WO 02/ 34020 PCT/ AUO1/ 01336 AN I NTEGRATED CIRCU T CARRIER Field of the

I nvention This invention relates to integrated circuit packages. Mre
particul avbyz/340be 5 invention relates to an integrated cpPeTaUbI/€386 i er for
an integrated circuit package. Background to the Invention Due to the
ever-increasi ng nunber of connections (pincount) of integrated circuits,
the use of ball grid array packages to e€bnanect integrated circuits to
printed circuit boards is 10 increasing. This facilitates the

redi stribution of a very £i ; LR L ray of the
integrated circuit to a A@ﬂﬂﬁ%ﬁﬁ?@h"@%ﬂﬁ?%ﬁ% for attachnent to
the printed circuit board (PCB). The carrier is often referred to as an

i nterposer and can be fabricated fromdifferent naterials such as ceramc,

or a pl astFiekd BRtRe IAVveRtion as bismaleim de triazine (BT). 15 The carrier
al so functions as a heat sink by renmoving thermal energy fromthe
integrated cir@histinteptivheslaed todargatdd dreuitAaciaipss. b pdrfidul&f), el 1S

subj ect ed; : r Al 0 [ tio an_el ectroni.c ckage assenbly
corrp?icsi néﬁ\?ﬁggffneg%gsrtgtsa édﬁ"g?*fd E:eﬁlictlr,cglgg%mercgarr raf]é?te%.rﬁ@dtcf{gu’?’& & a nunber of
different materials with different mechanical 20 properties. Conpl ex
thermal stresses can occur inside the package during operation due to

non- uni fOIBrﬁQKQf&HQd tedheilpvention ons, geonetry, material construction and
thermal expansi o ismat.ches.. Typically, these days the integrated circuit
is electricall "%B"nﬂssvfédn‘ffsaﬁ% ‘E'B??rioéFOWCﬁonstfﬁMw@W of inregeajedbtirauitsd or
sol der buthssise SF hall grid grrayt prekages to ednnicst itlegeitdd GRUIY (CHTNQLLRGi TR atdRgs 25

PCB foy a I reQef; I nidaarray.of sol der. balls. Th
t her ?D rrefcﬂﬁgér?lg@gl Tigf_grtgéfslteage% a#rleel%fi %/Sg?bcu élloflé fayea; é‘?tp":SB OIfﬁlép'%lBPgBF’PB‘élaD’ of
i nt er f acetheppiegried citenit ropmuchl larger piteh bakd grid Ty farattachnesitd theprigtedar i ng of
t he sol detirdvad boatP(pT®)t i on. The problemis anplified by an increase in

edge | ength of .t he catréFr b?cause of an increase in the thermal strain
differences belR¥e@rerineftencisiensd to pear mterpeser anghcanher febrcated frem géfferemtgt h of
the carri enterislstsych asdergmiassacplaitRs mdferidl blichaR bishdlQas& irfdzihp ey nber of
intggrated cirguit ¢ ions and, solder balls. Current ball grid array
design is, pr epfs;}lfeén.t i _"?q%t% %Pﬁcglolnf it ¢ h%a? Swglqyafﬁfnp?”lnﬁ thegmal WF%YafFomi%Pﬁ egr at ed
circuit pinteggdetheiscuitiyyshemal yonducton. daccdrdinglyhthe carrfee iksubjeastits tHeh@ar
strain vadgnof around 0.08% Conputational experinments done by the
appl i cant usi 500 mcron thick solid Silicon 35 carrier, 500 mcron
di I dflz}fg aaéePpg agelectignic Ragkageasyembdn compriging thedntogratedicircuibGRe and WO
02/ 34020 ¢2érAind thBGBhas a number of different materials with different mechanical
20 properties. Complex thermal stresses can occur inside the package during operation due to
non-uniform temperature distributions, geometry, material construction and thermal
expansion mismatches.
Typically, these days the integrated circuit is electrically connected to the carrier by a
ball grid array of gold or solder bumps. Similarly, the carrier is electrically connected to the
25 PCB by a further, larger ball grid array of solder balls. The thermo-mechanical stresses are
typically severest at the solder ball interfaces between the PCB and the carrier. This can
result in shearing of the solder ball connection. The problem is amplified by an increase in
edge length of the carrier because of an increase in the thermal strain differences between
‘the PCB and the carrier. An increase in edge length of the carrier is typically associated
30 with an increase in the number of integrated circuit connections and solder balls.
Current ball grid array design is, presently, at the limit of reliability for typical
integrated circuit pin counts.
Typically, a solder ball has a peak elastic shear strain value of around 0.08%.
Computational experiments done by the applicant using a 500 micron thick solid Silicon
35 carrier, 500 micron diameter solder balls at 1 millimeter pitch, a 700 micron thick PCB and



