SEMICONDUCTOR SYSTEM WITH FINE PITCH LEAD FINGERS
TECHNICAL FIELD The present invention relates generally to semiconductor
packages, and more particularly to a system for wire bonding die in a
semiconductor package. BACKGROUND ART Integrated circuit dies
conventionally are enclosed in semiconductor packages that provide
protecHbAHGANBLAL OR AN PR AR SR on
between the integrated circuit die and an underlying substrate, such as a
leadframe or printed circuit board (PCB). In semiconductor packages using a
leadframe, the leadframe is theregimtret A3UPRQIHNG structure of the
semiconductor package. A portion of the leadframe is internal to the
packdhe, pescaonpleiahn suroaendedemigntengapsutantéroppekpesesuof more
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Industry practice Is to etch or stamp a thin sheet of metal madterial to form a
panel or strip that defines multiple leadframes. A single strip may be formed

to include multiple arrays, Wiﬁ’A@{E Brra%including a multiplicity of
leadframes in a particular pattern. In" a typlcaﬁ semiconductor package
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bonded to respective ones of the leadframes, with the encapsulant material
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are fqr interconnecting an integrated circuit die substrate. These
ENG IR e e
sgiipriahelingtuie witkebondaegdectvopdcpagk o aorimve griated cidduitdie isternal to

HRURCREE 102 CORAGEIONA-SURRHEAS A QIGLIRIGroelectronic component. In

the case of leadframes as substratés, the contact is referred to as a lead
fingeFah REIPRIGY tHehiahe pbie; dBoreihgriteioteel fsrplsgriacéapnrekpees. a
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bonding wire typically is attached to the contact of the substrate using a '
meieed Beshiyira PedeRER OPRELNRISS RictehisAgy 1N vEPehe engi@sirat material

tH@HQ&éﬁH}gtEﬁ)lied to the strips to encapsulate the integrated circuit dies, bond wires, and
portions of each of the leadframes.

Varieties of techniques are known for interconnecting an integrated circuit die to a
substrate. These techniques include wire bonding, tape automated bonding (TAB), and flip
chip bonding. In wire bonding, a bond pad on an integrated circuit die is attached to a contact
on a substrate or other microelectronic component. In the case of leadframes as substrates,
the contact is referred to as a lead finger. In forming the wire bond, a bonding wire is fed
through a capillary, which is guided under computer control. A ball of molten wire is formed
at the tip of the wire. The ball is then pressed against the bond pad of the integrated circuit
die or the contact of the substrate, forming a "ball bond." Most commonly, the ball bond is
formed on the bond pad of the integrated circuit die rather than on the contact of the

substrate.



capillary as the capillary presses the wire against the contact of the substrate.
A bonding head carrying the capillary is retracted to leave a wire tail at the
stitch. Thereafter, a wire clamp carried by the bonding head is closed,

tearing the wire as the bonding head retracts further. In conventional
chip-dhebhet (COBIhstheotine 3vish timeaisitsdriciahel ehipearoptierof the substrate
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of the microelectronic compaonent facing outwardl?r/q{;;lway from the substrate.
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a ball bond. The minimum height of a stitch bond, consequently, can be
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increases, there is a need for higher wire density in a semiconductar
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Consequently, lead fingers have remained at a width of about 90 microns to
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lways, flat thereby making it difficult to perform a stitch b nto, the lead .
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pamgaivibp tHuubioksackbde hending lead. fingers on a leadframe with a fine
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developments have not taught or suggested any solutions and, thus,
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FRIROnetar package sysigm ncludes a die haying 12 pluraliy oL contactc,
pads.-A leadframe is formed having a plurality of lead fingers wi
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the lead fingers are not always flat thereby making it difficult to perform a stitch bond onto
the lead fingers. Accordingly, there has been no acceptable solution for manufacturing a
semiconductor package having lead fingers on a leadframe with a fine pitch.
Solutions to these problems have been long sought but prior developments have not
taught or suggested any solutions and, thus, solutions to these problems have long eluded

