01 Septenber 2004 FLIP CHI P-1 N- LEADFRAME PACKAGE AND PB@GE&&nBA@E@ROUND OF
THE | NVENTI ON This invention relates to | eadf rane-based packages and, nore
particularly, to flip chip interconnection to the |eadfrane.
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BRIEF SUMMARY OF THE INVENTION

A flip chip-in-leadframe package includes a chip having bumps that are bonded directly to
the bonding fingers of the leadframe.

According to a first aspect of the present invention, a method for connecting a die to a
leadframe is provided, the method comprising: forming metal bumps on the die;
contacting the bumps with binding fingers on a leadframe; heating the bumps without
melting; and pressing the bumps against the bonding fingers; wherein the heating step
and the pressing step are carried out at a temperature and pressure sufficient to result in
deformation of the bump material to an extent of between about 15 % and about 20 % of
the original bump height.

In some embodiments of the method the bumps are formed by a "stud-bumping”
technique employing a wire bonding machine, as is well-known in the chip packaging art.
The metal forming the bumps can be any of a variety of metals and alloys having a large
range of plasticities. In particular embodiments the metal includes gold.
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Accordingly, in some embodiments of the method, a measured quantity of fill material is
dispensed onto the substrate before the bumps are contacted with the bonding fingers, so
that as the die and the substrate are forced to move toward one another the material is
compressed between the die and the substrate. Preferred fill materials include adhesive
resins. The material is also displaced in the region below the bump as the bump deforms,
thereby permitting the bump material io form direct metallurgical contact with the bond
finger material. Preferably a sufficient quantity of the fill material is dispensed so that the
material is forced to fill the volume defined generally between the die and the substrate.
The material may be dispensed by any of a variety of techniques, including for example
screen printing and extrusion through a nozzle.

The resulting flip chip-in-leadframe package is highly reliabie, as the molding compound
functions as the underfill in conventional flip chip packaging, thereby extending the life of
the joints formed between the die and the leadframe. Moreover, the process is generally
compatible with conventional plastic packaging process flow.
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bond finger pitch in currently available leadframes is generally in the order of 150 ym.

The process according to the invention is faster than conventional wire bonding, and uses
considerably less Au (or other costly metal), owing to the fact that only one bond is
formed rather than two. Moreover the flip chip attachment does not require use of die
attach material and the subsequent curing operation. The flip chip connections are
achieved according to the invention using standard wire bondable finish and thereby
eliminating the necessity for additional processing or treatment of the leadframe.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is a diagrammatic sketch in a plan view of a cavity-down flip chip-in-leadframe
package structure according to one embodiment of the invention, having a leaded
footprint in which the leads fan outwardly.

Fig. 2 is a diagrammatic sketch in a sectional view thru a flip chip-in-leadframe package
structure as indicated at 2-2" in Fig. 1.



elimnating the necessity for additional processing or 0frSzptemir 2004 t he

| eadf rame. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig.1 is a diagrammati c sketch
in a plan view of a cavity-down flip chip-in-leadframe package structure
accordi ng o spkBoenbodi nent of the invention, having apdagdesh,sf ootprint in
which the |eads fan outwardly. Fig. 2is a d| agrammati c sketch in a
sectional viewthru a flip chip-in-leadframe package structure as

indi cat ed ot 2 bl Rldlen i o3 ASRLETSN 2004 410, 344 08AA4, PCTI USOL/ 40273

Fig. 3i ranmat| n a sect Vi hru a cavity-down flip
chi p-i np*cbcadfsmme actp‘esh#@gen@ter eretodimentpf the inyEmigniheviagiviesilass fepipei nent of t he
| nvent i anutiliA difals kERER Sk ORE Rty of e YloEDrith® |k apRES T € | ocat ed
toward t eriphery of the package and the |ands are |ocated toward the
center &vardibe SEeCAtEPaERE: 4 is a diagranmatic sketch in a sectional view
thru a cavity-down flip chip-in-leadfrane package structure according to
anot her Fapbsdidizpmammatic skéteh ih awetidnaloigw thana cagtysdove fitl chipsndeadfiamei nt i n whi ch
the die 9@90%&&&{4@9&&&@059% Q?ﬁo'a gﬁteo@ o nvgﬁnomﬁv£§9 % njghe |ands are

| ocat ed? Rer grammti c
sket ch imwhichsbhedi¢ mda#re W@W t@\rﬁfdnthacq;l&vpﬂtyemﬁaﬁ ¢ ﬂt?H?"SS i'fﬁ 1°F*é§’df rane package

structuq&vagﬁgpﬁegjmgfg,eq,mgsfé@r enbodi rent of the invention, having a
| eadl ess footprin ' I ch the die pads are | ocated toward the center of

t he pac and the are ted toward t e of the package.
Fig. 6 :%gggg 54 Cﬁ[ﬂ tayﬂéfec? g SR PYRAP v?ev? ’tnhlgagggaa/caw ty-up flip
chi p- i n-pheagifstrarmmee acpoxmhg@emshar mqumnmf(ﬂmnmemgmthwaamtems tontponti nent of the
i nvent i . are | ocated
toward t e t@é{:% ry o . e%%gglggééﬁeghfc}hé%e%g%gﬁﬂ%ggﬁéogiﬁ% toward the
center dfwar @emek@amfthmeLED DESCRI PTI ON OF THE | NVENTI ON Generally, a
flip chip-in-leadfrane package according to the invention may have a

"| eaded'Fig. 6 is a diagrammatic sketch in a sectional view thru a cavity-up flip chip-in-leadframe

package structure according to another embodiment of the invention, having a leadless footprint
in which the die pads are located toward the periphery of the package and the lands are located
toward the center of the package.

