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of the Invention This invention relates to integrated circuit packages.
Mor e partwe@uod/assbeg, the invention relates to an integrat eBCTAUCUOI33Carri er
wWith recesses for an integrated circuit 5 package. Background to the

I nvention Due to the ever-increasing 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
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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

20 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
25 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.

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

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



Comput at i onal experinents done by the applicant using a 500 m cron thick
solid Silicon WD 02/ 35896 PCT/AU01/01330 -2 carrier, 500 mcron dianeter
sol der bav092/3889 mllineter pitch, a 700 mcron thick PCBCEA#01/¢1336
mllimeter side silicon chip indicated a peak shear strain value of 1.476%
in the outernost ball of the package which is far above the plastic yield
val ue of the solder ball. This result 4% to be expected as the balls at the
outernost edge of the package 5 experience the greatest anmount of
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includes

20 a wafer having at least one receiving zone, said at least one receiving zone being

demarcated by a bore in the wafer;

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

connected to an electrical contact of said at least one receiving zone; and

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

its neighboring island-defining portions.

In one embodiment of the invention, the bore may be a recess or blind bore defined
in the wafer. In another embodiment of the invention, the bore may be a passage or open
bore extending through the wafer from one surface of the wafer to an opposed surface of the

30 wafer, the electrical contacts being arranged on the wafer about the passage.

In the latter case, the carrier may include a mounting means for mounting the

integrated circuit in its associated passage.



In the latter case, the carrier may include a nounting nmeans for nounting
the integrated circuit in its associated passage. WO 02/ 35896

PCT/ AU0O1M0 8885896 3 The i sl and-defining portions and the rpgl/diidyer3sduci ng
arrangenents may be forned by etching the wafer. The bore may al so be
etched in the wafer. The bore may be etched in the wafer sinultaneously
with the etching of the island-definindg portions and the rigidity-reducing
5 arrangenents. At least in respect of the etch to formthe island-defining
portions and Thelstangidsfipipg peeions apdtherisadigetrdHeiag arpeeaeals maybaierged
re-entrapy eRhfify th&Edaferr i gi dity-reduci ng arrangenment may be in the formof a
serpentine nenber. Each of those island-defining portions bordering their
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i sl énd- defrangengnporti on may be in the formof a netal pad. To reduce
thermal m smatch between the carrier and the wafer, the wafer may be of 15
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t her nal f‘éﬂl&@ﬁ%ia?ﬁngéﬂé?ﬁglﬂe@éﬂ by bdate-Shtrdnbeichnt egrated circuit. Brief
Description of the Drawings The 1 nvention is now described by way of

exanpl e wi t h Eedlefig@aiegrddacihparag@aenpmayibagh thedghaoh@ddrgendhaviengsr.i n whi ch:
20 Figure 1 shows a schematic, plan view of part of a conceptual integrated
circuit carrEsth offhoperidaiti-ddfomes porpbenboaril@wmgdheiaapacittedfrecarvingitangs at ed

cirguit ni.er. 1 r i t i 500y dd,g h
e Bt ity HeEonpdcibdif SORIAMne Mk by el MUETUA. T S Rprin ST e o
circuit eenonilany rigiliguicdudngioAnScReHnaHeRpNSS 2 %628 darapntyi ew of part of a
second enbodi nent. of the .integrated circuit carrier; Fi ?Ajre 5 shows a
perspect i ve, $BeeleeHsl tomingl of cashyislapd-dgfining partiopieay; bedh thefprmipd a metal
integrategdcircuit carrier;

To reduce thermal mismatch between the carrier and the wafer, the wafer may be of

15 the same material as the integrated circuit to have a co-efficient of thermal expansion

approximating that of the integrated circuit.

