METHOD OF MANUFACTURING A SEMICONDUCTOR PACKAGE FOR A DIE LARGER THAN A DIE
PAD 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 BERHEOM OFAdrass PabiTRI e 6 ze SIEM ICONDEXITHOR dieSKAMIMEOR pdaukages have
increased. As a result, there has been a growing demand for semiconductor packages which
accommodate large dies. A leadless leabfs&nERDAtkaye\(DIPY S 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 pluBaKeREIANIAg fingers disposed about their associated die
pad. A plurality of package electrical input-output terminal contact pads (contact pads) are defined on the
bottom surfaé‘gz‘ N%ﬂﬁﬁﬁbnﬁngers typically with an etch process. A plurality of very fine tie bars is
used to mechanicalijhe€opaasit and Sigpportiiies dienpadyand kemtiogdliogerpAuting, madutaestere. During
assembly, dies are gltltached t%lgaearisapective ie pads and conventional wire. bonding is used to

electrically coSBE)(f(la lﬁoﬁdt%géléeon ealh G ¥ theit %nggllggeérﬁ%ﬁﬁlsnﬁl Sffﬁ%&??%‘ﬁ%e 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 gher&iayiates aee 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 thereb\haulEiRthty warhisdpatitetivackaglestionsecdr vafRifAt Ry R bhighyediihact size
while being aflextgiagerRimadatediehasdnadra meet this requirement, semiconductor packages have

been reduced both in area and thickness, while the size and complexity of dies within the
packages have increased. As a result, there has been a growing 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



relatively large number of contacts In these semiconductor packages, however, the size of the die that
can be used is limited by the size of the die pad depending upon the particular 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 profil@angbtineethémato ve slieertintee sl ehstieoaideprodyepsnnedaisptichdivyibeeh made to

adapt these %‘Pﬁﬁz&@zﬁﬁ%@ﬁ%‘b%ﬁ%@a@ geis.cRMREn RS pithin& GiveR Rzt RBEkARWhile
maintaining the low profile of the package. A "large" die is a die that has a pair of opposing edges

extending lat&iailfEh&IBRE s L durdhy de %8 ff hsctindatron e iage. bsnee attempt
includes provdikgea bitnpasewithwa o€ teadlyylacaiestnaisedtipr patkages iontizad Fais@adt&ldie pad above
the upper surface of the bonding fingers so the gute riphery Qf-the die can extend laterally beyond the
ecges of the o Eac T e B R B aren thereby
raising manufackagergais saeisabligrivagancethonbiivig alvmveldial wpblatordiagidredahe iplaneslinted to the
die pad. Theglieds meredisaly feotiltguring 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\fiFRIY IR By @adfeQisden dreis 8Pt Gfirsbrertinoiciabn 'aretrtickrhang portion
of the die. If te @reahdf theiugrsetqdoptictngd thisildienpachisinacieased eokidudetiaeparRagit of possible
die tilt during.subsgquent packaging operations, less area of the die pad is available for subsequent
Solder joining o he S bAd e & pH A ron BSCR Ty e Bl g e Bl ot e
package throtigtiithpagd im et wiksuidustarpickhgs-type of special die pad assembly also is more expensive

and difficult to mar‘@ﬁ@%%@aMMﬂQﬁ%ﬁ%ﬂb@&@d@ﬁ%@@f@%Mﬁh@@Jﬁﬁ%ﬂg ReNIALRUL PHRKdevelopments
have not taught or suggested any solutions and, thus, solutions to these problems have long eluded

those skilled RPN dPEt Agiset dlitighie #drabievs HisetPRsF sUshsicbribe Cadpsckage wsathscedMmodates
larger dies, bpiripterganes: thie piokiesis neniionedyahwue: 2dges of the die pad. This results in a

support for the die pad that is substantially reduced in area thereby 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.



DISCLOSURE OF THE INVENTION The present invention provides a semiconductor package and a
method of assembly therefor. A die pad and a plurality of bonding fingers with contact pads defined on
their 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 wiresI2CeadpbIo¥e d d: iy MENEIQ¥miconductor package. The present
invention allows a large die to fit into a given semiconductor package while maintaining the vertical profile

of the package by aH'SRESBhENVE AR Rifjles AeRiaorHye Y @aeitn orh AR 8L tsstbith various
packages, stgheda SinglicpduatdanppaskaoeShditaimieyalodimenisof tddnieintiorohaverother
advantages ip addition.to or in place, of. those mentign ove. The advantages will become apparent to
those skled A s, A R R e to
the accompahg/isrgarawihgdaBR EKFIDFSCRIRTION tFpiusH D RAMWINIGS iG] Tha dtapadiew of a

semiconductgppagkagromanufaciirad i ageordanee it theRresentdpyRnlien fdGrds fe
cross-sectional view of a portion of the structure of FIG. 1 showing a die pad and an opposing pair of a
plurality of boYiBSgHHGYs RARES Al girREesem Fhiefton -akiqws 4 idaige difulquil JR1&. 9VEher a first
adhesive layeehashkenapaled:to heldienpadinihls . theisviiacatrystite offFtee paftesa spager has been
attached to the dienoad' FIG. 5 f’is the structure of FIG. 4 a[Eer a Ia{)ge dig ‘%ﬁl been attaclped to the

