19 May 2006 GROUND PLANE FOR EXPOSED PACKAGE BACKGROUND OF THE INVENTION Field
of the Invention The invention relates to the fabrication of integrated circuit devices, and more

particularly, to an improved design of a semiconductor the paddle. Description of the Prior Art The
semiconductor industry has for many years achieved improvements in the perform&i¥eyot&¥miconductor
devices by device miniaturization and by increasing the device packaging density. For this purpose,
metal interconnects can readily G& PN EH-BINIEQR IFRBOREILPAERBLdbed in layers of dielectric,
using vial to provide electrical connections between overlying layers of interconnect lines. Interconnect
lines must thereby be connected in such a manner that optimum performance can be realized for the

completed package. Good planaritygnst glsgiremsintaipadveiwgenadjacent layers of interconnect
lines because metal interconnect lines are typically narrow in width and thick in a vertical direction (in the

range of 5 to 10 microns thick) and must be patterned with microlithography. Patterned layers must
therefore be substantially flat and smooth (i.e. have good planarity) so that these layers can serve as a
base for the néigldaydhe ByengiPthe original approaches that has been used to create surface mounted,
high pin- count integrated circuit packages has been the use of the Quad Flat Pack (QFP) with various
pin configurations. FOIStHBYEIHON cigldkty &pdbedTBEEIAbINY thersriFE SYEL brtE fafPhcRate are used
for making elggiticalag@nnestipisdvediwheare the electidoaloedneatinns are distributed to the surrounding
circuitry. The QFP has found to be cost-effective for semiconductor devices where the device I/O pin
count does not exceed 200. To circumvent this limitation, a new package, a Ball Grid Array (BGA)
package has beestipifsadicrdpPhiar Atie BGA package, the electrical contact points are distributed over the
entire bottom surface of the package. More contact points with greater spacing between the contact
points can therefordhe sdlocateti@crossikieyBiiaA fiackage thramswabitivedcaiserontimtings Qi-Rhel 19 May

2006 Flip Chiﬁé%%ﬁ%é BRVEHRIENRIBE RRGRASE H%\%ecqgﬁﬁ?a?%&ﬁm&l%ﬁ%? R EQ4RE gambined with

increased high requirements for high performance Integrated Circuits. Fli
device packaging density. For this purpose, metal interconnects can readily be provided by

metal lines that are embedded in layers of dielectric, using vias to provide electrical
connections between overlying layers of interconnect lines. Interconnect lines must thereby
be connected in such a manner that optimum performance can be realized for the completed
package. Good planarity must also be maintained between adjacent layers of interconnect
lines because metal interconnect lines are typically narrow in width and thick in a vertical
direction (in the range of 5 to 10 microns thick) and must be patterned with microlithography.
Patterned layers must therefore be substantially flat and smooth (i.e. have good planarity) so
that these layers can serve as a base for the next layer.

One of the original approaches that has been used to create surface mounted, high pin-
count integrated circuit packages has been the use of the Quad Flat Pack (QFP) with
various pin configurations. For the QFP, closely spaced leads along the four edges of the
flat package are used for making electrical connections from where the electrical connections
are distributed to the surrounding circuitry. The QFP has found to be cost-effective for
semiconductor devices where the device 1/O pin count does not exceed 200. To circumvent
this limitation, a new package, a Ball Grid Array (BGA) package has been introduced. For
the BGA package, the electrical contact points are distributed over the entire bottom surface
of the package. More contact points with greater spacing between the contact points can

therefore be allocated across the BGA package than was the case with the QFP.



chip technology fabricates bumps (typically Pb/Sn solder) on aluminum pads and interconnects the
bumps directly to the packaging media, which are usually ceramic or plastic based substrates. The
flip-chip is bonded face down to the package through the shortest paths. This approach can be applied to
single-chip packaging and to higher levels of integrated packaging (in which the pa8Rdaede larger) and
to more sophisticated packaging media that accommodate several chips to form larger functional units.
For the packaging ofsemltipridakiersdenieds senephbiaiyBthiyvAteAmmodrivitisseared EGheavidd provide

protection of thefigdgasfianmenryinmaniainiurneer sush arrMechrpigak damags o damage caused

by moisture affecting exposed surfaces of the device. Part of the package design includes the design of
electrically coRiBctta IterAcEE AL RIBIRSHOBHEE {PHE eRARaIR intBrESHR cPadswitdsurrounding
circuitry. Incraasechnilevicehelbinsity dias thotoahlyparkagid: newigdevhahdsefosunutoutpoioephrections of the

device but hap lga faysed cANSHETARe MRS NPHIA! SNeiaY (DS expRded pR ublkvalyme conten

. ase l‘f% @g .
of the device. In many of the semiconductor device packages, the deviceis mouhted in close physical

proximity to afféft sl ThsdacBopabibeceitieinethoagiestheh aackagiieenons dfighar residtante to thermal

heat conductiyitysthati aﬁﬁciﬁadglﬁgn%mte@mpaﬁ ogaéla%pé%@gpﬂgé% 6,390, 73kl figh@k) shows a
die attach paddle and ground plane for a (%ackage. US 6,284,571 BI (Corisis et al.) describes a structure

for a die attachREENE 34 AGPBLACCPIRMEHYF SR £GP s IS R BdA § 8 LAY Y Mibws a process for
adhesives to leadfrafoe tht)fa & 434 ¢/60sERhasiokenpsldevscanbthgrdieadiramehdesipn dSIvIMARY OF THE

