AN | NTEGRATED CI RCUI T ASSEMBLY Field of the Invention
This invention relates to integrated circuit packages.
More particularly, the invention relates to an
integrated circuit carrier for an integrated circuit
package. Background to the Invention Due to the
ever -increasi ng nunber of connections (pincount) of
integrated circuits, the uselof ball grid array
packages to connect integrated circuits to printed
circuit boards is increasing. This facilitates the
redistribution of a very fine pitch of flip-chip bunp
array of the | ANKNTEGRATED CIRCUITASSEMBRY| ar ger
pitch ball grid array for attachnent to the printed
circuit board (PCB). The carrier is often referred to
aFigld of thelmwestiorand can be fabricated fromdifferent
mat erial s such as ceramc, or a plastics material such
as bi qABliRieRidhGelhfed @t tbPouit fﬂ&:ﬁagé@rMb@rpaﬁblﬂﬁly, the
_ functlons as a beat sink_by repovin egrmal ener gy

f WagseRtiohEslatqs e einigeated cireuitgpTienlr iraarated elbmt aatkeem-
Accordingly, the carrier is subjected to thernal
strains. In addition, an electronic package assenbly
conprising, the inte rated circuit, the carrier and

ggk&m%t%\fhﬂrm@%ﬂsn di fferent rrat erials with

dlfferent nmechani cal properties. npl ex ther mal

st r es Pagtodhgevetingieasinggiumbenoh @’Bﬁ%‘l@é@@“‘ﬂ?ﬂ“ﬂ ofinsgested cirgfs,
dHEude Rt bﬁ%d%ﬁ'a;' Hc@g%?%@ﬁxﬁ&t‘iﬁt@gr@b& Lifduftdioip ﬂﬁ‘t%d circuit boards is

eonetry, tertal construction and thernal Ban3|on
S eAsigh &ls facilifasesi theredigirivytion g6 vpay fing pitch P?ﬁl@xjhla wp array of
Ghe ietdlptateld Sir8LQ6 b ueRabdér SIRABSE brffarta forAfachMbdthSthe Piinted?
ball grid array of gold or. solder bunps. Simlarly,
tefrenithaerd @EB)-s el ectrical |y connected to the PCB-by a
further, lar baII rid arra hal
t her ol ARiER AReeteaied toas gt é"‘fr"?% gr %Pﬂ?é%i@gg&&%frﬂt
e Rl sG@ as Bathtic] dHaglds6@ stddial svetess tisaaaldRme trhnide (HTY.
carrier. This can result in shearing of the sol der
bal | Teraeiet dlenfunchbss qsradlbdteink bsreawpin'gﬁﬁeedal bl}erwfrom the

e

tstndndPCB and the carrier. An increase in edge Iength of

the carrier is typically associ ated
In addition, an electronic package assembly comprising the integrated circuit, the

carrier and the PCB has a number of different materials with different mechanical
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 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

with an increase in the number of integrated circuit connections and solder balls.
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with an increase in the nunber of integrated circuit
connections and solder balls. BGA®-AU 2 Current bal
grid array design is, presently, at the limt of
reliability for typical integrated circuit pin
counts. Typically, a solder ball has a peak el astic
Shear strain value of around O 08%  Conput ationa
experinents done by the appI|Cant using a 500 micron
thick solid Silicon carrier, 500 mcron dianeter

sol der balls at | mllineter pitch, a 700 mcron thick

PCB a a
peak. Spaerfodiil® ey BBl plotling sl e AR RaliRg o Hpfild
biategra@flcwv@ppwnage whi ch |s far above the plastic

yield value of the solder ball. This result is to be
expec T rricaly, aspidenhalljhas apeak elastip shear swgintvalug gbareimd 018%.
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ofrrich §0Qmiceamisiiametar dolfea bkiksgit hgnilBmeter pjteh.of 700mecron thick PCB and
| r-nAat | l, da\R

