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Field of the Invention This invention relates to integrated circuit
packageswobrstparticul arly, the invention relates to a pOrAUeDOI3E
integrated circuit carrier for an integrated circuit package. 5 Background
to the Invention Due to the ever-increagsing nunber of connections
(pincount) of integrated circuits, the use of ball grid array packages to
connect integrated circuits to ﬁ{li nted circuit boards is increasing. This

facilitates the reAiMULBuCHIP INTEGRATEDEIRCUIT CARRERBHi p bunp array

of the integrated circuit to a nuch larger pitch ball grid array for
attachnment to the printed 10 circuit board (PCB). The carrier is often
referred to as an interposer and can be fabricated fromdifferent

mat er i al sFigldlofahehnamtionor a plastics material such as bisnmal ei m de

triazine (BT). The carrier also functions as a heat sink by renoving
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This can 25 result in shearing of the solder ball connection. The problem
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15 strains.

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

20 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
25 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.

Current ball grid array design is, presently, at the limit of reliability for typical
30 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



30 integrated circuit pin counts. Typically, a solder ball has a peak

el astic shear strain value of around 0.08% Conputational experinents done
by the appdobrants using a 500 micron thick solid Silicon VrDAUusdoBk3i

PCT/ AUOL/ 01331 -2 carrier, 500 micron dianeter solder balls at 1
mllimeter pitch, a 700 mcron thick PCB.and a 16 mllineter side silicon
chip indicated a peak shear strain value of 1.476%in the outernost bal
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According to the invention there is provided an integrated circuit carrier which
includes

20 a plurality of receiving zones, each receiving zone including electrical contacts and
each receiving zone being configured to receive one or more integrated circuits;

a plurality of island-defining portions arranged about each receiving zone, at least
one island-defining portion having an electrical terminal electrically connected to one
electrical contact of its associated receiving zone; and

25 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.

Certain of the receiving zones may be demarcated on a surface of the wafer. Some
of the other receiving zones may be demarcated by recesses formed in the wafer. Still other
30 receiving zones may be demarcated by passages extending through the wafer, the electrical
contacts being arranged on the wafer about the passages.

In the case of the last — mentioned of the receiving zones, the carrier may include a

mounting means for mounting each integrated circuit in its associated passage.



The carrier may be fabricated froma wafer of a non-conductive material.
Certain of the receiving zones nmay be denmarcated on a surface of the wafer.
Sonme of waexatoer receiving zones nmay be denarcated by recerasesof3ar med in
the wafer. Still other 30 receiving zones nmay be denmarcated by passages
extendi ng through the wafer, the electrgcal contacts being arranged on the
waf er about the passages. In the case of the |ast - nentioned of the

reCﬁi Vi ng zonq?,re_&m thétfal £iisnidsh lbd%@!séiﬂﬁa@am@bﬁ&ﬂh@%@%gﬂ/ag cg?gtsmh@nti ng

each I ntegrate Ircult 1n 1ts. assoclate assage.

e/ oL oA aaey Saohle et e SHERTEE i SHal SHBBTRAAIF t ReS LRI BF SRR he

i nt egr at edpehsi@uagpsoxitatng taf effeantmintdprated cirét.same nateri al as the
integrated ci KgUI. ) .co-effici.ent. ( '

approxi mati ng T%Hé%lg%c% geefg]z%éa}?(ﬁ?glgsrag]fi etgé:féglrﬁ gc%?%d&t}%eﬂ?aéig%n%'?%@? # 1r%lglﬁlogrmrg:(c)lrti ons
and fhe rhygiteiingtheewnden niieatdhangebreniesenimaygt ¢geh.f ormed 5 by etching the
wafer. The etch may be a re-entrant etch. In the case where the receiving
zones are recdsHE<Cags Whel§ hggiesci VinE @gnareye HICeeher PAstaehe eyiEsaRE er . Each
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Figure 1 shows a schemmtic, plan view of part of a copceptual integrated
i Peurt  oarr i el terpinabofci <FdrepRE nofior b BRhafP legheeba
circuit gadrier, in accordance 20 with the invention; Figure 3 shows a
perspective, sectional view of part of one enbodi nent of the integrated

circuit cBfief®escription of the Drawings

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

20 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;
25 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

30 carrier, in use;