INVENTION A(princiepaje obi,e&;tive of the inv nHlon E t0 grgvide im‘proved p(?nd trleliability fo;1 wire bond
. contain Trovide rotection. O c €ViC 1{0) cnyvironmental inriuences “suc as
interfaces of a semlconguctor pgc(kage. Another objective o]tnthe invention Is to reguce stress related

problems in amsehaiiedlistezpeiciegrec s dy 208Uyt ibertieealoectiveladanel ilgedstiens-is to reduce
the impact of pisrapichesh cogflicigntsiptTharmal EXRansiAN(GIEN PehNasn; comRanRats @
semiconductor device , , . , , o
enable the device to be electrically interconnected with surrounding circuitry. Increased
device density has not only created new demands for input/output connections of the device
but has also caused considerable more thermal energy to be expanded per cubic volume
content of the device. In many of the semiconductor device packages, the device is mounted
in close physical proximity to a heat sink. This is combined with methods, such as
connections of low resistance to thermal heat conductivity, that are implemented as part of
the package.
US 6,300,673 (Hoffman et al.) shows a die attach paddle and ground plane for a
package.
US 6,284,571 B1 (Corisis et al.) describes a structure for a die attach paddle and
ground plane for a package.

US 6,096,163 (Wensel) shows a process for adhesives to leadframe.
US 5,434,750 (Rostoker) shows another leadframe design.

SUMMARY OF THE INVENTION

A principle objective of the invention is to provide improved bond reliability for wire
bond interfaces of a semiconductor package.
Another objective of the invention is to reduce stress related problems in a

semiconductor package.



package. In accordance with the objectives of the invention a new design is provided for the design of a
leadframe of a semiconductor package. A ground plane is added to the design of the leadframe, the
ground plane is located between the leadframe and the die attach paddle over which the semiconductor
device is mounted. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 shows a crd83VEecHI$ of a first

Prior Art exposed pad package. Fig. 2 shows a cross section of a second Prior Art exposed pad
package. Figs. 3a aN@t3anaskgieetifsivshowthetdpvortinnand & cisbissdbeiompich ebnwesmivdekid leadframe

design. Fig. 4hengeaSassRentPR . PaasremicrRibatiothackagsminibich dhaileadiianiecdrsign of the
invention, incorporating therein a ground plane, has been applied. Figs. Sa and Sb respectively show a

top view and RAK3EE section of a first leadframe design of the invention. Fig. 6 shows a three
dimensional view ofla leadfdame déakige objbaivesearitibn.ikigstdiaandy/desesprqitselgeshfowtactop view
and a cross section of a.second. leadframe design of the invention. Figs. 8a.an respectively show a
rop view of & Ser ok e S o e Ll R R S B R e
EMBODIMENTSIzdrsagr fipaiewdaphumisdpefiead hticusdibeolepdionag esddhs Hieattgishenisior heat sink

that is thermally.inigrepnnesiss-ip &reasntisuriasgsserounding the die that is mounted in the package.
An encapsulation mold or mold compound typically surrounds the die and further encapsulates bond

wires that are connected to points of electrical contact on the active surface of die and that interconnect

the die with electrical traces for fygs NisESeIPGHION efthgiihpRAWYKEYnding circuitry. The
semiconductor die of the package is typically mounted over a die-paddle, the purpose of the die-paddle is

to enable and to enlragnoesheal dissipat@nidrena the Bribd Mexkgaes fhe pacrasounding surfaces, typically
the surface of a healt:lsi hA leadframe r.ovidfag Suppp t .for the met tradces that connect the

. . . OWwWS a Cro section L1OT AI"[ CXPOSE a ac C. . .
semiconductor devicewith SUrrédh ing Circuitry. One o the More Seriotis &olﬁflgms that is encountered in

the application of di¢ipadilesd 3b respectively show a top view and a cross section of a conventional

leadframe design.

Fig. 4 shows a cross section of a semiconductor package in which the leadframe
design of the invention, incorporating therein a ground plane, has been applied.

Figs. 5a and 5b respectively show a top view and a cross section of a first leadframe
design of the invention.

Fig. 6 shows a three dimensional view of a leadframe design of the invention.

Figs. 7a and 7b respectively show a top view and a cross section of a second
leadframe design of the invention.

Figs. 8a and 8b respectively show a top view of a third and a fourth leadframe design

of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An integral part of a number of semiconductor packages is a heat spreader or heat sink
that is thermally interconnected to areas or surfaces surrounding the die that is mounted in the
package. An encapsulation mold or mold compound typically surrounds the die and further
encapsulates bond wires that are connected to points of electrical contact on the active surface
of die and that interconnect the die with electrical traces for further interconnection of the die
to surrounding circuitry. The semiconductor die of the package is typically mounted over a

die-paddle, the purpose of the die-paddle is to enable and to enhance heat dissipation from the



is the problem of delamination, which occurs at exposed die-paddle surfaces. Improvements of the
electrical performance of the packaged semiconductor device is typically achieved by proper grounding
of the die with for instance ground wires between the die and the die- paddle or between the die-paddle
and surrounding ground connections. A remaining problem however is delaminatidf ¥at #&rs in the
interface between the mold compound and surfaces that are silver plated for improved contact resistance

and improveddo reeEtindingshsieceviereathelticupagel Rt ishesipvrled) thislisrolsieravidas Bwrdpecially

severe since $&cihe FLXRASLY e Atk rardy Rathafawigivie Qﬁﬂﬁéﬁ%ﬁﬂdﬁfﬂ@&%i@ﬂﬁ'd compound.
Added to the severity of this problem are such factors as mismatch of the Coefficient of Thermal