I

’ thod. { X .
spacer; FIG. 6 15hhe stricture ¢ ei:PE.Ig)afteretlﬁ)(ree ngén(\j/?é] as been electrica Y/aé‘é’ﬁﬁé’é‘%eégt%s the bonding

fingers and theshencapdutatderinacparkizasse with the present invention; FIG. 7 is a plan view of another

em bodiment of a Seﬁﬁ%mgﬁi%WMKM%Mkr&l‘i_épﬁ&%@gésﬁﬁqu?ﬁ%QQH&%RQMJ ng bonding
fingers manufactured in accordance with the present invention; FIG. 8 is a cross-sectional view of a

portion of the®StRRYUFRCBEIY. 2PUrowihg B aset Ml PBS pRRME b & BPss phitssiiP SPbafding fingers
taken along linen8-a8rafdnl S of ; ttel Gol B isthedstictiutr ofiption Svafieraéiistadhesivenlayer ias been

applied to the die . .
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;



pad; 3 FIG. 10 is the structure of FIG. 9 after a spacer has been attached to the die pad; FIG. 11 is the
structure of FIG. 10 after a large die has been attached to the spacer; 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 &lal Fow dfcctreiarpaidd mamifectsradeinagberdafieehedith thedwaesdnt invention; FIG.

14 is a cross-sectiopri vigWsqha RRILIeR oF the; sty aiweoh FdGuid 3 showing@clie dadeapd.an opposing
pair of a plurality of bonding 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 the die pad; FIG. 16 is the structure of FIG. 15 after a
spacer has been attached tothesdie tpadof FIG. 17 iadhehstgiutie bidbezn kbcalitenldylasgeedielhas been

attached to th tﬁg%gg(rl'na?ﬁl FIG. 18 is the structur of FIG. 17 afte{lttlﬁg IIJ@égﬁe die Qnaﬂsorl?_een electrically

ers and then encapsulate ac ordance W1 nt imv . .
connected to the bondi r%gers an%lt en ncapsulllétea In accordance with the present invention; and

FIG. 19 is a flow did@far¥os thelaneihvbh thetinesahedhveritim DETAINMED @ PESERFATRMIY OF THE

INVENTION E{_%i%%‘gf%ma@ EA@-&J@%@&%@iﬁQ@M@n@WiM% pfRLRN agpiconductor package 100
manufactured in accordance with the present invention. The semiconductor Eacka e 100 comprises an

encapsulant 102, whith EhisahSsraCHBRIney of soRiiy mighrs s LRI SBPBINEH of a die pad
105, which isdieqai®andentipippoiidhpaieotapaulaing dDRonditiacheeriaatta dienpaiacl 05-is1a8pBEer 108. A
large die 1101i  mounted on top of the spacer 108. A plurality of bonding wires 112 connects the large die
110 to the plurdlity of bonding fingers 104. A first plurality of wirebond connections 116, typically ball
bonds is used to cdilnet? théhplsirafityrobbbHdirg wires fust pdhibreviatgeeches1ken Apsdicdrie hrurality of
wirebond conpegtigns 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 )
FIG. 16 is the structure of FIG. T35 after a spacer has been attached 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

4



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 4 direction
perpendicular to the horizontal as just defined. Terms, such as "on", "upper"”, "lower", "top", "bottom",
"above", "below", "over", and "under", are defined with respect to the horizontal plane. Referring now to
FIG. 2, thereitiesspoweridicly doctasheaetivrlayiew deangdrtidisras.thechtasctare. ofuPreL "1 showing

the die pad 195,a5¢ ap,PPPesiEPAILR e PUEi-8lPonging fingers:d Adriakeni@ongding2--2 of FIG.
1. A first bonding finger 106 and a second bonding finger 107 shown in FIG. 2 are representative of the
plurality of bdREMYFRIERIA%4 shown in FIG. 1. The die pad 105 is located between the first bonding

finger 106 and the Refeorckhondinglfingerhtin khadivationding ingerddbrandithessagamndobonding
finger 107 are.made of a co tive materigl sych a er. A first bondin 200 is.proyided on the
pper stifacs T e BB B g B B 4 e R B Bt oper
surface of théwstaaditssrding figerbog Impa-filsfiddhdihgpant2oodng fihecsdfonad bopding pad 201

are a conduchygamateriab fickhassilyef@rothersritahieialedial Rialed opptadhe firsl-ponsiing finger
106 and the second bonding finger 107, respectively. The die pad 105 is,temporarilé1 mechanically

connected toArdt BBraing fingl A5 AR d e ded did sontim G §erdiny iReer I8 A BS(not shown)
in a conventiegwihannihg Thedirs0nondingsfingeinkOfngtso @ sl fiistseasiadbpaid 2Obgandthe second

bonding finger 107 has a second contact pad, 207. The first coptact pad and the second contact pad
207 are oo o s A T o o B P RS W 00 The
upper surfacesnst theffirspbhadirrg fingerziidaeend trradecormbbeiting fiadep 10 Pravedd sustantially the

same horizonjglplane.dt wilkiRe seaglly ehigle HeseRkiRY Hndi PidhabiriRRERESiRle size of a

die that may be used is limited by the size ot the die pad 105. Referring now to FIG. 3, therein is shown
the structure ¥i€ieg pAAO! 245rdtsarrdive MARPE0Y W SHE pifed fBli?']@ed'i’éali?é’&fielfs‘tﬁﬁla
conventional snanimerfischoadiby Applying anl ackhesivedapadorodispensin asvpadiesiverliguid or paste

that is subsequent red, T, It adnSl e Ael.390 seRe e Sgisalk cPRdct o

bonding finger 107 by a leadframe (not shown) in a conventional 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



