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
protecttEYHERMBEHd @R Y NHM S I P A RS ited% 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 thercamtret SURRPRIING structure of the
semiconductor package. A portion of the leadframe is internal to the package,
i.e., COmpletebpsunseuticke ddytan gneapbulantsemichatuptip@aekagés, and more
high-valume, low-cost production of semiconductor packages, a current
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panel or strip that defines multiple leadframes. A single strip may be formed

to include multiple arrays, witﬁlgé ﬁmrgﬂncluding a multiplicity of
leadframes in a particular pattern. In a typical semiconductor package
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component. In the case of leadframes as substrates, the contact is referred to
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the bonding wire typically is attached to the contact of the substrate using a
meited Beshiyirahederdn KoPRE RIS RictehisAgi ignge vEPehe engi@sirat material

tHEHQeaity thepapillatieas tpe wanillaryupriessesdhewie againstidhereantaatof and
the substrate. f\ bonding head carrying the capillary is retracted to leave a
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closedatearngftiewitpasatiachondifty heedosteadts faurtmergrated 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.



In conventional chip-on-board (COB) structures, an integrated circuit chip or
other microelectronic component is attached to a substrate with the active
surface of the microelectronic component facing outwardly away from the
substrate. The back surface of the microelectronic component is adhesively
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of the substrate to electrically couple the microelectronic component to the
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pads. A leadframe is formed having a plurality of lead fingers with the plurality
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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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FIG. 1 is a plan view of a semiconductor package system manufactured in
accordance with an embodiment of the present invention; FIG. 2is an
enlarged partial cross-sectional view of the structure of FIG. 1 taken along
line 2-2 at an intermediate stage of manufacture; FIG. 3 is the structure of
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an embodiment of the present invention; FIG. 5 is an enlargiife;
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enlarged plan view of a lead finger after.performi titch. bond operation;
e T P B e R

packdde meaeriontigntenthvides présarroriustrioprcREES W MIGDEHERe having a
fifAREYINGW Tedd i NVENTION In the following description,

numerous specific details are given to provide a thorough understanding, of
the ifvaiBMAHEGcRE AN iR BEcappRAENE RHat AL ARSI IR 4% Pe'pradtelse
ofuvitb eutifeRaacpaaific. dehailsl i okge ol déoianebppuring tthen@reselitd in the art
frg‘&’lef?t}%%nﬁrg ”éf SR SYRIG CIRTIgHratons; AN IRIOCESS MRS 1SN e
Isclosed I-detai
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a semiconductor package system manufactured in accordance
with an embodiment of the present invention;

FIG. 2 is an enlarged partial cross-sectional view of the structure of FIG. 1 taken
along line 2-2 at an intermediate stage of manufacture;

FIG. 3 is the structure of FIG. 2 after wire bonding;

FIG. 4 is 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.



Likewise, the drawings showing embodiments of the system are
semi-diagrammatic and not to scale and, particularly, some of the dimensions
are for the clarity of presentation and are shown greatly exaggerated in the
FIGs. Generally, the device can be operated in any orientation. The same
numbeks Wit b@adeayingalbhow deaomhgdnGaistof réiay tsthars apm-dlagranmtic

aldgotatmcotzentaliadsedrreinis defingihas AdlangParall¢! Joghsentation
conventional plane or surface of the semiconductor package, regardless of its

antiaseeRon siatherregeriedin BreFldy Laneatisn pelpysticingr @ptryed in any
ohetizomial BiscjusheefingdrsTeints ssahiasliond, dabadug Tibelawsldkotboie’ same
el‘gg%'l,[s”side", "up”, "down", "higher", "lower", "over", and "under", are defined
with respect to the horizontal plane. The term "narrow" as used herein

with rEspEentchiezedfialcrsusrddivsciade diiigefsih avligeariap pio she feee aftignal
pl%[ﬁfét%ﬂes%ﬁga@rbprtﬁ& Héhi@oﬁ@&é&ﬂgﬁﬂgggﬁﬁeg-ﬁhﬁe%%rm HSRIERIAS UPRY term
herein means a distance les than or equal to about 90 microns between