Figure 8 shows a sectional, side view of another embodiment of the integrated circuit

carrier, in use;



Figure 4 shows a perspective, sectional view of part of a second enbodi nent
of the integrated circuit carrier; 25 Figure 5 shows a perspective,

secti onalwe@beoos part of a third enbodi ment of the i nteperwA®dl/ei3sCUI t
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 enbodinent of the integrated circuit 30 carrier, in use;
Fi gure 8 show&Figursechdwes)ah,anehthégediseale ahe aincdedpart erbsrdiigmas; of the
integrated circuit carrier, in use; W 02/34018 PCT/ AUOL/ 01331 -4 Figure
9 shows, on arFigmd &0 gledvss oale evérhgreaer all@gdedosenle, b Atctioodl skdegueve oBparFogur e 10

shows, o : .enl arged scal e, a sectional side view of part of
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sectional side Vview of sti a further enbodi nent o egrate

circlit cAf¥S§'er; Figure 13 shows a multi-chip modul e based on the
integrated circuit rrier; and Figure 14 sh a sectional side view of
the multi-chi [ppl%%ibf Sauirobnal e Yy tSé’é‘raaft%\érﬁefc?f?wnﬁe‘&té%fF‘ieelflt.egtﬁéetdai | ed
Descri pt idmeunkarkiee Drawi ngs Referring to the draw ngs, an integrated
circuit carrier, in accordance with the invention, is designated generally
by the refereftguralderats ddultidchip moegledtasel] @i the integramdcirenit carsers hmn i n
greater detail_in Figure 2 of the drawings. 15 The integrated circuit
carrier 10 hadigurg b‘bghqwsffgsezbwl side Vi pidbe mplthghigrmoqilebgsad edtheci rcuit or

chi po14 (ificgthk clbuit faBletir @l i ty of island defining portions or islands 16
surround the receiving zone 12. Each island 16 has an el ectrical term nal

18 t her e%efﬁlé’&’b@éc@iﬁt@éﬂ%f iy brg\%iﬁésat tach or refl owed.

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.

15 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.

20 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

25 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
30 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.



20 Each island 16 is connected to its neighboring island or islands 16 via
arigidity reducing arrangenent in the formof a serpentine nenber 22.
This is showe340m8 greater detail conceptually in Figure 1POf/AUNBOIGBEAW NQS.
As illustrated in Figure 1, each 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
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strain imparted to the solder balls 20.

Also, as illustrated in Figures 7 to 9 of the drawings, the integrated circuit 14 is
20 electrically connected to electrical contacts 42 (Figure 2) in the receiving zone 12 via solder

bumps 44.

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

25 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
30 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.



reduci ng arrangenent in the formof a zigzag el ement 40 which further aids
in reducing the strain inparted to the solder balls 20. Al so, as

i1l ustratvedot/suol8 gures 7 to 9 of the drawings, the integre€educiecsit 14 is
20 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 silReRAiMEVIWNED FBuleB$UbAd 1D gf IhaYedwiabs, $wb faafr esibodin@ats offiig

i | ati | t
menber s s8mzol6 e iRt Gt MeBad ongPENicus S Ml R
manuf act wfer toflikethparts ntnéeys athedvist speviftedcarrier 10, a wafer 46 of silicon is

provided. The wafer 46 can be single crystal silicon or polycrystalline
silicon. It ik theekanplos dstried, thewscaimingizone df ist Insteedpf baing demeriagm oin

Figue 19 s9xffaée|’t?f th @é&‘h&gﬁ) ah§ss¥‘éhe6@défﬂﬁdrtﬁ%§%mﬂh@%aﬁﬁp?o 12nd &te%?at&@e same

side of the carrier as sho gure
dr awi ngs mrwb%wﬂﬁ@dﬁf‘é&e@wwt% Aanor gtagung megsia dhe @r@&ef paRdalye hfihe

carrier $0whish shewded 1 oﬁb @Ll}l*fzfte%f e dabgerdiDaim@sposddairfate 6ftthé mtegra&@r is
applied to bho r 46. Thi

d | | I
A bur o ocBet HandhSetnad: o AfeHRa oifiime medRd Prdik Beb Pkl 108 © 11
eI ect ri calill pe eppeciateddhdtanithis embedicieat, etk ¢gJedrid8 contacta apl atagged erhhauggtt hol e