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 PreapHenliogrietablfikap achiahsetngtirngl olparatbMitT Fe Bidisideervosdaispibferably has a
high electrical,gangugtjvity for backside grounding of the large die 110. 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 fhEeSpSRr ¥t sifaRlepBeipisd {9825 8riammedn Al pPAYRIE High adhesion
both to the largmicid IdOagretithiarengaipsubaniflL? ovwhich arnuithstand SevheepaaistLo tesistance tests

without popcarn. cracking. Such aorganic materials m bé;a elected from the group of erials consisting
of BT, Fra, PR A0S LA SHE ISt e BA ] Pl e i L SRR STRUD e
circuit board fhbrigetivnlarefeZrindisbwat WG S deyein IROs1igw methtag ttbifevofPIG pdpadier the large

die 110 has beeraltachrdiotie nRans’s 108 wainaa saqasd adhasivedputieAf Ririaiablys the spacer
108 is the Iaé%%s:%ermissible for the size of the die’[lpad 105 being used to provide support for the large

die 110 ther tchity tis e By ah hRSURT of Bk I Eagpabeils eRmmgrtbsedifent wire

bonding opergiinas andireducingbthtsmnount of lateral overhang of the large die 110 above the spacer

108 to enable reliahle wirebonding. The large die 110 has.a bottom s 02 that is positioned above
the plane formed t%e‘[ e u pné)rW s%gr ;c%sgbi%rglﬂrlgtJ%gggi%}bef?ﬁragru ieoél[rﬁ%e' tgea%sgcﬁolﬁjag en((glll%g finger
107. The lardéOdies1t@restentisl|ttdahalspaseerl tieustgessofehé dlbepiad 1osr 0. gusteihlpvédaps the first

bonding finger, Q6 %@i&hﬁé%g&@ HenAiGeIinege it &, AcCHdmg ¥adni5$RinE thed$BaR6(;408 permits

the use of the large die 110 in the semiconductor package 100. The die size is no Ipnger limited by the
size of the dié'BRATI05 Fenags e iy ey 5 dists Herdifrelident asbeaia Wichihdd B¥dIR8f opposing
edges extendiagilaterally beyeqe:thewetgesmfitbeogiafpad ian semicapduetanpackage ladthiough the

:"r’]‘\r/%en t?(')en t }Sogsvéé%"a‘(é‘%% RIND28 R YRR BT RUIREHA SR LR GRRfgCiated that the present

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.



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 fingeran@iugtite ereapvainingdnetdesirdd! lowinve ticat mofifehsrisecsemiconeiuctor

package 100a§‘@ﬁi¥ﬂ@<ﬂ%QG@’Q'HWQoﬂfﬁﬁiﬁ’@ddiﬁﬁ%&loa\’VdﬁNt%seI"a?@ﬁb)&aﬁlzel@?-8T1Jﬁ§1 wachmPrefrrably has a
thickness of between about 120 microns to about 150 microns. 6 As an illustrative example, and not

intended to iM{AR"Scha 6t thd FrBOSHHVBILIPRAS S 3 8W A RS MM SCATRIMACEFN has a die
pad size of 8 htH B8X16S5 the. Maxdinire giesizaihataanbe used ikandppligatipackighciiground

bonds is appioimately o[- 03T, X7 05,11 a6 pize.oreait fan 2 am X8 mm g needed: a larger
package size is r%quwecf)to accommodate the die. A 10 mm X 10 mm %ac gge manutactured in

accordance wittrtiangr eséhthavsption Iheneverhessyelccomasooatecddigrgdadis dizesigregitatethan the 7.65

mm x 7.65 mip,dig,previously pergyssibieidt ias Rrgn dissryvsred thatinnaccardangedviththie present
invention a large die sizé%glreater than 8 mm X 8 mm can fitin the 10 mm X 10 mm pack(%g_e resulting in

excess of a FATARFE AN PaiReioy Arecinaianareticissh s iack e thé el a0dilifg the need
to use a largengaCkagesinamng-ihasassotiatet inereased oast. iRetarkng diewidodrdttha; Widrein is

shown the structure fFIG. 5 afLer thi%la e die ;110.s ele%tricallg %olnnected (0] the.;ie{szitngotﬂging finger