UGRIBRRR ISR R PR [ SR SIS,
toktermasralloff theiprdkiage witich ip fas e thepbisticyielil galpe ofitheRaklerball.
59a at page 217, a pin count of a high performance

i nt eqFhit regltds todgiexpentad asshe halls atdheiaitermpst ededf fiemackagehe

Eﬁ&,@@ew LRGUlLT gﬁ%@&%shgor{ahgleg}ear term i.e. until

year 2005 indicat e I hi gh performance

inte %ﬁh&&’at&i‘ ih ﬁfé'phﬁhca@on@f ﬁxe%%k’éi’ﬁblﬁiﬁ%&i&aﬁﬁg ZedtB00

be required fo he table indrcates, %&ére
ilnfernatigng] &‘te@molﬁéy Rﬁ“@\m@sfet %ﬁmeﬂﬁduosm- 1839 %qunntherawéecent
éﬁao@zfvaﬁﬁ%t at e WRlelof RlidORe pr@gen%gﬁcaaérp in Tdﬂletﬁg at ﬂag@ﬁﬁ a pin
term until approximately the year a pin-count

ot ofi advehperformenesisteetaid @gquaﬂl@cpféherm Pf 1890 pingeEheof
tebﬁmwg? eéguie&ne%ts%@&e%ér ker 1. @Y h{e%ar ZOM&&&; @i, for hi

i ndi c in the tabl e, t’herels no known sol uti on or
pofosmingp ntegrateg giRA et PiTPRISERgespiog B H0Q Ml hareatired fps which, as

hB @RISR GRS, théRY BNoIdRE; no kWA BIMioR! SinfiRn), Y TR SIJ% of that
Accor di r;g to the invention, there is provided

PyblicaionaEprae 2 1% i the loagst e, Wil epRTONIRRtTHY, 8)@:5/695 ZPB’@%P‘%CH‘@“

PO Righ p&fdrtieHcl thicRhasildirb & PhackR B Ficordd? bt J,6008KM b8 Eeqfifed.

|n e ted circuit;
; %s gldlcated in the tablé, 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 carrier which

includes
a receiving zone including electrical contacts for receiving an integrated circuit;

a plurality of island-defining portions arranged about the receiving zone, at least one
island-defining portion having an electrical terminal electrically connected to one of the

contacts of the receiving zone; and

arigidity-reducing arrangement connecting each island-defining portion to each of

its neighboring island-defining portions.
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a plurality of island-defining portions arranged about
the receiving zone, at |east one island-defining
portion having an electrical termnal electrically
connected to one of the <contacts of the receiving
zone; and a rigidity-reduci ng arrangenent connecting
each island-defining portion to each of its

nei ghboring i sl and-defining pbrti ons. BOA 08-AU - 3-
The carrier maybe fabricated froma wafer of a

non- conductive material. Preferably, to reduce thermal
m smat [

G 1 cui 1 e T he AR i | AR A M oSl Rl

i m’t-égamy, éairedice dmrznal tnmsnimhéeWeetoﬂle tariigrianththe oftegrdtesirairadit, the

nsi o | of .t r
R e R B Bl e U ot
r lezgdadsléwappmdimmmggthardf&m@a@ammbe formed by
etching the wafer. Preferably, the etch is a

r e entTha rstanéﬂeﬂmnmdhns argfi tok digidityeddising grraneemeniemenie formed
Qheﬁ tﬂe wal%r fggaﬁ% e &8{ 193?51 én%ntm.be r. The

se per Ise one or a plurality. of
subst [ . Thi
58 5t B R e A e
b serpantxmrmmherem)e@rrlvylsme oo# plh@gtymi subistantébdiy peralied aniso tfn the

se |sland
- Berth 9 e =R Sl el BT Ry Bk
bmﬂmg&abbn@a@yommgldlty reduci ng arrangenent. The
secondary rigidity-reducing arrangement may conprise a
ZI g- z Beehelf éheesrislandfdelininl portiphschardoring Wi Frarivigs zenganey be -
I

R L L T S
i scmlwy digility-ridecindharrapggment m@xmnee wz-mreéqh@ﬂb n c e to
the acconpanying diagranmatic drawings in whic
i qur Ehq e saberis el PRt (A0 e ppEias SRy Prduiheprmofa metal

cgpjaceptual integrated circuit carrier;

Brief Description of the Drawings

The invention is now described by way of example with reference to the
accompanying diagrammatic drawings in which:-

Figure 1 shows a schematic; plan view of part of a conceptual ihtegrated circuit
carrier;

" Figure 2 shows a plan view of a part of an integrated circuit carrier, in accordance

with the invention;