At engf Mg ¢ téjﬂ{l?li Hfr?@‘ld\ﬂfgf tﬁ% gé‘sga%e% OI%/ tﬁé%ﬁ?cf) %ﬁﬁm&{%édglﬁlﬂ%urg lB?)% erring

nowto Figure er e

carrier i® @ﬁ‘é‘lﬂgﬁlth@!rrt%l’@@weCerhWK@b@m%rﬁf‘e Rither badl g wedes bondiy eanibegsed | | ke
ref er enceg, MdB{RIISmet ¢l Rfrafe@ i FigrePBY bfSthe URWESSS, %h&@%ﬁﬁemstg ed. In the

exanpl es | |1 ust r at receivi one 12 i i NSt e bei n derrar cat ed
on Bl oS algomatad Sindd ke iy 65 Oaﬁtﬂgratﬁﬁ%?%aa&%enwb eIt he any o1 or
10. The integ ached t %al ni ng

reans in the Fs%m% S dbpla' o SASRGR, 4 e PoTRERofe TRARR Lt S O
t helar r caried. 1ll@atra(oq§]mlsledd®tgnh@degeoéraﬂhby thetrelgreatedumeral ¢Qi With4 has bond

pads for % r%ﬁéé foGAt %vgﬁ’@ B&%hé&glikﬂf‘efér éﬁ‘rﬁe“r‘&is FéférCtH'hkf: E%té QRecar rier 10.

preci t ha 'S e ment, the eleéctrical contacts
are arraﬁé‘@ﬂ*"’éﬁsm%fﬂedpart 10 of the carrier 10 surrounding the passage 60.

In the errbodlrrent illustrat ol@ln Fi 11 of __the draw. ngs
| nt er connect SIS ARRASTBER S s AnvestBhche GAFET 3 19 Rt %g?dﬁlﬁﬁu%raﬁ’sed
70 carrying a plurality of integrated circuits or chips such as those illustrated at 72, 74 and
20 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

carrier 70 as illustrated in Figure 14 of the drawings.

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

25 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

30 Al,Os3, solid BT, a one arm 26 serpentine member 22, a two arm 28 serpentine member 22,

a three arm 34 serpentine member 22 and a five arm 36 serpentine member.



In the enbodinent illustrated in Figure 12 of the draw ngs, the
I nterconnects are tape automated bond (TAB) filns 66 or other planar
connect i o¥Q 088 as beam | eads. Referring now to Fi gure 1BCDAUDh@38r awi ngs,

a devel opment of the integrated circuit 15 carrier is illustrated and is
designated generally by the reference muneral 70. Wth reference to the
previous drawings, like reference nunerals refer to like parts unless
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The results show that the peak solder ball strain value for solid carriers increases

5 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

10 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

15 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 that, due to the reduction of
the peak strain with an increasing number of solder balls 20 there is no thermo-mechanical
20 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



menber Five arm serpentine 0.025% 0. 025% 0. 013% nenber As indicated above,
the elastic strain limt for solder is around 0.08% A row of solder balls
i s defi nadoaw3fono®om an edge of the receiving zone 12 to t heCrdgel/af33t he
carrier 10. The results show that the peak solder ball strain value for
solid carriers increases 5 with an incrgasing nunber of solder balls 20 up
to a certain point, due to the cunul ative effect of therno-nmechanica
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nor e tharF“ZR?dHB ‘bé‘iel ‘%’ereﬁ%’ﬂ to; C@R ‘P lf‘&jflzréii%étstaédlhfséfaﬂi/? s of 9,000
bal | s by 28didiveli nite el enent calculatlons indicate that the peak sol der
ball strain is less than the elastic |imt of solder for carriers with
three or nore arm serpentine nenbers, with 8 or nore rows of balls. As the
receiving zone is WO 02/ 34018 PCT/ AUOL/ 01331 -8 silicon, and therefore has
the sanme 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 described



herein can provide a definite solution to problens of failure fromthernal
cycling that 5 currently Iimt the nunber of connections that can be nade
bet ween ava@hi/proasd a PCB using ball grid arrays. Al so, aBCOaserdisad above,
with the provision of the serpentine nenbers 22, a greater surface area is
provi ded 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

