SEMICONDUCTOR PACKAGE FOR A LARGE DIE BACKGROUND TECHNICAL FIELD The present
invention relates generally to semiconductor packages, and more specifically to a method and
apparatus for packaging large dies in such packages. BACKGROUND ART The trend toward
miniaturization of electronic equipment has required high-density packaging of semiconductor
devices. To meet this requirement, semiconductor packages have been reduced both in area and

thickness, while the size am%%%%&gﬁ%%@taﬁ m%@qdegﬁéﬁ%ggreased. As a result, there

has been a growing dema I semiconductor packages accommodate large dies. A leadless
leadframe package (LLP) is a semiconductor package design that contemplates the use of a metal
(typically copper) leadframe structure in the formation of a chip scale package (CSP). A typical
leadless leadframe package includes a copper leadframe strip or panel which is patterned, typically by
etching, to define a plurality of arrays of chip Bres. Each chip substrate feature includes
a die pad and a plurality of honding fingers disposed about their associated die pad. A plurality of
package Jgﬁf@ﬁﬁﬁ&u H:t}tajt terminal contact pads (contact pads) are defined on the bottom

surface of the boriingrtinagrsdypigaily vethian RichprpcesSemidoialitief yarkdine, tieddarméisdised to
mechanically connect and support the die pad and bonding fingers during manufacture. During

assembly SRASLISHEYAIRA ML sl RS d i8I5S BA P ESHUSR iR ST WA KB ding is used to

electrically couple bond pads on each die to their associated bonding fingers on the leadframe strip.

After the wire bonding, a plastic cap is molded over the top surface of each of the array of wire
bonded d%é%@%@m% singulated and tested using conventional sawing or punching and

testing techniquahcGestRinsemicangiuaiszpaskagesdaebnde eydiprpad and @qluwlitigi-donding
fingers with jinneég?}%d outer contact pads thereby all Winggsemiconductor ckafges&f(o be
manufactBPSEAR RS FEYRIBEEE L SSVIGTS: A e SbiR! SR b e SR RO R S A AVEly large

number obeanirdisdd thakesemicandutioknackagelk hewexeanhe sinsfithe fdiethaithan the used is
imited byptarsc a?gigzeg g&gemdcireegs%g.dgg %nI%iSrlll t,uﬁloerr]etlﬂgspgergr(flgagrrowing demand for semiconductor
packages which accommodate large dies.

A leadless leadframe package (LLP) is a semiconductor package design that
contemplates the use of a metal (typically copper) leadframe structure in the formation of a
chip scale package (CSP).

A typical leadless leadframe package includes a copper leadframe strip or panel which
is patterned, typically by etching, to define a plurality of arrays of chip substrate features.
Each chip substrate feature includes a die pad and a plurality of bonding fingers disposed
about their associated die pad. A plurality of package electrical input-output terminal contact
pads (contact pads) are defined on the bottom surface of the bonding fingers typically with an
etch process. A plurality of very fine tie bars is used to mechanically connect and support the
die pad and bonding fingers during manufacture.

During assembly, dies are attached to the respective die pads and conventional wire
bonding is used to electrically couple bond pads on each die to their associated bonding
fingers on the leadframe strip. After the wire bonding, a plastic cap is molded over the top
surface of each of the array of wire bonded dies. The dies are then singulated and tested using
conventional sawing or punching and testing techniques.

Certain semiconductor packages include a die pad and a plurality of bonding fingers
with inner and outer contact pads thereby allowing semiconductor packages to be

manufactured in a very compact size while being able to accommodate dies having a
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package being used. Two of these types of semiconductor packages are the QFN (Quad Flat- Packed
Non-Leaded) and Leadframe Ball Grid Array (BGA) packages. These types of packages are desirable
because they have a low vertical profile enabling them to be placed into small electronic products.
Attempts have been made to adapt these types of packages so that a large die can be used within a

given sized|paekgaervdHenmmRIsatyRGRaioweREaliaiebiaaRackadacts, latasediens d-disfthat has a
pair of opposing edges extending laterally beyond the edges of the die pad in a semiconductor

package. Bhdhah HhdssehE JiBL s UidhE sithepdBoniis 23t FRmmivgatigtaie dathnder
portion thgh¢risRbEIEdiISAaTRE}EHER UaRarTWdRtEoalitRe PRRCiagHNEE RSO e (@igd megrphery

of the die can extend laterally beyond the edges of the die pad. This results in a support for the die

pad that i€ &lissaaifyerdade cidh Lradfmmre RpllaiSmd marvrABdingrickags adisgrwivesoftiing and

molding opgiativnsAitesdhsoilieisaosimed Kavbe digvpadtichherdiglésemmenkalyriottilbe yingdhese
operations due to the reduced support provided by the up-set portion of the die pad. Reduced "up-set"
dimension&a Bl &esLeMPHEeU I rhang thereby effectively reducing limiting the largest die size,

because of wirehomshijmitadienesihg.aveshangPoeionypédhg pieklotheangataf thedpisehpeigion of
the die pad is increased to reduce the amount of possible die tilt during subseguent packagin

operation¥Sfds¥y 4hd HraerizsdPre ke bl erdpankiRiggethe st PieHn g ot PE65988d 16 a
printed cirguizboare iher@byadugingtheoheppssimovaeffisienaingflthe nackagenthiaeighdheoprinted

circuit board. This type of special die pad assembly also is more expensive and difficult to

manufacttfe ERAIdRS S THEXRIBFEYIBATSHEve been long sought, but prior developments have not

taught or suggested aihsleitignsmandetpiovsahtiansctpdnesehprobhemisavadangi&ladag-dhose
skilled in the art. Accordingly, there is a need for a semiconductor, package that accommodates larger
dies, but GYEHEBrY HEBYS ?erfl\% msrﬂmw%%%?ffbﬁ%a%%a@ S'a@mém%wﬁe

present inyeipiempodvitedia samigenducierfppckagsnantadrihod vkasisemblyrihereforsAdie pad
And A Pl B S e BT Alnes A e hereby raising manufacturing
issues during wire bonding and molding operations after the die is mounted to the die pad.
The die is more likely to tilt during these operations due to the reduced support provided by
the up-set portion of the die pad.

Reduced “up-set” dimensions also increase the die overhang thereby effectively
reducing limiting the largest die size, because of wirebond limitation on the overhang portion
of the die.

If the area of the up-set portion of the die pad is increased to reduce the amount of
possible die tilt during subsequent packaging operations, less area of the die pad is available
for subsequent solder joining of the die pad to a printed circuit board thereby reducing the
heat removal efficiency of the package through the printed circuit board.

This type of special die pad assembly also is more expensive and difficult to
manufacture.

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. Accordingly, there is a need for a semiconductor package that

accommodates larger dies, but overcomes the problems mentioned above.



bottom surface are provided. A spacer is attached to the die pad, and a large die is attached to the
spacer. The large die is wire bonded to the plurality of bonding fingers. The die pad, bonding fingers,
spacer, large die, and bonding wires are encapsulated to form the semiconductor package. The
present invention allows a large die to fit into a given semiconductor package while maintaining the

vertical profile of the package by apgEexpgnaMe @pd simple/prthesiy The present invention can be
used with various packages, such as single or dual row packages. Certain embodiments of the

invention have om@r;ﬁdyantﬁg@&ﬂi@@@mmoremlmamwﬁtbmg&mwaaﬁeammfﬁb@@m@ntages
will beco parent o those skilled in the art _fro ading of the followin des rrptlon
when tak rel{é IcB the %B&%Wiﬁﬁn‘gﬁrhf HWlkage@RYﬁ'ih Iﬁ‘ﬁg%fhﬂggﬁ(;ﬁ? helr

