;[\e3e MJ"> 6VT/4% -1 5 10 AN INTEGRATED CIRCUI T CARRI ER Field of th
I nvention This invention relates to integrated circuit packages. Mre

parti cul g@gmuw)e invention relates to an integrated circpgiitsagemois®: for an
i nt egr at citcuit package. 15 20 25 30 35 Background to the Invention Due
to the ever-increasing nunber of connections (pincount) of integrated
circuits, the use of ball grid array packages to connect integrated

ci rcui t\m n\ “ “ circuit boards is increasing. This facilitates the
redistr ﬁmmwm‘“ very fine pitch of flip-chip bu array o
i nt egr a culrt to a MHN&@BAEED&IFEGHIT&ABHEM formm,"ﬂmwww"”,"to
the printed®cuit board (PCB). The carrier is often referre

.interposer and can be fabricated fromdifferent materials such as"€&anc,

or a plasti,c erial such as bismaleimde triazine (BT). The carrier also
functi onst':ldgls‘%lgmﬁ? 'QYﬁQHPF renovi ng thernal energy fromthe integrated

circuit by the#pal | . i | I hected to

t hermal strai niﬁ|’%@Q§'§"ﬁ’%‘ﬁ&°&ﬁ@gﬁ@td§%ﬁ{ a%%%ﬁ%g{é%e??g@'%ggﬁepri sing the
i nt egr at ednVENtien relates taan dpfegrated cirgHit caaicPiop ap avfegrated sivewit packdgs.f er ent
materials wth different nechanical properties. Conplex thermal stresses
can occur inside the package during operation due to non-uniform

t enper at ugy ¢k l.LﬁH”tbeﬁé’ln%?ﬁFdﬁy’ mat eri al construction and thermnal
tches. '

expansion ms ypically, these days the integrated circuit is
el ectrical |l y cPneeacthe@véraintigasingnumber dfyomeotibhs @iricdust)y obintegtatelictuits,

sol der bu 1y . I .S, : [ cal COf d.1.0 e PCB
by a furt RSy ?S%Q%R%éﬁ*é‘%k b EbricE BRERLA GRu RIREFHRC L Conldis 70
strebkses #ceeasingi dais fycilitajesithe redistributionflaciery fiveg pitchrof éhip-abipdubgt asyroft he

PCB and t miﬁ@gfak&rcircmitéamhns?w Pitchbal RR@rdaY fH acabEmaR kS Ble gRidkdd
connection, The pr&éem Is anpli d by anm increase in edge length of the

Gar ner be&HgEboard Bhcrease in the thermal strain differences between the
PCB and the caThé &firierA8 ofter fefé@rsel toras anl Pftedpost@iahd 6dn bdabfedied Rbmi diffenéhd cal |y

and. sor el el iR el folghfia MRS st SRRSRle Bl bTY "The.
lim15 of reli abhé cargierfaso fupgtianalas ameggink woregioving therpiah enaygy frem thy ([))i cally,
Comput at | SRE S SR P R Tohduc RO AcE el Y ict s AUAURA B 0B,
solid Sil8é&8ps.-carrier, 500 micron diameter solder balls at 1 millineter
pitch, a 700 nincddaitidnha&ebifdhi@patkage asdembly comprising the integrated circuit, the
carrier and the PCB has 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



a 16 mllineter side silicon chip indicated a peak shear strain val ue of
1.476% in the outernost ball of the package which is far above the plastic
yi el d val we @3f3sdge sol der ball. This result is to be expegicath@s/oifyg balls
at the outernost edge of the package experience the greatest anmount of
transl ational shear. 5 As indicated in the publication of the Assenbly and
Packagi ng Section of the International Tgchnol ogy Road Map for

Sem conductors, - 1999 Edition, the nost recent edition available at the
time of filiieng:ii : I ' ' I 174.a pin
count of & [GTAMGEFHBE SMeorRbIKRLLR plak ShA s AR o AR e B

pi ns. The onieamas balpf thegpackageevinieh isifar ahove dherplasticyield value of thejsoldgebalbar

-2005 i ndi cat e frhtresuldl tdbékpkbredas fhebaRs aethe BuRBhed: ed @ﬂtﬁé‘})i(ﬁgag@_ pin
count exceedi e i ndi cates,

f{}g BtOOO wll be rq?([‘i]liuired fﬁ% whi ch, as the tab

there is, SXRETFRFGthegiealyshamowny qi drapslategalsheat | y i n Tabl e 59b of that

