1 I NTEGRATED CI RCU T AND CARRI ER ASSEMBLY Fi el d of the
I nvention This invention relates to integrated circuit
packages. More particularly, the invention relates to
an integrated circuit carrier with recesses for an
integrated circuit package. Background to the
I nvention Due to the ever-increasi ng nunber of
connections (pincount) of integrated circuits, the
use of ball grid array packages to connect integrated
circuits to printed circuit boards is increasing.
This facjl] redistribution of a ve fine
pitoh of NTEGHATES BRRUEANG CARRIGR A4S SEmbLey
circuit to a much larger pitch ball grid array for
Figld sfthednvestiote printed circuit board (PCB). The
carrier is often referred to as an interposer and can
be flabrincatied rdlatesito idicgfasrdaritcuitmheiaigad. SMetecgurtacularly, the
CS L i
it R eI e o83 P TRt Rt
ragkagg. by renoving thermal energy fromthe integrated
circuit by thermal conduction. Accordingly, the
Backgrasind fodhigj iyesdion thernal strains. In addition,
an el ectroni ¢ package assenbly conprising the
i nt egr abeg tethe guertincrepsng pambdérad camuctitns (POBogsokintegrated

c1r81!t{f§’&fe RE oflbdif ﬁq@ﬂ?ay%tzﬁ 8 k@cd@ﬁﬂea i n%ﬁfa?éa%ults to printed

ani. cal, ro ert| ex t stresses ‘can
CIIS‘B& pargsisii |Hafé é&é@a‘aﬁthﬁ gedb%@btatqn&f a vgpefinegpitch of
flipnohip lhilnfmstrmytoé lﬁﬁh&gtﬂt@l dicaithio b hﬁt%cﬁ M gerqRRABRI ¥rid array for
LUCE | ernmal expansi on
aﬁ%&é]r?%l 8{"1"{?8 °%¥8‘|“f€ gﬂPg%)hdays the integrated
C|r I e by a
F’Hé §r alrg rogtgﬁ f%fgr?éci té agr%]g}g?@ggerégd Eagl besﬁfnrl Z?q §1;01¥1
dlf %@tmma& sqca ag p@mq, eh pgﬂstm,somtelaalesuch & hisroalPEBde (risgine
@BTyurther, larger ball grid array of solder balls. The
therno- nechani cal stresses are typically severest at

th eTB@badﬁd_‘F* Al funetivng ik athea st B@/&%ﬂloﬁ/ﬁ@ftﬁ&ﬁlal ang ﬁ@m the
rr ca | of the sol

im0 Y SR P ehE0 it Aefor@eliheerisd oy bigried o
thermelrstagns. i n edge | ength of the carrier because of an

increase in the i o
In addition, an electronic package assembly comprising the integrated circuit, the

carrier and the PCB has a number of different materials with different mechanical
propetties. 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 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
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thermal strain differences between the PCB and the
carrier. An increase in edge |length BGAO12-SG 2 of the
carrier is typically associated with an increase in
the nunber of integrated circuit connections and
sol der balls. Current ball grid array design is,
presently, at the [imt of reliability for typica
integrated circuit pin countxs. Typically, a sol der
bal| has a peak el astic shear strain value of around
0.08% Conputational experinments done by the

of ARPLArG&aNS E\Jgﬁdaﬂg aSsoedfdigd ﬁpmﬁ:féb%kipﬁ 2 l?‘[slbeglok‘ ?ﬁ@éi‘ated circuit

carrier, i G1 on di armet er sol
COH%KFCI“PH%?@(S balls.a 700 mi cron thick PCB and a 16

St r ey EERrhfarty de5ignas. mbronk Br RuCoabigy Haigpical

infegekedgércuitipoheauatst ar above the plastic yield value of
the solder ball. This result is to be expected as the
bal [lspisally, hesobet balhiasta redlelasfic shiver snmka@ee oftacpard @H8%.