Brief Description of the Drawings

The invention is now described by way of example with reference to the
accompanying diagrammatic drawings in which:-
20 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

with the invention;

Figure 3 shows a perspective, sectional view of part of one embodiment of the

25 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;

30 Figure 6 shows a perspective, sectional view of part of a fourth embodiment of the

integrated circuit carrier;



30 Figure 6 shows a perspective, sectional view of part of a fourth

enbodi nent of the integrated circuit carrier; W 02/35896 PCT/ AUO1/ 01330
-4 Figurevgombssws a sectional, side view of one enbodi nenPCOAUDHE330
integrated circuit carrier, in use; Figure 8 shows a sectional, side view
of anot her enbodinment of the integrated circuit <carrier, in use; 5 Figure
9 shows, on an enlarged scale, the ciral-ed part "A, of Figure 8; Figure 10
shows, on an even greater enlarged scale, a sectional side view of part of
t he i nt egr at eldgeiericiowsgeseetianal, side giaveofl dnestalwslimergiod ¢hevinegratedd opmstita
further empedipgpnt of the integrated circuit carrier; 10 Figure 12 shows a
sectional side viéew of still a further enbodi ment of the integrated

circuit carriggurefd S al3ciidiangidd vidl bf arfofticP e MPUInRnPas@d i hbe circuit
integrated circuit carrier; and Figure 14 shows a sectional side view of

t he mul t F¥ERY B! ¥Sdul e based on the integrated circuit carrier. 15 Detailed
Description of. th awi ngs Referrin o the draw, ngs,. an jntegrated
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10 has atheevtegraiedgigoiieartir;f or receiving an integrated 20 circuit or chip
14 (Figure 7). A plurality of island defining portions or islands 16
surround t he Figewihishgws anisleriew ofygt i fiudhes sebedinpens obihe dntegreted €lFuit er ni nal
18 thereeqrit®@ Which a solder ball 20 is attach or reflowed. Each island 16
is connected to its neighboring island or islands 16 via a rigidity 25
redifci ng ar r afigeree2tshows tRectfonninside view 9€ siié B funter BribeimedLof thBirgedrated hown

in greata&;“Qg }I conceptually in Figure 1 of the drawings. As illustrated
in Figure 11 gac ’serpentine nenber 22 serves a spring-like function so
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y integrated circuit carrier.

15 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
1s shown in greater detail in Figure 2 of the drawings.

The integrated circuit carrier 10 has a receiving zone 12 for receiving an integrated
20 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

25 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

30 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.



30 extension or retraction of the relevant serpentine nenbers 22. As a
result, the shear strain inparted to the solder balls 20 on the island 16
i s consi 30 ans3gs educed and fatigue failure of the sol depCHaUbBOZ i S,
correspondi ngly, reduced. WO 02/35896 PCT/ AU01/01330 -5 Various

enbodi nents of the carrier 10 are now described with reference to Figures 3
to 6 of the drawings. In Figure 3 of th® drawi ngs, the carrier 10 has each
island 16 connected to its neighboring island 16 by a serpentine nenber 22
whi ch has a siViagpes embqgimerts gf fhexgries lgﬁrqw é@ﬁﬁ@@@%\kfﬁh refereneretoifiguses 3 on
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drawi ngs, those islands 16 20 surrounding the reqeiviqg zone 12 are
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serpentine member 22, respectively.

As illustrated more clearly in Figures 7 to 9 of the drawings, those islands 16
20 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.

Also, as illustrated in Figures 7 to 9 of the drawings, the integrated circuit 14 is
electrically connected to electrical contacts 42 (Figure 2) in the receiving zone 12 via solder
25 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
22, as will be discussed in greater detail below.

30 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



22, as will be discussed in greater detail below 30 In the manufacture of
the integrated circuit carrier 10, a wafer 46 of silicon is provided. The
waf er 46 wan2/bs9si ngl e crystal silicon or polycrystallineP€T/AUGDN33dt 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 sanme side of the carrier
10 as the pads 18 as shown in Figure “©of the drawi ngs. Were the
receiving zone 12 is on an opposite surface of the WO 02/ 35896
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otherwise specified.