those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a semiconductor package system includes a die having
a plurality of contact pads. A leadframe is formed having a plurality of lead fingers with the

plurality of lead fingers having a fine pitch and each having a substantially trapezoidal cross-
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bumps are on the tops and extend down the sides of the plurality of lead
fingers. A plurality of bond wires is attached to the plurality of contact pads
and to the plurality of bumps. An encapsulant is formed over the plurality of
lead fingers, the die, and the plurality of bond wires, the encapsulant leaving
sqelipar sdrfeleedinf ehebpropalityformedofinge rslenpbsetl lcpdefipasserihenpertisn of
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narrow lead fingers. Certain embodiments of the invention have other
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the fallowing detailed description when en, with refere to the
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fiRceRanGaHWithan grabrdiment of the present invention; FIG. 2 is an
en agd partial cross-sectional view of the structure of FIG. 1 taken along
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lead finger shown in . 3 hayi flat upper surface in accgrdapce with a
G ATaing o e iy S Y RS S B o R e
aghempehanesafimegsr having a non-flat upper surface in accordance with an

embodiment of the present invention; FIG. 6 is an enlarged plan view of a

lead finger after performing a stitch bond operation; and FIG. 7 is a flow

chart of a system fORAFANIFESERINGIQNEMidoHIDBOMNIAEKage in accordance

with the present invention. BEST MODE FOR CARRYING OUT THE

INVERIPIONS e Yeste Rirg HRiSeRBHsnT PrefRerols ehariftigetsnd HracgRidance
wighREOVIIR & tRAQUaR: preslersiarding of the invention. However, it will be

apparent that the invention may be practiced without these specific details.
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alcopfigeraionspandrpratesssieps armndtaisclosed in detail. 3 Likewise, the

drawings SROWING EMROIIPRALS FhIDG SY RIS A/e semi-diagrammatic and

not to scale and, particularly, some of the dimensions are for the clarity of
preséﬂ%tﬂ)ﬁ an enlarged cross-sectional view of the lead finger shown in FIG. 3 having a

flat upper surface in accordance with an embodiment of the present invention;

FIG. 5 is an enlarged cross-sectional view of a lead finger having a non-flat upper
surface in accordance with an embodiment of the present invention;

FIG. 6 is an enlarged plan view of a lead finger after performing a stitch bond
operation; and

FIG. 7 is a flow chart of a system for manufacturing a semiconductor package in

accordance with the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,

some well-known system configurations, and process steps are not disclosed in detail.



and are shown greatly exaggerated in the FIGs. Generally, the device can be

operated in any orientation. The same numbers will be used in all the

drawing FIGs. to relate to the same elements. The term "horizontal" as used

herein is defined as a plane parallel to the conventional plane or surface of
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microns measured edge of lead finger to edge of lead finger. A die 112 is
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wires 116 is attached to the number of lead fl&tﬁers 10 ing a number
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pitch 110 of less than or equal to about 90 microns measured edge of lead finger to edge of
lead finger.

A die 112 is attached to the die pad 104. The die 112 may be attached using a suitable
attachment means (not shown), such as an adhesive, an adhesive tape, or other suitable means
of attaching the die 112 to the die pad 104.

The die 112 includes a number of contact pads 114 around the periphery of the die
112. The contact pads 114 have a number of bond wires 116 attached with a ball bond 118
formed using conventional wire bonding equipment. The bond wires 116 is attached to the
number of lead fingers 106 by forming a number of bumps 120 on the lead fingers 106 and
stitch bonding the bond wires 116 to the bumps 120.

An encapsulant 122 is formed to encapsulate the die 112, the lead fingers 106, the
bond wires 116, and the lead fingers 106. The encapsulant 122 leaves the lower surfaces of

the die pad 104 exposed.



