng betvveenonehdsaniplmurface and said bottom surface connecti on

pads at said top surf ctlon ur i n east one
D sard vias: 5 conmelismal i EREPeGR RS bGRREioR SRk o Pl on it n
sai d connection pads whaﬂamﬂmhﬁ@esurface an electronlc conponent having a
first thermal coefficient of expansi,on and havi ng connection pads
spaced to align wPRRCSEHF OameBeHt haing s “H?nnaé%ﬁegktl% eppesion (TEE) ¢

el ectroni c conponent C%ﬁ@iﬂg@@m&@é&l@@é %ﬁcéaftoahgxgigltﬂ%(g m@dtlgﬁ ifiap said
connection pads at said top Surface; er connections forne Pron1so|der
bal | s bet ween said conﬁ?e@tol)@nrfmcbgldeﬁtlectr@ac dommempﬂmbommwangwfmrrponent

connect i @n pads, with fa%ggkea{hgﬁ‘\ﬁld&%n%gcueg ads a?salci&') § r?'l d. sol der

connectidns to have a & arger* Cross TF at said conponent
connecti on pads tbdder&bnmndlscfm(ﬁmmldeﬂ.ﬁallpadﬁveat sﬁdiccdmé@ian@udsfaace a PCB
havi ng a second TCE and cgaw con i on ]Qads al i ed wth s '
connection pads at sai % E?Pts °§GP %?é compg ?i‘t%e rPééi’ it s b‘gé@g%ei ng of

a larger size than sai gz&Ha8 efilsingRail 86l8erdbniatichs RPhdve W sibMidnBsISy laed
cross section at said component connection pads than at said connection
15 pads at said top surface;

a PCB having a second TCE and having connection pads aligned with said
connection pads at said bottom surface, said PCB connection pads being
of a larger size than said connection pads at said bottom surface; and

solder connections formed from solder balls between said connection pads at

20 said bottom surface and said PCB connection pads with said larger size
pads causing said solder connections to have a substantially greater larger
cross section at said PCB connection pads than at said connection pads at
said bottom surface; and

wherein connections formed between said component connection pads and said

25 PCB connection pads have an hourglass shape, and act to absorb at least
a portion of the stress due to differences between said first TCE and said
second TCE.

13.  Ball grid array mounted circuit of claim 12 wherein said stress relief substrate
30 comprises a flexible polyimide like material having a thickness in the range of about 2

to 5 mils.

11



sol der connections formed from sol der balls between said connection pads at
20 said bottom surface and said PCB connection pads with said |arger size
pads causwog3®aisd2 sol der connections to have a substanti alPlcy/uponat4es | ar ger
cross section at said PCB connection pads than at said connection pads at

Yab f ace: setl > ' !
sal d bottom spf T agg gﬁHerWZ"ﬁB%ﬁtéH &%R%?Elhlﬁﬁﬁzp\g Sr&ﬁ@aﬁ"é‘&%@ﬁtgbgﬁ%{isgastgﬁﬁmone”t

connection pads and sai d 5 PCB connecti on ave an shape,
and act to abtopsifaat cdpbas b pluzalioeftshidreonductiveeviast r ess due to differences
between said first TCE and said second TCE. 13. Ball grid array nounted
circuit of claim12 wherein said stress relief substrate 30 conprises a

f1 exi bl e pol yiar dealligkie arre @ourebd dirvit0Oclaint 12 wiheREs Said Boddnetiveangdaafa about 2
to 5 mls. 11 WD 03/049512 PCT/ USQ2/ 37483 .14. Ball grid array nounted
circuit of cldimstaonfrarngest SR andsaA Elfcéﬁlﬁléﬁ@gﬁf’fzgl Wmilsp” surface
capture a plurality of said conductive vias. 15. Ball grid array nounted
circuit of claim 12 wherein said conductive vias have a 5 dianeter in the
range of 1 tol6s niBal goddrray ppunied ¢ireuit heckinmlgevhskei said camdestionpadsias saidal |

grid array ”%Q&Eﬂcec .Jdcsgidtcoﬁéecff!) .agk ;?tzs m%&g | gur?%'e%a&eoan 1gn%tie Olplt eargnS at sai d
top surface and sard connection YAt sard Bottont sur T ace hHave & ti anet er
in the range ofabowPotat3®@@ilo 30 mls. 10 17. Ball grid array nounted

circuit of claim12 wherein said electronic conponent is a ceram c package

havi ng a’TCE of about 7 ppn degree C and said PCB has a TCE in the range

of about 12- 2§, ppmanedd e@aymouitedldircufBaf dlaifl 120y iRV iR ©lfpbabnt isOf
claim 12 wherein said conductive vias are uniformy spaced throughout said

f1exi bl e substeruc papkagedaying g ICE ofiabety 7 ppwdesige €iang sail PoB hep aTREIR wher ei n
sai d conduct itggra}{%@&ag&&g lzjzgggﬁl?g leBcsaid flexible substrate only at said
s a rface. 20

connection pa sald top

15 18.  Ball grid array mounted circuit of claim 12 wherein said conductive vias are

uniformly spaced throughout said flexible substrate.