In this embodiment of the invention, the carrier 70 is a multi-chip module substrate
70 carrying a plurality of integrated circuits or chips such as those illustrated at 72, 74 and
76 in Figure 13. The chips 72, 74 and 76 are either carried on the surface of the carrier 70
25 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
configuration or the five arm 36 configuration. Other configurations such as 4 arm or 6 or
30 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,03, solid BT, a one arm 26 serpentine member 22, a two arm 28 serpentine member 22,

35 a three arm 34 serpentine member 22 and a five arm 36 serpentine member.
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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 to the edge of the carrier 10.

The results 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

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 either the

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

10

carrier, is still, far in excess of the elastic strain limit for solder.
15

innermost or the outermost solder ball 20.
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
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1. An integrated circuit carrier which includes a wafer having at |east one
recei ving zone, said at | east one receiving zone being demarcated by a
bore in tWeomsdses; 5 a plurality of island-defining portipéBAEPr/@3sed about
said at |east one receiving zone, at |east one island-defining portion
having an electrical termnal electri cal |y connected to an el ectrical
contact of said at |east one receiving9one; and a rigidity-reducing
arrangenent connecting each island-defining portion to each of its

nei ghbor pﬁﬁ*%'and defining portions. 10 2. The carrier of claim1 in which
the bore is a,recess gefin.ed i.nt e water. 3. The carrier of claim1l in

whi ch t hé bor@! “%te?érai? é:érﬁb‘é“é}?f”é‘ﬁ CLILH{eBugh the wafer from one surface
of the wafer to K l,.contacts
bei ng ar range%iw(% 2 ﬁ%gg\éfg?s% etcelvhn§28 Ssgldf:ﬁl%s&]:}?recewmg L&iE l;fe(fé aim3
whi ch mdd:maltesteébmathwtﬂmghwam for mounting the integrated 15 circuit in
its associ ated passage. 5. The carrier of claim1l in which the

i sl @nd- def i ni aplupdity pbistandrsigiining peitpng prrgnged dbeitrigid aileasiyemeseiynar e f or med

by et chi pghd hEre¥@bas lslzﬁld cﬂéﬁ%lr@agom&{ha%g%aaéetécdlvfbrma@elewc@h}bore is also
etched in the wafer. carrier aim5.in which the etch is a

r e- ent r aRPMEplEA o %el@cm?ﬂewe% Pespidgyt ?‘??P*a‘?%ri‘?qlﬁ“&ﬁ?% agheh
rigidity-reduci.ng.arr enent is in the.for en er.. 9.
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bor deri ngshhlghbonr@slcanaiwaeﬁldngpcmom ng zones is connected to said receiving
zone by a secondary rigidit reduci ng arrangenent. 25 10. The carrier of
cl aldn 9 Zn whllehcartier @@é@md’gm lm:lgtmlbp;ﬁ-us@dgraqsangefmedamgweaf@r conpri ses a
zi g- zag eI ement. 11. The carrier of claim1l in which the el ectrlcal
terninal 3of ekphcargerielaes] i wchhetosns ainassage pxendipg frepehdhenweler pad.
12. The €@k o subtac€bthBWlafdrito Whbsgbséhguriaé ef theSvalér, theelaainal catetd al as

(e IR a6 6ot Ral g oL o e of (hermal expansior

4. The carrier of claim 3 which includes a mounting means for mounting the integrated
15 circuit in its associated passage.
5. The carrier of claim 1 in which the island-defining portions and the rigidity-reducing

arrangements are formed by etching the wafer.

6. The carrier of claim 5 in which said bore is also etched in the wafer.
7. The carrier of claim 5 in which the etch is a re-entrant etch.
20 8. The carrier of claim 1 in which each rigidity-reducing arrangement is in the form of

a serpentine member.

9. The carrier of claim 1 in which each of those island-defining portions bordering their
associated receiving zones is connected to said receiving zone by a secondary rigidity-

reducing arrangement.

25 10.  The carrier of claim 9 in which the secondary rigidity-reducing arrangement

comprises a zig-zag element.

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

is in the form of a metal pad.

12.  The carrier of claim 1 in which the wafer is of the same material as the integrated
30 circuit to have a co-efficient of thermal expansion approximating that of the integrated

circuit.