Expansion (CTE) betie8h!Aua¥etEar=Re8 BME SHis e irad ke ABRAY LS sand
exposure of bsnheprsbidaces]dhniuglivavaxposecidiatpapaie] thedraddie anvikenneaptaleaftamges such as
changes in tegipgratre dyrind reliow. processing, Jg vention addresses (esa con %@%ﬁ? providing a
unique leadframe con igurall?on, which takes'into §ccount considerations ort)l%pro%;ed inter oz,%(ing of
adjacent elenfsppsiogivindingRadecotia it uridtiense e wisdvoreropereshidididiy ehddhsithee areas

against drastig, gnvironmemahchanges plhg.desionefheinyentiaR wyiies seduaed.delamination. For
purposes of increased understanding.of the invention and to more clearly differentiate between prior art

methods and PRPIRTEATER BridK s RHOuS 8t BFERtng Rl s A At d leadframe
and die-paddimaredppeiebhane:fiistdpieilyd vghhghied Edgadt shisus e prioimpionathodnetipackaging a
semiconductor devic hown in Fig.,1, are the folloawing elements: 10, a heat sink or.a Printed circuit
Bonra (PoB) e b D R S OB N e

mounted in thensaerade offtieaciesty pattiohmshtwa PerRigRtiontare 280wy vippridyvixddedh it

interconnect RQ&“E@&%@&‘QE@%H@M%E Qicthe surface riisadifamasTvdthdagintt ahelgeirical contact
(not shown) provided over the active surface of die 12; these signal wires interconnect the 4 19 May

2006 die 12 wiPHISRI tFakiesP38vRSP RAHPREPTSHERH S CHBPBRIAR dig o tsriocking mechanisms

and exposure of bonded surfaces, through an exposed die-paddle, to drastic environmental
changes such as changes in temperature during reflow processing.

The invention addresses these concerns by providing a unique leadframe configuration,
which takes into account considerations of improved interlocking of adjacent elements of the
package of a semiconductor die and of proper shielding of sensitive areas against drastic
environmental changes. The design of the invention provides reduced delamination.

For purposes of increased understanding of the invention and to more clearly
differentiate between prior art methods and the invention, prior art methods of creating a
semiconductor package in which a leadframe and die-paddle are applied are first briefly
highlighted.

Fig. 1 shows a prior art method of packaging a semiconductor device, shown in Fig. 1
are the following elements:

e 10, a heat sink or a Printed circuit Board (PCB) over which the semiconductor
device 12 is mounted

® 12, a semiconductor die that is mounted in the package of the cross section
shown in Fig. 1

e 26 and 28, two signal wires that interconnect points 38 of electrical contact on
the surface of leadframe 35 with points of electrical contact (not shown)

provided over the active surface of die 12; these signal wires interconnect the



surrounding circuitry 27 and 29, two ground wires that provide short and low resistivity ground
interconnects between the ground points (not shown) on the surface of the 12 and ground points of
interconnect 39 on the surface of the die-paddle 34 32, an encapsulation or molding compound that
surrounds die 12 and that further encapsulates bond wires 26, 27, 28 and 29 34, ¥9d¥352886tion of the
exposed die-paddle on the surface of which semiconductor die 12 is mounted; the purpose of the
die-paddle 34 is to enabledihdionethhastd HasedidSipetionthemmsecaiaccrion siirkbeisdindZsinfaces,
typically the surface of heaysipkndfh iRiadsttion the die-paddle 34 provides the ability for short and
improved ground connections between the die 12 and the heat sink or Printed Circuit Board éPCB) 10
35, the leadframe providling’safhdrt Bt EAY At e 3BthRICH TS i dBHES reddite 12 with

surrounding circuity; it mushier-naiedstbaivelemenis@d (badiapatdie) andmeeiaticacesidd and 39 are
all part of and constitute the Ieadf@p(%%’) 6, solder C[%?#IQ tBhat Is useg s an m%ecﬁfGa e between the

leadframe 35 and the hea%%qr%{?ﬂ lelllﬁecfcﬁ?% ver) pGI:i m%cgé)se that i8°Created on the surface

of leadframe 35 and the dig;paddhed4uletipurposesiofzpeovipingdpdintswfeiedtribal l htextommect for bond
wires 26-29 The cross-seq@mgpg;g%mgwpggnﬁigirgsi%1%eI% iseslto specifically indicate above

highlighted problem areas that arise using the conventional method of mounting a semiconductor device,
of which the cross-sectln 3. Figerpss pegitesetitativecpreask dicopedhe are thehsugiasashighlighted as areas

40, which are the points whekg dhgdaenst Wike 322623 sRaNat teuipesplating:Rase Aianth 39; has been
found that bond reliability at these points is poor, leading to high product-yield losses; this effect is

especially acute during sofdEP 1AM SISt dsipaten SgRARafe i tER iR BHthtient of
Thermal Expansion (CTE)tpatwsehethefinterfblotngselentenisabdition the die-paddle 34 provides the

ability for short and improved ground connections between the die 12 and the
heat sink or Printed Circuit Board (PCB) 10
e 35, the leadframe providing support for metal traces 38 that connect the
semiconductor device 12 with surrounding circuity; it must be noted that
elements 34 (the die-paddle) and metal traces 38 and 39 are all part of and
constitute the leadframe 35
® 36, solder plating that is used as an interface between the leadframe 35 and the
heat sink/PCB 10
® 38 and 39, a (silver) plating base that is created on the surface of leadframe 35
and the die-paddle 34 for purposes of providing points of electrical
interconnect for bond wires 26-29
The cross-section that is shown in Fig. 1 is hereby used to specifically indicate above
highlighted problem areas that arise using the conventional method of mounting a
semiconductor device, of which the cross-section of Fig. 1 is representative. These problems
are:
e the areas highlighted as areas 40, which are the points where the bond wires
26-29 connect to the plating base 38 and 39; it has been found that bond
reliability at these points is poor, leading to high product-yield losses; this
effect is especially acute during solder reflow and is caused by the
significant mismatch of the Coefficient of Thermal Expansion (CTE)