-2 alé mllinmeter side silicon chip indicated a peak shear strain val ue of
1.476% 1in the outernost ball of the package which is far above the plastic
yi el d valwe ops4othe sol der ball. This result is to be expecragonsidsdhe balls
at the outernost edge of the package experience the greatest amount of
transl ational shear. 5 As indicated in the publication of the Assenbly and
Packagi ng Section of the International-2Technol ogy Road Map for

Sem conductors, - 1999 Edition, the nost recent edition available at the
tine of falg ﬁﬁllirﬂi&ermidtsﬁmonaihm indﬁ:'aiedm pehklsﬂ'@bhtemﬁQaluabf page%dathe a pi n

t of hi d 800
count o Suain B SOETENG R oRA Rl Bl PERe v o RodlhahO0,
2005 i ndicate Tthatqsuftmtorhe@hpGMeMrthc)baiBrmeha outergrast edgeof theyiackagea pin
count excéﬁn@hg&esthggx%a%humaﬁnFreﬂéﬂs[a%@%él%hféﬂh' ch, as the table indicates,

there is , In Table 59b of that
publ Bcation, ahs indigategin the publigationg dhe Asserhly EWLPEICk%Bg gsstivatadthe t he year

2014, a pln?erﬁ&w?xhl TéDholdigy h{oﬁ@M@rfeas&ﬁmbﬁa@w@t 999 Bdaitnt theasdsteenof the

d f 000 b t f he t t her
5o knotinGor(IRbly 3 g s & s hEprestpsaagliitios. wriable Wagteted Hrea plle.
focus of tdmtpf eﬁghtperfnmmcem‘tegratSdmramlyhaxfofttlmoxjdm/ﬁm&%rpnﬁcd&kdl ng to the
o O techflE e PL A RN PR RO 215 Bl el J0dahAeE o EPnighne! udes

20 a receivin ud| rrcal recei vi

i nt d§r at epler&irmamet mmrqjq:dwlmunts ¥ pn cpentgaeeeditg HOMYwihbba Iieawgedaﬁor shisbd anbout

the recei mka%léﬁmoate%t thleFeai§tto‘aH@ né ﬁﬁ@vﬂﬂsdi@tidmlsagnnaﬂytlhq@bia@brwtm

el ectrical term nal ric connect ef to one p{t acts of the
recei vi ngpl%wemhﬁap%ger% é. i tﬁsf langef [EFmgindf RRRTGEMAHR YHI?rYﬁ%’c%Cq a gipcqount

i sl and- defdrﬂimmam ihegaadtirbit pﬁcﬂcagéSSoﬁ”tEe gidenof $1000 Wilhlxdred&i‘redll ng
portions. ,The carrier ca ro gnducti ve
mat eri al . Aﬁ?lgf S m%’lcated R %‘elr?ago u?gér eé enlgrl i gsgln%fo\gﬁg g{htl \/\é’ggo{]ﬁ&kg Yrier and
t he I5nt egr at edlhsise es_pecigs arehibe fedue of the po¢sentingensiome naterial as the
integrated circuit to have a co-efficient of thermal expansion
approximating that of the integrated circuit. 30 The isl and-defining
porti ons Swmmary of the nvention qycj ng arrangenents may be fornmed by etching

the wafer. PreAgjosdihy to thBenhfibn,itherdid srogidbd anint€irabd ciréfifcarrier which
rigidity- retjlém ng arrangement nmay be in the formof a serpentine nenber.
The ser pBfit4 menber may conprise one or a plurality of substantially
par &0l el ar ns.a fepeiving zona felwlingelgancdl cehtacts foraeceavige ameintggrated acant;

paral l'el arnms [y gy biieahE ABARAL HOriidts AantRd AbSNARORRLviNG' AHE, A1 drleO-
island-defining portion having an electrical terminal electrically connected to one of the
contacts of the receiving zone; and

a rigidity-reducing arrangement connecting each island-defining portion to each of

25 its neighboring island-defining portions.