DRAWING&t&h&&%@@mm@f Aspmmadu@t%@wmg@lmumﬂwadgmcﬂ@@@mtaanamth the
present |n ention; FIG, 2 |s a cross-sectional view of a p rt|o ];ngﬁ structure of F'(%hi gﬁowmg a die

pad and dASMREg N BES (M5 iy 6¢ 8ﬁaﬁﬁ‘gtr>ﬁa% anrﬂt%g s % s the

structure gbid{ng? fahiesra fuphadhasive ldygr had %ﬁdla@puefbio dhe divrdlddE. @ isdhe shecture of
FIG. 3 after a.spacer has been attached to the die pad; FI 5 is the structure of FIG. 4 after a large
BT 6 8o M RS o i i

die has &SN SHACHER (P HiE¥%&Fac uPHOV I 18 85t Eh O be“t}% Aa8'bekn
electricalIymnﬂ@@ﬁed)topﬁaedg@nd@hgéingerﬁzﬁﬁdlghenee%aﬁ)&llape@ﬂm a@ﬁarldﬁqmlwgla the piesent
invention;.FIG. 7 is a plan view of a OHI mbodrment of a semiconduc cka e having a dual row
S S R e it S AN o R AT Tyl
invention,sEJ:Gaagdﬁlglamsﬁxslaﬁwpatlvagmof a portion of the structure of FIG 7 showrng a die pad and
an opposing par Iurakﬁl of bond frn ers.ta alon I|n 8-8 of FIG. 7; FIG, 9 is.th structure
of FIG. 8 after a SF%&heéE edrag?& TSIRTITIT t’c?f?t %‘&13561% a9GiOmiE S RIPEf FIG.

9 after a sfateshas:heercatidohed Ilthmﬁddtenrageh‘ Ri3. bbidmm@pﬁmwr@ hbFdGkilRdftette latge die
has been f gr%cgegeatt 1H]ge gp aﬁe following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 2 is a cross-sectional view of a portion of the structure of FIG. 1 showing a die
pad and an opposing pair of a plurality of bonding fingers taken along line 2-2 of FIG. 1;

FIG. 3 is the structure of FIG. 2 after a first adhesive layer has been applied to the die
pad;

FIG. 4 is the structure of FIG. 3 after a spacer has been attached to the die pad;

FIG. 5 is the structure of FIG. 4 after a large die has been attached to the spacer;

FIG. 6 is the structure of FIG. 5 after the large die has been electrically connected to
the bonding fingers and then encapsulated in accordance with the present invention;

FIG. 7 is a plan view of another embodiment of a semiconductor package having a
dual row of contact pads and corresponding bonding fingers manufactured in accordance with
the present invention;

FIG. 8 is a cross-sectional view of a portion of the structure of FIG. 7 showing a die
pad and an opposing pair of a plurality of bonding fingers taken along line 8-8 of FIG. 7;

FIG. 9 is the structure of FIG. 8 after a first adhesive layer has been applied to the die
pad;



and FIG. 12 is the structure of FIG. 11 after the large die has been electrically connected to the
bonding fingers and then encapsulated in accordance with the present invention; FIG. 13 is a plan
view of a further embodiment of a semiconductor package having a dual row of contact pads
manufactured in accordance with the present invention; FIG. 14 is a cross-sectional view of a portion

of the structure ofiElG 013 hbQwire,fe SiFRaMaTEAN PRPASHAY R oftaRédralitiodiegading fingers
taken along line 14-14 of FIG. 13; FIG. 15 is the structure of FIG. 14 after a first adhesive layer has

been applied to - dié PatheriEcg st ElStrddaiicorRrEz1 Siahat RespAtbichad 9elis aRdied to
the die paghd1G. 17 is the structure of FIG. 16 after a large die has been attached to the spacer; and
FIG. 18 is the structure of FIG. 17 after the Iar\%e die has been electrically connected to the bonding

fingers and thenfaftdpsifidbe i siendfanlée Wit tise relasat disdidreardeettcdy icognrsidiagram
of the methaRea A& eRaREINYRINEA cREFAIER R ESCRIBIQMARREIN VENFIGH Referring

now to FIG. 1, therein is shown a plan view of a QFN semiconductor_ package 100 manufactured in

accordance withftHé drolehPiAtents P i Brabriebhaderstpdckagpisories ghisEbaulant

102, whichaneapsflatasaa: phaalitirifhandiagnfingerdad@varpynd ghedperipkanoaf a die pad 105,
which is located centrally of the encapsulant 102. Attached to the die pad 105 is anﬁgoacer 108. A large

die 110 is mounfeortdp dEIRSS S55EEral B A A ARV SPEYHEM S NFEEC1AF L Gh et hni B e die
110 to theipiyalibhe@haappegninaarsflDghiefitstalvoaliv e hintebamesanaectians 416, sywinglly ball

bonds is used to connect the plurality of bonding wires 112 to the large die 110. A second plurality of
wirebond Eonnections 118, typically ball bond for reverse loop wirebonding and stitch bond for

standard loop wirggonslingtis UGaeieecCONPRS! thepliraliysobopniiegdyiesat bido 4pplipi@lity of
bonding fingers 104. The term "horizontal" as used in herein is defined as a plane parallel to the
conventioﬂ‘ﬁl%adir’face of a die, regardless of its orientation. The term "vertical" refers to a 4 direction

perpendicular torhe. heriz ondatas fust daficed.sTATenS, spdchr &8s 08en ARRAEd to the die pad;
FIG. 17 is the structure of FIG. 16 after a large die has been attached to the spacer;
and
FIG. 18 is the structure of FIG. 17 after the large die has been electrically connected
to the bonding fingers and then encapsulated in accordance with the present invention; and

FIG. 19 is a flow diagram of the method of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIG. 1, therein is shown a plan view of a QFN semiconductor
package 100 manufactured in accordance with the present invention. The semiconductor
package 100 comprises an encapsulant 102, which encapsulates a plurality of bonding fingers
104 around the periphery of a die pad 105, which is located centrally of the encapsulant 102.
Attached to the die pad 105 is a spacer 108. A large die 110 is mounted on top of the spacer
108. A plurality of bonding wires 112 connects the large die 110 to the plurality of bonding
fingers 104. A first plurality of wirebond connections 116, typically ball bonds is used to
connect the plurality of bonding wires 112 to the large die 110. A second plurality of
wirebond connections 118, typically ball bond for reverse loop wirebonding and stitch bond
for standard loop wirebonding is used to connect the plurality of bonding wires 112 to the
plurality of bonding fingers 104.

The term ‘“horizontal” as used in herein is defined as a plane parallel to the
conventional surface of a die, regardless of its orientation. The term “vertical” refers to a
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"lower", "top", "bottom", "above", "below", "over", and "under", are defined with respect to the
horizontal plane. Referring now to FIG. 2, therein is shown FIG. 2 is a cross-sectional view of a portion
of the structure of FIG. | showing the die pad 105 and an opposing pair of the plurality of bonding
fingers 104 taken along line 2-2 of FIG. 1. A first bonding finger 106 and a second bonding finger 107

shown in kieetdoArpipRrREaNtAte ak thepibralitaofhanginadingersrii4 ssbRwWR G« dppthe die pad
105 is located between the first bonding finger 106 and the second bonding finger 107. The first