‘publ ixati on, alspadjeat&dB, the publivatibwothe Aseemblyand Phckapging®ection of tiet he year
2014, a pin.cC i ah per.f j. ed, & i ckages of the
order of "SGRl T8pt Gy IR IR SR QRS 1 5 5l b BRTHBRG o or 0
no known sditioniaymlably atithe Eme ppéling thearkegeapplisatitne seT2dp 8% & page2iha pimcus
of the pr %éfxﬂ%f‘a'ﬁf@ﬁ%érﬂﬁna@éﬁﬁﬁ@%téﬁf cifcOf hb@&?ﬂﬂk'o?d"éré?‘fﬁ(ﬂﬁiﬂ& Tlﬁl;ht he

i nvention, ere 15 provided an integrated circuit carrier which _includes

20 a r ecelSFNAYOEH FRAVITRRERS ihiedeardemiLd & uplyiheygas 2003 indicats; thaty fpr dygh
i nt egy at e@edommGahict intégrited cirbuitsya pin douhedxdeetithg B00Q wild bé rsusred Forantger] agbout

the recei vy on at |east o i skand-defi.ning. portio V]

el ectri calhetr}gplfz?i'ﬂ ?:at%ﬁ’ thers 519 %’88@8‘895@4‘8”'0&'@%&& ng' gﬁhﬁgg?@ﬂ?ﬁ t he
recei vi ng peblitafion,rad page 21§, d thyg lorggutermguretil mappaeimeate] yelonyesac 20 g agd@cbount

i sl and- defei ijy: ' Pfg?ﬁ Of ' | [ | -de>' 1 npi ng
porti ons.ff hégfg ?‘r?(?iﬂraﬂ%a@] e ?J;%?‘{uéﬁtég%é@? gﬁhg% g?g_gpégﬁﬁ%-%%lﬁﬂggbti ve
mat eri al . ARy, ay uicatediip thedablectheteds peknows peludon frsthie bipeof package.i er and
the j5tegrat edThéseGspdets 4r heWBE R ofitie Hrbsdnf fhveAtigh. Mt erial as the integrated
circuit to have a co-efficient of thermal expansion approxinmating that of
the integrated circuit. 30 The island-defining portions and the

ri gi dity- Sagunarypfahe hggationt s may be formed by etching the wafer.
Preferably, th i Le-entr . rigjidity-. i ng.
arrangement rnag‘cg&erﬁﬁlﬁ t‘? H% 'E' oefn%%’f tﬁgxtesf gb‘%g Ii’lquﬁ%g q%%‘%{eeg .CE&I(’H% g%ﬁ%%vé' n'th1 ne

menber mayncdudepri se one or a plurality of substantially parallel arms. In

t he se of a : ] : ) LR%6Mec I -.be

i nt efrﬁé‘onnect edgg&aﬂlﬁ%ﬁgﬁ%&gﬁgﬁgﬁ? ?Jgﬁ%éport I éo]gi.rng ah_%ﬁt%%gfcéﬁ co ltt ’hose

i sl and- def i ni n&PRwality sﬁgslaﬁsmgmnsg)wsmeem 3hguithp EecriyingRong oAt deast enf t o

t he recei vil4id-defimgngoportiors BRGNE & dledtiigaldermindletbétridally abn0Ra NS bhe ofthe
secondary rit itdi %é}-reduci n% a{raﬁgemant may conprise a zig-zag el enent. The
el ect ri calfPTBFHPhAF ' 8% A1 M Lhd- def i ning portion may be in the formof a
metal 5 pad. Barigiditpaeducing arramgementivonigcting nach islaed-defiming pomionso aanly of

descyg bed; by \vRNorfHo iSHAITRESN bg isference to the acconpanying di agrammtic
draw ngs I n |c?1: g10 FI gure sﬁovvs a schematic, plan view of part of a

concept ual i nt &B¢ earaer may be fabricgied, frpm a-yvafer af Pnareqndugtiyy matetiple Freferablysar t
of an i nt egfedli@stheinidl wikma@h be®ekn thHe cAGGeafla AfSinWigtdted diRuithe Malféis of 1 gur e

3 shows a perspectiv ectjonal, vi ew. o art o ne odi,ment of the
tHeSanie matenﬁ)as e m{egra?ed circuit to Lawpe a co—effﬁcpent ofe tﬂJgrmal expanm%n

approximating that of the integrated circuit.
30 The island-defining portions and the rigidity-reducing 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.