The carrier may be fabricated from a wafer of a non-conductive material. Preferably,
to reduce thermal mismatch between the carrier and the integrated circuit, the wafer is of
the same material as the integrated circuit to have a co-efficient of thermal expansion
approximating that of the integrated circuit.

30 The island-defining portions and the ri g1d1ty—reducmg arrangements may be formed
by etching the wafer. Preferably, the etch is a re-entrant etch.

Each rigidity-reducing arrangement may be in the form of a serpentine member. The
serpentine member may comprise one or a plurality of substantially parallel arms. In the
case of a parallel arm arrangement, adjacent parallel arms may be interconnected by an

35 orthogonal bridging portion.



WO 02/ 34020 PCT/ AU01/ 01336 -3 Each of those island-defining portions
bordering the receiving zone may be connected to the receiving zone by a
secondar Wwo bys4ded y- r educi ng arrangenent. The secondary rpgidiovyeBaduci ng
arrangenment nmay conprise a zig-zag elenent. The electrical termnal of each
i sl and-defining portion may be in the formof a nmetal 5 pad. Brief
Description of the Drawi ngs The inventign i s now descri bed by way of
exanple with reference to the acconpanying diagrammatic draw ngs in which:
10 Figure 1 sigBagh ofitheeddimdidefinipiggortionebonferipgtiie eéeigingaonemhybde i nt egrat ed

circuit carrjier. Figure.2 sh I Vi ew o par f it egrat ed
circuit ccé)lnp?cé?(? " tEe gegglg?n zr%g‘@\%%gﬁon? %ré’ rligr'ié\f/Ygﬁ{ng%lgg Ié'ltral?ﬁ’eg%gt' sﬁﬁ)ews a
per spect i seeondeeyctigiditpdredrcimg apfangranant ofay sampesbadignangtelasfienthe 15 i nt egr at ed

Circuit carriefye ol taﬁteeﬁnﬁﬁmﬁea@h RERIRRFNiNEEpori& af BRln éﬁie%\‘n%%PﬁmEEal of a

second enbodi nent o Integrated circuit carrier; Figure 5 sho a
pers@ectiRﬁé‘; sectional view of part of a third enbodi nent of the

integrated circuit carrier; 20 Figure 6 shows a perspective, sectional view
of part of a fourth enbodinment of the integrated circuit carrier; Figure 7

shows a sgfief Pedcription of e Brawingdodi ment of the integrated circuit

carrier, 1n use; Figure 8 shows a séctional, side view of another

enbodi nent of Theenventiey ismoyddescribed by wabofewanipds with mefarsace itheire 9 shows,
on an enl 1%‘% %l,‘tdgﬁﬂ i edEtdod@hick. . of Figure 8; Figure 10 shows,
on an eve%Egl?g%te (gﬁ ar geagl sca‘t_ﬁe,g a .sel?:t'i onal side view of part of the
i ntdBrated ci Fighre 1shews a schemagoyplam viewif\part of gjcqacaptuahinggerated ciscHiur t her
enbodi mendar@dy; the integrated circuit 30 carrier; Figure 12 shows a

sectional side.vie f still a further enbodi nent of .the.i n.tegrated
circuit carri GiEuERsiows 3 planyig oba mert of SLmiSE UG FATIAY 19 fcodance

i nt egr at editiethednventioay ri er; and Figure 14 shows a sectional side view of
the multi-chi Fi:ig[{%é"‘%'sﬁo@?ﬁ ﬁgrsﬁ&tiklp,esectional view of part of one embodiment of the
15 integrated circuit carrier;
Figure 4 shows a perspective, sectional view of part of a second embodiment of the
integrated circuit carrier; _
Figure 5 shows a perspective, sectional view of part of a third embodiment of the
‘integrated circuit carrier;
20 Figure 6 shows a perspective, sectional view of part of a fourth embodiment of the
-integrated circuit carrier;
Figure 7 shows a sectional, side view of one embodiment of the integrated circuit
carrier, in use;
Figure 8 shows a sectional, side view of another embodiment of the integrated circuit
25 carrier, in use;
Figure 9 shows, on an enlarged scale, the circled part 'A’, of Figure 8;
Figure 10 shows, on an even greater enlarged scale, a sectional side view of part of
the integrated circuit carrier;
Figure 11 shows a side view of yet a further embodiment of the integrated circuit
30 carrier;
Figure 12 shows a sectional side view of still a further embodiment of the integrated
circuit carrier; ‘
Figure 13 shows a multi-chip module based on the integrated circuit carrier; and
Figure 14 shows a sectional side view of the multi-chip module based on the
35 integrated circuit carrier.