Figure 3 shows a perspective, sectional view of part of one embodiment of the
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;
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Figure 2 shows a plan view of a part of an integrated
circuit carrier, in accordance wth the invention;
Figure 3 shows a perspective, sectional view of part

of one enbodi ment of the integrated circuit carrier;
Figure 4 shows a perspective, sectional view of part

of a second enbodi nent of the integrated circuit
carrier; Figure 5 shows a perfspective, sectional view
of part of a third enbodi nent of the integrated
circuit carrier; BGAORAU -4- Figure 6 shows a

per SPe&s kv LEWn A% .
enbodi ir'1etﬁescl)1 P §$§%ér&fgﬁ%tvg’\ér at e% §nc? ?’?’ghﬁéfcag‘?é@e%% %F—anéﬂtrog the
7ingdgoabed ciacwitatriennal , si de vi ew of one enbodi nent of
the integrated circuit <carrier, in use, Figure 8
shows Figusdohpwiradectiapldsidanienoiaine smbediment eftho thitageatad cipéuit

t%@d&qﬁg&rated circuit carrier, in use; Figure 9
shows’, on’ an enlarged scale, the circled part 'A, of

Fi gur g: 8- oFi : t d
I T S A R O
| pitcuig pamiesdng$e cuit carrier; Figure 11 shows a side
view of yet a further enbodiment of the integrated

ci r cuFigure @5hewseen anminkjrged scple, i oigedpag &bt ofdiimre & de

view of still a further enbodi ment of the integrated

ci r culiguse 4P phowss; onpn gyangereptyr enplyprd sqalpngseqtiopa sige wiswof part of

hesatoARd tiQidchtiggrated circuit carrier; and Figure
14 shows a sectional side view of the nmulti-chip

nmodul gigha$esho®d a kidSview 0F RUE Alrfer Giboidicht FFRlelihtBdrated circuit
Det ai | ed Description of the Draw ngs
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

integrated circuit carrier.

Detailed Description of the Drawings

Referring to the drawings, an integrated circuit carrier, in accordance with the
invention, is designated generally by the reference numeral 10. An integrated circuit carrier
is shown in greater detail in Figure 2 of the drawings.

The integrated circuit carrier 10 has a receiving zone 12 for receiving an integrated
circuit or chip 14 (Figure 7).

A plurality of island defining portions or islands 16 surround the receiving zone 12.
Each island 16 has an electrical terminal 18 thereon to which a solder ball 20 is attach or
reflowed. _

Each island 16 is connected to its neighboring island or islands 16 via a rigidity

reducing arrangement in the form of a serpentine member 22. This is shown in greater
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Referring to the drawings, an integrated circuit
carrier, in accordance with the invention, is

desi gnated generally by the reference nuneral 10. An
integrated circuit carrier is shown in greater detali

in Figure 2 of the drawings. The integrated circuit
carrier 10 has a receiving zone 12 for receiving an
integrated circuit or chip ™ (Figure 7). Aplurality
of island defining portions or islands 16 surround the
recei ving zone 12. Each island 16 has an el ectrica

t I

AL eptl BFERE) SRl A ERRPR el b spentine
i nembexi2d indywasianpringslikgfiehction soghaémstb islapd \i6 hasz degrgé efiftegdom of
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'2e|§c|t 5%11?{1 at r%gac Lidh otl I%Kant §e§3 f Ie%x?ernﬁ)%&ttlza s a P&OP Ye shear strain

s a spring on so each’i sl'and
limphaal ta ﬂréeglda@aﬂn‘ 20f anakxcisiandolf6 is conviderably radectedamd/fengue failure
j |sland 6 Accordi ngly, the

a‘?ffsdf @%’ %({]%Xcﬁgﬁ?f’% eén a printed circuit
boar d es 7 a 1.8 : ' .
compen EAE AP R of‘e&%t%?n"gf fa‘ﬁaf%?o%v SRt kPt o Figuces
riel6ed ﬂntdrasmgpelmtmgwe srefthedrawid@s, thésaraier Wdhak each ishied thear
stra d tQ,t | | ]

el i b el e T B0 Kb Bt p 2 P S
smhdémnbails 20 is, correspondingly, reduced. Various
embodi ments of the carrier 10 are now described wi'th
r ef er brtheenbodifieginfds igventian sBowf intHigureit efithedrawingsyeach
7 A% t BbrinkQsIRAS 6856 Bair of
fg?§%§e§g8£%ggﬁgg{ed @%ﬁ??égﬁ%ﬁgﬁé%run ?s and§1gm%§ a
erafelatmaRs inerprnectaby acthogensl bgdgpmgqr@on 3Gurved arm
26. In the enbodinent of the invention shown in Figure

