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performance Similarly, using a lower stress die attach epoxy requires a decreased loading of Au or Ag particles,
compromising not only thermal performance but also electrical performance.
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encapsulant is known to have inherent weaknesses at the die/glob-top interface, because it is dispensed from a

dispenser under ambient conditions over and onto the die’s upper surface. As such, the glob-top encapsulant tends

to be riddled with voids, compromising adhesion, and therefore, contributing to delamination. However, this
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conductivity; and (2) the related art problem of high shear stress-induced failures, such as shear stress-induced
cracking in the die attach material as well as the die itself, which would otherwise occur in the related art fillet
height range of > 75% of the die thickness. Surprisingly, the present invention experimental reliability data
demoustrates that a nominal fillet height of approximately 50% of the die thickness induces the lowest shear stress
in a thicker silicon die (e.g., in a range of approximately 8 mils to approximately 14 mils, preferably in a range of
approximately 10 mils to approximately 14 mils). Also surprisingly, a thinner die having a thickness in a range of
less than 8 mils, actually imparts adverse results in contravention to the semiconductor packaging industry’s belief.
A die attach pick-and-place machine, such as an ESEC 2007™ may be used in the present invention, More

specifically, the present invention provides a method and an apparatus controlling the die attach epoxy height,
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Figure 6 is a cross-sectional view of the features as shown in Figure 5, further showing a die attach
material forming a high/even die attach fillet having a height of approximately 90% of the die thickness, in
accordance with the related art.

Figure 7 is a cross-sectional side view of the features as shown in Figure 5, further showing a die attach
material forming a high/even die attach fillet having a height of approximately 90% of the die thickness, in
accordance with the related art.

Figure 8 is an opposing cross-sectional side view of the features as shown in Figure 5, further showing a

die attach material forming a high/even die attach fillet having a height of approximately 90% of the die thickness,

in accordance with the related art.
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MODES FOR CARRYING OUT THE INVENTION
Figures 5-12 illustrate the problematic features of the related art semiconductor packages which are
discussed, infra, in relation with the problems solved by the present invention, as illustrated in Figures 1-4 and 12-
15.
Figure 1 illustrates, in plan-view, a die 5 attached to a semiconductor chip package base 10 in a die
attachment area with a standard die attach fillet (not shown), in accordance with a preferred embodiment of the
present invention.

Figure 2 illustrates, in cross-sectional view, the features as shown in Figure 1, further showing a die attach
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in cross-secti the features as shown in Figure 1, further
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st andalgh (624 E@ﬁ;ﬂr&\ﬁ% #@&ev&edleg%chcfﬁl@ﬂf’fo ha i a%xgﬁ%ﬁ Eéﬁk‘dxﬂiﬁge%) 9&5%3:? bk %g\ hei ght

distribution  aroun , _I'n accordance Wt erred enbodi nent
of t he titkassw rhersin e high/yen diptiaqhfidet peight FWIF@&%@WOW&%b%f@rnht;flgé?dé%@u%f@ct i onal
Si de Via@wad thdtie 5, @aktdsfdafke ash Gd@MRd brD) Fi gure 1 further showing a die attach
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invention., Figure 5 illustrates, pl an-view, a die 5 attached to
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art. attachment area with a high/low die attach fillet (not shown), in accordance with the related art.

Figure 10 illustrates, in cross-sectional view, the features as shown in Figure 9, further showing a die
attach material 20 forming a high/low die attach fillet 30, a high side of the die attach fillet 30 having a height of
approximately 90% of the die 5 thickness and a low side of the die attach fillet 30 having a height of approximately
25% of the die 5 thickness, wherein the high/low die attach fillet height comprises a non-uniform height
distribution around the die 5, in accordance with the related art.

Figure 11 illustrates, in cross-sectional side view, the features as shown in Figure 9, further showing a die
attach material 20 forming a high/low die attach fillet 30, a high side of the die attach fillet 30 having a height of
approximately 90% of the die 5 thickness and a low side of the die attach fillet 30 having a height of approximately
25% of the die 5 thickness, wherein the high/low die attach fillet height comprises a non-uniform height
distribution around the die 5, in accordance with the related art.

Figure 12 illustrates, in cross-sectional opposing side view, the features as shown in Figure 9, further
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The present invention method of reducing shear stress in a packaged semiconductor chip, generally

comprises the steps of: providing a semiconductor chip package base 10 having a semiconductor chip disposed
therein and having a die attachment area; providing a die 5 having a thickness Y, a width X, and at least one side;
providing a die attach material 20; controlling an amount of the die attach material 20 disposed between the die 5
and the semiconductor chip package base 10, whereby at least one portion of the die attach material 20 forms at
least one meniscus on the at least one side of the die 5, whereby the at least one meniscus forms at least one die
attach fillet 30 upon curing of the die attach material 20, thereby controlling at least one height Z = B-A of the at
least one die attach fillet 30, and thereby reducing shear stress in the die 5; and completing packaging of the

semiconductor chip.



attach fillet height Z= B-A and the die thickness B, wherein A=the portion
of the die thickness B not covered by the fillet 30, in accordance with
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sem co ncg)rlfllggngr(t or metﬁ)od step in the present disclosure is intended to be dedicated to the public regardless of whether

at

the element, component, or method step is explicitly recited in the claims. However, it should be readily apparent
to those of ordinary skill in the art that various changes and modifications in form, semiconductor material, and
fabrication material detail may be made without departing from the spirit and scope of the inventions as set forth in
the appended claims. No claim herein is to be construed under the provisions of 35 U.S.C, 112, sixth paragraph,

unless the element is expressly recited using the phrase “means for.”