35 integrated circuit carrier. W 02/34020 PCT/ AU01/01336 -4 Detailed
Description of the Drawings Referring to the drawi ngs, an integrated
circuit oadpn2/21020 i n accordance with the invention, is deBCyaabred3general |y
by the reference nuneral 10. An integrated circuit carrier is shown in

greater detail in Figure 2 of the drawings. 5 The integrated circuit
carrier 10 has a receiving zone 12 for -peceiving an integrated circuit or
chip 14 (Figure . Aplurality of island defining portions or islands 16

surround PB HQ@ esGription.of the Drawings and 16 has an el ectrical terninal
18 thereon to bal ach island
16 i s connect ﬁ??%nﬁt%ﬁﬁe%dahﬁ'éﬁ |aﬂdl%ggjla§érq§ti%§? (.!J]l; ggf@%/ﬁge ‘é“il‘Blﬂg dity

r educi ng ialvcraimgeimhsigmted genckalyrhyahe ecferenqwenmnmrel e noeintepRatedreireuit cartgdrown
in great e1 breHBPGER W,%Mre%bﬂgwa@i%of the drawings. As illustrated

in Flgure eac serpenti ne 22 serves a sgrln g-l.i ke function so
t hat Seach i sl &k lmegmf:é ArcyB grier &9 hay pEaYMngrzonedy EprdReei ving ap injeeratgd; ¢ s

nei ghbor i #tuitor R4l @igune gpr di ngl y, the difference in expan5| on 15 bet ween
a printed circui q ﬁ? 8@* ures to 9%13?? t he cay ébler S 1
conpensat ed f dt E‘F“%Q isfpnd ”rngrPQYt’ro’aaéf’f b Furroun %Fﬁce‘é’@rgﬁé)ﬂf’l fie
nmenber s ZBachAslagd i@ba dn, el¢dtgcal minad i 8 sheneon topvaritieal sdldertthd 20ab awachlval | s 20
on the isl.apd.36 is considerably reduced and fatigue failure of the solder

balls 20 s, correspond| ngly, reduced. Various enbodi nents of the carrier
10 alf)e now dedéach idand i is coatesiediie éfs neighbosingdsland opislands &6 wie antgidié awi ngs.

I'n Fi gur eredu@hg hringh gl indAe férﬂlQ)fCaaSE ffincliPeMBEr BACINiS il sRBWN 1P greaepnect ed

toits n orin 16 er pentine ch has a single,
Lo 1L el gipolng i8] gt &éﬁttheoq?rawﬁe A S S b st et Ot he
dr awi ngs, membér 22sserys atspriag-tikaharctid? se thanech Sslamk16 Sdsandbgidd of dreed@n of

nei ghbor | Bgvn%rﬁ%n% ?%at}\% t8¥ts epéglb{)%tgé 1slé1%§ g’ ﬁuo?{lmgm ﬁffér@l%%riﬁ ?Q]?zﬁ'&ltoﬁd by

an orthogona ser
enmbddi rrenlnetweetmpmracdadlmmt wiagdi2e (Bgwes 7 ed) mdam pysiec hissompersatedifer bynd 16

to its nelghhpm d}getka%ltlaﬂgf e r)ﬂe@arﬁ‘@e ERtRRIFERrs DAV ARG redult! 88 sREFRtraih
extendi ng parallel to each ot her, acent arns 34 are connected tﬁ)get her

by an or{H3gehi thespldes %lsr?@rqmbwse?d 18ds ¢opsidszablyfsdue faygusdpifdieed in
Figure 6 @ffthé bxﬂd&rhawslqss c oﬁ@ﬁ gnfetdi@dnenber 22 which connects one

efand 16740 L e AR, S bk R BAD

20 to 6 of the drawings. In Figure 3 of the drawings, the carrier 10 has each island 16
connected to its neighboring island 16 by a serpentine member 22 which has a single,
curved arm 26.