4 of Kasksupeatipamanbesgdef thamhodimentillusvpisg & Figwe offhect s
Q&%ﬂﬁ& |c@x91gct§-§ne iQaddl 1% 198 PGS ANRGs1ndl 18R5h ah@ripeBed® Biving

par al | arms 28 interconnected by _an orthogonal

5‘*‘?“0"51"?164 Wiu& garatiel topegelnothes, Adiapsmhumindf e comscie togather by
enbasligbRNbridgilgpoftioatsed in Figure 5 of the

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 paral_lel 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
28 serpentine member 22, the three arm 34 serpentine member 22, and the five arm 36
serpentine member 22, respectivelj ’

As illustrated more clearly in Figures 7 to 9 of the drawings, those islands 16
surrounding the receiving zone 12 are connected to the receiving zone by a second rigidity
reducing arrangement in the form of a zigzag element 40 which further aids in reducing the

strain imparted to the solder balls 20.
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draw ngs connects one island 16 to its nei ghboring
island 16 via an arrangenent having three anus 34
extending parallel to each other. Adjacent arns 34 are
connected together by an orthogonal bridging portion
32. In the enbodinent illustrated in Figure 6 of the
drawi ngs, each serpentine nenber 22 which connects
one island 16 to its neighbo®i-ng island 16 has five
parallel arns 36 with adjacent arms 36 being
connected by an orthogonal bridging portion 38. For

ease S&ﬁso%@ix&gﬁ% ﬁri?ﬁ;ﬁég% 1STRORL m%ﬁh‘%f ltlL itte t@& élqgllf F4

Figures 3 to drawm ngs s erre

b@i#:ogwaﬁ:scqnh@tedm@elaqmnaE@n@ets p2 ﬁme@mﬂbm@@g z¢ried 2 viamolder
s serpenti ne rrenber 22, the three arm 34

serpentine menber and the five arm 36 serpentine

R e FER ?%H { ﬁ%ﬁ@ﬂ?‘&é&“ﬁ%@”ﬂ?ﬁ%@“&%’% el
S&HCD@UBUL thg cartier 10écBmyddrog smmmélamg ar ssuading éawtrexﬂ srheont he
F f&:&de! m%ﬁlﬁﬁ'ng kl)%leraz%@o s%gn das rélhglzldqnasl\./ for t%%% thn gcgpe Wﬁue rﬁcmbers

arrangenen orm of I'gzag ef
f?arrtshzatlbadd@wsedlngmlddglbéiw. strain inparted to the

sol der balls 20. BGACS-AU -6- Also, as illustrated in
Fi gur laghemanyfagtursfof thednteggrated ¢inysit cartier 10w egferafbedisilivon dui t

HBa S BB b b SHNEGHEN i bnt) BV Sl SRILAT > 42

I gure I'n the rec g zone bunps

44, TR &5 dok rthal‘&e'vérs{ogﬁfﬁgﬁ%%%?g%%ﬁ@%qb%Hh@!ira@ﬁxgs

thelntegrate Cl rCcul carrier
igwhese the rmdnmons iLP iscorthdrame side effthe wsruﬂlr &9 asthe maég/lz&asehown

%&hg&@’? ofEfnb gﬂ&e'ﬂi} %Ue RlrlgWnd BHEEn & GpPoskE s §e

rrask Ing t rpentlne nmenber s
el lﬁe%dh@augf mrq &pfglpee@avéngsd@p gir¢uithyclpysiis applie meboth suies

BRAL (ke 4. erhgslf ; {H36m o b SR &ng% F@%ﬂhb o@"@’# rd}a%fmbgl O tﬁ

waf er 46 of Icon 1I's provi can
smbpgliaensegaft teack 23 is p@emc%lw cpiiested §pds asspeinted pd 1B wion platqd
ﬂt?outgﬁh&@ SQQ:&&Qm"g'i!lﬁrBu%hhﬁe YeLSion of the carrier 10