WO 03/ 063239 PCT/ US02/ 40776 The present invention reduced shear stress
packaged sem conductor chip, generally conprises: a sem conductor chip
package bae®3aB2Bavi ng a sem conductor chip di sposed ther @eca/tsozi4d1aei ng a
die attachnent area; a die 5 having at | east one side; a controlled anount
of die attach material 20 disposed between the die 5 and the sem conductor
chi p package base 10; at |ea 0 he die attach material 20
form ng at | east one nenlscﬁéﬂgﬁﬁjﬁé §¥Rﬂg§QF§one side of the die 5, the
at | east onelq@ipeatinentos indysiitglaapplice ipghe agsamblyland pepkagiig Rt feinjcprapct@@hipspon

curi ng Mére paugcutlilg thapiessatinveBtioe mihdtriaBhpplieh® adbmblLad bacRiptig df Wreoh® 8 iefih | | €t 30
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reduced shear stress ducin
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appr oxigaahghdpretibntl &ntrcﬁﬁr%fttﬁrd%mtééh iR R A kh@f@ﬂﬁlﬁﬁc&r&sh% LiRsdiPh@RP [tsglﬁl mat el y
14 mls, as a somewhat thicker die has surpri'singly superior crac
resistance. A die 5 which is sawn by step-cut, is preferable as having

| ess pre-existing internal stresses and may preferably be approxi mately
367 mls2 in plan area. The die attach material 20 may conpri se an epoxy,
and may conprise a filler selected froma group consisting essentially of
a conductor and an insulator. The die attach fillet height (i.e., "fillet
percentage") is calculated by the sinple relationship, fillet %

100(B-A)/ B, wherein B = the die thickness, and wherein A= vertical distance
of a die side which has not been coated with the die attach material. The
die attach fillet 30 may al so conprise a standard height Z in a range of
approximately 40%to approxi mtely 60% (nom nally approxi mately 50% of the
die thickness Y = B. By purposefully constraining the die attach fillet

hei ght to approximately 50% of the die thickness, the present invention

al so reduces shear stress in the die which, in turn, reduces overall stress
in the packaged sem conductor chip. The preferred enbodi ment (i.e.

greater than approximtely 33% - approximately 75% of the die thickness

has been di scussed, supra, with respect to Figure 16. Infornmation as herein
shown and described in detail is fully capable of attaining the
above-descri bed object of the invention, the presently preferred

enbodi nent of the invention, and is, thus, representative of the subject
matter which is broadly contenplated by the present invention. The scope of
the present invention fully enconpasses other enbodi nents which nmay becone
obvious to those skilled in the art, and is to be limted, accordingly, by
not hi ng ot her than the appended cl ains, wherein reference to an elenent in
the singular is not intended to nmean "one and only one" unless explicitly
so stated, but rather "one or nore.” Al structural and functional

equi valents to the elenments of the above-descri bed preferred enbodi nent and
addi tional enbodinents that are known to those of ordinary skill in the
art are hereby expressly incorporated by reference and are intended to be
enconpassed by the present clainms. Mreover, no requirenent exists for a
device or nethod to address each and every probl em sought to be resolved
by the present invention, for such to be enconpassed by the present clains.
Furt hernore, no el enent,



conponent, or nethod step in the present disclosure is intended to be
dedicated to the public regardless of whether the el enent, conponent, or
met hod stwp ommeR3Iplicitly recited in the clainms. However, PCT/Gshowl7ds be
readily apparent to those of ordinary skill in the art that various
changes and nodifications in form sem conductor material, and fabrication
materi g ,ggtai | may be made without departing fromthe spirit and scope of
the inventions as set forth in the appended clains. No claimhereinis to
be constitiedligidier the provisions of 35 U S.C., 112, sixth paragraph,

unl ess 1t he el RIRE shéas stREPERTESL ¥mlcOhdi§nipThhPititg pphr ase "means for." 7 WO
03/ 063239 PCT/ US02/ 40776 INSUSZE%?L,APP | CABI LI TY The present invention

