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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
carrier, 500 micron diameter solder balls at 1 millimeter pitch, a 700 micron thick PCB and
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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
receiving zones may be demarcated by passages extending through the wafer, the electrical

. 30 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.
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integrated circuit carrier; '
Figure 4 shows a perspective, sectional view of part of a second mbod#pent 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;



integrated circuit carrier; 25 Figure 5 shows a
perspective, sectional view of part of a third

enbodi nent of the integrated circuit carrier; Figure

6 shows a perspective, sectional view of part of a

fourth enbodi nent of the integrated circuit carrier;
Figure 7 shows a sectional, sideg_view of one:

enbodi ment - of the integrated circuit 30 carrier, in

use; Fig %gmfflg SRS @n S@&EIQEN, theSirelal paiteay ofFigaredt her
enbodi nent“of the integrated circuit carrier, |in_ use, ¢
_4 Fi gur eFigurs tosheys, omarmevergreaterqalarsedseple 2 spatignal sife yigwyof part o
part gf inte@hted itk 8anfor; Fi gure 10 shows, on an even

greater enhlarged scale, a sectional side view af aerxg. .
of the imfegrlashess ciideiew ofyara fiuher ehadippeat %fwgﬂsﬁgi ciroutt
i de ylew of yet a further enbodiment of the

integratéd circuit 5 carrier; Figure 12 shmﬁ@a . ted
sect i onal Figire &2 shbeva sttienslside vigwfofi pilrcfurtiass FrRAdHARSAE of fhe integrate
the integhafed circuit carrier; Figure 13 shows a

nmul ti-chi p nodul e based on the integrated circuit

carrier; Eipde 1Fihgus emalfi-chipanesiulg based pn Bpmfeswfed girepitserig and:
the nulti-chi odul e based LS QbAiEsdsed on the
circuit cHE¥F E’?sﬁr‘gﬁ%‘f%\ef’oélalesggg'%ﬁogta}%ﬁﬂ%fmfhe Dr awi r?gs

1Bef erintegrgted arcriheariirawi ngs,. an i ntegrated circuit

carrier, in accordance with the invention, is

desi (Petailed Ressriptiop ofithe Rrawiigs ence nuneral 10. An
integrated circuit carrier , is shown, in.great .
in Fig gur eRefergpg fofthe dﬂ*"rvﬂwsn@é‘.‘t@qge‘i%ﬁrgmf ?ﬁ"éeg r“g?cé;? drﬁ%n ?’?&%ill ithe

.

car r iigventldh, iBassignated gamemilnby thoreéorenge fugieral Kb epnApigERigherent carrier -
I nt _egf o in %&ﬁ&u&&u RIFigd Pofle dedwiggsre 7). A plurality

of island detining portions or islands 16 unrro.und th{e ted
15ecei vi ngThecntegrdtad circ@ihesyidr 49 has@ recaiving 2ong} 2 &r SElying & iniegra

t er m kit k&hibhe(@aRe 10 Which a solder hall 20 is

ALLACh OF  ohesit iashad dohnen rortiantie asdo |40 SRR €k Yone 12.
its nei ghbohialiyy aféslaad defisying POTUQRLRY 513995 1 051 1SdFey e
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 serpeqtine
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. Asa 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.
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It is to be noted that the version of the carrier 1 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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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.

TC

it is a particular advantage of the invention that, due to the reduction of

Accordingly,
thermo-mechanical

the peak strain with an increasing number of solder balls 20 there is no
circuit pin connections. A line of 100 balls on all sides of
excess

20 limit to the amount of integrated
the receiving zone 12 equates to a ball grid array of more than 40,000 balls, well in

of expected requirements 0f 9,000 balls by 2014. Finite elément calculations indicate that

ak solder ball strain is less than the elastic limit of solder for carriers with three or

the pe
inore arm serpentine members, with 8 or more rows of balls. As the receiving zone is



Five arm serpentine 0.025% 0. 025% 0. 013% nenber As

i ndi cat ed above, the elastic strain limt for sol der
is around 0.08% A row of solder balls is defined as
froman edge of the receiving zone 12 to the edge of
the carrier 10. The results show that the peak sol der
ball strain value for solid carriers increases 5 with
an increasing nunber of solder balls 20 up to a
certain point, due to the cunulative effect of

t her et o- mechani cal strain between the PCB 24 and
carrier 10. The solder ball strain actually goes down
for the hundred ball inplenentation, probably due to a
change in deflection shape of the solid silicon
carrier. Peak strain still ocgurs in the outernost
bal |- however although it is decreased because
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redugtion of the peak strain with an increasing
nunber of ‘solder balls 20 there is no

t hermo-mechanical 20 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 balls by
2014. Finite elenment calculations indicate that the
peak solder ball strainis less than the elastic limt
of solder for carriers with three or nore arm
serpentine nmenbers, with 8 or nore rows of balls. As
the receiving zone is -8- silicon, and therefore has
the sane 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 probl ens of
failure fromthermal cycling that