Y65 ifitlg EETe LS HERoHOMBTRSRtHET S M ShRI R s Just deidtedrinFHostsh as
“f1G."dhdhereipds shovsotaplanview efd senptondivaior Pagkaye RystEm-boe”,
algaaanegtugﬁeddiCr}.ac ordance v i%h th%%%%%F irl\égg\tion. The semiconductor
pac'f<age system Includes a leadframe f such as a copper (Cu)
leadfélmderThéngraeifr ansens@b liprshode gt idieqea do1@adafaizer s lofdefngers
hi'ﬂﬁgr;ﬁl%%géP%QeaéPH%&mel&‘é‘rﬂﬂﬂ%y Q{the(djh%cﬁﬁdtd-%m%ﬁ&hﬂeﬂ?&r{?aﬁne

fingers is a narrow lead finger having a narrow width 108 of less than or_
PROUAYY S DGR TR O sERE dad MR GE LI D dr AR 2 B A REhPE Y o [eding
edlaanodnéjgitah §0abolicdt miciensmmeasured edge of lead finger to edge of

lead ‘e enrrin ncﬁ‘wqioelggfz 15 t%té[aécl:rrl] ?sd s&?owneadi?agta\g e]\fvogf Irs]g dllce()l‘il- u%tg)?aﬁyglckf(% e

attac edﬁusﬁg a sultable dttachment means (no s]hown), Stch s an g
syativesiVB, manatiisasive itapecaadaitve wébittiol @eveain smufraieachibies thendéentiugtor
piethe digead Mincludthe disdikaninglysles,anumpber fcaetacinadsnd4 The

around the periphery of the die 112. The contact pads 114 have a number of
I38fiansirdk 118 grsatdisngithd Ktearhad wibra Bdraddireart 8 9rinradrtigirynd the
pe&ophenidnad wreRpreinEeaupmentad imgendosires ddbois aliachedtaangg a

number of lead fingers 106 by formi umber of bum 20 at mid-way .
T B S T She e B dD e e
pitdndiWioédedsl Gran thedvahipstid@ 90 migipne nuapsuhad 2 s dddmeet to edge of
180%aRsHIate 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 1h4ietposetfacheiardiitig psii 6 Flee dethi @IAviSSHERF AHSER Argeighle
afeaviiaterapsmseatosRwigwioh thestiaeiure, oh khifhesivialips atemglingt2bR ateans
o Qttianc elamﬁ%i%g %s]i%ggtgé 19”5’481%%'@' A wire bond assembly 200 is
represeﬁta ive of the number of wire bonds shown in FIG. 1. The wire bond
assefhilydR00lihololidssadien?8? eftewtied od diet pach20hespotiphstyhef die die

1PRd QA SROWN HAH $1 0L QRGHSHRSRIR M}@sqi?62%%36}&%tﬁ99@95%f‘@ith a

206. The contact pad 206 is representative of the number of contact pads
bal} kg A9rmes. wSing oy FgaroBBG O PaRNGEHRNbf tie Rapdoirey 110 is
at@arklingers A0Gihewnia Flgerl. (Db jerefinger RBhhast bt ALk mid-way
PRI e RSB TRGE: I RUDR PO SREERANLR DR RO e o
the bumps 120.