i ndust ri al | SERRIELT (Y Repasehas S1ihpaying s misandrcigyichpdiprsed dgerariavrgdicc hi ps.
More parti cul arl yftachinent peesent i nvention industrially applies to assenbly
and packagi ng;Qf) (Wi Eq Rongdedadi es in  sem conductor chips. Even nore
particularly, thHe present Invéntion industrially applies to reducing shear
stress in the dis&ddigfd) Qamiidngnermicoatuctetingsialisglecisd §om algrpup cansivinekbrsehtidinef an
apparatus for prevent isgorQsifghiniGunaitd), el Al &EdnfaB (dalRs)2n§ €M conduct or chip
package. The prese%t.hngentio% hndustriallg applies_to solving plastic
packagi ng pr obl erf&M5He BAAPBISI9P Atyme A &ITeE G 4@ Wid (apd hei ght, t her eby
reduci ng sheapntstlgdegsurit pf didveadlin@tefidl $28) fispose8 biiEeed 3iDGS BB hdRET bR Q776
CLAIMS What is clgl0Re:.. §ase Aof €duced shear stress packaged sem conduct or
chip, characterized by:” a sem conductor chip package base (10) having a
sem conduct or chi?peds %ﬁ%@ﬂoﬁsﬁéﬁh%i‘tﬁmﬂwﬂﬁé\wy fegnieg agleast ongmeniselsepsaid atpasta:  a
die (5) having at | eashe aRersidde,s)sai d die (5) conprising a seniconductor

material selected . fraogma grou onsisting essentjally of silicon (Si),
ger mani um ( Ge) , éﬁ%a§%¥TFuW?$$€§HPH§at%ﬁ%@fﬁwéﬁﬁhg@%ﬁ”&%P&CﬁwgP%ﬁ@ﬁwone
si de havi ng a thi cknesgach Myera@h@0)a wi dth (X); and a controlled anount of die

attach material (sgg) lt l‘ggt%ﬁl&%QAQacp %Ilé@%phagﬁ% Q le%t 5 e(c§gtroggaigwi2§[,i aqd sem conduct or
I o i |

chi p package base'élO)' at |least one portion of sal attach materi al
(20) formng at Iehd(}muingeicedsier gissssai d at | east one side of said die
(5), said at | east one neniscus formng at |east one die attach fillet (30)

upon cyring ,of .sai.d die. attach material (2 said at |east_one die attach
£111 et 2 30) AESKRY Sapreqiawdy i & kT i s g g aid die (5) Somprises 2

thickness (Y) in a range of approximately 4 mils to approximately 30 mils.

3. A packaged semiconductor chip, as recited in Claim 1, characterized in that said die attach material (20)

comprises an epoxy.

4. A packaged semiconductor chip, as recited in Claim 1, characterized in that said at least one die attach
fillet (30) comprises a standard height (Z) in a range of approximately 0% to approximately 75% of said
die thickness (Y).

5. A packaged semiconductor chip, as recited in Claim 4, characterized in that said semiconductor chip

package base (10) comprises a ball grid array (BGA).

6. A packaged semiconductor chip, as recited in Claim 1, characterized in that said at least one die attach
fillet (30) comprises a standard height (Z) in a range of greater than approximately 33% to approximately
75% of said die thickness (Y).

7. A packaged semiconductor chip, as recited in Claim 6, characterized in that said standard height (Z) is
constrained in said range of greater than approximately 33% to approximately 75% of said die thickness

(Y) along an approximately central 50% of said die width (X).



said die (5) having reduced shear stress. 2. A packaged sem conductor chip,
as recited in Claiml, characterized in that said die (5) conprises a

t hi cknesswQYp/06323 range of approximately 4 mls to approPCraiSer/y730 m | s.
3. A packaged sem conductor chip, as recited in Claim1l, characterized in
that said die attach material (20) conprises an epoxy. 4. A packaged

sem conduct by ol Lted in. i~ characterized in that said at

| east g ne d?épag]%l?%g ﬁﬁg%n?‘%ﬁg%h%g%img oﬁpdr?%lr%%’sfur% °s %gﬁc L WETGIRECHPoPE o
range of apPFBXFdratad Jo Goenaid S0k prrbiesst gpe Fastanaf said dic dtackipderiaHPQlendes (1Y) .
5. A packagedesemt potiohwe fagipadkinepase @9).recited in Caim4, characterized in
that said sem conductor chip package base (10) conprises a ball grid array
(B&A) . 96. A packaged seni conductor chip, as recited in Caim1l _

char acter i zEPFRECHFRCQ cHr frall‘p’ piEdipd B fdim B erharaqiesiesd in fhatspid pericopductolibipr i ses a
st andar d heirgrftge bBy (li0hcoaprisargsll gid agre@Ged. t han approxi mately 33%to
approximately 75% of said die thickness (Y). 7. A packaged sem conduct or
chi p, recited in Claim®6, characterjzed in that said standard hei ght (2)
o ool r arvarers wara R i SRR R iR e Py o e

appr oxi mat elpgckas Yosof10s@ingrisa aall pidokme®S$A).(Y) al ong an approxinmately central
50% of said die width (X). 9 WD 03/063239 PCT/ US02/ 40776 8. A packaged
sem conductor chip, as recited in Claiml1, further characterized by a
nmol di ng conpound di sposed on said die (5), on said fillet (30), on at |east
one portion of said die attach material (20), and on at |east one portion
of said package base (10). 9. A packaged sem conductor chip, as recited in
Claim 8, characterized in that said sem conductor chip package base (10)
conprises a ball grid array (BGA). 10. A packaged sem conductor chip, as
recited in Claim1, characterized in that said sem conductor chip package
base (10) conprises a ball grid array (B&G). 10
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