i ncrease ChAIMS® nunber of solder balls 20 which can constitute the array.
10 It wll be appreciated by persons skilled in the art that nunerous
variations and/or nodifications my be nmade to the invention as shown in

t he specif.ic ewbiatkigraed Gronittchoidr whidhpacludesg from the spirit or scope of the
invention as - re, to
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el ectrical contacts and 5 each rece|V|nq Zzone being configured to receive
one or not" iflatddaimingpaitipr having an eloptyea| ?Wn%ifelchrr%Ha CG@TeiCWFiﬁ‘QO‘Efortl ons
arranged @@mm&ﬂe@ﬁﬁnbeagh%bagmaqagun@;mh@agki one i sl and-defi ning portlon
havi ng an electrlégj termnal electrical % @1 ctg@ to on Iec rica
contact of it<& HRUBCTIFdle PLAESNH C%Bﬁém SR 519 HP{“&PP Pﬁ&c °

ar r ahgenmatstnecghbnecy ishgpderbhinggloamehsdef i ni ng portion to each of 10 its

nei ghboring island-defining portions. 2. The carrier of claim1 which is

fabricated froma wafer of a non-conductive material. 3. The carrier of
claim2 in which certain of the receiving zones are denarcated on a 15

surface of thepul el oftclaillf uﬁ‘é’r@; is $ibrihte§ Iﬁ% wafdl o' 'nSnE cSEJu%ﬁbé‘mg%rigﬁeThe

receiving zones are denarcat recesses ormed In

carrier of claim2 in which certain of the receiving zones are denarcated
by passages extending through the wafer, the electrical contacts being
arranged on the wafer about the passage. 6. The carrier of claimb5 which
i ncl udes & nodkeicagienakbaing 3in wbu:ﬁtcpﬁ@n ©F thg receiving zones are demarcated on a

15 surface of the wafer.

4. The carrier of claim 2 in which certain of the receiving zones are demarcated by
recesses formed in the wafer.

20 5. The carrier of claim 2 in which certain of the receiving zones are demarcated by
passages extending through the wafer, the electrical contacts being arranged on the wafer

about the passage.

6. The carrier of claim 5 which includes a mounting means for mounting each
25 integrated circuit in its associated passage.
7. The carrier of claim 2 in which the wafer is of the same material as the integrated

circuits to have a co-efficient of thermal expansion approximating that of the integrated

circuit.

30



25 integrated circuit in its associated passage. 7. The carrier of claim?2
in which the wafer is of the sane nmaterial as the integrated circuits to
have a covebiswient of thermal expansion approxi nmating theCT/alot/s31
integrated circuit. 30 WO 02/ 34018 PCT/ AUOL/ 01331 -10 8. The carrier of
claim2 in which the island-defining portions and the rigidity-reducing
arrangenents are forned by etching the wafer. 9. The carrier of claim8 in
whi ch t heg et ciTheSaief 6f @it 3 whichhhe ishindQlefiding potfonk @hd &fe redidityedudifg Whi ch
the receiving zone is alsqg etched in the wafer. 11. The carrier of claim1l
in mhichzggwgmp? ?@F? % éﬁﬁﬂ“%ppéﬁﬁ@hent isinthe formof a serpentine
menber. 10 12. The carrier of claim1 in which each of those

i sl and-defining portions bordering their associated receiving zones are
connected to said receiving zone by a secondary rigidity- reducing
arrangeneht . 13e cder ofelrineB imivhathahereti? is arevinirait e@dch secondary
rigidity-reduci ng arrangenent 15 conprises a zig-zag elenent. 14. The
carrger of claim1 in which the electrical term nal of each island-defining
portion is in the formof a netal pad.

10.  The carrier of claim 8 in which the receiving zone is also etched in the wafer.

11.  The carrier of claim 1 in which each rigidity-reducing arrangement is in the form of

a serpentine member.

10
12.  The carrier of claim 1 in which each of those island-defining portions bordering their
associated receiving zones are connected to said receiving zone by a secondary rigidity-
reducing arrangement.
13.  The carrier of claim 12 in which each secondary rigidity-reducing arrangement

15 comprises a zig-zag element.

14.  The carrier of claim 1 in which the electrical terminal of each island-defining portion

is in the form of a metal pad.