106 and the second %ﬁ%% flr?g%%e YA ir?éotlﬁénﬁlbhr%ﬁﬁ/eoft%grsldinga\l;\%%gaf]figfn & Conventional manner

selected fromitrsiaed upcrsosssisting of ultrasonic bonding, thermosonic bonding, and combinations thereof

using wire bonding@@é}m{g%w@@@iﬂ@,a&aﬁl@tgg iR hewemiconduaiobindestsy e e emhagdiment

shown, the plurality of bonding wires 112 are bonded to the large die 110 using the first plurality of
wirebond cor€cticHec 6! manaeaie! irst5 ity piBe2oRE S i thandebe - BEAR Pab 2o,
respectively, usingitie thegondiplutalibyefivgirebend ionne clinrnsnlidiall hasdoeerdiscvarabethat use of a
reverse 100D WIEPCKINGISCHIBUE.S RISTRHIEG ShS SORSRIGN RSN IR A df iy facitates

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

as epoxy mold compound or other suitable material, using conventional molding equipment

to form the semiconductor package 100.



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 Eeidicioriasf tad 3pacétheoBrsiandingfiaese 1063witbboerdind densaprefdrred method,

a standard loggyvyirehordipgumstangd alagecanhadisad WIERRLE dePparting fram thg-sriit anthscope of the
present invention. Additionally, the Iarg}e die 110 can extend over a portion of the first bonding finger 106

and the secorfBERANERiRGE 80 7 M &Ry AU RFG BoL 180584t A PBEIHHh B2 Ekage of a
given size. Thechasenidjhgandhen petenbapsiaiegidsthaencapswdantdt0 Busipeln@stepayymold
compound or gther sujtable material, using conventional molding equipment to form the semiconductor
package 10000 e B o R R S e et 207
of the secondhsbtitirmggingerhedrreanithéObe lisedlhpcksbseythentisospeietonads tHe suhidenductor

package 10040 & @uptedGirettbhoars (Rhghewd) daiEaRveRIONRIINANDRE: RUEhES byH9iNg a solder
paste. The contact pads may also have-solder bumps (not shown) or other suitable connection materials

or formationsi’ DT PARS T bR IIBER e e R iitat AP UHGR oF trelisiRending {BsEaterally
closer to the fiostcantaciepact Dopdandfiine r S6Condhegriadtsid &0 éideanlinoudyatibe casetlt the spacer

108 were not used. The edge of the large die 110 also may extend.lat raILﬁ over, at least ortion of the
frst bonding . 18 S R B R R e
size of the dfepadnduetenprelctasad¥) afetlzrrintsat iovesidw there dipssipfapsodigariiube threaarea of the

semiconductg_;epga(; gﬁelpﬂ)ofﬂtée@fﬁé@%d@%@rﬁm@wﬁ%@lgsgigs@pm%mgtgstme@ﬁ aseilethe large die
110. The semiconductor package 100 is closer to being a true chip scale package. Referring now to FIG.

7, therein is JHEhAg S plan view of another embodiment of the present invention having a dual row of
contact pads and c¢aspanding boanding firgearsisAhsemicoanviior packdge i duehtas en&FN

package, comprises a) Sneapsulant 702 which. sncapsiates aplutaltyof quter bopding fingers 704,
and a pIurahtE} ofr inner onalng Hirgers 708 positioned rounglt‘he p rlpﬁe opﬁwegenc%psu ant 702. A die
pad 707 is loseaebtoeipd 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

package 700. The outer bonding finger 708 is representative of the plurality of outer bonding

fingers 704 in FIG. 1, and the inner bonding finger 709 is representative of the plurality of



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 eor posdingridnptusally ot Kirebombccorpebtiotisy gz pidhimdEiEbord fomeinerse loop

wirebonding gng.stigh hendadercstandand deap wirehandingaischssd 1a aaunsshdhe plwralify af bonding
wires 714 to the _pluralitﬁeof outer bonding fingers 704 and_the plurality of inner bondin éfg[i&)r?ers 706.

Referring noW 8y 1E6; 08 R R i dacin e e bapdingdingeiy/ 88 pisism Benfived Sof FIG. 7
showing the @ieviad 60 fhangeppogicg ahas ohtheq@ldiialitihgfrole Thofiding fidige fsd 8doamd the plurality
of inner bondtigg giergggésbz)(r)l ishow gbflag 7 tak Iog& line ?--8 f FIG..7. The '%Ipsad 7qg is located

gengdal il ¢
between an outer bonding |rr11§e? 0 an inner bon |nage fr%gesru? d'which are focated a ong the outer

edge of the sewiicahdoeronrtipadkaglzd@nThdoureebantiers fhdgesr qosribaprasererivedafnthe plurality of

outer bondin%éingﬁrsozgaﬁﬂg k er17(ﬁ1‘(i1eg?a%c§ﬁ‘6@§.b%@@@sﬁﬂ@&[ﬂ@%ﬁ %@fﬁﬁ?@@%&e@ﬁfﬂ&ﬁ plurality of
8 inner bonding fingers 706 in FIG. 1. The quter bonding finger 708 and the inner bonding finger 709 are
made of a coﬂﬁ%ﬂ@@?ﬁ&%ﬁﬁl@%ﬁ%&iwrﬂ%ﬁsﬁgHgﬁé’b‘&aym%thﬁmﬁeﬁmﬁ #HE4SSper surface

of the outer haméingutirdendidg.fA e dosdSending haddorddopdntddad anthewppelysiiniacer of the inner

bonding fingey. 109, T fitst bonding. nad, 800 and the, second nending.nad 802 are g cangctive