C&rﬁ‘ﬁ;t&[cﬁﬁf é@%ﬂﬁﬁﬁ&@%g?f)y er?agyﬁ @%ﬁ't Qﬂﬁé %E %L?roﬁ“%hlg}( solid

di cat ed t he pu | Ccat
Sd“?é‘k“é&'r‘fﬁgs Ugamicreyndigmeter soldgrhallp At mdhmeter@ahh»@l ymicron
ﬂﬁ@a@@ﬂ\@ﬂt def fﬁmﬁﬁﬁieﬁ‘e@ eﬂgﬁﬂmbﬁ ct 1ﬁctﬁsa&e£@| &elkos‘ﬁeartslﬁﬁm%e of

nt..edition i e a e
R B R L T b B e
of dmumoideobald hi gh performance integrated circuit has of

the order of 1800 pins. The technol ogy requirenents
i n This raediris tebagxpecied astheiballs cthy ewterr2e0 5dgendi tbapakage

exp&iddnce fl‘férgreﬁésggmgﬁﬁtfd?'ﬁgﬁﬂ%ﬂapglﬁgf ated circuits, a pin
count exceeding 3,000 will be required for mhlch as

th eAtsdﬁﬂléatbmﬂi tﬁ@bﬁ'&waﬁ&@bﬁthb 5%356?118%15i @%1@ Padkag#B ®tion of the
0

I3l Fegiorosy Roafan ot Senoqndtetaiyel SBEdiion, g most

re@pmdlibm)mataﬂihbleiahéleymm of flBib4he prepém aplivation,dn Thblgl$9a at page
21 9 & %18 é:ggﬁco? a ]'Félﬁgé'r%ﬁgn&' gféﬁf&ttedpc%%lﬁﬁ %SSQ’ OPtﬁle hc%r of Pﬁe({orplns

dgphaology sgq@irerentsy lmﬂ@\marstgmmmeonntﬂahe thlr gOOSt nylg@a@fthat for

ﬁﬁlﬁanc-ghﬁt%gra%%lﬂﬁl‘éhﬁs @rp@n thst E%H&n%fg cdgp &vill rb%§> rﬁd for

Whlf% anitegibls Ehes Eﬁﬁ%%q (B0 B JIFBER, in Tabl

59b af thaepubMebtidn, at page 219, in the longer term, until approximately the year
2014, a pin count for high performance integrated circuit packages of the order of 9,000
will be required. Again, as indicated in the table, there is no known solution for this
type of package.

These aspects are the focus of the present invention.

Summary of the Invention

According to the invention there is provided an integrated circuit carricr which
includes

a wafer having at least one receiving zone, said at least one receiving zone being
demarcated by a bore in the wafer;
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i ncludes a wafer having at | east one receiving zone,
said at | east one receiving zone being demarcated by
a bore in the wafer; BGA012-SG 3 a plurality of

i sl and-defining portions arranged about said at |east
one receiving zone, at |east one island-defining
portion having an electrical termnal electrically
connected to an electrical gontact of said at |east
one receiving zone; and a rigidity-reducing
arrangenent connecting each island-defining portion to

each pI&EhﬂytoT ﬂﬁidg&tf’ g}%dl&is%ﬁng&f d%hf‘g‘ucpgtr lEés@ Bﬁe rel:élvmg
one §gbod| t.he 1 nventi.on, bore may

Zopgs b Lsignent 3%}“811%8 PP ARYNG ﬁnﬁlﬁ@ﬂﬁ%}ft@imln@lﬁlegﬁ&a%r
coanduodti tomntel@fridaheontaey Nsaid M, ledshendreeivingyobe aad
passage or open bore extending through the wafer from
one agigidigeedoding hreangafnent doaneming @pgoiskdd slafifing @onfonttb each
omf g{ b%‘b‘fﬁ 1§faﬁﬁtdEﬁﬁlﬂg gSﬁﬂ;‘h?Ct s being arranged on the
ge

e pas n the latter case, the

c ar Im 8he SBNodiMEhUT RSN NN b@F@rﬂgy bos réEQéérbtr 'bLlHd bhR

1.nt ted circuit 1n it assocl| ate assa
deﬁg?fgg’otﬁa BRfesi Hya mpalﬁgimt phige invgn %;th‘fr ae e
pa@eraga Bg@p‘@ﬂi{)ﬁe émmmeg thf(ﬁfgﬁ&ﬁ% Bifeetrohi ot suffecesftes wafEPﬁ) an

d_i.n the re, ma
ongPAch sHPes R RARE A SRt B gt nsgmabE Mg sbout
th@bﬂﬁﬂg i sl and- deflnlng portions and the