between the interfacing elements



19 May 2006 the areas highlighted as areas 42, these areas of exposure provide paths of relatively easy
moisture penetration during the process of assembly of the package; the moisture that penetrates in this
manner is prone to evaporate during reflow and during high temperature processing, causing additional
stress and subsequent delamination in the surface of the die-paddle. The problem Bt M&@80fe package
that is shown in Fig. 1 can be summarized as follows. Die-paddle delamination has been a major
problem for die-paddle$ thércareeesxpgbédhiddringthes pibdbsseafrassehbiinguiteppadiagathk lelctrical

performance is typically e"i@ﬁﬂ@&% Pa)éd)PEQMfQiLHQ PERPEL RO URHIIRE the semigondusiny devige with, as
g bondi

previously highlighted, providin ng wires between the die and the die-paddle and from the
die-paddle leads to grounB4dstie Vs, PalWifit df PRBHLTRGrENE JUARE HSI R G fCoRAB ons is
significantly compromised dyridglasmination afuiteSeigetplapdngusé phaddsngedasiag dndarfaae between

the leadframe (points 42, Fig, 1) and the silver plating interface (paints 40, Fig. 1), Especially, for
products that contain a diesi%pg)%sécﬁ%dtﬁ% S%qlég(rgodé%a éll%'%hoél Hzﬁ%éggé‘%% %ﬁ‘%gglgagae?déﬁses'embly the moisture

penetration is of moildserdusieondbendtivars fiercipgsdibet thahcomtainkia dtancdxdsemieddet adie paddle.

The primary fagiatscansingide aminatian PhiRe LR SHERESObING fiFaRapsiedpPaintsdQ5igq 1) are:
mismatch of the Coefficient of Thermal Expansion (CTE) between interfacing surfaces and materials a

weak interlocKiHiPmBERIRTER Pletiverhling BpoReitest BleEgdPHEPRrIGEde yhitrthesi¥afne of the
package, andbgyposuiie: prhengesh suifaceshihReaughhthe exposed wiex pa gele)dos gragliti cahanges in
environmental conditions such as changes in temperature or isture exposure. A ond conventional
o of e D R B0 o Lo
elements are pigilightddwerer, thelmalifite dfsehvicdimdeioror déquiRd, drddmg wiresc@Beetisignas wire, wire

Ibor(‘j?ed beg’;%?ghm&ﬁ‘f}i%%ﬁﬂfm%ﬁf sleatz AN RUPLHRS CABRGHIERALSHOWM Q0 thesyEfage of
eadirame interface between the leadframe (points 42, Fig. 1) and the silver plating interface (points

40, Fig. 1). Especially, for products that contain a die-paddle that is exposed during the
process of package assembly the moisture penetration is of more serious concern than for
product that contains a standard embedded die paddle.
The primary factors causing delamination of the top surface of the die-paddle (points
40, Fig. 1) are:
¢ mismatch of the Coefficient of Thermal Expansion (CTE) between interfacing
surfaces and materials
* a weak interlocking mechanism between the epoxy that is used in the package
and the leadframe of the package, and
e exposure of bonded surfaces (through the exposed die-paddle) to drastic
changes in environmental conditions such as changes in temperature or
moisture exposure.
A second conventional method of mounting semiconductor devices is shown in the
cross section of Fig. 2, in which the following elements are highlighted:
e 12, the mounted semiconductor die
e 27, ground wires
e 28, a signal wire, wire bonded between the active surface of die 12 and a point
of contact (not shown) on the surface of leadframe 35
e 32, the molding compound that is used to encapsulate die 12 and therewith-

connected bond wires



32, the molding compound that is used to encapsulate die 12 and therewith- connected bond wires 6 19
May 2006 34, the die paddle of the package over the surface of which the 12 is mounted 35, the
leadframe, surrounding the paddle 34 and the thereover mounted the 12, used for providing additional
conductive interconnects (not shown) between die 12 and surrounding circuitry (né? Shanwitd@nd 37, a
die attach paste, applied for interfacing between die 12 and the paddle 34, providing a thermally
conductive path between thédbd ditepagits sletreprckaTthevelichp atdhe Sdf fuhictiohs lBsiamanisihk to

dissipate the heat that is generated ly.ihe SemIsARAVSH Aaviced 2, SHrhARSaLSInkis uRigally soldered

to a Printed Circuit Board 10 in order to achieve improved heat dissipation. Thermally conductive layer 37
is provided for this purposk? cHsédiniy’a praifidins additiofakisandicthat Eorrisaedtheeieshteh paste 37,
the die attach paddle 34, igitesing $older InteicRMEsis (gt Gbowbwandithe PCB 10. Ground wires 27
can further be provided between the active surface of die 12‘%1;1 the die %%dﬁ 34. The inv%ntion

specifically addresses provittifd's GHEGREBIEnEP I I 0h ANEI e 1E RS A B Setor
package, thereby addressibyy prioradiaingintprolechidird ve hathilikywedubing Istrassvosiat@dndefects in the

package, and redugig glfekaRBTIRRAILH of 3916&5913%%;%4feﬁsr&%@ﬁ%ﬁ@g@%@}gﬁgﬁ%ﬁackage-

Fig. 3a shows a top view of a conventional leadframe design, wherein specifically are hi ted the

elements: 50SeRechisEeiatRysRthe fardfrdient satds Bricely shtdentd ém pRideiks QirepdisBosedtBn of the

die-attach padgligdtakeaalendihs in Bead@sabiaedoPyiawi B chidudcifgRoywndnhidddpiokhe direction
in which leadframe 35 is located with respect to the die paddle 34 is highlighted in the cross section of

Fig. 3b. The cYYSEYUBLHBIFHFALNE SRERATR Y. A SRANE AR heW BIRS SRR E b1 Hh BG4 tBY by
showing a crodis sesttoppddith®d dissqpadde stihé gitaerdnplkane( odtthied mentioh tan @ d@iBel deadframe.