1 e

bonding fil§¥€1 66 'aRc tie¥eRbndPBBMdindPAlRYEr 107 ard MadBdit a ABhALINTR YHEtEFNSHER as
copper. AtfsstdroRaiagRack 200 is provided on the upper surface of the first bonding finger 106 and a

second bondingdggatd 201 is provided on the upper surface of the second bonding finger 107. The first
bonding pad 200%&fdAE Se¥dAd Ibbraifg pRd H AR Goh iR GRS trigtiplsUieN &4 &iRBHER other

suitable matarédtmiated @ntedhe frsthendiradinged 106 and fneppesing pendingniinderaldy of
respectively. The die pad 105 is temporarily mechanically connected to the first bonding finger 106

and the sBEBATELIBMRARY filtgakab?! Bhed adiratid thot sHoWRY PALBEVERESAAAA AT PRE first
bonding fidgemkGhalsol basiisiceNAct addR6sanditheseso PR Bbinarp g hasi e4second

contact pad 207. The first contact pad 206 and the second contact pad 207 are used to subsequently

connect B8R ctor BEcKEJR4 38 10! IBrrsbiRavE R B A HRO Diner Legrt chO i dhfr st

bonding figgend 86:anektiiRsacoo rasding Hogdind G griel tvsitistRaiatyni e Galig Megzen plane.
It will be readily%pz%arent to those skilled in the art that the_permissible size of a die that may be used

is limited BYf the BROTEURE arpatR | RIS AT RSN to Fits beneiagdiad LM diwmranisttithe of FIG.
2 after a fiispadhesive ofayeredbbagihe 6in aplischiel hecdin Paontifzipad convepiivnatdanmer such

as by applying an adhesive tape or dispensing an adhesjve liquid or paste that is sybsequently cured.
The first aan%fs%f?g&e%% EEHPD %‘?EHEP@ Bgtcal ufifﬁsdﬂis?%m% 888@&5&5%&& in a
particular mpflisatierE Rafering awiaidGnaethersirissshower tbe ahuctuiebleRiatedivitpliral spacer

an inorgeAELATLET & R GEToERBEH ORGP TR RSt et FSHU B THetal and
combinatipid the e aémpoeasippeaschadi @rejeraiiydies @ thdating lydnigindTarseall @oned atyidyctmgonduct
heat thml{)%?l(spnegsé)r?g%errljog tyoz;[ '?gag?agl%d(l}(())tss ggggig%egg}lisgﬁtglll%l manner. The first bonding
finger 106 also has a first contact pad 206, and the second bonding finger 107 has a second
contact pad 207. The first contact pad 206 and the second contact pad 207 are used to
subsequently connect the semiconductor package 100 to a printed circuit board.
The upper surfaces of the first bonding finger 106 and the second bonding finger 107
are in substantially the same horizontal plane. It will be readily apparent to those skilled in
the art that the permissible size of a die that may be used is limited by the size of the die pad
105.
Referring now to FIG. 3, therein is shown the structure of FIG. 2 after a first adhesive
layer 300 has been applied to the die pad 105 in a conventional manner such as by applying
an adhesive tape or dispensing an adhesive liquid or paste that is subsequently cured. The
first adhesive layer 300 can be either electrically conductive or non-conductive as required in
a particular application.
Referring now to FIG. 4, therein is shown the structure of FIG. 3 with the spacer 108
attached to the die pad 105 using the first adhesive layer 300. The spacer 108 can be made of
an inorganic conductive material selected from the group consisting of silicon (Si), ceramic,
metal, and combinations thereof. The spacer 108 preferably has a relatively high thermal

conductivity to conduct heat through the spacer 108 to the die pad 105 during operation. The
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5 spacer 108 also preferably has a high electrical conductivity for backside grounding of the large die |
10. If necessary or desirable, the spacer 108 also can be made of an organic material if required for a
particular application. If an organic material is used for the spacer 108, it is preferable to use an

organic material that provides high adhesion both to the large die | 10 and the encapsulant 102, which

can WithS@E%QW%IM%E%iﬁh%”&%@@é’&iﬁmtdéﬁﬁﬁ@mit‘jr@&kElﬁksi%f}gﬂfﬁiﬁdﬂfﬁrﬂ@tﬁféms may
be selected from the group of materials consisting of BT, FR4, FR5 and combinations thereof. BT,
FR4 and H%s M&terials commonly used in printed circuit board fabrication. Referring now to FIG.

5, therein is shownjhe stiHchiraRfiEle, haftpntbe Iows diechlthasdeesnatiacher todheispacer 108

using a second adhesive layer 500. Preferably, the spacer 108 is the Iargest permissible for the size

of the die 59O BeMEAEEY 6 HrBlfatosu bt F6FS RAleralels Yorth&reiieraprishd deifiktlinood

and amoysitRirghgetils tRatamay:Mee uigkiiNghay BEedUeNh i a RN G AResateNs ahdisedwcing the
amount of lateral overhang of the large die | 10 above the spacer 108 to enable reliable wirebonding.

The largetBfeneaPAant d8tomhdeh s BaDYRAH S EE oL AL SYUSIARCHIATE eyt BYRFY pper

surfaces @f4biidissShendnadiogasttHel anchiheesagsenddabgingdipgriplO7mikeieresdiaind @ extends
laterally over the eds%es of the die pad 105 and_patrtially overlaps the first bonding finger 106 and the

second b&HHi§ finbBr 205 RELSRAM, HeEc5ertl thE 4<PLER T8 HRALPRRISHROMECBI I rGe die |
10 in the pemicoBRibGIBRaEKAGEcAH. The die size is no longer limited by the size of the die pad 105.
The term "large die" as used herein_defines a die, which has a pair of Oﬂ)osing edges extending

laterally beyond tHaSHEE NV R FdfE padArsEnitdruteotprokesy Mtnct gHthdraigeaidalo

shown herem hashacsubsiarually thauptr surtacasaiea fevilhdadppracialed Hoat thefresenihavention
also can be used if the large die | 10 has a rectangular surface area without departing from the spirit
and scop@Bithd{rdsdht f%%%ﬁ@ﬁ%}éﬁ@ﬁedf?g 5@ it clTaPtib Ui g R RIS, the

spacer 10&pypicatly thanges idichicknasebl bedweaap tlediltclBidsvianansanichedOdic 300 tickans to
position the bottom surface 502 of the large die | 10 above the plane of the upper surfaces of the first
bonding fPRSEF 198 3R HHE SRS BEh ARG eFPEGH 16 A RATRIAG (RS CRBRUE I Vestlal

profile of the samicsMtutiesdiekAgR b0 ardpdie Wsblingbhervhibiessfiewafing.

The large die 110 has a bottom surface 502 that is positioned above the plane formed
by the upper surfaces of the first bonding finger 106 and the second bonding finger 107. The
large die 110 extends laterally over the edges of the die pad 105 and partially overlaps the
first bonding finger 106 and the second bonding finger 107. Accordingly, the use of the
spacer 108 permits the use of the large die 110 in the semiconductor package 100. The die
size is no longer limited by the size of the die pad 105. The term “large die” as used herein
defines a die, which has a pair of opposing edges extending laterally beyond the edges of the
die pad in a semiconductor package. Although the large die 110 shown herein has a
substantially square surface area, it will be appreciated that the present invention also can be
used if the large die 110 has a rectangular surface area without departing from the spirit and
scope of the present invention.

Depending upon the particular device being manufactured, the spacer 108 typically
ranges in thickness of between about 100 microns and about 300 microns to position the
bottom surface 502 of the large die 110 above the plane of the upper surfaces of the first
bonding finger 106 and the second bonding finger 107 while maintaining the desired low
vertical profile of the semiconductor package 100, and while enabling the voidless flow of
the encapsulant 102. The spacer preferably has a thickness of between about 120 microns to

about 150 microns.



the encapsulant 102. The spacer preferably has a thickness of between about 120 microns to about
150 microns. 6 As an illustrative example, and not intended to limit the scope of the present invention
as claimed below, a 10 mm X 10 mm a QFN has a die pad size of 8 mm X 8 mm. The maximum die
size that can be used in an application without ground bonds is approximately 7.65 mm X 7.65 mm. If

a die size greates §hani RS XS M RNSRIR6: AIHIYT RAHROASKSpISILAIRE:iRBiecemBRdate
the die. A 10 mm X 10 mm package manufactured in accordance with the present invention, however,

can accorfoMHEd sl diel 4i7ayrE atar AP N d8tintlie P8S 1Hh S pravicusy PR iSsible. It
has been gisgangredidhatdihaceai dRrRNER MthatheppIeseidhi MBI A NG 8 HIgs S 8ppierlaatbRN 8 mm

X 8 mm can fitin the 10 mm X 10 mm package resulting in excess of a 9.4% increase in die size area
that will fif-fde’sde PaLlb gl ihsiens sAisidi tha RSP BIIsE B9etebrp bR dip8saHetthe

associated inggaasadicostcRiafesine naw d-1GA 6] thengin 35 sbowmthe stasetuip Alfhttar&iafter the
large die 110 is electrically connected to the first bonding finger 106 and the second bonding finger