igidity-reducing arrangenents. At |east in respect
of imthedatias cess, thecairiehaay snchwrds-ciepimiinggnepss foroneunding the
infeb@teddi@Lidid ¥s 486ListbMPaRidcangenent s, the etch may be a
re-entrant etch. Each rigidity-reducing arrangenent

may The 1sllzlhdt-d‘b€infr@f POr@énsaind i@ it ec BB @frangdr®lls By be

deflnlng portions bordering their
fbgg%@o&%@g &Eég1v]ng zones may be connected to said

receyy bggnrﬁe%nzﬁslcﬁ% &cl?e%icig %%Xfelt ! %l.uedﬁotré( Ir{élg %H %{cﬂgd in the wafer

arrangemne
Su'avlmﬁg@lmwﬂh theeteinpef the lﬁarzlr g Imr@masrmd tmgldlty-reducmg
ar@h@ghdrircal termnal of each island-defining portion
may be in the formof a
At least in respect of the etch to form the island-defining portions and the

rigidity-reducing arrangements, the etch may be a re-entrant etch.
Each rigidity-reducing arrangement may be in the form of a serpentine member.

Each of those island-defining portions bordering their associated receiving zones
may be connected to said receiving zone by a secondary rigidity-reducing arrangement.

The secondary rigidity-reducing arrangement may comprise a zig-zag element.

The electrical terminal of each island-defining portion may be in the form of a

metal pad.

To reduce thermal mismatch between the carrier and the wafer, the wafer may be
of the same material as the integrated circuit to have a co-efficient of thermal expansion

approximating that of the integrated circuit.
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netal pad. To reduce thermal m smatch between the
carrier and the wafer, the wafer may be of the sane
material as the integrated circuit to have a
co-efficient of thermal expansion approximting that
of the integrated circuit. BGAO12-SG 4 Bri ef
Description of the Drawi ngs The invention is now
descri bed by way of exanplesaith reference to the
acconpanyi ng di agrammati c drawi ngs in which: Figure 1
shows a schematic, plan view of part of a conceptual
Brief 8psdriptionrefuihe Drawings; Figure 2 shows a plan
view of a part of an integrated circuit carrier, in
acc dihd ameetion tsmowhdesenthedrityi vory, offeikgmple vattsiefassnca to the

acB RS el ferarifiGhl 8RR Wildy part of one enbodi ment

i ntegrated circuit carrier; Figure 4 shows a

per $RREE | YRowsSEShbRRRL, pYdrtWewhr BAL bf a?éorﬁe]?tﬁglqmé ated circuit
epbodi nent of the integrated circuit carrier; Erlgure

Cal®hows a perspective, sectional view of part of a
third embodi nent, of. the integrated circuit carrier;
o ErTe 2 SRt blaf vieat Ao pp T o e o BT W 1

acofrdanck ottt the énvondoment of the integrated circuit

carrier; Figure 7 shows a sectional, side view of one
enbiunehshoFs a pesspeatiegy sedtiodal i¢w ofipart ebonei corbodimeni o€ the

infEh At iBu BAYEa sectional, side view of another
efbodi ment of the integrated circuit carrier, in use;

Fi guigard4 shava %é?ﬁpe_@ﬁvé? RéAIEA 6% 8 Bart bNPscebhEBBodiREht of
re 8 Figure 10 shows, on an even greater

"A, of , Fi
theeWFeﬂag%chmg‘ggc&me& sectional side view of part of the
R 8 Sl Ehbine BV oShiap ottt Bt o T MR Gpbpffent of

thegingaggated circuit carrier;

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 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
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
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carrier; Figure 12 shows a sectional side view of

still a further enbodinment of the integrated circuit
carrier; Figure 13 shows a nulti-chip nodul e based on
the integrated circuit carrier; and BGA012-SG 5 Figure
14 shows a sectional side view of the nmulti-chip
nodul e based on the integrated circuit carrier.
Det ai | ed Description of thesDrawi ngs Referring to the
drawi ngs, an integrated circuit carrier, in accordance
with the invention, is designated generally by the

r ef @i@ﬁ*@ ¢4 E‘Waﬁéecﬁ&al Aide TSI 1B ﬁﬂllﬁucm%%&duléiﬁdséa 8h the
IS s reater detail in Figure 2 of th

m@g%ﬁ @mt? ¥f-ntegrated circuit carrier 10 has a

eq ng zone 12 eceiving an integrated circuit
wmpeﬁprm"gu@fft%e b FAWIRGS| i ty of island defining
por s ands 16 surround, the recejving zone
t%g%ﬂng 10 TR diaPGnesen HFCSNEE pirsIaTRaly v desprdgape with the

