« | AN I NTEGRATED CI RCUI T ASSEMBLY Field of the
I nvention 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, thg use of ball grid array
packages to connect integrated circuits to printed
circuit boards is increasing. This facilitates the
redistributio p-chi p bunp
array of the M‘i@a&g‘@i‘gb @@&U&oﬂ§%ﬁ%ﬂyar ger pitch
ball grid array for attachnment to the printed circuit
board (PCB). The carrier is often referred to as an
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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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- BGAO8-SG 2 Current ball grid array design is,
presently, at the [imt of reliability for typica
integrated circuit pin counts. Typically, a solder
bal| has a peak el astic shear strain value of around
0.08% Conput ational experinments done by the
applicant using a 500 mcron thick solid Silicon
carrier, 500 mcron dianeter2 solder balls at 1
mllimeter pitch, a 700 mcron thick PCB and a 16
mllimeter side silicon chip indicated a peak shear
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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

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

BGAOS-SG



-a rigidity-reducing arrangenent connecting each
i sland-defining portion to each of its neighboring
i sl and-defining portions. The carrier may be
fabricated froma wafer of a non-conductive material.
Preferably, to reduce thermal m smatch between the
carrier and the integrated circuit, BGA08-SG 3 the
wafer is of the same naterigl as the integrated
circuit to have a co-efficient of thermal expansion
approxi mating that of the integrated circuit. The
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mdidl&agacconpanyi ng di agrammatic draw ngs in which:

'gjure t shows a schematic, plan view of part of a
conceptual integrated circuit carrier; Figure 2 shows

qé)l an view of a part of an integrated circuit
Briek Description sfdbedarawingsh the i nvention; Figure 3
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e . . r . r: .
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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 integi‘ated circuit carrier;

Figure 5 shows a perspective, sectional view of part of a third embodiment of
the integrated 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;
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.the integrated circuit carrier; Figure 6 shows a
perspective, sectional view of part of a fourth

enbodi mrent of the integrated circuit carrier; Figure
7 shows a sectional, side view of one enbodi nent of
the integrated circuit carrier, in use;, Figure 8
shows a sectional, side view of another enbodi nent of
the integrated circuit carrder, in use; BGAO8-SG 4
Figure 9 shows, on an enlarged scale, the circled part
"A', of Figure 8; Figure 10 shows, on an even greater

enl eﬁg@@b%ﬁ@\l@ on@n$@kkdAndhle; sthei @ué’lb@ fA',p(ﬁfﬁl . the
i nt rat;@ﬁmrcwt carrier; r(&c shows a Si e

vi eWTsie VR shops QR oR eYerLersde ffpéfﬁse afena seqhoBgrsiceyew of part
ofaharmtﬁgratectarmmefamdﬁ gure 12 shows a secti onal side

Vi e |II a f.urther i ntegrated . .
cir Clﬁq{r caF}%"‘%Sra SIS \élﬁ}ve()f%gp %ﬁ] "fnlen cffitﬁe ’r’?g%?t‘é‘gcmmt

Camed on the integrated circuit carr| er; and Figure
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inogtalid guibedElept i on of the Drawings Referri ng to the
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infegragddowruit camgieeat er detail in Fi gure 2 of t he

drawi ngs. The integrated circuit carrier 10 has a
receiving zone 12 for receiving an integrated circuit

G j- A Dk it f | and defining
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12. R%%ﬂltlg & V\tﬁé‘ drhaJe@nékaﬁn ﬁﬂe%ét@& Eg%lﬁ?iantl@rr {H d%@erg%&e with the
iny BB 4ES e 5eaPeal DY 819 8 R BLetR! 1. pnicgrated ciruit
carrer ghuhominrig gieatendekailin Fivuga@lsf thé dvavangs rigi d| t y
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L1 1 uspialiBtof iBlafid &iBngd porfiidlor 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
detail conceptually in Figure 1 of the drawings. As illustrated in Figure 1, each
serpentine member 22 serves a spring-like function so that each island 16 has a degree
of freedom of movement relative to its neighboring islands 16. Accordingly, the
difference in expansion between a printed circuit board 24 (Figures 7 to 9) and the
carrier 10 is compensated for by extension or retraction of the relevant serpentine
members 22. As a result, 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
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. serpentine nenber 22 serves a spring-like function so
that each island 16 has a degree of freedom of
novenent relative to its neighboring islands 16.
Accordingly, the difference in expansion between a
printed circuit board 24 (Figures 7 to 9) and the
carrier 10 is conpensated for by extension or
retraction of the relevant serpentine menbers 22. As
a result, the shear strain inparted to the sol der
balls 20 on the island 16 is considerably reduced and
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The carrier 10 is formed from the same material as the integrated circuit 14.