Referring now to FIG. 3, therein is shown the structure of FIG. 2 after wire
bonding the die 202 to the lead finger 208 using a forward wire bonding
method. A forward bonding method is a wire bonding process by which a

bond wire 300 is subjected to ball bonding to the contact pad 206 on the die
202 avel tocanitelohiding formed bueis@salan thedigabll Bnger 1208 fingeryHEO, the
bONAvre FOAnguEh1aRuaiaAlE (V). PRPRRE sk lneiPIRETRs(AD 19K Q& Faces of
suitable conductor, is bonded to the contact pad 206 on the die 202. The
thssheRtE 40t R ¥8nnected to the contact pad 206 using a wire bonding
apparaiissring lusling &icapi)lardinot sShowtn in Bhegapipanyaiscgeneeallymaonew of
«Rnapefand pas 4 ondh hote,hsongh, which the bondwire 300 fsded. T
capilfary includes a nose t%{ﬁ typically is used to form &l Bon_ s'and stitc '
beshebsemtha (8 foraneatcatatiec o cho rbboAOWied 3BD. siperbial Fsp le sEeg wire

baARIRSL R conastinad 208 Hoe balkisformediateendafthe Wreiypad 104

heating the tip of the bond wire. As the capillary applies pressure, heat is
shewiteld Gy ethaPreutingife BaplianPofashatgmetindsonie sepishinig 206
isacpendaanuse shbalhhoado3@anadopadahanddeatiieendhe bandawir@@oQos is
and the contact pad 206 underneath. A small the bopd wir 0
e St e e marmace i e T b A Rges
bpose’ Poelosashquortiomepstrthiefoernd TWieco 300 Adfailisrethestnintpe2aDton thaber of
i 1PgShRA8in e capillary is ultrasonically vibrated to form a stitch bond,
or wedge bond, between the bond wire 300 and the bumlg 210. Thereafter,
the cgﬁgmg?yggl?&fst@ﬂ&b%eﬁwrm@ Bohawilbea6t fe4ging A Stitch SbrdroRplng
tHewRA1® the IReTRTHRPOOWs iR BIGrWarthetainiadhgwathodrossraeetiomahding
view.af a typical lead finger 400 in.accaordance with.an embodiment of the,.
mEOd I SR bondipe PIRteys iy ahifh ko ire Ao e sibecsd 1o Raff kohiing oo
ththeontariirad X0 ad fiaghes20D8mshiovwntah Foading Thdddaenfingroa0denlasdafinger
»tapezoidal 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
discoVBrdhatisr SARuTehana $4f B FoTARBEN WHERAHEBERM W&Grdﬁb%"réufﬁé?le
chiatudppers uifacetd 2 @tdabdsabeyond the nidits ofisapadaigal 300 is connected
Cross-section d extends laterally beyond the edges of the flat upper
R B R DR S SR Sy e
capdper isgthatbylbsase 06¢d witlbrsth dirahghflaluhparcburtace hoDond wire 300 is

féﬂ.ef”?ﬁ!é r&gpfﬂ@éé‘%tﬁlﬁhﬁes% H&%%ﬂ%ﬁ%ﬂ%?&%‘%&%‘%ﬁ'&é@é’ Qfdasﬁ(&{%nds.
lead finger 500 in accordance with an embodiment of the present invention.
Al isdarmeger Bsere il shedonthiire 0%t ieshabinereiderstimber SPikag pad
20ingans HA6 shwhelh It dndrbedeadifinge &b has aiprapegoidall wire. As the
cross-sectjon with a nqnn-f%at upper, S&JgacethSO%. The n n-flatﬁj er surfacel. ht
IR, AL PRI A BB PORIRE Do B S DAL fand i
ulanavg widtbbir@saofidese drareabealt Aonmhigid s form it brax! bheereelisborersdwire
35098 8RR LeRd 53R heiformed when the bump 210 covers the non-flat

upper surface 502 and extends laterally beyond the edges of the non-flat
upper‘strfaklmnb 6 EmA oo Sfisstiesmaiest fve pbakf FRger strocarilidye The

cghightlyishopeesadhial anbase-306siswigderihiasrine rantfatippeisuiage bump
2. eé rn FIG..§, therein is shown an enlarged plan view of a

o S R e bt SR B e e e B R or
wied peferahde toeEGhedhohidevieadOfinge 80 is & e Jdwtativer.ohevemilanberated
1SR ENASSHAG S IR RIS it BB 834 fiRgs§091bas the narrow width
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formed on the lead finger 600. A bond wire 602, which is representative of

the number of bond wires 116 shown in FIG. 1 and the bond wire 300 shown

in FIG. 3, has been stitch bonded to the bump 210.
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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.
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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