11ﬁfd’mabﬁ o] déﬂgﬁdﬁd:cbé’én&raﬂ? Ibgl @i lofdrdncd Quingral 20t A@hint@grated circuit

coff SR Tl i SRR SR T i i 1y
r e d tf‘ﬁ% nl%fz'@{iﬁlzﬁ Qﬂ@ﬁ?%ﬁéﬁl f llﬁﬁss] a ch!eWpﬁ% z&(fsg 1.%? Petceir\]/ﬁlg an

ln@aﬁ%%b@@anpycmnlﬁmﬁwm@f@ of the drawi ngs. As
il stra fn Flg each serpentine nenber 22
ser %él%ﬂ@?lp%orslélatl 6 sroHnd dedrepivipg zone

12h&ch 1sliaeg1rma1as ah efecerRADIMIMaNTB/BBROA (¢ Rhthia\s8ldePball 30 is
mé%ﬂgﬂgﬁrin i slands 16. Accordingly, the difference

i~ expa SPSn bet ween a printed circuit board 24

( Fi %E}?%h&dtl% i éorﬁlrggteél P)r its r?e?%l{boﬁglg gsgaﬂdsor(iﬂgpcﬁ NakE 9 rigidity

y € Xxtension o
re@@mgemanﬁ@nenfmﬁ@r grm of a pgpenting sngmber LR e Thisda shoytr inj greater

detdi‘lﬂ@h&ﬁﬁu&ﬂ ih P80l dfthe Ql@évlqﬁgg OAQﬂluEt'i‘@cedi i ﬁ@ﬁlre 116adhs

consi dera reduced an ilure o e solder
sepRPe Hz‘amlg@y D it S e pinob ittt Qg b g o fopree
of direbdath lﬂiﬁmoSeménttrhlatmai‘lrontsafeigh@oﬁﬁglsl"fmﬂs tie. SAbttdi&ﬁglM tha

f S 6 of raw n
dlfr_f&eggeelﬂ%%én%}% beg/%e(ﬁ a :%mtce %:ug:g % ﬂl (% bguﬁ%S? 9 a‘}g I;]md the
carrier 10 1s compensated for by extensmn or retractlon of the relevant serpentine
members 22. As aresult, the shear strain imparted to the solder balls 20 on the island
16 is considerably reduced and fatigue failure of the solder balls 20 is, correspondingly,
reduced.

Various embodiments of the carrier 10 are now described with reference to
Figures 3 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
parallel 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
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island 16 connected to its neighboring island 16 by a
serpenti ne nenber 22 which has a single, curved arm
26. In the enbodi mrent of the invention shown in Figure
4 of the drawi ngs, each serpentine nenber 22 connects
one island 16 to its neighboring island 16 by a pair
of parallel arns 28 interconnected by an orthogona
bridging portion 30. Each serpentine nenber 22 of the
enbodi nment illustrated in Figure 5 of the draw ngs
connects one island 16 to its neighboring island 16

thféé amamz%&agglgﬁnﬁag%m YR JREROAZ; é%%@ Bg ﬁre%ﬂﬁ%pjéa

extend| n to each ot her acent arns

Etaéé“rtgf’%?j’@]tP@gllﬂﬁlpﬁﬁ%?’{?hogonal br| dgi ng portion

h f th
i it (g emop TP U Rre et st o e rapyipisneach een ane
memnteer 28 Iwim:h dfne@s D]he_sm{]aﬁﬂ dbhofts ?gghlﬁirm%gslélﬁi heBasfiivegarallel
. s
o e B o e At A Ry A b o pegpon 38.
eas?oPéas@ 6?&%?9@ thd BEpGITRA 'i'l‘ﬁ%h’? eHlnll %ﬁ;ﬁe@tfietg {he