Accordingly, the carrier 10 is formed of silicon having an insulating layer of silicon
dioxide. The insulating layer also serves as a hard mask for etching 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
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- Also, as illustrated in Figures 7 to 9 of the
drawi ngs, the integrated circuit 14 is electrically
connected to electrical contacts 42 (Figure 2) in the
receiving zone 12 via solder bunps 44. The carrier 10
is formed fromthe sane material as the integrated
circuit 14. Accordingly, the carrier 10 is fornmed of
silicon having an insulating |layer of silicon
di oxi de. The insulating | ayer also serves as a hard
mask for etching the serpentine nenbers 22, as wll
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aut O %ﬁ?b@‘f% ThaB§erpet sk B4 ey have ditferent
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,Os, solid BT, a one arm 26 serpentine member
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+ pl anar connecti ons such as beam | eads.
to Figure 13 of the draw ngs,
circuit carrier

i nt egrated

Referr

desi gnated generally by the reference nuneral

Wth reference to the previous draw ngs,
reference nunerals refer to |like parts,
ot herwi se speci fi ed.

i nventi on,

substrate 70 carrying a plurality of
r a
2% ag&a labrfl 28/sepRhRR rﬁéiﬁﬂeﬁ H}gg@%ﬂ ﬁgﬁ%ﬁg gw?ébg? 23 arddta

sur f ace

in Figure

ﬁ%ﬁ %frrle} %?anleenﬁwbrhe

i nt egr at

of the carrier

I ng now

a devel opnent of the
is illustrated and is

70.

i ke
unl ess
I n this7enbodi nent of the
the carrier 70 is a nmulti-chip nodul e

ed

70 or,

as descri bed above wth reference to Figures 10 and

N
H

S
PH Ei

iNd. ot

Bals

are recessed I n the carrrer
Juré 14 _of 4 he drgmjnnq

1 6AS

U as

i nd24at

d 100

RIS ThitppsRF peny i ne e

bers 2P

a\rers% f

f er.61%

1.01%

cont. i

Syohid;

Era I ONS SuU
Oz bnferposery

CN asS 1
Nfi gura

ne one

1'.@824
cort |(%]

rat 1o,
%

21.0779

0.72%

SNl BRI #eipuiep’ {he fiv

ion_ t
b arm 3

rm Zo
B.667%r B 953 i
60.396% (06N 49%,0

MO € arfim

no.1Sh%Her

0.097%

nfigurat i ons "SU
X a1 serppRtiRe o
amahlyaes, a resul

Fhas
b al so
S matr

I—ar m o
possi bl
x for

6_or
0487 %g PiORPE

di f feregnt warr

S108A¥nt

ier

rﬁfbenent at | ﬁa "
I

Thembext ri x, which

‘%V%’&ﬂt
i S

a4

ef

ERVTARRE 5

out bel ow, ¢

ont ai NS

g |

resul ts

0.088%

f Aarr
ba rrgﬂ car rdegpgg 0
gremberone ar m 26

i) /%V
f sol'id

ser pent

ne ne

0932 Conoﬂfm‘f”

0.hg8sk

er BGAO08- SG 1

BBtO§PI/OL

22, a

r

TR AnliePennPen

ser pent N me er
of RBa

i ne ne
22 and

ls in

nber 22, o
a fiv

ow 1

B3 eg oo

e arm 36 serps

36.013%
nti ne

8 16

4 100 Solid Si

‘Interposerl 089%d. 489%. 61%. 01% Sol i d A1203

Interp

Inté:"rS

er0.667% ). 953%.. 0779%9). 72% Sol id BT
plister] abryseihe 200 FEOMOmOGL SRS infeiab e H8% idow of

soRleﬂEﬁB@s 0902 dQs BBRVamBIBR O the o AinE R PERthO8dge of the

carrier 10.