. ort UppEr sur 11n O,
material, sucR‘as silver or 6ther suitable matenial conventio ally p1atré onto the upper surfaces of the

outer bondinguifige o7 08 amgr tradimseiiigsndiy fikgent@oondispdutive NOSThes firStsbopireg pvdd 800 may

cover only argRuigh Wﬁ&ﬂﬁ@&ﬁkﬁr@ﬁ‘ﬁé&%ﬁ@%@m&%t B&i%\{"fh%ﬂé@%&ﬁ%%&f@%ﬂ&e upper
surface of the outer bonding finger 708. Similarly, the second bonding pad may cover onl% an outer

portion of theRfpisEPEFRIECLPIREIRAET BisAdMY RirgeFr e BRessp i ustsrthrreige’ Qirface of the
inner bondingdinpeiit®Sirdiiebonie (Hooriaingfinger 708 has a first contact pad 808, and the inner bonding

finger has a second contact pad 809., The first contact pad,808 and, the secon tact pad 809 are used
10 Subsequenty oo o0t TS Bar B 8y B AU & B HSc PR (g imity. The
leadframe, whickiteniperarifp amechamoatlyadineitesthéldiaspaei kg7 to the outer

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
inner row of bonding fingers in the dual row package body. The maximum die size that can

be used in an application without ground bonds therefore is approximately 3.55 mm X 3.55



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 anacHed ltozthedidliwpags 707 uwing Adenfirsisartisdaive lasasr 00dapesEipiginow  &IG. 11
therein is shawg e girketwe QbR dhe Withihe @edienfd X attachadkto divsprgsEe/MRHusing a
second adhesive layer 1100. The large die 712 efﬂartially overlaps the second contact pad 809 attached to
the inner borthAG AHGE PR N IS MBURHSPECth ffiTRMaRTdftHY BIRsPbONERHEHAGEF A8 and the
inner edge ofctheatvoarmbamnding fingelie’ @2t Tihelange dien b2 Bas anbottomsurfiacelAD2tHkat is
positioned abgpve the .outer honding finger. 708 and inner honding finger 709. Accordingly, the use of
o Spacer T00 B o e e e et i DT A Ry o b oG WY ntended o
limit the scopesoftihg Preseh nvenitisn s Risreduseldhet avitl Himino7thamamQrkeaekhgebwith a dual
row of bonding,fiRgerifhrs AdligPatsizeginepivid R M 39 mimxhesanseiefihe space required up by

the inner row of bonding fingers in the dual row package body. The maximum die size that can be used
in an application witHSEEGiRY TS 1hetRatia 18 shopr Gmsitanre of Hith 1 3viB ter large dig 1arge die
such as 4.5 mm Xohilzdred is meatleet, bolatigerripgekage sidetnd thhemb¥n8ing Minigerempyirediahaccommodate
the large die. A 7, 4.7, ize. & QRN packane wih, 8. dualiow ot bonding fingers manufactured in
accordance \ﬁltlhatlﬁg presen]t fven ion, hoW%ver, can accommodate a Pargeg ie that Is grea?er than the
3.55 mm X 3fomntheltgteitphesanisticoleltdstiiat Adadye dibeanisastc4bonding Xand qembeandisin the 7 mm
X7 mm pac@gﬁoﬁéﬂlg%@&%@ﬁiﬂﬁﬁﬁ%%m@%@ﬁﬁbﬂ gadRatmill it thrisarpe package thereby
avoiding the need to use a larger QFN package for the 4.5 mm X 4.5 mm die size. Referring now to FIG.
12, therein is show™tHE §meﬁ?§@rsﬁ?@?ﬂﬁ?ﬁm%ﬁaf§%}a P ebRRCtEY ' tHE tdiddBnding finger
708 and the imeeaiending Mngeang GR: Witk thiarplur alityvot batid tognwitesy 744)sing @ Shétalterconventional
wire bonding,technique selected. from the gr onsisting of ultrasonic bonding, thermosanic bonding,
and combinalor e e B e S R S I B or sty
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

714 are then encapsulated in the encapsulant 702, such as an epoxy mold compound or other

10



In the embodiment shown in FIG. 12, the plurality of bonding wires 714 are bonded to the large die 712
using the first plurality of wirebond 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 thaitadle oRierielarsagcop wirebantingza easipsemhéctiom pedrreovcindusigjeralisagd 2 facilitates
the use of thegjurality 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 paiht 5 tRAYfArGR iP5 @ WRnASRAME-TRges dWhwat Ao Seere 8t duter bonding
finger 708 angbthefnmer haadibentiiigefift@S, rAspeaiivety uldiusoihaibesgianlectomevesical grefile of the
semiconduct% rglac%?&‘? 700 i n'éamba[iggd desg;ite thﬁ gdaorlgigln of the spacer_ 710.. Wt]iII% reverse loop