15 integrated circuit Garner; Figure 4 shows a perspective, sectional view
of part of a second enbodi nent of the integrated circuit carrier; Figure 5
shows a pRHRBSsHHVE) sectional view of part of a third enmpegidtRphieé the
integrated circuit carrier; 20 Figure 6 shows a perspective) sectional view
of part of a fourth enbodinent of the integrated circuit carrier; Figure 7
shows a sectional, side view of one enmhgdi ment of the integrated circuit
carver) muse; Figure 8 shows a sectional, side view of another enbodi nent

of the int egraéa%ﬁ o‘?'tﬂq%y'ist]ar%Sde?ﬁHg[ﬁfrtmods'bo?&?m Eh&#é"céﬁv Alfhay@e an
enl arged scale, the circled part gure 8; re 10 hovvs on an

even gr eat@mnegipd iy e gecebingzong bé’éc?FFQﬂﬁi&W rgi gywd@wwsfarraagqmw The

i nt egr at egkcend hgndqgrrémingdﬁaggélﬂerﬂn rize QiziLzap @vmedt. yet a further
enbodi nent of

et e L S nr"e”iémflﬂviwimﬂa“f?en.? B o

*Fi guse 13pahows a multi-chip nodul e based on the integrated circuit

carrier; and Figure 14 shows a sectional side view of the nufti-chip nodul e
based on the 35 integrated circuit carrier. -4 Detail ed Description of

t he Draw ef er.r i.n rawi ngs, an integrated circuit carrier, in
accordancég!ﬁftlﬁ ?ﬁ@%ﬁbhﬁ‘%&‘b’dﬁ@gnm ed generally by the reference
nuneral 10. Anrﬂe%eammyn&» HEééhBe@@fQ@ of Exanhi¥Avithtetendé &J theet ai | in
Figure 2 of the draw ngs. 5 The |nteg rgﬁed circuit carrier 10 has a

receivi ngacfeﬂ‘é’a'mnggﬁagﬁagﬁ’é‘?‘lﬂqﬁﬁwﬁ'ﬁs mvRiSPat ed circuit or chip 14 (Figure
7). 1A plurali tBiget 1i shbasd sciednaticnplap Oleu ofiymartosf a conadpiisal Ifiegruted eiroglt t he
receiving_zone 12. Each island 16 has an electrical termnal 18 thereon to
which a s8™H¥ ball 20 is attach or reflowed. 10 Each island 16 is
connected to iﬁiguméisbhb'elainl@ view @fid part of aih enteprated circuit carriérgindiccordanauci ng
arrangernepvgthlﬂqkﬁ]t)‘rfan ermof a serpentine nmenber 22. This is shown in greater
detai | concept ual y ih Figure 1 of the drawings. As illustrated in Figure
1, each ser perFiBwe baysa Pz@pg%wste?%or@mengmig paRtofians embediment ofthe each

i sl agd 16mlf@g$at@dgeaﬁmr freedom of novenent relative to its nei ghboring
i sl ands 16. "Acgordin the difference .in expansion 15 betwee rlnted
G rourt boar d BV Paisa PRpEYS IR RS o PR AR aBe: o hey
ext ensi onnmafgr:nedmmnuaamerf t he rel evant serpentine nenbers 22. As a result

the shear st r%guﬂe@p gquggpwﬁess%kﬁ&{alv y§f gt &Bf?&g}qﬁ})&ﬂ%}gf&é

consi derably reduce gue farlure o sol der
cor r esponiitgggated Clr@uﬁmr,
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.



Various enbodi nents of the carrier 10 are now described with reference to
Figures 3 20 to 6 of the drawings. In Figure 3 of the drawings, the carrier
10 has eagly dhshk@pd 16 connected to its neighboring islandptgA6181336
serpenti ne nmenber 22 which has a single) curved arm 26. In the enbodi nent
of the invention shown in Figure 4 of the draw ngs, each serpentine nenber
22 connects one island 16 to its neighbgying island 16 by a pair of 25
parallel arms 28 interconnected by an orthogonal bridging portion 30. Each
serpenti namnbdrnéﬁcn'pttd]eoerthecmrmmngé.l ustrated in Figure 5 of the

drawi ngs connects one i1sland 16 to its neighboring island 16 via an
arrangenent haRefegingipde drewingsqarcintegredjroyitrcames| injagcasdanee stiththe  Adj acent

rarms 34 airﬁreﬁ@ém‘?sc&&.iknhfég h&hill Fpuymarefremeaﬁmérabm .dah hdteplelicRbuitarriéd | n
t he enbodi nent |IIustra t he draw ngs) each serpentine