Highlighted in the crags, 3GCHO0.OfFidy 4318112 Do R UAL SRR A G face of die 12 and
the die paddle 34. The invention specifically addresses providing a ground plane, by
expanding the leadframe of a semiconductor package, thereby addressing:

e providing improved bond reliability

¢ reducing stress related defects in the package, and

¢ reducing effects of mismatch of CTE for thermally interacting elements of the
package.

Fig. 3a shows a top view of a conventional leadframe design, wherein specifically are
highlighted the elements:

e 50, the inner leads of the leadframe, and
e 34, the die attach paddle.

A cross section of the die-attach paddle, taken along the line 3a-3a' of the top view of
Fig. 3a, is shown in Fig. 3b. The direction in which leadframe 35 is located with respect to
the die paddle 34 is highlighted in the cross section of Fig. 3b.

The cross section that is shown in Fig. 4 shows the new arrangement of the invention
by showing a cross section of the die-paddle, the ground plane of the invention and the
leadframe. Highlighted in the cross section of Fig. 4 are the now familiar elements of the
package with additionally highlighted:

e 52, the die attach paddle
e 54, the ground plane of the invention, and

o 56, the leadframe.



package with additionally highlighted: 52, the die attach paddle 54, the ground plane of the invention,
and 56, the leadframe. 7 19 May 2006 Although in the cross section that is shown in Fig. 2 the
leadframe (35) and the the attach paddle (34) are part of this cross section, these elements are
highlighted in the cross section of Fig. 4 as new elements. It must thereby be reméfhbdedPifat these
latter two elements of die attach paddle and leadframe are not in themselves modified by the invention
but form part of a neiWtherghderierirefstiiectiniethabis wWinera by Hirgg 24heHeag reunsd(pasebesdipterposed

between the the.aitachad pagdldie paanidrhecleaditama, 3hestha-anaralh tickum el thendltash

paddle-ground plane-leadframe is therefore provided as a new unit of new and innovative design.

Ground plane’8#8? Ak fty et e pali Bt e e Qua sy, s Rembrivdr ARy HGH Y Yy, 5a and
5b. Fig. 5a shawseattoff iewtata pedd frandd afithennventiarnn whereinspecditiadparke highlighted the
ground plane 54 and the inper leads 58 of the frame. The crgss sectjony that i Wnin:Fig. 5bis
taken along tk]135e iﬁeg% -S%QgﬁoSvn glﬁsrﬁ%e ba. ?E&ﬁ%onsticﬂoﬁlggh ghl?) 'nifnﬂjcr ss ggsﬂ%r?%&slg. 5b,

clearly highlightstassahisipssitity dfethdaghed nadglane sul hetredrmeihe hetarsrgheties? eind the

leadframe 56 giigy A shpwaid fescadimenrionalmiew altbetheatrel Raddiewnwithrthesthereto
attached ground plane 54. The attachment between the the attach paddle 52 and th(z? t(();)rou,nd plane 54 is
i

achieved by nTESNaBF eI GO RIS ndtetih (REIRL HAEidHal LR Ralis &bl in Fig. 6
that there is afuahtseti fidigreahiiie planewad fve ground plane 54 and the plane of the die attach paddle

52, an offset that is gbtained by a mechanical down:set process which maqves the tie.bars 60 in a
omard slopng A e eV N B HSRR AT & being

created usingigtdighieahrs erosrdiplnenztandthpsnagrrisaddigahihdieaditacts pHddieosT s iwilustrated
using Figs. 7a1ape {Re DBl Fithengtadich RIRAS B (etBIGBlighIRE iR Figssa/ aRnebidasbaen shown

as comprising small, metal constructs 53 surrounding the the attach panel 52. The cross section that is
shown in FigSHR tAKERSI6HEHE fike 9‘%—?#3@%6\&%8#1%%&%&!@*%%%9? RERICEBARARES B3 are

between the die attach paddle 52 and the leadframe 56.

Fig. 6 shows a three dimensional view of the die attach paddle 52 with the thereto
attached ground plane 54. The attachment between the die attach paddle 52 and the ground
plane 54 is achieved by means of tie-bars 60. It must be noted in the three dimensional view
that is shown in Fig. 6 that there is an offset between the plane of the ground plane 54 and the
plane of the die attach paddle 52, an offset that is obtained by a mechanical down-set process
which moves the tie bars 60 in a downward sloping angle from the plane of the ground plane
54.

The ground plane is not limited to being created using straight bars or straight metal
strips surrounding the die attach paddle. This is illustrated using Figs. 7a and 7b, where the
ground plane 62 (not highlighted in Figs. 7a and 7b) has been shown as comprising small,
metal constructs 53 surrounding the die attach panel 52. The cross section that is shown in
Fig. 7b is taken along the line 7b-7b' shown in Fig. 7a. The small, metal constructs 53 are
surrounded, in accordance with the cross section of Fig. 4, by the molding compound 32,
which therefore forms a shield around the small, metal constructs 53. From this results that
the bottom surfaces of the small metal constructs 53 are not exposed while the bottom surface
of the die paddle 52 will be exposed for reasons of thermal dissipation. The interfacing
between the small, metal constructs 53 and the surrounding mold compound provides

additional stress relieve and improved interlocking between the die attach paddle 52, the



surrounded, in accordance with the cross section of Fig. 4, by the molding compound 32, which therefore
forms a shield around the small, metal constructs 53. From this results that the bottom surfaces of the
small metal constructs 53 are not exposed while the bottom surface of the the paddle 52 will be exposed
for reasons of thermal dissipation. The interfacing between the small, metal constrtitMa32efd the
surrounding mold compound provides additional stress relieve and improved interlocking between the die

attach paddleSuntheBredSiayd2bodegbiant phend B84 Anthwerreridiranseh@ecEigliahiliyual ghéviding

enhanced relighilitoalidhenirenRendad i pteirennests that afecpravided ial the-sudase-@fiihe small, metal
constructs 53. Additional alternatives for the creation of the ground plane of the invention are highlighted