. . or,pac 1nt circu ot shown) 'in;, a conventiona anner.
wirebonding Is a pre erredpmeteﬁgod, a standard oop wirebonding met od also can be used without

departing fromsittie Spidtainelscopieiopakie. gresénitinveiatioprd A0¥itishditysapradaegetatierad 3¢an overlap
the inner edgg Qf e RHEIHR BRGNS HO8 BRE She [ onebeddm Al InRrRRRAReH{iRgSS. 709 thereby

accommodating the largest die possible in a package of a given size. The die pad 707, the outer bonding
finger 708, thESRREMSHAIAY ARGEPYBdatidospduafer 1be INeq4lged e Lrerie plardlii§ df bonding
wires 714 arpatfienyenedpputateddonthesacapsligantof 2, suehbasdupepxy 70@ld compound or other 10

suitable material, usjn nventional molding.equipmen orm the. semiconductar package, 700. The
et contaot o Bl S B I O S e e e o
bonding fingei0? boncaih be sederforf shibkegruidint/ddneradtion ofwre comprcontnetongrackagetaro0 to a

printed circui Q&a{lﬁaﬁn@ttﬁé‘%%&&&%ﬂ\b%&i%@i’m%ﬂﬁé pelag: IRVEXRMRIL SQIdREPASIG The first
contact pad 808 and the second contact pad 809 may also have solder bumps (not shown) or other

suitable conrRSCHBH RIGEFial&dt FoRHEdHES Freobdioti RuhilEpRGBAsT s POLIIsES Wit the large
die 712 so thendas@ie dis thd Aiat least partially overlaps the second contact pad 809 of the inner bonding
finger 709. It will be apRafent fo,ong Skied 2, 1hs, AL IMRLRARIIQNING, AfLNS, SEERAS CRIGG Rad

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.

Referring now to FIG. 14, therein is shown a cross-sectional view of a portion of the

structure of FIG. 13 showing the die pad 1307 and opposing ones of the plurality of outer

11



809 beneath the surface of the large die 712 results in a more compact arrangement of contact pads
than if the semiconductor package 700 of the present invention was not used. If the permissible die size
is limited by the size of the die pad, the contact pads are arranged outside the edges of the die.
Accordingly, the present invention results in the semiconductor package 700 that is more compact.

Similar to thebpreviedigersbciihradtthh elsehiicohtuctdropaipiireaod 18cibsen o Idéintpddkere chip scale

package. Refﬁ&ﬂ?@iﬁ@‘ﬂh&ﬂ@ﬁ@; fherein igishawmafwihenemhedinent ol & Sesnicanauster package
1300, such as a [eadframe ball grid array (BGA) package, manufactured in accordance with the present

invention. Th&*98rabABULRST PXaditge ArssH LAPRpHALD i dacipb ione 18p 21 shieAEntaf ulates a
plurality of outenioontlicgfingeiscl304, ahdoatdgp|boalityeofiigaer4o8ndiaprévegeis d 30hppkitivingd around
the periphery of the encapsulant Adi d 1307 is located.toward the center of the encapsulant
1305, A spac g e T T B R By o top of
the spacer 18fitheRlpraksinf ofmsoheidipsviregenssieonkKetd IhEhslarsditp eldmadnbontifg fngers 1304

and the pluraljty ﬂhmrwan@f}%dfl[ll%é}nms 230640 the Jarasunia L3R Adirst ol urality o wirghend
a

connections 1316, typicall onds, is used to connect the plurality of bqndin%wires 1314 to the large

die 1312. A sEROHd sttt SRArEtsdg Esrnections2e3 25t piestifoihnsdtgs isPtedersendop
wirebonding andastijell honzlifosrstaddasal deojpwarebanding ths itsadsadinnnageitheopluradityraf bonding
wires 1314 to the plurality.of outer bonding fingers and the plurality of inner honding fingers 1306.
Referring now T I D S B A R S S S o . 13
showing the ditgpad ¢Be7sarebtsppoising - diesioftthenpleirpdidyl 6 G endrthe basondigrgfinigend Y304 and the
plurality of inger heading fngers 305 RRewR RFGndRiakerkaeNadng 1shetRG; 43.he die pad

1307 is located between an outer bonding finger 1408 and an inner bonding finger 1409 which are
located along(ItHbS]é?)Yé‘?'edge of the semiconductor package 1300. The outer bonding finger 1408 is
representative of thehglwralftynef atiel kondingingeBaiidadyindnlsctd headid phe Tones bendirg finger 1409

is repres_enta%ivr?dircl)f }111ne gl%%lit ienﬂ%r on ;n ffljﬁ' ers, 319%&9 EIdG 13. The outer bondi_ng finger 1408
and the mner(i)onoglng %mger fﬁfféjare made 0 % o duc%\/e fhaterial such as copper. A first
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
selected from the group consisting of ultrasonic bonding, thermosonic bonding, and

combinations thereof using wire bonding equipment readily available in the semiconductor