107 using®HSQTIRNEAIY 5 B BRIy P Bossrentihar rannedale adudsdin tis &

consistingigiutifasosic ansinge Shefimn ase pie PN ¢ cings SBMBbINatne SHthareefddsitiad Wikg hending
equipment readily available in the semiconductor industry. In the embodiment _shown, the plurality of

bonding vire¥4atse Il gay ter B dNargER S 138 ULiR G HrediFfep AR By b BHE EBhHESions
116, and tadhe fifst fonolinenirdiARe andithe seeanekshamangopas2sk feanestivelausingsthe

second plyrality of wirebond connections 118. It has been discovered that use of a reverse loop
Wirebondiﬁb onfhesame prskessaterhY AYNE SRepRTRE dR M6 Argestlerrebrgtcitita v hiise of
the pluraliysethedingecwgesdst2 having substantially a 90" angle bend as shown in FIG. 6. The
plurality of bonding_wires 112 are substantially co Ianarrgith the uppeg surface of the | rgg%r g%e 10 at

the connection poitit 1 $hRirife Tdid-1 O AL AP BR M ELIE S SN AT of €8 c oMt ot %onding
finger 106| andsthe-serang bonsiogdingerd Girstrospesidvabectnus, the desivelled Bundeigidaigyiofile of

H)]ce) Semicb?é}?lﬁjﬁtor p cligge tooﬁiéﬁr‘}glg}tained defg'te thae addition of the spacer 1(Zt)8 hile reverse
p wirebonditig'ts 2 prEteiree N2 SYFatd dotp? GRRVSHERY MaRisE S5k ean sy
without depaung ikt e Sitiinet eoengf thernprasabbinvéAiPind combinations thereof using
wire bonding equipment readily available in the semiconductor industry. In the embodiment
shown, the plurality of bonding wires 112 are bonded to the large die 110 using the first
plurality of wirebond connections 116, and to the first bonding pad 200 and the second
bonding pad 201, respectively, using the second plurality of wirebond connections 118.

It has been discovered that use of a reverse loop wirebonding technique is preferred
at the connection point on the large die 110 facilitates the use of the plurality of bonding
wires 112 having substantially a 90° angle bend as shown in FIG. 6. The plurality of bonding
wires 112 are substantially coplanar with the upper surface of the large die 110 at the
connection point to the large die 110 and sharply curved downward to connect to the first
bonding finger 106 and the second bonding finger 107, respectively. Thus, the desirable low
vertical profile of the semiconductor package 100 is maintained despite the addition of the
spacer 108. While reverse loop wirebonding is a preferred method, a standard loop
wirebonding method also can be used without departing from the spirit and scope of the
present invention.

Additionally, the large die 110 can extend over a portion of the first bonding finger
106 and the second bonding finger 107 thereby accommodating the largest die possible in a

package of a given size. The assembly can then be encapsulated in the encapsulant 102, such



Additionally, the large die | 10 can extend over a portion of the first bonding finger 106 and the second
bonding finger 107 thereby accommodating the largest die possible in a package of a given size. The
assembly can then be encapsulated in the encapsulant 102, such 7 as epoxy mold compound or other
suitable material, using conventional molding equipment to form the semiconductor package 100. The

first contags sk 23R it RPBE NGNGB RoaNE the $eroRABRMRGIRado ki Udhpaerond

bonding finger 107 can then be used for subsequent connection of the semiconductor package 100 to
a printed &rERPYBSETHELMRSIM A 5286 ¥ Ntional manner, such as by using a solder paste. The

contact pads mayRlsa-Hawtael dadweRT (ROtFHONINIRT athessuakhlel GapRessaD datRidador

formations. It will be apparent to one skilled in the art that the edge of the large die 110 is laterally

closer to tHY bt tRererandabosdmariingre Eesny Bismids: Bssd 707 tHaseRsafaceanFriieasy ithhe

spacer 108 wRimnlbispackhbe Euom of piigdaraecdie dohPdalae: Riaywedtensg detf@iioayEmahiRast a
portion of the first bonding finger 106 and the second bonding finger 107. If the permissible die size is

limited by ¥ & BYorsHE Ui IISHP IRt O LA REIH U BRRAS. F DTS RISt By d S TP RE T hus,

the area qfithe sermicoRsinctelonaskagr L P afthemRigseniimveantippareareclorelyiappraxineatas the
area of the large die |1 10. The semiconductor package 100 is closer to being a true_chip scale

package. RedPRfS st ihelares diretdih s lefsally £l thethcorinbirertarbadints: hththresent

invention frving cvetdal paw T TARiAGK PaldSha nHeCaIse sPARAIpE:BONCRNG e @otuisAd. SERieape detor
package 700, such as a QFN package, comprises an encapsulant 702, which, encapsulates a plurality

of outer bBKdiHE%Aeld &8O R pIEPdik IrIRBY Bt dfifgtihBerior 96 Bsditisherdiea it e

periphery WghaEmearsutatoiidn Aftligapad 7 07 s |peated twared stheicanire Obihe epicapsulant 702.
A spacer 710 is mounted on top, of the die pad 707, and a large die 712 is mounted on top _of the
spacer 7 15 RAPIUFiitsPBIASORa g 8L EE m%?st?tﬁ& ﬁ?aﬁ%ﬂ?ﬁ tfterd Bﬁaﬁf\@ iers %4 and

the pluraligymicnrichensiciginges A0hdptosenaigeediton tdok trstqiumpliio oinuiteborctheansections

cecond pIE0 5t Wheidin BorteEHRATFLE. DSy BN Boribtor v aredcoirebincRFand
stitch bonghdeigiandard loop wirebonding, is used to connect the plurality of bonding wires 714 to the
Pluralty o ot O TS £08. 3 e R X o e SR oA i diment of the
present invention having a dual row of contact pads and corresponding bonding fingers. A
semiconductor package 700, such as a QFN package, comprises an encapsulant 702, which
encapsulates a plurality of outer bonding fingers 704, and a plurality of inner bonding fingers
706 positioned around the periphery of the encapsulant 702. A die pad 707 is located toward
the center of the encapsulant 702. A spacer 710 is mounted on top of the die pad 707, and a
large die 712 is mounted on top of the spacer 710. A plurality of bonding wires 714 connects
the plurality of outer bonding fingers 704 and the plurality of inner bonding fingers 706 to the
large die 712. A first plurality of wirebond connections 716, typically ball bonds, is used to
connect the plurality of bonding wires 714 to the large die 712. A second plurality of
wirebond connections 718, typically ball bond for reverse loop wirebonding and stitch bond
for standard loop wirebonding, is used to connect the plurality of bonding wires 714 to the
plurality of outer bonding fingers 704 and the plurality of inner bonding fingers 706.

Referring now to FIG. 8, therein is shown a cross-sectional view of a portion of the
structure of FIG. 7 showing the die pad 707 and opposing ones of the plurality of outer
bonding fingers 704 and the plurality of inner bonding fingers 706 shown in FIG. 7 taken
along line 8-8 of FIG. 7. The die pad 707 is located between an outer bonding finger 708 and

an inner bonding finger 709 which are located along the outer edge of the semiconductor
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Referring now to FIG. 8, therein is shown a cross-sectional view of a portion of the structure of FIG. 7
showing the die pad 707 and opposing ones of the plurality of outer bonding fingers 704 and the
plurality of inner bonding fingers 706 shown in FIG. 7 taken along line 8-8 of FIG. 7. The die pad 707
is located between an outer bonding finger 708 and an inner bonding finger 709 which are located

along the iielo8d@® Of B SRMARALCIRI B PARKRAIR AR TR O Wieth BN finesnéPBdsding

representative of the plurality of outer bonding fingers 704 in FIG. 1, and the inner bonding finger 709
is represetgfiVe e PlGralinyod thndimssMan T dassy 8% dsrereseniat vutdrbo i) Hhgkr 708

and the inpgebpesing fRgers/ 8¢ Medae ofR.CondHBHRIMAEHA STOR AsICORPRaA Hesidagnding
pad 800 is, provided on the upper surface of the outer bonding finger 708. A second bondéiélgapad 802