Al ) I P V
in Figs. 8a and 8b, WHEHEBIAloHFErais I Barb B4 eRly B dP% FOHRG U rdnbe 6%/ ERIS 8BYC attached at
corners of thehdiglaftiechi pRidle’d2ndpd shimrhylhegmnetizad thatds (Sedipoithe areaiian ahthe

semiconducto, dogckags %{t%kégeén\{%g io?s%grp@rggg@cﬁ s%g&gﬁ g)r%%ﬂ?inlg a semiconductor die

providing the lea flr‘%ime/ground pﬂane Ie paddle attac grrangerhent of the invention providing a layer of
die attach paste oveFhhemaibfabéhef tievdid drachepagdionpesitiohistripendasiicandkagoradichever the
layer of die atiaghhpastentheiebmeRRRIgNING the die over the die attach paddle providing conductive
interconnects between the die and surrounding points of electrical contact by: 1. providing conductive
interconnects of signal wir8% GBGIFRHSE M Opbiker wires between points of electrical contact on the

active surface of the samigaRétiigiomdic-amehpRiRis RlickrMteal paniacharcersudaaeneiihaclead frame,
and 2. providing conductive interconnects of ground wires between points of electrical contact on the

active surface of the semi¢BHdli&r the and (the surface of) the ground plane of the invention
encapsulating the semieondudidinghel ard dhéi comndhqibse inter donnetis:thathardc aanttepgiddido the active
surface of the die in a m0'%(%?t§8gl%léqgé %\e/r%gl (grqc(ﬂlyg(()ar die over the layer of die attach paste, thereby
positioning the die over the die attach paddle
e providing conductive interconnects between the die and surrounding points

of electrical contact by:

1. providing conductive interconnects of signal wires, ground wires and
power wires between points of electrical contact on the active surface of
the semiconductor die and points of electrical contact on the surface of the
lead frame, and

2. providing conductive interconnects of ground wires between points of
electrical contact on the active surface of the semiconductor die and (the
surface of) the ground plane of the invention

¢ encapsulating the semiconductor die and the conductive interconnects that are
connected to the active surface of the die in a mold compound, overlying the
surface of the die attach paddle, further partially enclosing the lead frame of
the package.

To summarize the invention, by providing a ground plane that physically interfaces
between the die attach paddle and the l e ad frame of the package, the invention has provided
for:

® improved connectivity between the die and surrounding surfaces, most notably
between ground points on the active surface of the die and surrounding points

of ground interconnect



surface of the die attach paddle, further partially enclosing the lead frame of the package. To summarize
the invention, by providing a ground plane that physically interfaces between the die attach paddle and
the 1 e a d frame of the package, the invention has provided for: improved connectivity between the die
and surrounding surfaces, most notably between ground points on the active surfd@MReMie and
surrounding points of ground interconnect 9 19 May 2006 improved mechanical interfacing between the
die attach paddle/grourtd phaneykshdofrelrecahdinteefmoig detmgoundiofdive pskageddisdaosadexposure of

ground interconnects of thg; RAsKageIRANGEHhEXRASHEM R Gl T ohmispatch of the CTE of thermally
interfacing components of the package removed the need for making ground connections to the die

attach paddle of the pdckagRICFESERIMY TESE PRI URETERRITEERITESMAKgESUNd connection to the ground

plane of he invention, and rggliéaed toauexrosteebbanded swfaaeTRee thagraynaatasaof the
invention is embedded in a mold com&c& nd after this mold compound has been applied. Although the

invention has been descris@T R LtrRfR Witk reference to specific illustrative embodiments thereof, it
is not intended that the enveniivrdadimitadso thtse Hlostidtiveneaibadimentdicliiest pkilke on the art will

recognize that variations a@g m dificati?[ns can be mad WithOL{I deev?t%inl%flrl%rgothee irit of the invention.

. . acKkage, 1re Ciln €S€C.arou connections. Cl1O .
It is therefore intended to mcf% e withi Ehe vention all such variations nH mocﬁ ications which fall

within the scope of the ap@md@gplﬂmméf&ﬁdVeqﬂWaféﬁts thereof. 10 19 May 2006 What is claimed is: 1.
An interface for mountigg 3.§eMIFANAUSIRHRViGe B RSETGALUCIRT. RACKATEFPRRESHRGhe

invention is embedded in a mold compound after this mold compound has
been applied.

Although the invention has been described and illustrated with reference to specific
illustrative embodiments thereof, it is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will recognize that variations and
modifications can be made without departing from the spirit of the invention. It is therefore
intended to include within the invention all such variations and modifications which fall

within the scope of the appended claims and equivalents thereof.
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a die attach paddle; a leadframe; and a ground plane as a physical and thereto connected interface
between said die attach paddle and said lead frame, a plane of said ground plane being interposed
between a plane of said the attach paddle and a plane of said lead frame, a plane of said ground plane
being parallel with a plane of said die attach paddle, a plane of said ground plane fd¥&t B¥lhg parallel w
it h a plane of said lead frame, said ground plane comprising separated layers of metal spatially
surrounding s¥iiadie deigetsl prddle. 2. The interface of claim 1, said physical and thereto connected
interface between said the attach paddle and said lead frame comprising metal interconnects in metal

strip form, a plane of said MBtdMHaFEoR e QAR dbiT S PIHL 0 SRl Gl aftatPLadNs Under an

angle. 3. The patkHace @h@laing:1l, said ground-plane comprising a square or rectangular geometric shape