shown in Figure 10 of the drawings is where the

rece l&éfeﬁ@gmweo Bigduie$ | Ddhdl1DOf $3 ERwEigs @we FurthBreenfbadifne@s of the
g'a(r)neell' tare?lhgﬁ'ated ]\%tl? ?efe?‘ence 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
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 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
carrier is illustrated and is designated generally by the reference numeral 70. With
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in Figure 7 of the drawi ngs. Were the receiving zone
12 is on an opposite surface of the carrier 10, as
shown in Figure 8 of the drawings, the circuitry |ayer
is applied to. both sides of the wafer 46. This is
shown on a smaller scale in Figure 9 of the draw ngs.
In this enbodinent, each track 52 is electrically
.connected to its associated pad 18 via a pl ated
t hrough hol e 58 extendi ng through the wafer 46.
Referring now to Figures I 1 and 12 of the draw ngs,
fur eMmdnmnsof Osar
| it i B S R ke el B Sty s
| btherwiefspectfiede nunerals refer to like parts, unless
ot herw se specified. In the exanples illustrated, the
r ecei \In thiy entbodimtt df the investienattic ga‘rrittné{) isep midtirelip sodide enpstrate

R e T S

aV(S Eﬂh@ﬂe 130 The RIS, Mardevans: eﬁherbﬁ‘hed ot thgsunfee@nd thepartibref0

form alljc Li whi i s .b ed to on

S Pl T vl eiatien § Pl ap phE R oot e
| fdnegr7ahetlust@tcd GlFipurd 44 bbke iowiglgpads for electrically
connecting the integrated circuit to the carrier 10.

't Wi |As irkiécatep pbove, the echettivaimembers 2hingy havb differepindonfiguinagions

eI e cal act.s are an ha art of e

1 bS5 B30 Blinaalic e SALEE 25 Pheghlion, B bhredm's]
ecdnﬁgwatmntor thelfius hﬁﬁiﬁ&ﬂnﬁgm‘dﬁbg uDther coﬂﬁgnfatxbxlmesudr awtiang eg 6 or
f,\%grﬁlé*‘q% canhan ntgoﬁlts Brg a{sa g%safb% uﬁm@ ﬁ.lé.lte eil e %es,haa1'|e4u1t§) tlilatnx for
i differshtrcatiedimplemiehtgtitng, hhPingdifferdent foimmf ngntntelmmbers 22 and
i nterc ects are t aut omat dbo l.nB
PTG B Bk HARE: TR Tn B ot pd gl o
Reidi @ﬂ lafgys hawing rows-o e ¢ thidntpifour halsdaaamxg sohdaslhcon, solid

dev of th |nterate C Ll

G PPEBL Siratr 25 BRI EbE i, £ 7B ppffind Rember 22,2
rthfee arenieserpentine aiemBér 22\4hd & ﬁvwﬁwsmmﬂe mﬁeﬁeer ence to

nas, like reference nuperals refer

t ¢ Noi éfBaisintRew unl esd ot het wi se &peci flibed. | @4t hi s 100
efbodi nent_of the invention., the carrier 70 is a

Sblid SilTnerpmeul e fsubstrlat e 701.08%r yild§%a| pl.6rlal i t y01%
of_integrated circuits dr chips such{as those
i | Solit AbOdateapos?2| 74 arld 76 |i R6Ggue.8S3YB| NAE%c hi B %
7R 74 and 76 areieither] carrijed on the sutface of the
c

SelideBT Bgerposer 0.126% | 0.149% | 0.150% | 0.097%
Omne arm serpentine t 0.103% | 0.0903 | 0.085%
member %

Two arm serpentine 0.47% | 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
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or, as described above with reference to Figures 10
and 11, the chips are recessed in the <carrier 70 as
illustrated in Figure 14 of the drawi ngs. As indicated
above, the serpentine nenbers 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 arm836 configuration. O her
configurations such.as 4 armor 6 or nore arm
configurations are al so possible using finite el ement

anal ys a.r rent
ol eBngReT R Tl e B Y pLgBHE Mop RGO poeo
mesolder mll22 defivibd aslfrdrh ani edg obxhé tecdvingyme \A® thadee efttitkarrier 10.