19.  Ball grid array mounted circuit of claim 12 wherein said conductive vias are
located in said flexible substrate only at said connection pads at said top surface.

20

20. A method for electrically interconnecting an electronic component to a printed
circuit board (PCB) comprising the steps of:
providing an electronic component (12) having an exterior surface (23) having
an array of connection pads (22) of a first size;

25 providing a stress relief substrate (32) having a top surface (34) and a bottom
surface (36), spaced conductive vias (38) extending between said top
surface and said bottom surface connection pads (46) at said top surface.
with each connection pad capturing a plurality of said vias and
connection pads at said bottom surface in registration with said

30 connection pads at said top surface, said connection pads at said top
surface and said connection pads at said bottom surface being of a
second size wherein said second size is smaller than said first size;

providing first solder balls (54);

12



20. A nethod for electrically interconnecting an el ectronic conponent to a
printed circuit board (PCB) conprising the steps of providing an

el ectroniwoasopsnent (12) having an exterior surface (23) PoaxiSay374an array
of connection pads (22) of a first size; 25 providing a stress relief

substrate (32) hagf@mi@ge&p;d%urd%ﬁ&ﬂs(@ﬁ) and a bottom surface (36), spaced
conductive vias (38) extending between sajd top surface, and id(a?i d_bottom

surface connect i oROSHiddNgsaigcogrecian ppde ébgagtPPft%_é‘}rfacﬁﬂ sﬁ‘lde%réwo_ hPdEt i on pad
capturing a plur ak)bstit}/on gvaaﬁ' sgco\ﬁ'dgad@ﬂﬂlls Q58 E&He%él%g§at%ﬁi_dst@d et tom

surface in registration th said 30 connection pads at said top surface,
sai d connecti on paegingtaid fistlaridgecorslispiactallsioa tsmpetatosrnfisidnbie peltieidat sai d

bottom surface being o second i ze erein said ize i.§ smaller
than said first size: ﬁfﬁf iSEOR S?‘??@’F‘”%@f“&e‘/rfg’%‘é’lnﬁsa‘ﬁ%@%@‘%@%@/ 049512
PCT/ US02/ 37483  pr ovi diolder 581:eidBersdlodeid chletifon(a@9;; positioning said
connection pads at said bottom surface tﬁlt sgi d@H}rﬁ gﬁ{der bal(ls;

posi ti oni ng sai d Besinmneseiddast assembly sorthat spidyseepnthsolder Blspgdigged ¥ith g ¢ op
surface; heating sai dyfd fophectiBH paRoPRGrsQkgler balls to a tenperature
sufficient to nmelt said 5 first and second solder balls thereby formng a

first assenbly wi béntingpald secondienidenhilisdo atmwentire enibicient te shedid pesAndads:
positioning said first S I t [ O | | e
al i gnedq\%i th said consr?g(ge ?%J{r% aégg‘gs)mo%(l%ér (fsol%%{l glgslc‘g@? saﬁ&é%o?xﬁ%c&%@h%% ogécond
sol der balls to a tenphrsadizeshaging faidsodder cdmmestioh tto bavied sslestamielly latgesol der

balls and form sol der connections wWwth said copnecti.on,pads of a first
si ze shaping sai d sol dBPSSSEHIPEA 78 C%eﬁﬁggadgogﬁgésﬁﬂﬁ?F’g?lafyqaﬁarger Cross

section at sai d connecidnasyiadadsel sid foplstifacs, s eldiabniatompindnt ABAECT | on
pads at said top surface, said el ectronic _conponent and said first
assenbly forning a secbistessaaidyirpingpsesnndossgiohlys a PCB (25) having an array

of connggtion padgQfait 4 PEB th55 hafing M Wray of connection pads of a third size; and

connecting said second assembly to said PCB.

21.  The method of claim 20 wherein said step of positioning said first solder balls at
said connection pads at said bottom surface comprises the steps of:
20 providing a fixture (50) having an array of spaces (52) for receiving solder balls;
loading said first solder balls into said fixture; and
positioning said stress relief substrate so that said connection pads at said bottom

surface align with and abut said first solder balls.

25 22.  The method of claim 20 wherein said step of positioning said second solder balls
at said connection pads at said top surface comprises the steps of:
providing a fixture (56) having an array of spaces (58) for receiving solder balls;
positioning said fixture so that said array of spaces align with said connection
pads at said top surface; and

30 loading said second solder balls into said fixture.