In the embodiment of the invention shown in Figure 4 of the drawings, each
serpentine member 22 connects one island 16 to its neighboring island 16 by a pair of

25 paralle]l arms 28 interconnected by an orthogonal bridging portion 30.

Each serpentine member 22 of the embodiment illustrated in Figure 5 of the
drawings connects one island 16 to its neighboring island 16 via an arrangement having
three arms 34 extending parallel to each other. Adjacent arms 34 are connected together by

~ an orthogonal bridging portion 32. _

30 In the embodiment illustrated in Figure 6 of the drawings, each serpentine member
22 which connects one island 16 to its neighboring island 16 has five parallel arms 36 with
adjacent arms 36 being connected by an orthogonal bridging portion 38.

For ease of explanation, the embodiments illustrated in Figures 3 to 6 of the
drawings shall be referred to below as the one arm 26 serpentine member 22, the two arm

35 28 serpentine member 22, the three arm 34 serpentine member 22, and the five arm 36

serpentine member 22, respectively.



For ease of explanation, the enbodinents illustrated in Figures 3 to 6 of
the drawi ngs shall be referred to below as the one arm 26 serpentine
menber 23yovhsemwo arm 35 28 serpentine nmenber 22, the theravarmidsd
serpentine nenber 22, and the five arm 36 serpentine nmenber 22,
respectively. WO 02/34020 PCT/ AU01/01336 -5 As illustrated nore clearly in
Figures 7 to 9 of the draw ngs, those i-sl-ands 16 surrounding the receiving
zone 12 are connected to the receiving zone by a second rigidity reducing
arrangerrent [ FA§ ﬂﬂastfra:tédmmie dezrl;gm&@gx&bsa‘fmm ofihe Wdveings, titdsh éslaralisd§ i n

reduci ng et SDAL %g tl?a{eh:%n tlt?é’#e{:%v%% zoﬁe ﬁ‘g?g%co?ian idity ;.

i |1 ustrat &t Oun l‘eg ur €s

avm Rgs Cr e i's
el ectri cateldycmg mmmgemstnt ) thd: toty ofgedigasg ni@mr:tns 4Q2¢h4¢h fgt:ther ags inmeduséng the
recei vi ngg eH't@ﬂﬁ%Bﬂﬁ'ibal%Ws 44. The carrier 10 is formed fromthe
same materia the 1 ntegrate rcuit 14. Accordingly, the carrier 10 is

forméd of sil |@é% Fgallushigt anF%{E‘FSaF{‘ior%oﬁtﬁ?é’fa“ﬂ?gssmellﬁﬁﬁraf[@ qiceitildds The

i nsul at i ngedtByATly onhi€ctEEio\edsctddal doftadtsl4 e kurt @) irethe hédedrihdeoreanpantdlae
menber s gén%a%w |1 be discussed in greater detail below. In the

manuf act u he integrated circuit carrier 10, a wafer 46 of silicon is
provi ded. The TiefoarrietdOdaforimed $iongihe samy stasdriat ad lihednntegmtep@iryuit y4talline

silicon. Mx];dr 1{%8/ e cgﬁ{e?qOElgﬁ)hnE%f Q{ﬁ&;[%'h r%f art i, Olhgé f%gﬂéglr?vm I n

Fi gure 10 ere cel Vi ng‘ IS on the sane
si ddOof t ¢iexidar th@rnsmblnag laygealpaspsvesas adashmark for gtehingthe seypesting frembers

draw ngs. ngﬁaﬁi‘llb@ﬁls&%@diﬂg}GatédelelB’elb& on an opposite surface of the
carrier 10, as shown i

i g of the draw n the.circ | ayer is
appl i ed to botlAtRg ’6‘8’%“#1‘&‘ #éh‘?/\ié’fe&at%gc“c?ﬂl egﬁgh%WﬁfCBﬁ‘SQ?%‘ﬁfﬁ‘g‘? Br scale in
Fi gure 9 pibovided. Thawafegd6 chmbe kingle ceystaddilicombr palgaigsthlliac kilian.i s

electrically Il’lS%%%gteh?h%tttﬁe %?ff?r?bﬁ@%@ﬁ?%glé%c}%rﬂnaﬁg&% %%f%?e &Jﬁf@gg 19

hol e 58 exten Ing t erfri now
of tlAe dr ra\mh‘?g@thetrmmmg z¢n@r12elﬁbo@herﬁ@n1e§l®roftthfecmn@rrm @rthqgmbrlé as shown