Fi gures raw ngs erre
drayangsshall b@ﬁ%feﬂ%t%ww 6s therope AT RE sw@ﬁanime membera, tlm/@wo
arrABse&PeSRicNaRhbAD N BINB e ddn 34 REPERTREN&IHPr 32, and the five arm

serpentine nd the five arm 36 serpentine
Béﬁﬁwg%tﬂnef?e F%g%eWPVE‘IV y As illustrated more clearly

inFl ft draw n selsl nds .16

surroun Iﬁgﬁt ée?%%i &mﬁgﬁgogffgp @%Wﬁ%&ﬁ g 19gndsHg
sureueling the recetvéngdpoeng 18 @mnecrtccgtodht yecelyvihgeiong by a second
rigRlify 3R rrdnBeh B 1ﬂc1 BeoRh o?a %g%&%aeﬁkﬁﬂ RN \hhi g]Q tﬁiﬁ“ﬁ'{ ﬁgids in

ufther a ds rn reducin In inparte
refﬁlem&éhe Hein @%Tedﬁﬂ’ﬁ’ésohg bffl Su'@trat ed in Fi gur es 7 to

of .t he ngs,..t he ted circuit S .
eI ettt %Sa‘ﬁr@ PR J% ) b Re drviines lateg@t%zclrcult 14 is
eleCtFicglly eordpcted td dectrient eontacty 42 GRiguib2) nh the re@ivdey zdHenIsvia

‘gﬂg garrier 10 is formed fromthe same material as
SOléATb egrated circuit 14. Accordingly, the carrier

10 The ERFiEED 19%01ﬁieh'fﬁﬂﬁ]tﬂ%% ggnzﬁlé} di Qﬂﬂeg{l tei@Yihit 94,

n _dioxid I Nsu tlng ayer serves as
AC&OIH%!%{ Resgariesy Oéf Etmnﬁ@ of fiiceehgying dmiasulpingdayer of silicer
diosdel e ighufeting I38Wr hiBo S¢rea! Bla Ited Alakk RRRWing the serpentine

members 22, as will be discussed in greater detail below.

In the manufacture of the integrated circuit carrier 10, a wafer 46 of silicon is

provided. The wafer 46 can be single crystal silicon or polycrystalline silicon.

It is to be noted that the version of the carrier 10 shown in Figure 10 of the
drawings is where the receiving zone 12 is on the same side of the carrier 10 as the pads
18 as shown in Figure 7 of the drawings. Where the receiving zone 12 is on an
opposite surface of the carrier 10, as shown in Figure 8 of the drawings, the circuitry
layer is applied to both sides of the wafer 46. This is shown on a smaller scale in
Figure 9 of the drawings. In this embodiment, each track 52 is electrically connected to
its associated pad 18 via a plated through hole 58 extending through the wafer 46.
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In the manufacture of the integrated circuit carrier
10, a wafer 46 of silicon is provided. The wafer 46
can be single crystal silicon or polycrystalline
silicon. It is to be noted that the version of the
carrier 10 shown in Figure 10 of the drawings is
where the receiving zone 12 is on the sane side of the
carrier 10 as the pads 18 a shown in Figure 7 of the
drawi ngs. Wiere the receiving zone 12 is on an
opposite surface of the carrier 10, as shown in Figure

8 ofrefdifing h@Wt@ gi?‘gurésrlq z&HrIQLHfttﬁeYdraw!Nﬁﬁg? rtvdosfuﬁl?&leh%dfrﬁents of

Thi Wwn on
thg g%%sf’ 901' rﬂi?l@ifﬁ@% %e{qﬁ%elaqeéa;ﬂf?glggVIgvﬁo@IﬁW@gs like reference
mendpale rafento like pahs, uhkekothdrwise geiCicd cal |y connected to
its associated pad 18 via a plated through hole 58

ext émdlicrgramples iigihsirated, theteerivify zdBEAQ 1L i1Bad odRétep Kemgreated
o PR B UGt VWl 0 B LLALAGR 18 0 e
infegragqdeircuitld iy piéachedsipiapneuntingwnengs or Tetdieing @teen%mdhe form of

a medBica ds6 X ®hRh id Ebﬂdb(!fﬁ) (Hﬁrstuﬁfacéj&'l tRS SarALNRS. YA 8 8ppased surface
| ustrated, the recelving