The results show that the peak solder bali 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 serpentine 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 balls 20 resulting in a

deflected 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 cither the immermost or the outermost solder ball 20.
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+ 0.47%0). 15%9. 147%. 136%0. 128% 0. 088% nmenber Three arm
serpentine 0.22%0). 082%0. 079%0. 058%0. 056% nenber Five
arm serpentine 0.025% ). 025%0). 013% nenber As i ndi cat ed
above, the elastic strain limt 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 sol der bal
strain value for solid carriers increases wth an
i ncreasi ng nunber of solder balls 20 up to a certain

poi E&%coﬂﬂ%h ¥, @ ik Q%aﬁiémé!r advahfige 8F {h%‘ﬂwéﬂftlon that, due to the
ni cal rai.n betvveen th CB 24 "and

%J&PP? af thepe ﬁ@lw A0 IR PaSIngRymfzeR oﬁaql@emhays a%sereopém
thdroro- mbc&lahmakillirﬁﬂ tdetel amiowat @ﬁiﬁfb@ﬁ&ecﬂﬂrouﬁf eddingctibne. WOlire of

106 Ii)%ﬁggn Al %g futa Ire%re]lv‘? h af e g% gﬂ\; esistﬁla,ltqjilgSI fgllﬂ%%?ﬁ‘g more than
405)@D|baﬂa{neaﬂem cabash oﬁqmentedlr@qmmea‘a@éﬁ 98 dallsky 2014. Finite
eléiiﬁénft BAIBMLHGHs, 1ﬁ8ﬁ@z§f@ ﬁa@ [heﬁ)%%}ﬁ‘@(ﬂﬁer Ball &G ie‘g th%ﬂ ‘?l?et {l%stlc limit

is mnimsed eak strain Va
of §%1F1Prdf0§ spipsvath thegsgrimare 70 BHBCTIS e oqryhess, wnlsS gt pfe rows

of f_lbiﬁlﬂs | A ﬂh&@f&&u@é zdieas ﬁﬂl@&I lafid ﬂie%e’ibl%tﬁah Hetsaf@lcoscRat of
eser entine j ons. show a
SRR 2% EdE s Al FReure e sraih he PREP Saapgtions
framu theentegfatesiaficeit 10 ad the. caifler 40 ismittimised. ﬂ"hﬁ ifidicdted that a
sﬂfcﬁﬁ Btd}? ml tch%ﬁ ! ﬁ&%@%ﬁ*ﬁsl d%ﬁ%ﬂ)%ﬁ 'h' p?'(\)/\%ge & definite

ea er n u resu
sopEpn étpr@élemaﬁ &ubur@ ﬁon@b@nyévmlmgghq@mmtbr lirgitghd mymber of

coR@ctiof thek @hHRYiade ibeBveel 3\ChParddVetB ubiak ball bAd %rr'é WAlso as
defl ection gradi ents that

dei%ﬁeg Ao i ﬁ@\é@g‘gﬁwn@ et TReRURS REIPRISSE. bETepIfE Suriace
araau providkt .vﬂﬁd:}dﬁ rﬁnbl@drlenﬂzﬁmeﬁﬁf\ﬂﬁf%ﬁmﬁ‘éﬁdhrﬂm sﬁlGlll ihat tHe heat
sin By ol At i AR bR RL AT e N R e S
numhcv@%wkhgbﬁhﬁﬁbwhmhcamtmmmnmﬁmmsnﬁﬂ there is no

th eft%tl%%ﬁﬁi‘%bﬁ% t{y & dont %fl&@lﬂ%bﬁ@il}%ﬁgﬂnﬁ%ﬁg (f@fﬁeﬁ%rxs

@ rcuit connections. S on &l
angpPHEe E"Fa&l% Racls Madeglotbmmventionas shewn ipthg spegific gr i d
erdbdidents withdug defbdding 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 coeffd cient 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

CBAIMS:i con BGA with etched conpliant regions as
descri bed herein can provide a definite solution to
problenms of failure fromthermal cycling that