when viewed in top vig.w. 4.4 se(mic.onductor device package, comprising: a semiconductor device, said
. .a be attach paddie; .
semiconductor device being mounted over a die attach paddle after a layer of the attach paste has been

deposited over the suldadisagie:said the attach paddle; a leadframe; a ground plane, forming a physical
and thereto connectgd inigifaeabaiweanraid dienattacbnaddla and sridlaaddiame (¢ piang of said

ground plane being interposed between a plane of said die attach paddle and a plane of said lead frame,
a plane of said ground plaREiSybardsaidarpidnB Hicsai b RtadrPERadiens prsecstdaid ground
plane further being parallebetitieea planaecaffsaid ld¢iaddeaineadiidagiow pthpastessidngkisingnseparated

layers of metal spatially sypigunding,said dia afiachaddc; 4,19 May 200 fistgonducive,
interconnects having been'provided between ppomts of efectrical contact on an active surface of the
semiconductor die and thePsddiace pieaaief sekldefiemntbplane further being parallel with a plane of

said lead frame, said ground plane comprising separated layers of metal

spatially surrounding said die attach paddle.

2. The interface of claim 1, said physical and thereto connected interface
between said die attach paddle and said lead frame comprising metal interconnects in metal
strip form, a plane of said metal interconnects intersecting a plane of said die attach paddle

under an angle.

3. The interface of claim 1, said ground-plane comprising a square or rectangular

geometric shape when viewed in top view.

4. A semiconductor device package, comprising:

a semiconductor device, said semiconductor device being mounted over a die attach
paddle after a layer of die attach paste has been deposited over the surface of
said die attach paddle;

a leadframe;

a ground plane, forming a physical and thereto connected interface between said die
attach paddle and said lead frame, a plane of said ground plane being
interposed between a plane of said die attach paddle and a plane of said lead
frame, a plane of said ground plane being parallel with a plane of said die
attach paddle, a plane of said ground plane further being parallel with a plane
of said lead frame, said ground plane comprising separated layers of metal

spatially surrounding said die attach paddle;
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second conductive interconnects having been provided between points of electrical contact on an active
surface of the semiconductor die and said ground plane; and a mold compound overlying said die attach
paddle, further enclosing said ground plane, further enclosing said first and second conductive
interconnects, further enclosing said lead frame by a measurable amount. 5. The $8MlapAB¥&tor device
package of claim 4, said first conductive interconnects being selected from the group consisting of signal
wires and ground wifés eadysiive iNEenBecTha g dsael il dtdvhessaskagjetofodlalasicahid second

conductive interconnects ¢oRRISNACIONIWIRS: of: (hESeaERAICRRENCIRN Maviresparkase afclaim 4, said
physical and thereto connected interface between said die attach paddle and said lead frame comprising

metal interconnects in mel&SHYSrm, a plane of said metal interconnects intersecting a plane of said
die attach paddle undesahcangleti8e Thersemicondudigrideripe pdeckageret clpiintd o$zidagriound plane

comprising a square or reciangular gepmelric,shans N MewsE R vig,H AnJnieriace for
mounting a semiconductor device In a semiconductor package, comprising: a dieattac pagdle; a
leadframe; and a ground p¥8fle as a physical and thereto connected interface between said die attach

paddle and said lead frajes sl Aveaidgrovadiplans denadnterirsad. ReLWreRARlane Pf said die

attach paddle and a plane of said lead frame, a plane of said ground plane being parallel with a plane of
said die attach paddle, a P4 JFERA GUIMIPRIAAK et Beitfy PLraRWHIVE PRASSPEEY lead
frame, said physical and tihfereier eacinsiaieshidtiesikhéabetweensaidadie aaitach paddle and said lead frame
comprising metal interconnects in metal strip form, a plane of said metal interconnects intersecting a
plane of said die 1239 Mayr0o0eziertgardlevigrderagkpanghé, skiangroundipldist copngviding separated

layers interconnects being selected from the group consisting of signal wires and ground wires and

power wires.

6. The semiconductor device package of claim 4, said second conductive

interconnects comprising ground wires.

7. The semiconductor device package of claim 4, said physical and thereto
connected interface between said die attach paddle and said lead frame comprising metal
interconnects in metal strip form, a plane of said metal interconnects intersecting a plane of

said die attach paddle under an angle.

8. The semiconductor device package of claim 4, said ground plane comprising a

square or rectangular geometric shape when viewed in top view.

9. An interface for mounting a semiconductor device in a semiconductor
package, comprising:

a die attach paddle;

a leadframe; and

a ground plane as a physical and thereto connected interface between said die attach
paddle and said lead frame, a plane of said ground plane being interposed
between a plane of said die attach paddle and a plane of said lead frame, a
plane of said ground plane being parallel with a plane of said die attach
paddle, a plane of said ground plane further being parallel with a plane of said
lead frame, said physical and thereto connected interface between said die
attach paddle and said lead frame comprising metal interconnects in metal
strip form, a plane of said metal interconnects intersecting a plane of said die

12



of metal spatially surrounding said die attach paddle. 10. The interface of claim 9, said ground plane
comprising a square or rectangular geometric shape when viewed in top view. 11. A semiconductor
device package, comprising: a semiconductor device, said semiconductor device being mounted over a
die attach paddle after a layer of die attach paste has been deposited over the surf8ddayf24¥d the attach
paddle; a leadframe; a ground plane, forming a physical and thereto connected interface between said
the attach paddle and saidtlegitifrdfi uadplznteangisardigraignadoians beimyisiie sopdettbiavgsen a plane

of said die attach paddle agghg-RipgR@fisaidleasuiiamt adlanerf=rid.ground plane being parallel with
a plane of said the attach paddle, a plane of said ground plane further being parallel with a plane of said

lead frame, said grouind plahe ieasripeisifiglsaparatad Jayarspiinnedal pspatial kg sarotirdingesaid die attach

paddle; first conductive interconnects t@viQ been provided between points of electrical contact on an
etric shape Wgen VIEWECd 1n ﬁ% View