Ofm‘f%‘ﬁﬁg@c”‘%ﬂﬁs}t 3@3)‘()8?@%%5 rfaf sty cohmecspg hespicprid
cirefiit téhe carrier 0. llt@;yﬂI&:e m@p&a@&d@ﬁht,dxﬁfthlﬁ eﬂlbbhihmg Rhd &lectrical
coﬁﬂﬁ{sla?% ar}a%ge&_ I&Iﬁ that E g{ t%% E?rﬁlgr gLH}éO 5 i & %@?&ge% thg the
errﬂ@damnt@llustrdteazn ﬂguoehl ] @_:f tho ddedngsothenetesonficateare fvitetbends
4C ?Eriih'ePBalll&* w&i@e %H&S(%gélé lﬁ%édﬂcﬁ th@émﬁ&ﬁ At 1ﬁg§t9att<§fjin Fi igure 12

uit or electrica é connectin

of rﬂbﬂl@@ﬂé@ Geropmegiare epe vyiemalss bpad (AB) Himsd or oot

plappcamicaticd shtlads bem lkdiss enbodi ment, the el ectri cal
contacts are arranged on that part of the carrier 10

sur Refrmdnggow leFjpasskBys tE@draing‘sh:ede\elﬁ;ﬁcﬁnﬂBﬁtﬂle integrated

cnjc{ult stk ?ﬁl%s'tﬁteﬁiagéf ﬁsede]s%nglgd tgglgeiﬁi)ég\)n/ tﬁlg Tef }epﬁe %I 7é) s

terconnec
Wﬂb frferepemiotke prswigus rawings, wsirenss tnmﬂerahstetfeitt@ tkeé parts,

unfdsggﬂhgr\ﬂlgesrgﬁlffeae drawi ngs, the interconnects are tape
aut omat ed bond (TAB) filnms 66 or other planar

con hemislegﬁt&)fdﬁnéxh o shdaaddntion a@s cmﬁef B0 Il a{lﬁulﬁodﬁlﬁ fhodule
t nt of
s Mg P ey e GV aR el g opeyillustrted
at aégﬁgmdﬁédn Geues 83.| Theoshipi®, 74 find @6 ar aithemsaatied’éh the surface
of Wetc%ﬁe@fﬁ of na%‘?iegc?lb'é@ glgéé{e%%/lltl‘f’#?ei{gﬂc%% ?%%res l'Oka%d J1, the chips

reference nunerals re unle
areyerrsped Bdhe pratipr 70eas, illustrated in Figure 14 of the drawmgs

As indicated above, the serpentine members 22 may have different
configurations such as the one arm 26 configuration, the two arm 28 configuration, the
three arm 34 configuration or the five arm 36 configuration. Other configurations such
as 4 arm or 6 or more arm configurations are also possible using finite element
analyses, a results matrix for different carrier implementations, having different forms
of serpentine members 22 and different ball arrays was generated. The matrix, which is
set out below, contains results for ball grid arrays having rows of one to twenty-four
balls, carriers of solid silicon, solid Al,O3, solid BT, & one arm 26 serpentine member
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In this enbodi nent of the invention,
a nulti-chip nodul e

of
illustrated

72, 74 and 76 are either

the carrier
to Figures 10 and

70 or,

11,

the clg ps

the carrier
substrate 70 carrying a plurality
integrated circuits or chips such as those
at 72, 74 and 76 in Figure 13. The chips
carried on the surface
as descri bed above with reference
are recessed in the

of

carrier 70 as illustrated in Figure 14 of the
t he serpentine nenbers

2223 tWB Y 8% %e@eﬁtf&rrﬁaﬁbercz@né HEM b ﬁ‘&rﬁéﬁ?xﬁe ARnfbBE2 PR a

dr awm ngs.

arm 26 confi.gur at

1 on,

As indi cated above,

two arm 28 con

I gur

ation,

ﬁ?ﬁﬁnﬂ¥ﬁﬁgﬁnﬁpﬁﬁ@ﬁlEbnflguratlon or the five arm 36

configuration.
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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 o the edge of the

carrier 10.

The resuits show that the peak solder ball strain value for solid carriers increases

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 PCB is minimised. Also, the peak strain value of the solid carriers,

apart from the BT carrier, is still, far in excess of the elastic strain limit for solder.

The serpéntine member 22 implementations show a decrease in peak solder ball
strain with increasing number of solder balls. This is due to the fact that the thermal

strain mismatch is distributed over a greater number of solder balis 20 resuiting in a
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number of solder balls 20 which can constitute the array.