The matri x, which is set out below, contains results
for  bahdregits shoarthan e phakwsokier bl sisaiofaluwfer sobd ca:riers increases

t -four, bal Is a f solid.silic
WP Rt oEBldet EhSRln & Beariipoink it Aintiive
t wifedtlofthadnhosiédh@iidal steain ket thBECBaM athd¢aerter 40.MTH34older ball
serpentine ne rm 36 ser ntlne
> SHB Aol eosruonn (e ahq oo bl o e OO &l 10 clguee in
: mtkﬁécﬁ&Sﬂﬁpe]ofg%;ég/ﬂdoﬁg&%l émﬁéx”/@%&@%%@% ;tOS}DJ)dcﬁils B th&dutermost ball

nter pos 0 01 0 0 |
%5@@0 gﬂilzé%ﬁsef %‘?5%‘61 5BApgion g}f@ﬂ@&?‘aﬁcm“ and the

Smﬁhﬁtﬁﬁxs&i 10389/ pOkQ&aid vaﬁé%tmab@ean%rs Tyt vk 1the BT
147% Q. 136% Q. 128% 0. 088%

serpentine 0.47% %
n@?méwmfé@%ﬁ#sg@ g‘ﬁﬁlﬁf%éﬁ‘@“b‘? ‘GSB‘é?% 0. 079% 0. 058%

0. 0560/ Fi v tin 259/ Q 0.

0; 0330t RGP Besites T greBlis it pstrosndn ok i bl

elstidif vith Screasing dutnﬂ.’fbrtof&dlder$ﬂlsd &his iissdua kcotie fhctQhdd BfttheAnal edin

of .so i s defined e.of .th

B sty A8 SRR obieneh e 2 ey flected
shape with less severe gradients. Smaller ball grid arrays, i.e. having fewer balls in a row,

exhibit more severe deflection gradients that induce a concentrated load on either the

innermost or the outermost solder ball 20,

Accordingly, it is a particular advantage of the invention thai, due to the reduction of
the peak strain with an increasing number of solder balls 20 there is no thermo-mechanical
limit to the amount of integrated circuit pin connections. A line of 100 balls on all sides of
the receiving zone 12 equates to a ball grid array of more than 40,000 balls, well in excess
of expected requirements of 9,000 balls by 2014. Finite element calculations indicate that
the peak solder ball strain is less than the elastic limit of solder for carriers with three or
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 bﬁnp 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 pfovide a definite solution to problems of failure from thermal cycling that

. 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.
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The results show that the peak solder ball strain
value for solid carriers increases wWwth an increasing
nunber of solder balls 20 up to a certain point, due
to the cunul ative effect of thereto-nechanical strain
between the PCB 24 and carrier 10. The sol der bal
strain actually goes down for the hundred bal

i mpl enent ati on, probably due-20 a change in

defl ecti on shape of the solid silicon carrier. Peak
strain still occurs in the outernost ball however

I th d bec di t
cxpanar I tsaptieafie] RERBp RO Binf b Bbro veitons andror
mzrmdfﬁcst&ﬁis méy Bémadehe thp érbvntivh bashowi &l tiespetifit Bbalihdntd without

rrier art.fromt carrier, is still, far in

o Yot on REinugt fppe Ahinveniitiisbraptly B Thypigpen
S emmmhmmmi&mre,aa bé apkiearalihall kRpetsSib AWstatile adas e
[ eak solder ball strain with increasing nunber of
sEPGE!Val I's. This is due to the fact that the therma
strain msmatch is distributed over a greater nunber
of solder balls 20 resulting in a deflected shape
with | ess severe gradients. Smaller ball grid arrays,
i.e. having fewer balls in a row, ~exhibit nore severe
defl ection gradients that induce a concentrated | oad
on either the innernost or the outernost sol der bal
20. Accordingly, it is a particular advantage of the
invention that, due to the reduction of the peak
strain wth an increasing nunber of solder balls 20
there is no therno-nechanical |imt to the anount of
integrated circuit pin connections. A line of 100
balls on all sides of the receiving zone 12 equates
to a ball grid array of nore than 40,000 balls, well
in excess of expected requirenents of. 9,000 bal I s by
2014. Finite elenent calculations indicate that the
peak sol der ball strain is less than the elastic limt
of solder for carriers with three or nore ann
serpentine nmenbers, with 8 or nore 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 bunp
connections fromthe integrated circuit 14 to the
carrier 10 is mnimsed. This indicates that a
- silicon BGA with etched conpliant regions as descri bed
herein can provide a definite solution to problens of
failure fromthermal cycling that currently limt the
nunber of connections that can be made between a chip
and a PCB using ball grid arrays. Al so, as described
above, with the provision of the serpentine nenbers
22,
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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 nunber of sol der
balls 20 which can constitute the array. BGAC& AU .g.
It will be appreciated by persons skilled in the art
t hat nunmerous variations and/®®r nodifications may be
made to the invention as shown in the specific