f

mermber 22SHPWR 18 GIFAKE %Elgé‘reaﬁate[% df3yVipgS nei ghboring isl and 16 has
+five sparall eI Bheitegbated tifcuitjaaia 0 has asecdbviliezong 1edbnectieihglay imegrated

ort hogonal . d |hn Ag&rtlro 38. For ease of explanation, the enbodi nents

|IIustrat8(’jmf1 b‘g %"F 6 of the drawi ngs shall be referred to bel ow as

t he one ar m 26Agpdurpktytaf nedanveddfiminggortionseortisiandsrlit BFod8d the repentingizonediZber

22, Lhe L RaafiAnT 1 hat 6 DRARECRRATS BleoPRAARE olshite: BIMER HAIPGN I e

nenber 22, respective l'ustrated nore clear y i1n kFgures 7 to

9 of the Nedgs, those i sl ands 16 surrounding the receiving zone 12 are

connggt ed to tb&hﬁﬂﬁﬁd Y6 [kg:oixﬁét@‘e&ﬁé ifd r&%ﬁaﬂng isﬂindloﬁ'Yslzixﬁidllslvitga Agidaggenent
furt i.n ,reduci ng. t he

the f f t 4
Is'? r ai ﬁ i %?@g%{%ﬁ%ﬁg&g @gfg%? gscopgntige pie 52 ﬁlﬁ’isd%ihr"é?’t"éﬂ gfer:g % gures 7
to 9 of t Hetaidcendepaally imEiguret kgfi the drhmhgscmmllmdtratod ml Rigareilcedchserpontivect ed
t | ectr| A d
oL e S7LGIS% A0y ok BECH S5 YOG, £ pcBonofler
circuit 1movemewrreliaiye tp its neighboringislandsil8. Aeeordingly, the diffesgnceaiavexpansion

i nsujsat i N@ethd¥eh pHBtcE'cirb&i@BoérQ 2@'(%%&@76 %aﬁd‘ﬁn@'cﬁiﬂcmo ﬁ@éb%peﬁéa‘iéﬁ foPby€esS as
a hard mask for etching Wii?{entl ne ne I scussed in

gr eat er dExtsRionn rswctmq r%e amasemﬁr'%neomeei:@fs.%?t éﬁr"a‘@%t A SUAY net
10, a waf ghpattedad tii doldéoballlsszmds:mheﬁkmmd Imecws‘xodralﬂﬁ ramoecbmcsﬂaﬁghdafaﬂnnest al
silicon Orf%'sglﬁr%'\%tlﬁl |0| ne SIéIC Dot Lody dto be noted that the version of
the carneP § r%li‘fgfﬁpg% 81gytﬁéi Wi ngs 15 is where the receiving
zone 12 i s on Vamowzmbodiment9d6f thiearcigr 10 ane no® descriilved \ﬂddscfdr&'tc&stofigmmii n
Fig 7 i pp05| te

sur 5o off § hEfhe Sl otp ORE 3 of W diklel (O cGABE 1 Hiad e it 18°F

ci rcui t ryconnpeted taitspgighbaringdsiaest 16 by aé@wﬁm@mﬂ%ﬁr@? which haﬁu@mée,s hown on
a smal | er cxved am P6.Fi gure 9 of the drawings. In this enbodi nent, each track

o2 o ot Bl RARSEL o iRy TR h Hhed b P Rel ST 22, o 14
and 12 of sérpentiohe awenrigs 22 comndctsrdnie éslarehifowi itserei ghbofing istandaibrbgta fair afr e
Il ugtrat ﬁﬂ?géfﬁ"a%ﬁ FQE:&&% téa bh/ha% o‘?{h‘ég‘?{%‘ﬁnﬂéﬂé“g 3'0' ke reference

nuneral s |'ess o i'ed. In the exanples

i | lustrated, tﬁ@hﬁeaenvmm@emﬁr@a@ th%emb@@treaaﬂl@ﬂrqm nngla@rﬁéeraheed on 25 a
surface OﬁraW?ﬁgs%hﬁ&Tts e isRnd 26 wm@ne@gmﬁhg nﬁ@hd m ¢4 ah abrBfgeqdnt h&ind 0. The

the. for m BreSAT A cadmepata eh i sak peb o IBEFTT 8T S1cPRER HORHRETER, 1 1 cr
10. An oppmsﬁhbgwalﬂaﬁgmg‘pddmant egrated ci rcwt 14 has bond pads for
Lecky oAl Y CRIREEhbASmeRil B A AR e i hd oo R s Bt neghbor !