L. cur Aeviptegratgdgircuitigascmplb et efmprésshinect i ons that can be

mad i;p and a PCB using ball grid arrays.
A|S§P%§%%%%§%§P§%ga above, with the provision of the

ser pefirien thafBeiesh the plihRAl@cu BoArdGAth AplRsalitPof
. provided which is further enhanced by the re-entrant
intgrcopnats, thectaridigelining atpdaalitysifnecebanapiies tepclpfeceiving zone
rrier .10 s_enhanced. This.al aids i.n the increase
oeftl i Bl R EB e B oSG el Bgner i ¢ ot o
t he arr aylurhlity WF blectPialaRRiRG (At PositRiHed dSachkéddiBfs zone
in the art that nunerous varjations and/or
nmod g beengagradlatwuifh pe iniegreted eireereceivedhin caph soeiyingmonen
the specific. e di ts W thout. departing fromth
spiri b oPdins ST BRTRE R pihadio T BB nifghed bOckn e
des edckhth zohbE cRiIEISRNE-defiliag peRnSetoonh88ELlahe pritied
be considered in all respects as illustrative and not
r esei¢uit baped wilbap dntgcognechANG: 1. An i nt egr at ed

circuit_ass | ¥.that conprises .a print.ed cir.cuit

poar d: - APRRTRY of SbRaeri @ RolRE s Ba Rienaifts fruf Mibmosed

Ci I Bétiwee gl and-HéFirAndbstiahd, kY c@hpersite §6,:GRRAOE Hgplabdifent of
carrier defining a plurality of receiving zones, each

r ec Bievslagd-defitdng pertings, dihep psiintagdted ginceit e reecivad in each
int§ rﬁgﬁ%&ﬂrcuit, the carrier including a plurality
of e &ctiBPAr contacts that are positioned in each
receiving zone to be engageable with an integrated
circuit received in each receiving zone; a plurality
2. of Aglineerathdioingivih gssombly asrdaimiedtin elain poiwi whiclntg carrier is
Cobeﬁca(# t%%{;ggqﬁjviqg aﬁnes, each i sl and-defining
%gr§|o aﬁélnﬁ TARERET Y0 t he printed circuit board

with an interconnect; and

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. An integrated 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.
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«a plurality of displacenent-conpensating formations
that is interposed between the island-defining
portions, to conpensate for relative displacenent of
the island-defining portions, when an integrated
circuit is received in each receiving zone. 2. An
integrated circuit assenbly as clained in claiml, in
which the carrier is conpriiged of a non-conductive
material. 3. An integrated circuit assenbly as clai ned
inclaiml, in which the receiving zones are defined
on a surface of the carrier. 4 An integrated circuit

l.ai red in.claim in mhlch t he rece|V|ng

?2}?2‘@ infegtied giFruI AT a5 @e&@ég cligp n B high thgenon-
coﬁ@ﬁd’u‘v@ ‘inaté_hal 6PtHe '&Eﬁﬂa‘i ﬁﬁ@ﬁjle GhhE Wb LRSSk PN nAS & ﬂsﬁﬁdas a

inclaimil, whi ch the receiving zones are
mitotnarhotﬁﬁwhnzlmsa@e‘sate bitachxttepdtddieuy s mwufeaureder, the
el ectrical contacts being arranged on the carrier
about each passage. BGAO8-SG 10 6. An integrated
CirQu t he
7 pon e A i TSPy Bl Qo b i Ditlclch - 2
disptacefnfinic¢campensdtingtformationdx paths ifam aa convohitelr fosthat@dn that
whi ch a subE'rate of each |ngﬁgra%ed circuit is
COMRRRTALES O e litive moxgment d dhetsliaddefiping pogins iy dgfogmation.
claimed in claim1, in which each
di spl acenent - conpensating formation is in the form of
8. a camvotegtatd dimnitatiearbly hadlainedripehiaatiem \fvhlbh esdhahiev@nnect

. hovenent of e i sland-defining portions b
1s H’e%?e ‘?f%nsoﬁ%r b thﬂﬁtlﬁ@fﬁ@t@aw@wlwlapdﬁﬁews|p9rta>sl and the

pnﬁ&gkﬂggu%g?glain1l in which each interconnect is in
formof a solder ball that interconnects each

i sl and-defining portion and the printed circuit
board. BGA08- SG
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