Referring now to FIG. 2, therein is shown an enlarged partial cross-sectional

view of the structure of FIG. 1 taken along line 2-2 at an intermediate stage

of manufacture. A wire bond assembly 200 is representative of the number

of wire bonds shown in FIG. 1. The wire bond assembly 200 includes a die
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the end of the capillary. The capillary is lowered so that the nose presses a
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300 and the contact pad 206 underneath.

A small length of the bond wire 300 is then fed out of the end of the capillary. The
capillary is lowered so that the nose presses a portion of the bond wire 300 against the bump
210 on the lead finger 208. The capillary is ultrasonically vibrated to form a stitch bond, or
wedge bond, between the bond wire 300 and the bump 210. Thereafter, the capillary is raised
to break the bond wire 300 leaving a stitch bond on the bump 210.

Referring now to FIG. 4, therein is shown a cross-sectional view of a typical lead
finger 400 in accordance with an embodiment of the present invention. The lead finger 400

is representative of at least some of the number of lead fingers 106 shown in FIG. 1. The



5 lead finger 400 has a trapezoidal cross-section with a flat upper surface
402. The flat upper surface 402 has the narrow width 108 of less than about
40 microns. It has been discovered that a secure bond can be formed when
the bump 210 covers the flat upper surface 402 and extends laterally beyond
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npsraliRmas separibad ahavie i tgfstgRce to FIG. 3. The lead finger 600 is
representative of the number of lead fingers 106 shown in FIG. 1. The lead
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stitch bonded to the bump 210.

It will be appreciated by those skilled in the art upon a reading of this disclosure that
the width of a stitch bond 604 is larger than the narrow width 108 of the top of the lead finger
600 preventing stitch bonding of the bond wire 602 directly to the lead finger 600 having the
narrow width 108. Additionally, it will be appreciated that due to stitch bond placement error
the stitch bond 604 may not be centered over the lead finger 600 on a consistent basis in
manufacture thereby also preventing stitch bonding of the bond wire 602 directly to the lead
finger 600 having the narrow width 108.

It has been discovered that stitch bonding the bond wire 602 to the lead finger 600

having the narrow width 108 is accomplished using the bump 210 on the lead finger 600 to



having the narrow width 108 is accomplished using the bump 210 on the lead
finger 600 to 6 accommodate the stitch bond 604 resulting in the ability to
manufacture a semiconductor package using a leadframe having narrow and
fine pitch lead fingers. Referring now to FIG. 7, therein is shown a flow chart
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hithertofore set.forth herei shown in the. accompanying drawi are to
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ag@l tadviblogiss: 1. A semiconductor package system comprising:

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the foregoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations that fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.



providing a die having a plurality of contact pads; forming a leadframe having
a plurality of lead fingers, the plurality of lead fingers having a fine pitch and
each having a substantially trapezoidal cross-section; attaching a plurality of

bumps to the plurality of lead fingers, the plurality of bumps on the tops and
TEdNYRY HEWhGhAKYHES B the plurality of lead fingers; attaching a plurality

of borlld wires to the plura%tﬁ)/ of contact pads; attaching the plurality of bond
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comprises forming?the tops of the plurality of le??? fingers to fﬁve a pon-flat

upper surfa@8 [ PRI ORI i PoHERE AN T RS
pluralityadfibongiwirbs 6 itved pliraliky tbé blimfisy usesmstitchddending. 5. The
systef.as;claimed in,claim, 1 wherein < hing.th ity of bond wires to
the p ur;élﬁy% g%ﬁnp{éﬁgtﬁﬁg g)‘rﬁp%gezﬁ% |}1§gst{| c%%%\[r%s V\ﬁger than the

tops &PEREZHAN RSP RnA @ o deg Pl all s edped itngetor hadiagadstehrality of

comprising:pk@UidHg ehdienlANGR RIMWREN N G NMBLLRAASIHOPIIRGG of lead
leadframe having a die paddle and a plurality of lead fingers, the plurality of
lead fingers MSMGRMGE pitch and each having a substantially trapezoidal