12



contact pad 1410 is provided on the lower surface of the outer bonding finger 1408. A second contact
pad 1412 is provided on the lower surface of the inner bonding finger 1409. The first contact pad 1410
and the second contact pad 1412 are a conductive material, such as copper, silver or other suitable
material. The first contact pad 1410 and the second contact pad 1412 are used to subsequently connect

the semicondogsirpakiksltye crgpdlimeatpshoed dir&lft bbarthe(mbirehbwet) bridingagifiesrda | fviaieh
temporarily mgghaniealiy %Q@@Qﬁ@h@ dig, pagk 7)< i the Quiet iRadingine&A98 Ard the dnner bonding

finger 709, is omitted. Referring now to FIG. 15, therein is shown the structure of FIG. 14 after a first
adhesive lay&he1 846" R HaEEgHId b ARd U 'BaT PSBTRS AnshvkiorsiPrinRlr 4808 2% by applying

an adhesive tapenopiigpensingi@boadlesheedigisidlag paste that is subsequently cured. Referring now to
FIG. 16, therein is shown.the strugure.of I, 15ith the spacer, 1310 atiaghed gghe.dic pad 1307
using the first adhesiveplrayer 180 .ﬁe%erring NOW 16 IE? "179herein s shown the structure of FIG. 16 with
the large die FIG12 duengtetlto thetdpadeen §booysing hasecornd adhesivdoeyaitholimhat [ige die 1312

at least partighly,ovestapsithecantaatpask 1kh2 aftached te:t0& ispal-handing fipgsrdiftddapd also
overlaps the inner edge of the outer bonding finger 1408. The Iarﬁe die 1312 has a bottom surface 1702

that is positiohtd 48%98 HBSEIHEchadthg g LrachassiAEtHR FiRer SHohBsmy WAy A989REcordingly,
the use of thevapaasn 431 enshlerlsagplafdaheilarge digpel 3lZaRetertiogagsvdie FRE2 18 tberein is

shown the structure.of FIG, 17 with the larpﬁhgje ?15%12 onnecée to thedouter bondin%grg)%§errl408 and

the inner bon‘aﬂﬂﬁeﬁﬁ%“ePOfﬂb \g\llllef‘hat]ﬁg dﬁ uralify’o bo%ral%é: Wires 1314 ﬁsiﬁ(bcgnsnﬁﬁgme conventional wire

bonding techbigdmeseigerdd tBormdtHe graupeahsistingeol 4itasepictiyohdihystiberdesshle loonding, and

combinatio_nsvyp@ggpglggi@g)wﬂg Q‘Hﬁ%ﬂgu%ﬂiﬂ igaeﬂg%rmﬁlys %Yeﬁﬂ@ﬁll‘éci GG SeRRIGAMEABRION (2 in_dustry. In
the embodiment shown in FIG. 18, the plurality of bonding wires 1314 are bonded to the large die 1312

using the firstRAtRaIty 10 WO AeY EBANERoNELIEINgnF 18 Bl SRE BRI ¢ iftgRIA%Ad8%RNnd the inner
bonding fingeril«dadiies pettve yls o sing ihaisse cortchpl utglitying \Wisebordsponnadtianpcl 3ighe

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
semiconductor package 1300 of the present invention was not used. If the permissible die size

is limited by the size of the die pad, the solder bumps are arranged outside the edges of the

13



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

1312 facilitates the use of the plurality of bonding wires 1314 having substantially a 90 angle bend as

shown in FIG. 18. The plurality of bonding wires 1314 are substantially coplanar with the upper surface of

the large die 4i81 Aeqodengtpnihe arissepointaaritie ket dieths iQaedivaeplyackaged Y¥Wwhevard to connect

to the outer limsiiwﬁﬂagﬁrs%%&e%b%iaﬂsﬁsb%gmmﬁ@ftﬁéganf@&%etm%@écﬂ&e&ib@ desirable low
a

vertical profile of the semiconductor package 1300 is maintained despite the ition of the spacer 1310.
While revers&!RS6p AEBoASIRG RS @AYESethod, a standard loop wirebonding method also can be
used without deparieé:fromibe spitiGand, scapa of thewpraserpinventierhoddditivoathe, phadarge die 1312
can at least partially overlap the | dge of the outer bonding finger 140 d the i edge of the
imer bonding R A B L e e O & Chven soe.
The die pad P807ditkea digterdandoimdufirl e ofl hoslinkdingaes: poisdihPfingertadon, ahpaspuiogha 310, the
large die 131g;.gnd;the Ry of ReREiRg yires kd hatr QF%&E“&@%W@E%%‘P&E}% Ehs@RsYlant 1302,

such as an epoxy mold compound or other suitable material, using conventional molding equipment to
form the semPEFANNCEEMIEEREGECEBEt. Hies fliserd Madpating 41 hos ke B BBrdisE RingL? 1408, and
the second contachppaakihgd 12 @idhpadnime phomidinof fingen 40Qcanteepiser fioy iattessguentizonnection of
the semicondpct?ifafcvlé;c}gse 1300 to a printed circuit board (not shown) in a conventional manner. The
first contact gad 1418 has a first solder bump 1800 attached thereto, and the second contact pad 1412
has a second soldeWbilmihcl B02nsiea dhae datredesorifideis cenindctontashpaedcifia besisopskitiohsd under the
large die 131¢, 30 thRil@eAil 3 AlieasiRrtially ANeliRRs, the secanthsntast Radddl 20f the inner

bonding finger 1409. It will be apparent to one skilled in the art that positioning of the second contact pad
1412 beneath@ié Botehisihieat in Hight of the forgertie deseoniiayté i udnghe doihpustditdfgement of
solder bumpsititancif fesuse mikandveto mpddkagenk3tiofihei piesenicinvantiohiwas Rpiriisead. If the
permissible die size. is limited b t{1e size,of the die solder bumps are arranged outside the