. (] . . . . .
active surfacego?r{he semiconductor die and the surface of said lead frame, said first conductive

interconnects being selectadsfarb e GPHR i6OpsiRiRg Qinsignalgvires and ground wires and power
wires; second conductive interconnects having been provided between points of electrical contact on an

active surface of the*SSMICIHHGIbATIE g d ARPdrRvg pilsics R e MR Ed B UhE DO RANg said die

attach paddle, further enclpsirg: sdier griwadopldineydicitpastenatosiag sqickficat@ad tsecoracefiductive

interconnects, further enclosciin(g sa&d ead Hlame by a measurable amount. 12. The semiconductor device
X . . said die attach paddIe; . o .

package of claim 11, said second con Bctlve interconnects comprising ground wires. 13. The

semiconductor deviedqdbkage of claim 11, said physical and thereto connected interface between said

die attach paddle andsaidldeashiramiscRMAsisine.MAtRInIMEI CONRSES IREELR! StriR-faranadriane of said

metal interconnects intersecting a plane of said the attach paddle under an angle. 13 .
attach paddle and said lead frame, a plane of said ground plane being

interposed between a plane of said die attach paddle and a plane of said lead
frame, a plane of said ground plane being parallel with a plane of said die
attach paddle, a plane of said ground plane further being parallel with a plane
of said lead frame, said ground plane comprising separated layers of metal
spatially surrounding said die attach paddle;

first conductive interconnects having been provided between points of electrical
contact on an active surface of the semiconductor die and the surface of said
lead frame, said first conductive interconnects being selected from the group
consisting of signal wires and ground wires and power wires;

second conductive interconnects having been provided between points of electrical
contact on an active surface of the semiconductor die and said ground plane;
and

a mold compound overlying said die attach paddle, further enclosing said ground
plane, further enclosing said first and second conductive interconnects, further

enclosing said lead frame by a measurable amount.

12. The semiconductor device package of claim 11, said second conductive

interconnects comprising ground wires.

13. The semiconductor device package of claim 11, said physical and thereto
connected interface between said die attach paddle and said lead frame comprising metal
interconnects in metal strip form, a plane of said metal interconnects intersecting a plane of

said die attach paddle under an angle.

13



19 May 2006 14. The semiconductor device package of claim 11, said ground plane comprising a square
or rectangular geometric shape when viewed in top view. 15. A semiconductor device package,
comprising: a semiconductor device, said semiconductor device being mounted over a die attach paddle
after a layer of die attach paste has been deposited over the surface of said the att8day2d8fe; a
leadframe; a ground plane, forming a physical and thereto connected interface between said the attach

paddle and said lead4ramdha jsianersusig denoemprpkase Belabn ihte fpdsEaupeterncamranaof said die

attach paddle anda-Ripne of said lesslefrrRMepa plane riwait aspundyplane being parallel with a plane of
said the attach paddle, a plane of said ground plane further being parallel with a plane of said lead

frame, said ground plane coruprisingeepatated paykerscot mgliadirgpatially surrounding said die attach

paddle; first conductjve interccpnpec&s having,been pr vi(iJed betw%en oints af,electrical entact on an
. a semicon &]C Oor deyice, S Semiconducto de_\aCT eél‘l mounted.gv I a die aftac
active surface of the semiconductor die and the surtace of said lead ffame, said first conductive

interconnects being selecteadiisraftiieadpaeinolcdinsistirigradisigaabosirals padegrovmdhwiredaaadipower
wires; second conductive igigrgpnpgetspaaying been provided between points of electrical contact on an
active surface of the semiconductor the and said ground plane, said second conductive interconnects
comprising ground Wite&5Fa mold compound overlying said die attach paddle, further enclosing said
ground plane, furthargnoldsingsdidifiisg antseconddcorcicitvenaieonaéats biuwber seéidalasing said
lead frame by a measurablﬁ amount 16. The sdqui:ﬁf)r%ductor delviced&a%lé eaofc airp 15,bsaI{d physical

. dle “dnd \
and thereto connected mter%ce%%tw%éﬁ said dié attac (E)agld?eag% sal egré)lﬁlanpeaggmslnéng metal

interconnects in metal striptfisraesedgleiedt saldnn efakidtdicoiitrbcpadite prdctintyre piasneddeadaid the

attach paddle under an anglg,d 7, pRgsSeMIsANYEHI SeYICE-RACKAIRPHAIRIM finSBI0:GioURd plane

comprising a square or rectangular geometric shape when viewed in top view. 14
attach paddle, a plane of said ground plane further being parallel with a plane

of said lead frame, said ground plane comprising separated layers of metal
spatially surrounding said die attach paddle;

first conductive interconnects having been provided between points of electrical
contact on an active surface of the semiconductor die and the surface of said
lead frame, said first conductive interconnects being selected from the group
consisting of signal wires and ground wires and power wires;

second conductive interconnects having been provided between points of electrical
contact on an active surface of the semiconductor die and said ground plane,
said second conductive interconnects comprising ground wires; and

a mold compound overlying said die attach paddle, further enclosing said ground
plane, further enclosing said first and second conductive interconnects, further

enclosing said lead frame by a measurable amount.

16. The semiconductor device package of claim 15, said physical and thereto
connected interface between said die attach paddle and said lead frame comprising metal
interconnects in metal strip form, a plane of said metal interconnects intersecting a plane of

said die attach paddle under an angle.

17. The semiconductor device package of claim 15, said ground plane comprising

a square or rectangular geometric shape when viewed in top view.
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