crossssection; attaching the die to. the die paddle with the contact pads up:
atnching a DA B Bl G e B R R e
copilyss Evrpiee thpsorn @leheamdinkt viellpathbngiie sodfattec plat Hppioidacs -
fingers; attaching a plurality of bond wires to the plurality of contact pads;
attaching thESIGPAIRY GFOOAERAEY e blﬁPﬁﬁWo?%‘E?ﬁHés‘?&d&acgrP&ﬁwﬁ?&her
canpeieafstiant thy espihel tufalitylof lefadatirfiyexss thadie aaod-the yipealityfofe.
bond wires, the encapsulant leaving lower surfaces of the plurality of lead
4, The system as claimed in claim 1 wherein attaching the plurality of bond wires

to the plurality of bumps uses stitch bonding.

5. The system as claimed in claim 1 wherein attaching the plurality of bond wires
to the plurality of bumps further comprises using stitch bonds wider than the tops of the

plurality of lead fingers.

6. A semiconductor package system comprising:

providing a die having a plurality of contact pads;

forming a leadframe having a die paddle and a plurality of lead fingers, the plurality
of lead fingers having a fine pitch and each having a substantially trapezoidal
cross-section;

attaching the die to the die paddle with the contact pads up;

attaching a plurality of bumps to the plurality of lead fingers, the plurality of bumps
on the tops and extending down the sides of the plurality of lead fingers;

attaching a plurality of bond wires to the plurality of contact pads;

attaching the plurality of bond wires to the plurality of bumps; and



fingers exposed. 7. The system as claimed in claim 6 wherein forming the
leadframe further comprises forming the tops of the plurality of lead fingers
to have flat or non-flat surfaces. 8. The system as claimed in claim 6 wherein
forming the leadframe further comprises forming the tops of the plurality of
lead fipigairs @ lsavePsvildth o Yes Srenplnralite it ad falsoist B0 fiveradghe pipmeity of
system as qlgimed e Clain RNRerSINRUMNG.Ihe Igreframs MMEh®krality of lead
comprises forming the plurality of lead fingers to have a fine pitch spacing of
less than or BEISF¥B%EGUL 90 microns. 10. The system as claimed in claim 6
wherein: attaching the plurality of bond.wires to the plurality of contact pads
tses ol borrs At aee B L IBAR T B RS RSHper
cuphisssisuningtdh ondithe plutalitsefriredrithects tpbicaidit syseanflat surfaces.
comprising: a die having a plurality of contact pads; a leadframe having a
plurality of 148 HHGERs SNEPIFAIRY E118RA fHRFEFE NG SR &t gnirther
ceaphsbarongiagatibstantiathe trapalzeidalcatossessatany e witaliksofhbhioias e to
a]ghgtaWralI(i:% osf lead fingers, the plurality of bumps on the tops and extending
down the sides of the plurality of lead fingers; a plurality of bond wires

attached to fijg RN, O ERRACE PRUSMING QH&F@%HW&MIR? GhViEEAQHRCrurther

plurality of bumps; and an encapsulant over the plurality of lead fingers, the
cofrisR e erant BrbohaT ikt SingresdAdi AWt IR R akss Ben or
edel plunsdityoofteaadifingers exposed. 12. The system as claimed in claim 11

wherein the leadframe further comprises the tops of the plurality of lead

fingerdto hdihe syflamuppdrsgdacelalB 6THeewystem as claimed in claim 11

whergip,{he JeadBRmG JUHMShE AR Sase YGRS A .H %@1@'%95 i%ﬁq)onding;

fingers to have a non-flat upper surface. 9'14. The system as claimed in
claim 11 wH&din the plurality of bond wires is attached to the plurality of