i [lustrat ﬁq:l%Métﬁbfrtﬁé GlaGirgR. tv@hér@ﬁmel}é&‘{\hﬁg'%o&r s R %in dpp Bﬁtersﬁff%eeéfftﬁe
nuner al s er to like parts

ess ot herw se sp |f|ed exanpl es
i | | ust r at €4mer Ko as Mwﬁgg%ﬁé)%i@ Cﬁ§w1qgﬁ§5%geac%vy ﬁaé@w@ aa%'mgirte @b&% 25 a
surface ngthélelafeﬁll%l thshgsh(ﬁ)vrpaﬁsg@ﬁlleﬁ&cﬁeﬁn Rigdrd Nolthegdrawiags dnthier 10. The
i nt egrate t.t ache u neans ng, means
i the 1 ormpaimRt bechitrack 52t AR5l olnf R R R IE S [ B MRt (e
car 20er 1Grough hoppisedersling themgbithe Wefer Ab.egrat ed circuit 14 has bond pads
f | ect I | t
or el ectri calggfes ggrﬁﬁwtbw%&pfn M RO b RrhBPeRRSdilfis bine

wi || be appreciate ectri ca contacts are
arr anged eAsrier Lo arg) qstrated With reference to the previous drawings, like reference numerals

refer to like parts, unless otherwise specified.
In the examples illustrated, the receiving zone 12 is, instead of being demarcated on
25 a surface of the carrier 10, a passage 60 defined through the carrier 10. The integrated
circuit 14 is attached to a mounting means or retaining means in the form of a metallic lid
62 which is bonded to one surface of the carrier 10. An opposed surface of the integrated
circuit 14 has bond pads for electrically connecting the integrated circuit to the carrier 10. It
will be appreciated that, in this embodiment, the electrical contacts are arranged on that part
30 of the carrier 10 surrounding the passage 60. In the embodiment illustrated in Figure 11 of
the drawings, the interconnects are wire bonds 64. Either ball or wedge bonds can be used.
In the embodiment illustrated in Figure 12 of the drawings, the interconnects are tape
automated bond (TAB) films 66 or other planar connections such as beam leads.
Referring now to Figure 13 of the drawings, a development of the integrated circuit
35 carrier is illustrated and is designated generally by the reference numeral 70. With
reference to the previous drawings, like reference numerals refer to like parts, unless

otherwise specified.



30- of the carrier 10 surrounding the passage 60. In the enbodi nent
illustrated in Figure 11 of the drawings, the interconnects are wre bonds
64. Eit havobabdo2or wedge bonds can be used. In the enbodparavoi/Ni3sst rat ed
in Figure 12 of the drawings, the interconnects are tape automated bond
(TAB) films 66 or other planar connections such as beam|eads. Referring
now to Figure 13 of the drawi ngs, a dewve&l-opnment of the integrated circuit
35 carrier is illustrated and is designated generally by the reference
numer al 70. Whhhis egbediarent of thetimenfom\thocariel Znis mgsyltitdhkemodiile sebstiate

nuneral s §@¢ ut)é’a bluk‘zﬁltﬁﬁf {nte M@é @i?&uts%% bﬁh%lﬁ:‘ﬁ ﬁ@l‘?&kfﬂ'l grﬁteyl\gt 3/7%43 0
PCT/ AU01/ 0133 |se odi ment e I nventlon, e car Ois a

mul ti - chi P Hokigwe léu@prcawé 277 angd 16,218 githergarried ant the mrfacmoégwalaetbrapr cuits

or chips enahdasribdibadve wlm&éfeeéneéit@ls dres 1@4n@m@| the Bhib® afel rBdés§edlis thel NE
on. e surface of the carrier 70

hi 72, 74
0 ngs de%aé??r dasdﬁ‘%@?"iﬂlfl g‘ﬁ?i?@ﬁe’&dtr%“"ﬁ%ures 10 and 11, the chips are
recessed i Nt his Imdivatediabove] Cheaserpentins neaibed 22rma lgueﬁlﬁékemfcohfiguxdﬁ@w ngs.