DETAILED DESCRIPTION OF THE INVENTION

Generally, a flip chip-in-leadframe package according to the invention may have a “leaded”
footprint or configuration, or a “leadless” configuration; and, where the device has a leadless
configuration, the leads or bonding fingers may “fan outwardly” or “fan inwardly”. Moreover,
the die may be situated “cavity-upward” or “cavity-downward”. Each arrangement provides
advantages according to the particular application. The various configurations may be more fully

understood by reference to the Figs. and to the description, following, referring thereto.

As will be appreciated, the drawings are diagrammatic sketches, showing various embodiments
of the invention in simplified views for clarity of presentation. Typical devices according to the
invention may have a much greater number of leads, for example, than are shown in the Figs.;
and many details (such as, for example, details of the structure of the die itself), not necessary to

an understanding of the invention, are omitted from the drawings. The drawings are not to scale.
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leadframe 38 lands 39 for attachment of solder balls 37 for connection of the package are

centrally located.

And, for example, Fig. 4 shows a cavity-down leadless package construction generally at 40 in
which the die bumps 46 are centrally located, while the leadframe 48 lands 49 for attachment of
solder balls 47 for connection of the package are peripherally located.

And, for example, Fig. 5 shows a cavity-up leadless package construction generally a 50 in
which the die bumps 56 are centrally located, while the leadframe 58 lands 59 are situated
peripherally.

And, for example, Fig. 6 shows a cavity-up leadless package construction generally a 60 in
which the die bumps 66 are peripheraily located, as are the leadframe 68 lands 69.
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The manufacturing cost is comparatively low, particularly where a copper leadframe

construction is employed. Package thermal and electrical performance can be improved
according to the invention. The leadframe traces can be kept short for improved electrical
performance and reduced electrical parasitic effects, and in some configurations the use of
copper leadﬁ‘éme and solder balls beneath the die can give improved thermal performance. In
configurations employing center lands the board level reliability can be improved, even for larger

dies.
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2. The rretho wherein the step orm

conpr i sesbefwigen abeuidiorg ang abque20nb o e Qﬁglrtﬂ] bumphelQWlerel n the step of
form ng the nmetal bunps conprises electroplating. 4. The method of claim
1, wherein the nmetal bunps conprise gold. 5. The nethod of claim1, wherein
t he step %fThﬂamemﬁg qf tetaimp myeneceimihe step Qﬁé@mmagtheweetaub@mpscomhesamth@d of
claim1l, conpri sing supporting the bonding fingers on a substrate,
and supportln the die by a press,

3. The method of claim 1, wherein the step of forming the metal bumps comprises
electroplating.

4. The method of claim 1, wherein the metal bumps comprise gold.

5. The method of claim 1, wherein the step of heating the bumps comprises heating the
die.

6. The method of claim 1, further comprising

supporting the bonding fingers on a substrate, and

supporting the die by a press,

wherein the step of pressing the bumps against the bonding fingers comprises
applying a force to move the die and the substrate toward one another.

7. The method of claim 6, wherein the metal bumps comprise gold, and the heating step
comprises heating the bumps to a temperature in the range about 100°C to about 400°C,
and the pressing step comprises applying a force equivalent to vertically loading in the
range about 10 grams to 250 grams per bump.

8. The method of claim 1, further comprising the steps, prior to contacting the bumps with
the binding fingers of the leadframe, of
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conprises applying a force to nove the die and the substrate toward one
another. 7. The nethod of claim®6, wherein the netal bunps conprise gold,
and the heating step conprises heating the bunps to a tenperature in the
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packages, conprising prOV|d|ng a plu ty o ead FANES eac comprising a
set of boaud legdframgdingers. providing a plurality of dies each having a set of
metal bunps fornmed thereon, positioning the |eadframes onto a support,
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placing the dies onto the leadframes such that each set of bumps contacts a set of

bonding fingers,

heating the bumps without melting, and

pressing the dies against the leadframes to compress the bumps onto the bonding
fingers

wherein the metal bumps comprise gold, and the heating step comprises heating
the bumps to a temperature in the range about 100°C to about 400°C, and the pressing
step comprises applying a force equivalent to vertically loading in the range about 10
grams to 250 grams per bump.

12. The method of claim 11, wherein the heating step and the pressing step are carried
out at a temperature and pressure sufficient to result in deformation of the bump material
to an extent of between about 156 % and about 20 % of the original bump height

13. The method of claim 11, further comprising the steps, prior to contacting the bumps
with the binding fingers of the leadframe, of

supporting the leadframe on a substrate, and

dispensing a measured quantity of a fill material onto the substrate within each set
of leadframe binding fingers.

14. The method of claim 11, further comprising a step of overmoulding to enclose the die
and leadframe fingers.
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are carried out at a tenperature and pressure sufficient to result in
deformati on of the bunp material to an extent of between about 15 % and
about 20 % of the original bunp height 13. The nethod of claim 11, further
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chi p-in-leadfrane package made according to the nethod of claim15. 17. The
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relation fdatloigo aftsepbf BHMHgWhgkidngers. 18. The package according to claim
16, wherein the die is situateg cavity downward in relation to the set of
bondi ng fingers. 19. The package according to claim 16, wherein the bondi ng
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bondi ng fingers fan outwardly.
relation to the set of bonding fingers.

19. The package according to claim 16, wherein the bonding fingers fan inwardly.

20. The package according to claim 16, wherein the bonding fingers fan outwardly.