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.
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40,000 balls, well in excess of expected requirenents
of 9,000 balls by 2014. Finite elenent calculations
i ndicate that the peak solder ball strain is |less than
the elastic limt of solder for carriers with three
or nore arm serpentine nenbers, with 8 or nore rows
of balls. As the receiving zone is silicon, and
therefore has the same coeffigcient of thermal
expansion as a silicon integrated circuit, the strain
on the bunp connections fromthe integrated circuit
CRAMNQ: the carrier 10 is mnimsed. This indicates that
a silicon BGA with etched conpliant regions as

1.des i eembIg iilidis@ i Pitaviteecidouiiehbinité®on SPInMdr-QBd Eikouit
roq%enﬁ of falluge tron1tgernal cycling that
(mgﬁ?T REPsErpted CheheriedBEPdiBE © connect i ons that can be
mad i nd a.PCB usin all grid.arrays., .
Ao LS e FALBRREARERA ISR, off sfeiSieie beine
degarqatast iyreebare ibibe 3vad; a greater surface area is
provi ded which is further enhanced by the re-entrant
et c B P2kt of idangrdofimingrogtionsarigrgedabant said gt ledst ppreceiving
zo88akt 1Akt ol@ idlanRMTHISEbridh haviRd BPeREEaltAnliRA JIRGIBAE
in E%f nu e&ﬁff $9 dg%ﬁfalls 20 whi.ch can constitute
Coppete P4 I faniash oLt Udratt 8rF I5§CIERLORS 288 | | ed
in . hat numerous, variatians . and/ ok . .
o sl BTEC AU SRR s 4T PR inine ppsinn t fach
oftity acighbeirfg islanédbluingpottionwi t hout departing fromthe
spirit or scope of the invention as broadly )
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restrictive. BGAO12-SG 10 CLAIMS: 1. An assenbly
including an integrated circuit nounted on an
integrated circuit <carrier, the integrated circuit
2. car iThe assemblyueficlrgm: 1 @ wikitlethelvave 3@ ratest dafted dm éhe wafer.
recei ving zone, said at |east one receiving zone being
demarcated by a bore in the wafer; a plurality of
island-definiqg portions arranged about said at |east
3. one The assepphiet claimel ingyhipla thetboshis ajpapseaeicxfending tough the
weer fhdr Bnd ButFaRE o thel A6 t6iaf dppéRH Rinddle STHRCHAfE Whd dectrical
connﬁcled to an e ecé& %%?tact of said at |east
[

c
CORIRE'S PEIOSIATARG 1 LEHES WAl 8Oyt PASERESr educi ng
arrangenment connecting each island-defining portion to
each

4. The assembly of claim 3 which includes a mounting means for mounting the

integrated circuit in its associated passage.

5. The assembly of claim 1 in which the island-defining portions and the rigidity-
reducing arrangements are formed by etching the wafer.

6. The assembly of claim 5 in which said bore is also etched in the wafer.
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of its neighboring island-defining portions; wherein
the thernmal expansion co-efficient of the wafer is
substantially equal to the thernmal expansion
co-efficient of the integrated circuit. 2. The
assenbly of claiml1l in which the bore is a recess
defined in the wafer. 3. The assenbly of claim1l in
whi ch the bore is a passagelextendi ng through the
waf er from one surface of the wafer to an opposed
surface of the wafer, the electrical contacts being
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assenbly of claim3 which includes a nounting means
for mounting the integrated circuit in its associated
passage. 5. The assenbly of claim1 in which the
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X ormed by etching the wafer. 6. The

ﬁn%ié@%%i@ o%éc alﬁ$5 in which said bore is also etched
in the wafer. BGA012-SG 11 7. The assenbly of claim5b
in which the etch is a re-entrant etch. 8. The

9. assEhbhiseblycdfatdinll inRviibh 6th@Ratbsé istndldefnfrRPostidhe

arrangement i.s in the formof a serpentine penber, 9.
bordeHR Med pqridied e e £OpT nAPRHCBILh S R Zone by @
seqoptlaydigibfy-rilngnganriangement. bor deri ng t heir associ at ed

recei ving zones is connected to said receiving zone by

a secondary rigidity-reducing arrangenent. 10. The

assenbly of claim9 in which the secondary
10y gilbg aspemblyfickim & inarhienibs secondpp rigddiy-igdyding arapgement
co@*ﬂﬂﬁ@&ﬁg&égd&h@ﬁassenb|y of claim!l in which the

electrical term nal of each island-defining portion
isin the formof a netal pad. BGA01l2-SG

11.  The assembly 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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