As 1 ndi calieq o8hRYshe AOIBHREALIGE AEIRCLS, A2 RV IRE FLIGEr SN s

configurations  such the on |gura
conf i gur a¢andiguratipe of thediverm monﬁémtlmr@theononﬁgurmm fuch asdnarcor 6 or

COI’]]]: | gur ainbfy hrm%ﬁ@uﬁﬁﬂﬁéoa%' hRb 'p@ﬂk‘sﬂl)lé Uﬁﬁlg ﬁiﬁ{té’egﬁe@}r}féﬁ{%}aﬁgﬁ% 2 ;ggeﬁg@ ngarﬁ’ri‘ie I;OJI
onfigurations are a SSi

(r:rat APx g él%f%('?n&l?qrf‘%rr Eﬁﬁ rﬁ%{‘rt‘i‘q%‘rs l?‘?(ﬁlgég@ﬁrte% fogme of seaRentife MmembersiR ador s of
ser pent | ndifferenbbalbar2ds and gentirhtedr Thé nilmi;d “a:ﬁmy Set\ms bggweé@{tﬂds rebtigs foRt ri X,
whi ch i sul.t .grra i ng rows
of one. t Bk Nhe AL & B8 b B Foirbmy et ud5IRER. RBd0s” <ol
BT, a oneAkPmspEd &dr, p@n@mZﬁempemmEZnerabttr\B@ atwo me&sqapmtimenmmea 22,

a three &%rﬁl nti ne nmenber. 15
(o Tk AR Ofe RS 2 P Ll a6 abRAS s 000 T have 1. 6156

1. oi Sol d A1203 Interposer 0 667% 0 953% 1 077%0,.72% Solid BT

| nt er poser| pﬁb 1,2@%119“,11&8@ 0. 150% 0. 09704)_ One grm Se[ﬂﬂ‘,t' nezg 103O 69/0903
0. 085% ne 90, _TWO_arl 11T SETPeEmtT e P AT P IS O +28560q. 088%
menber Thi eSnllﬂrShInwmw. ne | 0. 22% . 082% . 1006%q b 10860 . D66% [drice
Solid Al O; Interposer 0.667% | 0.953% | 1.077% | 0.72%
Solid BT Interposer 0.126% | 0.149% | 0.150% | 0.097%
One arm serpentine 0.103% { 0.0903 | 0.085%
member %o
Two arm serpentine 047% | 0.15% | 0.147% | 0.136% | 0.128% | 0.088%
member
Three arm serpentine | 0.22% | 0.082% | 0.079% | 0.058% | 0.056%
member
Five arm serpentine 0.025% | 0.025% | 0.013%
member

As indicated above, the elastic strain limit for solder is around 0.08%. A row of
solder balls is defined as from an edge of the receiving zone 12 to the edge of the carrier 10.
The results show that the peak solder ball strain value for solid carriers increases
20 with an increasing number of solder balls 20 up to a certain point, due to the cumulative
effect of thermo-mechanical strain between the PCB 24 and carrier 10. The solder ball
strain actually goes down for the hundred ball implementation, probably due to a change in
deflection shape of the solid silicon carrier. Peak strain still occurs in the outermost ball
however although it is decreased because differential expansion between the carrier and the
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the number of solder balls 20 which can constitute the array.

25 It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the invention as shown in the specific embodiments without
departing from the spirit or scope of the invention as broadly described. The present
embodiments are, therefore, to be considered in all respects as illustrative and not

restrictive.
30
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rigidity-r educPHé‘d“é(FrF%%@Tﬂ“gef&F@ @Bﬁmgﬁw@ﬁgm-ﬁgﬁmihe pedioarto eath &. The
carrier ofisobightoring islandHdefinihfpogtionll is a re-entrant etch. 6. The carrier
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i sl and- defi ni n§hgeartierf<ldiwridehichgs fabscatedfroinvd wafez oendib coANBE Batetigl, t he
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4. The carrier of claim 2 in which the islahd—deﬁning portions and the rigidity-reducing
arrangements are formed by etching the wafer.

20 S. The carrier of claim 4 in which the etch is a re-entrant etch.

6. The carrier of claim 1 in which each rigidity-reducing arrangement is in the form of
a serpentine member.

25 7. The carrier of claim 1 in which each of those island-defining portions bordering the
receiving zone is connected to the receiving zone by a secondary rigidity-reducing
arrangement.

8. The carrier of claim 7 in which the secondary rigidity reducing arrangement
30 comprises a zig-zag element.

9. The carrier of claim 1 in which the electrical terminal of each island-defining portion
is in the form of a metal pad.
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