bumpstiyhsiiteh paraistyld. bbhe sistattRsHrimedimalaisudel wihet eihing:.
plurality of bond wires is
11. A semiconductor package system comprising:

a die having a plurality of contact pads;

a leadframe having a plurality of lead fingers, the plurality of lead fingers having a
fine pitch and each having a substantially trapezoidal cross-section;

a plurality of bumps on the plurality of lead fingers, the plurality of bumps on the tops
and extending down the sides of the plurality of lead fingers;

a plurality of bond wires attached to the plurality of contact pads, the plurality of bond
wires to the plurality of bumps; and

an encapsulant over the plurality of lead fingers, the die, and the plurality of bond
wires, the encapsulant with lower surfaces of the plurality of lead fingers

exposed.

12. The system as claimed in claim 11 wherein the leadframe further comprises

the tops of the plurality of lead fingers to have a flat upper surface.

13. The system as claimed in claim 11 wherein the leadframe further comprises

the tops of the plurality of lead fingers to have a non-flat upper surface.



attached to the plurality of bumps by stitch bonds wider than the tops of the
plurality of lead fingers. 16. A semiconductor package system comprising: a
leadframe having a die paddle and a plurality of lead fingers, the plurality of
lead fingers having a fine pitch and each having a substantially trapezoidal
crosstsectidhe @xsiernaindpanpilralitlaon ddntdiarpaddetnbigiet nivhdiond witbreis

aieneaddigwithihe SuAet BadgPhahalurality of bumps attached to the
plurality of lead fingers, the plurality of bumps on the tops and extending

downithe sidas ofstam pluralitnaf ieaddingersyvacplitrality @ihand oitead wires is
ttached to the plurality of conta ds, the.plurality of bond .wires attach
A B P B R o
fifiggers, the die, and the plurality of bond wires, the encapsulant with lower
surfaces of the plurality of lead fingers exposed. 17. The system as claimed

in clalfh 16 WHERIRYRAECIRLBRFXATE TUTFBICEBINHAEs the tops of the plurality
of lead1fingfershaning: fladiorpacdidlatSurphaabtyl8 Ehe Bysismiasptiaimediead

claim 16 whereln e \eadfiame Jurthes commrises [neiansiohine plurally oh.
lead fingers hévmg Widths TessPthan or equa {0 a‘([’i)outﬁ microns P19, The
system as clegfived in claim 16 wherein forming the leadframe further

compyigeshgRIur iﬁ)ﬁ%'%@@ém&?r Bé,Vﬂl'ilcQ(ﬁeﬁﬁ%&iE%htéEﬁ&ﬁlg pidessvfianne
or equal to about 90 microns. 20. The system as claimed in claim 16
wherein: thé PIEFARSEBond wires are attached to the plurality of contact

pads bylhalid andsimpngtoreplw sy RihdndMdragiagerattpe pralataytloe bumps on
plurality of QHQIBSS %}{(f Q)E?er]nckillgg %Wr:ll- 8]6 sides of the plurality of lead fingers;
a plurality of bond wires attached to the plurality of contact pads, the plurality of bond
wires attached to the plurality of bumps; and
an encapsulant over the plurality of lead fingers, the die, and the plurality of bond
wires, the encapsulant with lower surfaces of the plurality of lead fingers

exposed.

17. The system as claimed in claim 16 wherein the leadframe further comprises

the tops of the plurality of lead fingers having flat or non-flat surfaces.

18. The system as claimed in claim 16 wherein the leadframe further comprises

the tops of the plurality of lead fingers having widths less than or equal to about 40 microns.

19. The system as claimed in claim 16 wherein forming the leadframe further
comprises the plurality of lead fingers having a fine pitch spacing of less than or equal to

about 90 microns.

20. The system as claimed in claim 16 wherein:
the plurality of bond wires are attached to the plurality of contact pads by ball bonds;
and

the plurality of bond wires are attached to the plurality of bumps by stitch bonds.

10