enbodi nents wi thout departing fromthe spirit or
s&ggg ~ the invention as broadly described. The

p * enbodi nents are, therefore, to be considered

al | s as ill tive. and not restrictive.
CE%CEAﬁdnqgﬂagﬁfﬁ¥ﬁ§mn yﬂﬂﬁ“PﬁF@ﬁrated circuit

assenbbﬁn&mahmgeanmlses a prlnted CIrCUIt board; a
carrier that is nounted on the €¥ uit board
it boar

wi th &°cHFghdat ismougted op Hedripsh ih 3 gl of

diafetddhi@ts AhPbadicr définingd lﬁx@ﬁt@loﬂeeﬁwﬂgﬂﬁés efeB@dbeiving zone beuig
recei vi ng zone being  di nensioned to- {ﬁcel ve an

i imerpioned e reseivE R tmegﬂtf’él s fhecarigipeld g a plurality
of el ect rj b opdiatical ddatikis laPar fssitlone 8 dadhFe @A zone to be

receiving zone to be engageable with an integrated

ci r cufreageble it @n iniceEiRd FicBEBrRYA dp SashEpceiding Palieal i ty
of i sl and; Aghiid bNilaRREdInRRD oA thitlaf JOSiBibAddBBRen the receiving

between the receiving zones, each island- deflnlnap 4 with
EF w1

por t | Bmepeachdslandriatiringppriien home cpinieredte tog printdicirgy

W th ,abetBhfRicanect; and a plurality of
di spl acenent - co ensatln formations that is

i nt er pos éPlurgisy lalcheq SPEpRasagas fasmatipnp that is Beposed
conpegades tHeQblarddedeRhiby Portbis mﬁo%ﬁﬂ@@&e £k rdidt®e displacement of the

i sl and-def usi ng portions, en an integrated CIrCUIt
i s r cslapd,defining pg@eﬁs, W@@l‘e:}r\,lpqqgateg Gt is recelved in each receiving

zone.

2. An integrated circuit assembly as claimed in claim 1, in which the carrier is

compﬁsed of a non-conductive material.

3. An integrated circuit assembly as claimed in claim 1, in which the receiving zones

are defined on a surface of the carrier.

4, An integrated circuit assembly as claimed in claim 1, in which the receiving zones

are in the form of recesses defined in the carrier.

5. Anintegrated circuit assembly as claimed in claim 1, in which the receiving zones
are in the form of passages that extend through the carrier, the electrical contacts being

arranged on the carrier about each passage.
6. An integrated circuit assembly as claimed in claim 1, in which the non-conductive
material of the carrier has the same co-efficient of thermal expansion as a material of which

a substrate of each integrated circuit is manufactured.
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2. An integrated circuit assenbly as clained in claim
1, in which the carrier is conpr ised of a
non-conductive material. 3. An integrated circuit
assenbly as clained in claim1, in which the receiving
zones are defined on a surface of the carrier. 4. An
integrated circuit assenbly as clained in claiml, in
whi ch the receiving zones arté-in the formof recesses
defined in the carrier. 5. An integrated circuit
assenbly as clained in claim1, in which the receiving
zones are in the formof passages that extend through
the carrier, the electrical contacts being arranged
On t heAndmegrted cirbib utserntslg hs q;iaissdiga:laixﬁl iarwhicit cagjy dispdagement-

circuit .a | y. as,.cl.ai j
TR BT i B Fa 0 opfgudl fhktion Aot YPnpbhelir
CRhaald meveanht odthetifi@dnefiniax patisisdy defornsationt er i al of
which a substrate of each integrated circuit is
manuf act ured. BGAO8-AU 7. An integrated circuit
3§ se lnmn)lnté@até‘d @dctie ghsérfible hﬁﬂ?ﬂn&d ini cheinahhj iolwhécheh hch i;xteroonncct is
|sp acenent - ensat i ormation. i.s.in e
i 5ot OReCE PRI B O aeging Bptiop gt rted
mgMﬁmsaﬁdof t he i sl and-defining portions by
deformation. 8. An integrated circuit assenbly as
clained in claim1, in which each interconnect is in
the formof a solder ball that interconnects each

I sl and- defi ni ng portlon and the printed circuit
"board. 8GAOa- AU 4
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