1. A semiconductor package system comprising: a die having a plurality of
contact pads; a leadframe having a plurality of lead fingers with flat tops of
predetermined lengths, the plurality of lead fingers having a fine pitch and
each having a trapezoidal cross-section; a plurality of bumps on the plurality

mafidagifindersbind sl aretkytoibtitapdorikecos, hork niin §Bedisret e the lead

ﬁ\qgglt@(pﬁgbﬁérﬁg%gml\ﬁmﬁq@@ctions, and clamping down on the two sides
of each of the plurality of lead fingers; a plurality of bond wires attached to the
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leadframe further comprises the tops of the plurality of lead fingers to have a
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block 702; 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 in a block 704;
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 in a block 706; attaching a
plurality of bond wires to the plurality of contact pads in a block 708; attaching the plurality
of bond wires to the plurality of bumps in a block 710; and forming an encapsulant over the
plurality of lead fingers, the die, and the plurality of bond wires, the encapsulant leaving
lower surfaces of the plurality of lead fingers exposed in a block 712.

Thus, it has been discovered that the system of the present invention furnishes
important and heretofore unavailable solutions, capabilities, and functional advantages for
manufacturing semiconductor packages. There are an unexpected 40% reduction in wire
consumption and a 6% reduction in manufacturing cost. The resulting process and
configurations are straightforward, economical, uncomplicated, highly versatile, and
effective, use conventional technologies, and are thus readily suited for manufacturing
semiconductor devices that are fully compatible with conventional manufacturing processes
and technologies.

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.



5. The system as claimed in claim 1 wherein the plurality of bond wires is
attached to the plurality of bumps by stitch bonds wider than the tops of the
plurality of lead fingers. 6. A semiconductor package system comprising:
a leadframe having a die paddle and a plurality of lead fingers with flat tops of

Thie §8N MO IehgtEESplurality of lead fingers having a fine pitch and
each having a trapezoidal cross-section; a die having a plurality of contact
pads, the die attached to the die paddle with the contact pads up; a plurality
of buinps awameiddmdtfmphmhgeeﬂ&add&mgﬁmngwe plurality of bumps on

the tog)g.l,e n&# m gﬁt%‘:ﬂtﬁ&sd the trapezoidal cross-sections, and

clamping own 0 es of each of the plurality of lead fingers; a

pluraktjeestirorcihaiias arberey o end Hrgentyish Eohtert parisdetrapinadlitpashs.

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

a plurality of bumps on the plurality of lead fingers, the plurality of bumps on the
tops, extending beyond the widths of the trapezoidal cross-sections, and
clamping down on the two sides of each 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.

2. The system as claimed in claim 1 wherein the leadframe further comprises the

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

3. The system as claimed in claim 1 wherein the leadframe further comprises the

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

4. The system as claimed in claim 1 wherein the plurality of bond wires is

attached to the plurality of bumps by stitch bonds.

5. The system as claimed in claim 1 wherein the plurality of bond wires is
attached to the plurality of bumps by stitch bonds wider than the tops of the plurality of lead

fingers.

6. A semiconductor package system comprising:

a leadframe having a die paddle and a plurality of lead fingers with flat tops of
predetermined lengths, the plurality of lead fingers having a fine pitch and
each having a trapezoidal cross-section;

a die having a plurality of contact pads, the die attached to the die paddle with the

contact pads up;



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. 7. The system as
claimed in claim 6 wherein the leadframe further comprises the tops of the
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7. The system as claimed in claim 6 wherein the leadframe further comprises the

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

8. The system as claimed in claim 6 wherein the leadframe further comprises the

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

9. The system as claimed in claim 6 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.

10. The system as claimed in claim 6 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.