is providdB&F th&upiSemadsrale SRS BakdIAL G 76 PPhe firli B Rty HRABE8%LRI the

second beneing-pas AQRAPIRAGPALL GH\BIBAIEH BbrRIEE ASSIVRISONOLBEs RHBaRIR SR Rab is
conventionallyiflated onto the upper surfaces of the guter bonding finger 708 and the inner baonding

finger 709 RRLBLADLRE HRETFYBOR G HBFaRP AERESNEF o Y- dicdifiriariog rdRoY andr

bonding fifhgesct08d asoaipwnpal BEY sRver tiadkotike upperisurace of theeutsr bardingifisger 708.
Similarly, the second bonding pad may cover only an outer portion of the upper surface of the inner

bonding fiRgE b8 OBY AL UG H e tifet R P L MHRE S Th e RBIH SRarig ifgerT7 688 #AE outer

bonding fimgeihAO8Yvagiadineh €antaot page8adiandithe Meebbandingdingeo has acsesondlgamact pad
809. The first contact pad 808 and the second contact pad 809 are used to subsequently connect the

semicondiCEIrROSERAGE e P Rt Eair BRSOy SR $RETdAaFAMNE URRERY R Porarily

mechanicaflyheasinectotaendicinad 709 Sidfigauiercbeosihambingriz/Re and, thevianaipandiogfinger
709, is omitted. Referring now to FIG. 9. therein is showg the structure of FIG. 8 after a first adhesive
layer 900 MAEYLEh BEHRRF IS HHAEQ LI HFFTPABRE dEShal thatings SHRR RsBY LR A TSN

adhesive tapcerdispensisghanddferiver MidTicnaste buadiasiibserntesthcurae Bafeicingaow to
S 10 e A Sele oHC S i e speca La% atpeledlo e e e for
with the largeeliend tenaitaghadkty the spates F1b&gséng peeeeadirdhasivedayaot poékagbgtarge die
712 parti?(ll% &yig{é pgr%m?t%%%?g n(c)?s tg\(}:\}nggd 809 attached to the inner bonding finger 709 and
The leadframe, which temporarily mechanically connects the die pad 707 to the outer
bonding finger 708 and the inner bonding finger 709, is omitted.
Referring now to FIG. 9, therein is shown the structure of FIG. 8 after a first adhesive
layer 900 has been applied to the die pad 707 in a conventional manner such as by applying
an adhesive tape or dispensing an adhesive liquid or paste that is subsequently cured.
Referring now to FIG. 10, therein is shown the structure of FIG. 9 with the spacer 710
attached to the die pad 707 using the first adhesive layer 900.
Referring now to FIG. 11 therein is shown the structure of FIG. 10 with the large die
712 attached to the spacer 710 using a second adhesive layer 1100. The large die 712
partially overlaps the second contact pad 809 attached to the inner bonding finger 709 and
also overlaps the inner edge of the outer bonding finger 708 and the inner edge of the inner
bonding finger 709. The large die 712 has a bottom surface 1102 that is positioned above the
outer bonding finger 708 and the inner bonding finger 709. Accordingly, the use of the spacer
108 enables usage of the large die 712.
As a further illustrative example, and not intended to limit the scope of the present
invention as claimed below, a 7 mm X 7 mm a QFN package with a dual row of bonding

fingers has a die pad size of only 3.9 mm X 3.9 mm because of the space required up by the
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also overlaps the inner edge of the outer bonding finger 708 and the inner edge of the inner bonding
finger 709. The large die 712 has a bottom surface 1102 that is positioned above the outer bonding
finger 708 and the inner bonding finger 709. Accordingly, the use of the spacer 108 enables usage of
the large die 712. As a further illustrative example, and not intended to limit the scope of the present

invention gs&latedripuim Migdrs & hedaprik NRREEB8 Wit R dHat faunpiRondingafiogers has
a die pad size of only 3.9 mm. X 3.9 mm. because of the space required_up b%,the 9 inner row of

bonding fRRy8F&drint dnaliraHrparihge! sEeN T RendshRsEiA alils SPRYQRUPUSH B ULHA i an>>
applicatiopwitihost auind beddsstherefprexistanpieximaied: 8- 2341t Yadkaze Kizd Hra Iatgexdie such

as 4.5 mm X 4.5 mm is needed, a Iaragr package size of 8 mm X 8 mm is required to accommodate

the large B18! & TERHFEX 1 ARTPRIZRdASHRE Jargtadie -with'an8uL A foRBeESRIREYimgekasnavithdctured

in accordANaEriitid R IIBSERKIYEREGN FRAYEY B a EaRsce MmO HRIpRsaoR ciftbat s WEester than
the 3.55 mm X 3.5 mm. It has been_discovered that a large die at least 4.5 mm X 4.5 mm can fit in the

7 mm X 7AhPpeRApsate itigsinlis dB21 95 igkrass At BSiZe B RSl Hitintd tHE S hFRe

package teesbyrcaviigingdhe neediteaiset 3 largexk QRNipackads: for dhe bR Kb packsie size.
Referring now to FIG. 12, therein is shown, the structure of FIG. 11 with the large die 712 connected to

the outer BSHHIRG #hgePPdE aRaraassinRe BoeRryFingut 708 it thiuiamey BIYasailyes 714

using a suiakiecanyasti@raLvdtel ReBE DENgsIvRIgHErselreted A the giRuRccansisting of ultrasonic
bonding, thermosonic bonding, and combjnations thereof using wire bandin equ'p@%nt req&ily
I onding

available in the SEHRESRANCIS N S/ INeHEL R SEAAAAE SHEAHTMAEIEO12 | R BithslrTEs

wires 7147are hpmded doothikelaigerdbentireusing e 8rahliialinnef virhendisennegdionsh/ #ife and to
the outer honding finger, 708 and the inner bonding finger 7Q9, respectively, using the second plurality
of wireboR4'E Hx&é%%@%%%&bm%%%&&% RN HRLBLRL TS madgaﬁﬁsﬁuag?oﬁ%ﬁgféﬁge 100

shown in fidfa. thhraegp EdasGtithas heencisc Didddhaidse Snicr®vakedoapdviehpndingat the
connection oirg on the.Iar&e ie 712 facilitates(i e uselo the ﬁ}‘urali]%of bonding wires 714 having
substantidll§ 8o g RGN PPN RO Y E5a40Y +BRIF AR 6 A BBHARURE S Y4re substantially

coplanar with theénuppensiodasenitheviaige e 72,2t ghedonoeobadinpowikée The g tiedtb2 and
sharply Cl’tlﬁ\éel%rdggw(ﬂgv %rl% tgsgr?g Q}?g tt{(r)s‘}h[ﬁu?gfi?{/% \gg?egoond connections 716, and to the outer
bonding finger 708 and the inner bonding finger 709, respectively, using the second plurality
of wirebond connections 718.
As previously discussed with respect to the semiconductor package 100 shown in
FIG. 1 through FIG 6, it has been discovered that use of a reverse loop wirebonding at the
connection point on the large die 712 facilitates the use of the plurality of bonding wires 714
having substantially a 90° angle bend as shown in FIG. 12. The plurality of bonding wires
714 are substantially coplanar with the upper surface of the large die 712 at the connection
point to the large die 712 and sharply curved downward to connect to the outer bonding
finger 708 and the inner bonding finger 709, respectively. Thus, the desirable low vertical
profile of the semiconductor package 700 is maintained despite the addition of the spacer
710.
While reverse loop wirebonding is a preferred method, a standard loop wirebonding
method also can be used without departing from the spirit and scope of the present invention.
Additionally, the large die 712 can overlap the inner edge of the outer bonding finger
708 and the inner edge of the inner bonding finger 709 thereby accommodating the largest
die possible in a package of a given size. The die pad 707, the outer bonding finger 708, the
inner bonding finger 709, the spacer 710, the large die 712 and the plurality of bonding wires
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finger 708 and the inner bonding finger 709, respectively. Thus, the desirable low vertical profile of the
semiconductor package 700 is maintained despite the addition of the spacer 710. While reverse loop
wirebonding is a preferred method, a standard loop wirebonding method also can be used without
departing from the spirit and scope of the present invention. Additionally, the large die 712 can overlap