23.  The method of claim 20 wherein said third size is larger than said second size

and said step of connecting said second assembly to said PCB comprises the steps of:

13



connecting said second assenbly to said PCB. 21. The nethod of claim 20
wherein said step of positioning said first solder balls at said

connect i owopams9sat sai d bottom surface conprises the step®cafuso2874ps ovi di ng
a fixture (50) having an array of spaces (52) for receiving solder balls;

l'oadi ng said firstsQbfRE sdaPdebond denbdPifh faidcbbiRl soRRALAIR ik QWi Gaaai d
stress relief substrate So that said connection pads at said bottom

surface align wth andcemngetionpads ¢fiathird §es et bal |s. 25 22. The net hod of
cl ai m 20 wherein i i bien i | der halls, at said
connecti on pads a?l %%ﬁggﬁgﬁ&éﬁgﬁg%?@%ﬁgg? spggaq[rgg&g?%%tigaeﬁﬁ?lg\%?cﬁ%g a
fixture (56) having ansdderdyllodindfpaceddet B@hedtions with edid cargiesivheads dfal | S;

positioning said fixtufe so that said array of. spaces al.ign.wth said
connectidn pads at sa{hdrdtsbzﬁs at?r“?%@’él;sogﬁ © CI’%%%ﬁe%é‘?bd'%g #eLol der

ball's into said fiXxturegmos?etioh sdl@tdimeotioh psdsdif Ball sphansi Ass@i d third size
is larger than said second size and said step of connecting said second

assenbly to said PCB cenfpestionpadspd said igpsuiddce. 13 WD 03/ 049512

PCT/ US02/ 37483 positioning said second assenbly with said second sol der
balls aligned with said connection pads of a third size; and heating said
second sol der24bal |As interpmsdr€3f) doranakirg fostfcbireicions (26) tored ¢ledtming compomedt sol der

bal | f | d ti i t id ti ds_of. third
orze” shali ng CATRVEER 450 MG eeR sty b aot ORI eh e REra o fiotie® ¢/ ose
section at sabd peinldeieduitboaddels) (BCBRhdvitigratbesind @OH AR ball pHa kiaycABRAE! | on

pads at said top surface. 24. An interposer (30) for making first
connect i ons (&Yt ¢EPHSE] ect roni ¢ conponent 10 (12) having a first thernal

coefficient of expapskaltief ffeftatd3d) BRAR oS AMAEEHEUPAR A i nted
circuit board (25) (PCB)lehavi naé gq%econd 0CE in g gall %&%@%ﬁ?%y(%r‘?bunt ed

circuit conpri si ngpaced esmduciive vias (38 extensing betvecen ) toh snrfagejand setsibotiomf ace
(34) andsa bottom surfgce (36); spaced conductive vias (38) extending
bet ween fshe top surface and said bottom

connection pads (46) at said top surface with each connection pad capturing at

least one of said vias;
said first connections formed from solder balls (60) between said connection
pads at said top surface and connection pads located at a surface of said
20 electronic component wherein said first solder connections have a
substantially smaller cross sectional area at said connection pads at said
top surface than at said connection pads located at said electronic
cémponent;
connection pads (48) at said bottom surface in registration with said connection
25 pads at said top surface;
said second connections formed from solder balls (54) between said connection
pads at said bottom surface and connection pads located at said PCB
wherein said second solder connections have a substantially smaller cross
sectional area at said connection pads at said bottom surface than at said
30 connection pads located at said PCB; and
wherein a combination of said first connections and said second connections

have hour-glass shapes which are sufficiently compliant to absorb at least

14



15 surface; connection pads (46) at said top surface with each connection
pad capturing at |east one of said vias; said first connections forned
from sol dwo obahdss2 (60) between said connection pads at sacd/uSop3sesface
and connection pads |ocated at a surface of said 20 electronic conmponent
wherein said first sol Qﬁém@ﬁ@f‘&fé&dﬁﬁ%dh‘@%&fﬁwﬁé&qﬁfsﬁﬂtﬁks@ﬁbﬁ sfABliher cross
sectional area at said connection pads at said top surface than at said
connecti on pads | ocat espcard E@Ed el ectronic conponent; connection pads (48)
at said bottomsurface in registration with said connection 25 pads at
said top surface; said second connections forned from sol der balls (54)

bet ween sai d 2sonndtit lrmeipoqaﬂdszlaam 24 awtdreliodaidetessurelicd cebsane compnmshi on pads

| ocated at sajd.PCB aj d. secon ol der_ connect a

subot ant pal | ey papitidegle il peiie GeBirSE LSRRG BA Tikds at sai d
bottom surface than at sal d 30 connection pads |ocated at said PCB; and
wherein a conbi nati on of said first connections and said second connections
have hour - gl &s sHapaderpgseeef chpim 23 ¥herein wit opducEpyipahave adiamsisimthat | east
14 WO 03/ 049 / s related to a difference
in said fi rs?}%@%ﬁ%ﬁs@{sglwgéct:cgﬁgﬂﬁéé@gg%ﬂo erﬁi?érslt erposer of claim 24
wherein said stress relief substrate conprises a 5 flexible polyimde-Ilike

mat eri al haV| hi ckness r.an of about 2 to 5. 26.. The
"ht e posdr of o1 alhy Bt et 28 R e DR psench 8 iR RuRet B | -t he
range of 1 t QGafd ddhdeStidihdatdhid®attbi sﬁﬂ%e hanrgalidheter if hefhgdiolf sboul £0 B7. The

i nterposer of claim26 wherein said connection pads at said top surface and
sai d connecti3(9r¥mﬂ)9ads at said bottom surface have a dianmeter in the range of
about 20 to 30 mls. 15
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