be appreciate

arranged &A “dwmoopa«tqts o® istand 16 te #s néighborbg dsland Lnbisifiyettaealichermsd® with | n
“the emo%%ﬁ%&n h:‘rﬁsuﬁﬁé’ﬁgeéodnectgasy'mo&ﬂo%ﬁm al BRI AMrige 38 L he interconnects

are wire bonds_64. Either ball or” wed can e used. In the
enbodi ment i | | ER¥teash fExplanpiign, the @Qﬂmﬁmellhﬁsgﬂeﬂg‘bflwﬁé3tﬁ@é’rfél%nect s are
" tape aut odRiwessshal bé Tel&yed iol betovb Bs hE oné et 26 lsapammeqmmlcetrlzonme swelarms beam

|t oby at ogb PRI P R acteFute i 2 Papab iR Q2T B B b ol [y by

t he refersmpanmoMﬁm&wrZQ1emkmhvdgierence to the previous dramﬁngs i ke
reference nunerals refer to like parts, unless otherw se specified. -6
In this enbodi ment of the invention, the cannier 70 is a nmufti-chip nodul e
substrate 70 carrying a plurality of integrated circuits or chips such as
those illustrated at 72, 74 and 76 in Figure 13. The chips 72, 74 and 76
are either carried on the surface of the carrier 70 or, as described above
with reference to Figures 10 and 11, the chips are recessed in the 5
carrier 70 as |IIustrated |n Flgure 14 of the dramnngs As |nd|cated above

I o I
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No. of Balls in Row 1 4 8 16 24 100Solid Si Inter

oser1l. 08%. 48%. 61%. 01%sol i d A1203 Inter oser0.667%. 953%1. 077%9. 72%5ol i d
BT Inter |eapB4hg6%®. 149%0. 150%0. 097% ne ar m serpenti ne NpERe(idHPag®. 0903
%. 085%Iwo arm serpentine nmenber0. 47%9). 15%0. 147%. 136%0. 128%). 088%hree arm
serpenti ne nmenber0. 22%9. 082%0. 079%). 058%0. 056%-i ve arm serpenti ne

menber 0. 025% ). 025% ). 013% As i ndi cat ed a_b%ve, the elastic strainlimt for
solder is around 0.08% A row of solder balls is defined as from an edge of

the receiving A@ﬂﬁ]sa%tehqn&réeleﬁﬂgﬁ ﬁgmtetwts9row?erdr;@mg;fhﬁo§eq§w&ssléhOW t hat

the peak sol der ball strain val r solid carriers-increases 20 with an
i ncr easi nSUFRHAGHETS the recsiving zang| 12 aroepnapcted tothe sscelying Fame by a saerndrigidike
~cunmul at i veedditing Girafferhdi® iffhe TBGM 84 £igkagsdlémbnmt 406/NBIE Furthee aidCh redudnglthe
carrier 10, The S e(Siii}er hal, | %Pgag(? actual l'y goes down for the hundred ball
i mpl enent é’t‘?’BNnP‘b‘? S SR ‘change in deflection shape of the solid
silicon carri eAlsoPssallusitated i Fpures 7 a2 of theidrawings, ok @tegeaed deduit Iddvever

21 LnOUGh LfeglBaflPSLFAREH PAEAHEA HhLEUS kIRl SRANILARRELIRED: LSRRl 11 o

m nim se a|n va
carriers, bupas#dfromthe BT carrier, is still, far in excess of the elastic

strain linit f?ﬁeé&hgefmsf&%léﬁf&ﬁﬂk'sﬁﬁxerfﬁéml a8 el REAARIiRYIQES Show a

decrease i.n peak sol der ball strain wth |ncreasi n&p er of sol der balls.
This is déecerginghe thegaprigrd Qs formed oésiligen baving an msplptinglayer of siligest r i but ed

overiga gr divkéde. mhﬁerulzafngslﬁyederso lRérvesasZDhdre sk Fot@tdhingithe eépeimRtnétibue

with | ess everﬁé’gﬁfdl ents. Snmal | ar 18@{’ grid arrays, 1.e. having fewer

balls in ’ra(§vv'l Pfsc%'? Eregtg{lg?@ Pection gradients that induce a

concentr at ed | Ingttie onanefattuesy ottthemtcgmtedrosculmarnhewoamfer%tofsdicdeis bal | 20.