the inner ggdgaefitha @Héﬁgﬁ@ﬂd&ﬂﬂlftﬂ%ﬁcz}%ﬁﬂﬂ 1be, inner adgecpbiyenianechapeing ineear-r09

thereby accommodating the largest die possible in a package of a given size. The die pad 707, the
outer bonHiHgHA RSB, téngrier BoiRiiAbMALERS BeriHRcEh 4P a1 THF R Z IR @ the
plurality ofppnding wires 10 714 are then encapsulated in the encapsulant 702, such as an epoxy
mold compound or other suitable material, using conventional molding equipment to form the

semiconductor pReka¥ crotrer RadiPO8 o wish s ige HBgst E horeliberrgarey 68n gt dafe

second cantacs PRk 8880 Hpdmnerordingdingar 179 gaa beuseddeusubsaaiepticonseatien of the
semiconductor package 700 to z%c(gor]inted circuit board (not shown) in a conventional manner using, for

example, SOHeSHEiar PRekARS: €ihiact PaRtab S PR O RomE dn Farstentingy! R rtive

solder bumpse( Nk hawmp)orothar susiabla cannessiaacmpiarels andomoaiionsd ddigasegankoontact
pad 809 is positioned under the large die 712 so the large die 712 at least partially overlaps the

second cOMEARAEBSUTTHRURRS BEIAY R e Uitabls SeESELPARHRlS SKiREIORE: art that

positioningef {bevaecentheopiasiogad pdeRibenratddhthsuifacaliel 1he darge tityd Ueresuls khe more
compact arrangement of cgntact pads than if the semjconductor package 70Q of the present invention

was not uBHH YR cHaPiaSi e R qtast ity 8Y trelenss Bl @iEisst /He contact pads are

arranged outsidet thigl edagpafethadlimeArenedinglyicthe prassmiivention fesws il thensrimpaanductor
package 700 that is more compact. Similar to the previous embodiment, the semiconductor package
700 is clo§%$ ffsnsaﬁhéhg %m&a&ﬁ@ &E%i&fgs%aé? FESHERHbAHBR 6 PRE2 ST TRRFEICY 9 SRS further

embodimeatotimseamitonduttondrekageckagd 790chranajeadiiamechatigridaiay (RGA)nackage,
anactyed . Gesidanee A e peseHLrushich, T Seondicrpecage 1900 cories
the edges of the die.

Accordingly, the present invention results in the semiconductor package 700 that is
more compact. Similar to the previous embodiment, the semiconductor package 700 is closer
to being a true chip scale package.

Referring now to FIG. 13, therein is shown a further embodiment of a semiconductor
package 1300, such as a leadframe ball grid array (BGA) package, manufactured in
accordance with the present invention. The semiconductor package 1300 comprises an
encapsulant 1302, which encapsulates a plurality of outer bonding fingers 1304, and a
plurality of inner bonding fingers 1306 positioned around the periphery of the encapsulant
1302. A die pad 1307 is located toward the center of the encapsulant 1302. A spacer 1310 is
mounted on top of the die pad 1307, and a large die 1312 is mounted on top of the spacer
1310. A plurality of bonding wires 1314 connects the plurality of outer bonding fingers 1304
and the plurality of inner bonding fingers 1306 to the large die 1312. A first plurality of
wirebond connections 1316, typically ball bonds, is used to connect the plurality of bonding
wires 1314 to the large die 1312. A second plurality of wirebond connections 1318, typically
ball bonds for reverse loop wirebonding and stitch bond for standard loop wirebonding, is
used to connect the plurality of bonding wires 1314 to the plurality of outer bonding fingers

1304 and the plurality of inner bonding fingers 1306.
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plurality of inner bonding fingers 1306 positioned around the periphery of the encapsulant 1302. A die
pad 1307 is located toward the center of the encapsulant 1302. A spacer 1310 is mounted on top of
the die pad 1307, and a large die 1312 is mounted on top of the spacer 1310. A plurality of bonding
wires 1314 connects the plurality of outer bonding fingers 1304 and the plurality of inner bonding

fingers 1306 to tb\%ﬂﬁ{-gﬁfdisv@%ﬂlé. fis! plsreafit QhoMiFeD eRs CORAAPREH3d Ba BYBiGaH Y Pallcbonds,

is used to connect the plurality of bonding_ wires 1314 to the large die 1312. A second plurality of

wirebond EHie&ishEHa153 shnwang Baidiorad 1o07edrdsrrRsEirassRdits SheraitePhSHE or

standard |eaRiy ehRREING0IS aHeeRLipIGRINIE Sirtha & BEin S TRRBEING (¥iIkgS I3 14 tache Plukality of
outer bonding fingers 1304 and the plurality of inner bonding fin%?‘érs 1306. 11 Referring now to FIG.

14, thereiAlfO&HBN & LFoE I ttibhal \iewis b drfnibiesatedRitrenatnste PURenneR die pad

1307 and opgosiiD anesnet therdiwalin&irovien haneinarinuerscd38d e pleralifycobinpgrr
bonding fingers 1306 shown in FIG, 13 taken along line 14-14 of FIG. 13. The die pad 1307 is located

between ARSSEAIBEIGIRRS Krget 32 0Bhs sk hordmsdireRG [ifes IassiHrtvaR hedbteting the

outer edggefejiliee bsRMIEONALEEOT PRCkAFEGLIAB) adhehouREPBOSHRG fGRE 1408 is igpessaatative of
the plurality of outer bonding fingers 1304 in FIG, 13, and the inner bonding finger 1409 is

representatit BREREIAFARRFEPRMERDERERS kilfels ioelh ER cvsrmradingelnertdindirsbr 1408

and the igneihRRABedINgnLEP9 40 rradasatatandusdvaimatiatialauchas soppsieA firgirgontact
pad 1410 is provided on the Iowg;ﬁ;turfa%of the outer bonding finger 1408, A second contact pad
&%

1412 is preXAHStRSY tie foler TP BaRaM Ih g hpRed p difgst kiitact 55078410 and

the seconghgaantaaidad 144 drateddCondhctiveonaigtiad, SUCR ameppeedinsitveseraiemsisiasie
material. The firséaggj%ntact pa gﬁ‘“o and the second c?ntact pad 1412 are used to subsequently
connect tHEBh R EIGHIHERSGEOPSFE RS BAcLE! &iAthit ISCAAYC NS BAISHA). SPAR F8£8RBFFe, which

temporarilylveeohanheally cas1pesiscig. diadaesEntacthoutero handitgstoger d8iangdde aper
9, is omitted. Referring now to FIG. 15, the own the Strlgture of FIG. 14 after

bonding finger 7 reinis s
o Trst. SRS DBBFAL CHEH B SO H BBAES0 S L ERROIE SR me
by applyingarsihesive tape or dispensing an adhesive liquid or paste that is subsequently cured.

The leadframe, which temporarily mechanically connects the die pad 707 to the outer
bonding finger 708 and the inner bonding finger 709, is omitted.

Referring now to FIG. 15, therein is shown the structure of FIG. 14 after a first
adhesive layer 1500 has been applied to the die pad 1307 in a conventional manner such as
by applying an adhesive tape or dispensing an adhesive liquid or paste that is subsequently
cured.

Referring now to FIG. 16, therein is shown the structure of FIG. 15 with the spacer
1310 attached to the die pad 1307 using the first adhesive layer 1500.

Referring now to FIG. 17 therein is shown the structure of FIG. 16 with the large die
1312 attached to the spacer 1310 using a second adhesive layer 1700. The large die 1312 at
least partially overlaps the contact pad 1412 attached to the inner bonding finger 1409 and
also overlaps the inner edge of the outer bonding finger 1408. The large die 1312 has a
bottom surface 1702 that is positioned above the outer bonding finger 1408 and the inner
bonding finger 1409. Accordingly, the use of the spacer 1310 enables usage of the large die
1312.