5 currently limt the nunber of connections that can

be nmade between a chip and a PCB using ball grid

arrays. Al so, as described above, with the provision

of the serpentine nenbers 22, a greater surface area

I's 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 solder balls 20 which can
constpjaimst he array. 10 It will be appreciated by

persons skilled in the art that nunerous variations

and/ or nodifications, igseIps ofaN as
shownli n #AHee émpwnéﬁ%s‘%ﬁﬁﬁ?%“%%‘gﬁ}g departi ng
fromthe .T,degamntégeamauahtdahsrwhvlenwm‘éﬁﬁ as broadly

descri bed. The prese abifg dnPecrliag eectiical contacts
b consi der edaPlhra]é‘P’IopFé%B’égt%on&ggagl ﬁ’lcustrzatlve an%l not

rest 1 e daMfreceiving Zohdbelds: configured tamstaiNG PR PT IAYIE) qgﬁbed glcuits;

i nt egr at ed circul éseag%n b t@emeﬂmggzone at
an integrat edaEIP‘ia{i'iéh l@%‘?f‘ll ertgxlkﬁl ch i nc%éggeo;1

pl urah ddaé%n@fslaﬁcﬁ&&ihmg @gmlmhwmg a dletirigableanind! Alg °“2‘65’H?é connected to one

inclu el ectri cal ag ClRindRfk: GRCh receiving zone

bei ngd@@tﬁ?ﬁlﬁ‘ﬁ’t‘aéb"ft“éaﬁs%% VE“Onhe or ‘nore int e%dgﬁ@ﬂ rtion to
hrcuits; a phupiaity-feiudig mmnt@exmeﬁmﬁga ng poruo

arranged about each e an@l | east one

i sl andedef fhisg 1?5‘%%%?/’? oﬁg‘%gﬁealngct rical term nal

el ectri cal,}lyunﬁﬁg"memtegﬂtetioxr@ntéothelc@@?rrl cal contact of

its associated receiving zone; and 10 a

rigidity-reduci ng arrangenent connecting e )

i sl andy, def Tijinfghod Of tlaion whereirethe PRIG 15 fﬁ@cﬁ%‘?ﬁ% 8 Fva%r of a non

i sl and- def | ni ng rtions; and nounting the integr at ed

cHSr ¢ uj PnqugHYeHRe rier. 2. The method of claim1

wherein the carrier is fabricated froma wafer of a

. hon- 15 co duc \é?)f g;ﬁne“,@rem Srtaiihbethanickivitlg ednecdrademacated on 2
wher eih ce he receiving zones are demarcated

on a ﬁﬁh&eaﬁ&emfet he wafer. 20 4. The nethod of claim

2 in which certain of the receiving zones are

demarcated by recesses forned in arel #emarcated by
met hodd.of Thexnethad of plaifh? E‘H”tE “F’é%oglgere ezggﬁsvi ng

zones e§se9 TBLEALRvARE. passages extendl ng through
the waf'ér, the electrical contacts being arranged'on

the wafer
S.
passages extending through the wafer,

The method of claim 2 in which certain of the receiving zones are demarcated by
the electrical contacts being arranged on the wafer

25 about the passage.

6 The method of claim 5 wherein the carrier includes a mounting means, the method

further including mounting each integrated circuit in its associated passage.

30 7 The method 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.



25 about the passage. 6. The nethod of claim5 wherein
the carrier includes a nounting neans, the nethod
further including nmounting each-integrated circuit in
its associ ated passage. 30 7. The nethod of claim2 in
which the wafer is of the same material as the
integrated circuits to have a co-efficient of thernal
expansi on approxi mati ng that of the integrated
circuit. -10- 8. The nethod of claim2 in which the
i.sl and-defining portions and th&®rigidity- reducing .
ar r aRgenBAL Sneihof of @lifRdn Wiicehe iiang-défintngpaftions and the Tikdity-
met hod of claim8 in whi gp t@gﬁch tjers a re-entrant

et ch reduging grangyenirateforaet Py EFEPENSYT'R whi ch t he
receiving zone is also etched in the wafer. 11. The
met hod of claim| in which each rigidity- uci ng

ar r arfgenehe methof af ¢l3im 8p P”ﬁicga‘e et(.gfl ésg E’)'(eerht%éll‘{}egcqhe mber. 10
%2. The nmethod of claim 1 in which each of those

sl and-defining portions bordering. thei Al ater,
r ecei i ngTheorrtind af daipdn @’&ltcg g’efife aonreéscr:aésﬁ\% ?cﬁ%* hﬁzilg{r%e e

by a secondary rigidity-reducing arrangenent. 15 13.

The met hod. of claim.12 in ich each qﬁm@{, hent is in the form of
rigi dilty-woﬁgfﬁ?%ﬁg’ﬁﬁﬂfacgggﬁp&?f feégs 2 m%{ng%ésm

el ementpedihe mER8ermet hod of claim 1 in which.the

el ectrical term nal of each island-defining portion

10s in the formof a netal pad. | . k .
12.  The method 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.

15 13.  The method of claim 12 in which each secondary rigidity-reducing arrangement

comprises a zig-zag element.

14.  The method of claim‘ 1 in which the electrical terminal of each island-defining

portion is in the form of a metal pad.