D es of e HoPa 8! e e e B B B A o that s
drawings are to be interpreted in an illustrative and non-limiting sense.
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more compact. Similar to the previous embodiments, the semiconductor package 1300 is closer to being
a true chip scale package. Referring now to FIG. 19, therein is shown the steps of a method 1900 of the
present invention. The method 1900 for assembling a semiconductor package includes a step 1902 of
providing a die pad and a plurality of bonding fingers; a step 1904 of attaching a spacer to the die pad; a
step 1906 of &HEINNERN TAR e i idItHe Kpacer; a step 1908 of wire bonding a plurality of wires between
the large die and the plurality of bonding fingers, and a step 1910 of encapsulating the die pad, the
plurality of bonding fingers\ thelspbekrsstisblaige dimiancitiherplavialiy fof witege MWhilenthesinyention has
been described in conjunction with specific best. modes. it.is 1o be ynderstoo tr} t many alternatives,
modifications, and VAR DR e B o A b S e TSR g
description. Accordingly, ipiddrthersdad to embrace all such alternatives, modifications, and variations,
which fall within the,gpifif,ands seeps afdhe ingluded claims. All matters set forth herein or shown in the
accompanying drawings are to be interpreted in an illustrative and non-limiting sense. 14 THE
INVENTION CLAIMERhEethalrefisd bihgsearbihgra s Emiamdlic i I cRyga b P TKRE die
comprising: providing a dieepgaskand & phutadityekponding fingers having a plurality of contacts pads

thereon; attaching a spacer to the pielﬁad' attac 'ngwthe lar dizdto thg uegqﬁt%a\{vpe(@ilg] tr&e large die at

least partially overlapplngont lggp?ﬁé]ﬁ?y gf%fovﬁféeét p?adg?nwwe SO |ﬁega§1 p ired between the large

die and the plurality of boruigeys;famgders; and encapsulating the die pad, the plurality of bonding fingers,
the spacer, the larg&@égsﬁ%gwﬁlphaeaﬁsn,%wmﬂ%%m%&@ﬁgﬁ@%&!@i{@%&wa{mﬁm@in attaching

the spacer attaches a conductive material having a thickness in the range of about 100 microns to about
300 microns. 3. The mettfdd € BI4IAEYIh WS 1 wherein attaching the large die attaches the

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 wire bonding the large die attaches
a wire having a substantially 90° angle bend between the die and the plurality of bonding

fingers.

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

providing a die pad, a plurality of inner bonding fingers having a plurality of contacts
pads thereon, and a plurality of outer bonding fingers;

attaching a spacer to the die pad;

attaching the large die to the spacer wherein the large die at least partially overlaps the
plurality of contact pads;

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.

6. The method as claimed in claim 5 wherein attaching the spacer attaches a
conductive material having a thickness in the range of about 100 microns to about 300

microns.
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large die overlapping the inner edge of the plurality of bonding fingers. 4. 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. 5. A method of assembling a semiconductor package for a large
die comprising: providing a die pad, a plurality of inner bonding fingers having a plurality of contacts
pads thereon, and d-pluraliiie sicsbedapchidimg finglers: anachingptaspaeahedatee die prdhatthening the
large die to thg spaeeiuhe @‘@ theilarge die @t@ﬁh%@%ﬂ&‘é@ﬂéﬂﬁﬁ@%n%@%m'ty of contact pads; wire
bonding a plurality of wires between the large die and the plurality of inner bonding fingers and the
plurality of outer bogding fimgeis:tiastl ﬁnﬂapﬁedaﬁmglzthﬁ dlevpadmhaespiuusahg/ (613 cyatefcbmnﬁing fingers, the
plurality of inner, bondin fln ers th acer, the large d rallty ethod as
claimed in clair mlﬂg%fcvﬁgrrn 1rrwlsgttac é|ng the’s 1i'fgeFr1 at agﬁes gn?:%arll ?\ﬁllal( %it%(r?%\lg ﬁgﬁﬁg a th drEness in the
range of aboatranpaskiegerny tocabbutagon theieedns. 15 7. The method as claimed in claim 5 wherein
attaching the large die attaches the large die overlapping the inner edge of the plurality of inner bonding
fingers. 8. The method as claimed in claim 5 wherein assembling the semiconductor package comprises
assembling a quad flat-packed non-leaded package, a leadframe ball grid array package, or a
combination thereof. 16
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