Referring now to FIG. 18, therein is shown the structure of FIG. 17 with the large die
1312 connected to the outer bonding finger 1408 and the inner bonding finger 1409 with the

plurality of bonding wires 1314 using a suitable conventional wire bonding technique

12



Referring now to FIG. 16, therein is shown the structure of FIG. 15 with the spacer 1310 attached to
the die pad 1307 using the first adhesive layer 1500. Referring now to FIG. 17 therein is shown the
structure of FIG. 16 with the large die 1312 attached to the spacer 1310 using a second adhesive
layer 1700. The large die 1312 at least partially overlaps the contact pad 1412 attached to the inner

bonding fingen dA09aandialseravs lans ihminnsr adaaafithe ssiardondingoipger b408aEhadarge die
1312 has a bottom surface 1702 that is gositioned above the outer bonding finger 1408 and the inner

bonding firRjEPIRABRNAES AR SHEiIFBWinG spwpsrens TerdiXmua bl i dhteeiernanstars 12,

Referring ingws s Fifs 48 s siimisnshawndhg Stectuse ef - ihurdRiWitT hentarge wigs181 carnected
to the outer bonding finger 1408 and the inner bonding finger 1409 with the pluralix}%f bonding wires

1314 usingPa%ditooiechrge tonal wirebe Mg theHR]iE b wirkhesd fAMeHOw dul Gotfdsiihg of
ultrasonicthengiiee BhRNNOSABIE handingdand iaasrbhoatians irgeeof4singydeethendingiggutrment

readily available in the semiconductor industry. In the embodiment shown in FIG. 18, the plurality of

bonding Wit Plurality RSB ReRiE ak! 4382 using the first plurality of wirebond connections

1316, and to theyigeweasinaifiogard A08and b& innafdbandioshiinest IAoRageswrctNelyn uging the
second pluralit)( of wirebond connections 1318. As previously discussed with respect to the

semicondlitor phErRugR Hp ehbasibepicliismrersgHric s RiEsers mgeowg%&l%ﬂm%@h? a

reverse logmnécabRHdNg ah the 1eesnanion Ipofat ditatbe dasds dier 18d 2liaalitptes tbedise wiihe
plurality of bonging Wi%leg% 1314 havin zlggftigmally a 90' angle bend as shown irkFIG. 18. The
plurality of BEhAMEPeviEs #3123 5 ibRmbRARTEIHISRAY With i ulber! SSrRAE SPHRE Ragtinge 1312

atthe comnggtiopigoint tauthiealarge diepidda anichsharplypetinviatheownway dAig Adnact o dheheuter
bonding finger 1408 and the jnner bonding finger 1409, respectively. Thus, the desirable low vertical
profile of fiESHATLAATES, séﬁaﬁfedi%é%% M iﬁll?ﬁm&e FELRH M Ao ORRE @pis&%ﬁo.
While reversdileopingieehooglingitha piefebadime thoch-a staneaftiooplywirebgnaing:matedoalso can

be used without departing from the spirit and scope of the. present inyention. Additionally, the large die
1515 can ST SALTTORIER) Vo TRAGHHET SAOEER (otbErBURITG SO ZH0B SPEE ey adge

of the inngpdrendingdinyetilkA@oviieselyop wirebonding is a preferred method, a standard loop
wirebonding method also can be used without departing from the spirit and scope of the
present invention.

Additionally, the large die 1312 can at least partially overlap the inner edge of the
outer bonding finger 1408 and the inner edge of the inner bonding finger 1409 thereby
accommodating the largest die possible in a package of a given size. The die pad 1307, the
outer bonding finger 1408, the inner bonding finger 1409, the spacer 1310, the large die 1312
and the plurality of bonding wires 1314 are then encapsulated in the encapsulant 1302, such
as an epoxy mold compound or other suitable material, using conventional molding
equipment to form the semiconductor package 1300.

The first contact pad 1410 of the outer bonding finger 1408 , and the second contact
pad 1412 of the inner bonding finger 1409 can be used for subsequent connection of the
semiconductor package 1300 to a printed circuit board (not shown) in a conventional manner.
The first contact pad 1410 has a first solder bump 1800 attached thereto, and the second
contact pad 1412 has a second solder bump 1802 attached thereto. The second contact pad
1412 is positioned under the large die 1312 so the large die 1312 at least partially overlaps
the second contact pad 1412 of the inner bonding finger 1409. It will be apparent to one
skilled in the art that positioning of the second contact pad 1412 beneath the bottom surface

1702 of the large die 1312 results in a more compact arrangement of solder bumps than if the
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accommodating the largest die possible in a package of a given size. The die pad 1307, the outer
bonding finger 1408, the inner bonding finger 1409, the spacer 13 10, the large die 1312 and the
plurality of bonding wires 1314 are then encapsulated in the encapsulant 1302, such as an epoxy
mold compound or other suitable material, using conventional molding equipment to form the

semicondyGiRr RrkKkASS AR RO dibTitRe plRsERaghvtALBOk RGOS ELINEIRG SiRassi Qe and the

second contact pad 1412 of the inner bonding fig?er 1409 can be used for subsequent connection of

the semiddHEIEBYAbate 12§00 3ls prAftdbcIRiR Tosras At arauasHinusidhnintders Hhdbher.
The first coptagtfadiddl) hasdisst SaldeltibH R dig0thatiachiesi tbriatapacibe $as00dHeentact pad

1412 has a second solder bump 1802 attached thereto. The second contact pad 1412 is positioned

under the M5 @RS UBHRE fQrdiedRscyiors smBadipehifalovermpdrtiYerprteos pad 1412

of the innerdgendingifinaardidiip Komill perpRarent to one skilled in the art that positioning of the
second contact pad 1412 beneath the bottom surface 1702 of the large die 1312 results in a more

compact arrangethBHEBE SR S ApSthbATRih thevehifsotaRtRIrpReiest P98 bR @15RS8ENt

invention wagnfiohUsad e Pesusebliediasiae dsdinieaday the sikedfitheudia patpthewmolder
bumps are arranged qutside the edges of the die. Accordingly, theglﬁrresent invention results jn the

semicondBAbIdHck 4GePrect iR idrabia el Qanag arsitar e Preoicti ehitobifPRIRSIHARe
semicondgictenpaekage 190 d$ £leganobriNG AiEue ehipspeade RagkpamoReleriing Bemding-IG. 19,
therein is shown the steps of a met o&:l 1%1{1)&80]‘ the pr%fgegéi inventioa, Th§ method 1900 for
assemblify' ?éawa%ﬁcl’&%%edk%e SRR, PHEE B OhRAEIRG U b ad hAd SPohdrHlity of
bonding fisparspdiamd 94dé pHi@chingla-speces tordhiagdiagad; thsipacdWkeahattatbinglalarge die
to the spacer; a step 1908 of wire bonding a plurality of wires between the large die and the plurality
of bondin§ HHYE<" W % step 1910 of encapsulating the die pad, the plurality of bonding fingers, the

spacer, the largendigi @i the cpllvialits Mesirassiibile ithednneation has kpetifitesesihaddascaniinction
with specific best modes, it is  to be understood that many alternatives, modifications, and variations
wil be ap S REEISCEAISRE e MR SR Y B PR AR R AL B PRI

intended thossnikidiea all siechralietiaii weSihn doibigaihonsesaniptvaiiationsriihigh, falliwithéndbe spirit and
scope of the includﬁd cl imls. All matters set forth herejn or. shown in the conﬂ)an ing ..