Accor di ngly i oyl due to the
'polvcvndfg *me%va?é%s cah'b8'si %ﬂ:t ﬁ%ﬁ%ﬁl&i‘l o&?ﬁlgb&\é&%k%ﬂ: %;H

reducti on peak strain an | ncrea er o solder bal |l s
20 there is ndtﬂmrh%mmdh%\tﬁh%wrﬂloﬂﬁf thet@quéoah@wmn BigurentQefithe deawingscui t

pin rtsonntecstwmité theAtetdivifig Qénéﬁﬁns%'th&saﬂtﬁib ﬁai%ﬁgéeﬁgef lm Béthe i%f&&i M KGhéRAe ]-}2
equat es mor e t han alls) we Ss O
e>c<]pect ed f"b@ jn‘éf%‘[’%g@?" %d&t‘gﬁlﬂfesreﬁ?v‘?éfﬂne g?ﬁl‘i"@"é%@ﬁﬁﬁ“&é%?ﬁc‘g?l ons

i ndi cat e tdrsier 10)as plaavkn dFigene 8uaflthe driawingg, the ciremsyﬂznemstdpphai Hotlcsidesri t  of
sol der fOf)f @Wﬁ'ﬂﬁ‘rﬁ ihﬂ{]lﬁ sH&?E 08 silngllglps»rcgle%T—El %fé 9§P heQi?zathnﬁ reléstgllsw th 8 or

nore rows o Ti°h e has the
same coef ﬁmbot@menbfeaqhmqkeﬂ legpatrmgal me‘ae@tq lits:asnoqmctégachl&tia@mlamﬂt t he

stragn ontﬁrg,fgmsgzgﬂg@(ﬁ%gﬂgughrtﬁmfg%nt egrated circuit 14 to the
carrier 10 is mnimsed I's indicates that a silicon BGA with etched

conpl i ant r egi Refsmg noxsiokigurgs hbard R etthe draings two fisthen pmbodigientsiod the o

probl ens edrrieni0 e elldstatedt Neitmdfexeml tb e prodioud BraGiinigsClikd sefdrértetnubdegaliumber
of connecti.0 oéi(hat can, be de betv&ﬁg a chip and a PCB using ball grid

arrays. Afeé%r r”f‘lr?é%lm ROV SRiF the provision of the serpentine
menbers 22, a lyrthaexamples illastented, e recei ping zouke i2 ishinstead of being Heanareatbiosed by

the jse- enkgﬁ’r@éce%rfﬂ% c'%Pne?Ligs P&%B%e&fdne?i‘fngg ggb‘?‘éga tﬁﬁgﬁlﬁ'cl' éyTﬁ’({ mlégfag&f" rier 10

i s enhance This al so ai e nu er o bal | s
20 whi ch Egvitchhisaftached te g moypting megns qriretgining wmeansip thecfopm ofja metallie idns

skilled i®62 Whﬁ:haﬁ boﬁdbﬂtto OHEEUrR¢s of teicafriepnd. MCUppbdeHﬁit&@ﬁth@ﬂﬁeg?Wd be
made to the i.nvantion S t hou

f
departi ng“FF4hl bé’Bij PF‘?S % V\@ft %l‘yocfonp%gm r{b%w(?%ﬂecggxr%pﬁtg%?c%gcqu dbd.
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3. The carrier of claim2 in which the wafer
Integrated circuit to have a co-efficient of thermal
093fobstt of the integrated 15 circuit.
e Island-defining portions and the rigidity-reducing
arrangenents are formed by etching the wafer.
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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 pe so] er all rain 1s less than the elastic limit of solder for carriers with three or

15 more arm serpentine members, with 8 or more rows of balls. As the receiving zone is
silicon, and therefore has the same coefficient of thermal expansion as a silicon integrated
circuit, the strain on the bump connections from the integrated circuit 14 to the carrier 10 is
minimised. This indicates that a silicon BGA with etched compliant regions as described
herein can provide a definite solution to problems of failure from thermal cycling that

20 currently limit the number of connections that can be made between a chip and a PCB using
ball grid arrays. Also, as described above, with the provision of the serpentine members 22,
a greater surface area is provided which is further enhanced by the re-entrant etch 50 such
that the heat sink capability of the carrier 10 is enhanced. This also aids in the increase in
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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circuit to have a co-efficient of thermal expansion approximating that of the integrated
15 circuit.

4. The carrier of claim 2 in which the island-defining portions and the rigidity-reducing
arrangements are formed by etching the wafer.

20 5. 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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