embrace all such alternatives, modifications, and variations, which fall within the 3pirit and

scope of the included claims. All matters set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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drawings are to be interpreted in an illustrative and non-limiting sense. 14 THE INVENTION CLAIMED
IS: 1. A method of assembling a semiconductor package for a large die comprising: providing a die

pad and a plurality of bonding forgers; attaching a spacer to the die pad; attaching the large die to the
spacer; wire bonding a plurality of wires between the large die and the plurality of bonding fingers; and

encapsulating tke/¢ig Prsi the pivvaity19f bonding fingers, the spacer, the large die and the plurality of
wires. 2. The method as claimed in claim 1 wherein attaching the spacer attaches a conductive

material having ?thickness iﬁ’tqe gan e Ekabout 100 mé‘crons to about 30 mic(ions. 3. The method
as claimed in claim 1 Wﬁerpeel At Pﬁﬁga‘? qgrag%emg%q gﬁ%rspﬁ%agderé%r gic"ve lSﬁB}HBT{ﬁlé”%nner edge
of the plurality ofpbeviding didgepad4nd hepeilighabalidimefingeetaim 1 wherein: providing the plurality
of bonding fingers includes rovidin%la lurality of contacts pads thereon; and attaching the large die

attaches the Iargaett%‘f Bed ?(fc?éllt?a )? VR EN ping the plurality of contact pads. 5. The method as
claimed in claim ditudhéigithsvizegbdielinghibiepkarge die attaches a wire having a substantially 90 angle

bend between the.diebangl the pl ralf't&of ondi tfin ers. 6]| Am thoddot as empyf%fabseg]iconductor
package for a Iarvgvzjleredle0 %olrr%ﬁ)ﬁé?nugr:alp o(\)/ld‘?ﬁﬁesa ﬁewﬁaa, aep Ui y1%]a nergondin |ngeOrI§ atid a
plurality of outer bondifiggurgeasdattaching a spacer to the die pad; attaching the large die to the

spacer; wire bonding a plurality of wires betwegen the large die and the plurality of inner, bonding
fngers and the (UTERG) B ORI BUR ARG SR EIaT g SheasdRaERRe o SEA T Ay i puter
bonding fingers, the pluaditheplnreity of wires.

2. The method as claimed in claim 1 wherein attaching the spacer attaches a

conductive material having a thickness in the range of about 100 microns to about 300

microns.

3. The method as claimed in claim 1 wherein attaching the large die attaches the

large die overlapping the inner edge of the plurality of bonding fingers.

4. The method as claimed in claim 1 wherein:
providing the plurality of bonding fingers includes providing a plurality of contacts
pads thereon; and
attaching the large die attaches the large die at least partially overlapping the plurality
of contact pads.
5. The method as claimed in claim 1 wherein wire bonding the large die attaches
a wire having a substantially 90° angle bend between the die and the plurality of bonding

fingers.

6. A method of assembling a semiconductor package for a large die comprising;:

providing a die pad, a plurality of inner bonding fingers and a plurality of outer
bonding fingers;

attaching a spacer to the die pad;

attaching the large die to the spacer;

wire bonding a plurality of wires between the large die and the plurality of inner
bonding fingers and the plurality of outer bonding fingers; and

encapsulating the die pad, the plurality of outer bonding fingers, the plurality of inner

bonding fingers, the spacer, the large die, and the plurality of wires.
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bonding fingers, the spacer, the large die, and the plurality of wires. 15 7. The method as claimed in
claim 6 wherein attaching the spacer attaches a conductive material having a thickness in the range
of about 100 microns to about 300 microns. 8. The method as claimed in claim 6 wherein attaching
the large die attaches the large die overlapping the inner edge of the plurality of inner bonding fingers.

9. The method ag claimegkinei@isn Qvhiareid Rrovisimadheriialilyaftnnereogsiag fingeredncludes
providing a plurality of contacts pads thereon; and attaching the large die attaches the large die at

least partEARABGEY AP M BIIRSIR BIckaRtachpdYs g THe heth P AHRIRAE d bRl B Nherein

assemblingitighsemiconductor package comprises assembling a quad flat-packed non-leaded

package, a leadframe ball grid array package, or a combination thereof. 11. A semiconductor package

for a large die canprisingie aélieonad; Aaphwality iiauteivherdingficigiaisihe Ispaceieattached i the die

pad; a large die attached to the spacer; bonding wires bonded between the large die and the plurality
¥ i i Rendie

of bondind F8FfliFsO URE PRI & ARG HElARF{40 mﬁi’@'ﬂﬂ G paY ielity of bonding fingers,
the spacer, the barge dileﬁeandtﬁh‘:-(:1 bgrg a|ln ire aiLr%.6T\Q semiconductor package as claimed in claim

11 wherein the spacer is a TEhaGctive mafferllralllchavmg 4 thicRness in the range of about 100 microns
to about 300 mipronglidd. thtvekeatigonduaiar faakiige fisgtasnmedudes|ginvidinghereiuitkiéayacge die
overlaps the inner edges otf trtle b%n ing fingerﬁ. 14. The semiconductor package as claimed in claim
11 wherein: the pIuralit;?%I* %%F’lgﬁlgs o‘regeeorrsl’ Have a plurality of contact pads thereon; and the large die
at least partially avartapg tiel pigeality ofachedabt pads.dlS aiTleess paricdhdoctdapgicigatie pisuciaimned in

claim 11 wherein the borildin W{'res
of comntact pads.

10. The method as claimed in claim 6 wherein assembling the semiconductor
package comprises assembling a quad flat-packed non-leaded package, a leadframe ball grid

array package, or a combination thereof.

1. A semiconductor package for a large die comprising:

a die pad;

a plurality of outer bonding fingers;

a spacer attached to the die pad;

a large die attached to the spacer;

bonding wires bonded between the large die and the plurality of bonding fingers; and
an encapsulant to encapsulate the die pad, the plurality of bonding fingers, the spacer,

the large die, and the bonding wires.

12. The semiconductor package as claimed in claim 11 wherein the spacer is a
conductive material having a thickness in the range of about 100 microns to about 300

microns.

13. The semiconductor package as claimed in claim 11 wherein the large die

overlaps the inner edges of the bonding fingers.

14. The semiconductor package as claimed in claim 11 wherein:
the plurality of bonding fingers have a plurality of contact pads thereon; and

the large die at least partially overlaps the plurality of contact pads.

15. The semiconductor package as claimed in claim 11 wherein the bonding wires

have a substantially 90° angle bend.
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have a substantially 90 angle bend. 16 16. A semiconductor package for a large die comprising: a die
pad; a plurality of inner bonding fingers; a plurality of outer bonding fingers; a spacer attached to the
die pad; a large die attached to the spacer; a plurality of bonding wires connected between the large
die and the plurality of inner bonding fingers and the plurality of outer bonding fingers; and an

encapsulant to eng;aps%@gﬁm%@@pgh@agw@imgg@agm@g@ngers, the plurality of outer

bonding fingers, the spacer, the large die, and the plurality of bonding wires. 17. The semiconductor
package as clairAddFiRddaim 16 wherein the spacer a conductive material having a thickness in the

range of about 19Q1migienstRRRBHdN; missans. 18. The semiconductor package as claimed in
claim 16 wherein the Iarge die overlaps the inner edge of the plurality of inner bonding fingers. 19.

The semiconducidt WAL GE AL EIBRREHSTIBETHY: 16 wherein: the plurality of inner bonding fingers have

a plurality of confagapacisthereoi; Bpdidhadarge die at least partially overlaps the plurality of contact
pads. 20. The semiconductor package as claimed in claim 16 wherein the semiconductor package is

a quad flat-packéd¥&ndisikghsddedde Seasidframe ball grid array package, or a combination
thereof. 17 a plurality of bonding wires connected between the large die and the plurality of inner

bonding fingers and the plurality of outer bonding fingers; and
an encapsulant to encapsulate the die pad, the plurality of inner bonding fingers, the
plurality of outer bonding fingers, the spacer, the large die, and the plurality of

bonding wires.

17. The semiconductor package as claimed in claim 16 wherein the spacer a
conductive material having a thickness in the range of about 100 microns to about 300

microns.

18. The semiconductor package as claimed in claim 16 wherein the large die

overlaps the inner edge of the plurality of inner bonding fingers.

19. The semiconductor package as claimed in claim 16 wherein:
the plurality of inner bonding fingers have a plurality of contact pads thereon; and

the large die at least partially overlaps the plurality of contact pads.

20. The semiconductor package as claimed in claim 16 wherein the semiconductor
package is a quad flat-packed non-leaded package, a leadframe ball grid array package, or a

combination thereof.
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