GROUND PLANE FOR EXPOSED PACKAGE BACKGROUND OF THE INVENTION This is a division
of US Patent Application serial number 10/083,993, filing date 2/26/02, Ground Plane For Exposed
Package, assigned to the same assignee as the present invention. Field of the Invention The
invention relates to the fabrication of integrated circuit devices, and more patrticularly, to an improved

design of a semiconductor diggResidiep PeseNHieO RS thepesiar pie A bk aaniiconductor industry has for

many years achieved improvements in the performance of semiconductor devices by device
miniaturization and by increasing the 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 oRexlyigRYENDONtEIdEANCENIIENNterconnect lines must thereby
be connected in such a manner that optimum performance can be realized for the completed
package. Good glhaiity basials@bé/mdlatzinetbbboaien sutjacennbyerd)di8adofiingt dites

because meighineRaNeEtinoR are plcalynan NI ARG DA ateal, ditepiann the

range of 5 to 10 microns and must be patte ography aftérned yers must
therefore my&nitsstantially 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 crate surface mounted,
high pin- count integrated circuit packages has been the use of the Quad Flat Pack (Q F P) with
various pipigNducatinRstioer 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 circaitey. iﬁb@lﬁ;ﬁPﬂa&ﬁd‘@uﬁdtt@ basesiteiiectvnfeirsemicendticevidayiced where the
device 1/O pin count does not e d 200. To circum ent t is limj tlon a new package, a Ball Grid
Array (BGPE)TH& ¥ é%aiélﬁlé’é?\"ﬁﬁ? ?ifffzfﬁmllﬁg Efﬁ?b ?ﬁé the electrical contact points are

distributed over the entire bottom surface 1 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 @igscription of the Prior Art

The semiconductor industry has for many years achieved improvements in the
performance of semiconductor devices by device miniaturization and by increasing the
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 crate 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 I/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



Flip Chip packages have in general been used to accommodate increased I/O count combined with
increased high requirements for high performance Integrated Circuits. Flip 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 packagefarovehtheshertesinRaineg bRiaiaPepasel ke RRRIeY A siNdarshian
packaging}ggd to higher levels of integrated packaging (in which the packages are larger) and to more

sophisticatidcioae ReGier Atebits sttt he Bihisg ke St aice Hlisscas o Idg & Rinctional units. For

the packaging ofrspnisandustaceeuisrsithe Rackases iRdhishibsdayiars aracsetainedipigvide
protection of the device from environmental influences such as _mechanical damage or damage

caused by HthEEde e dhrgascpugh Lot dusR e thd pagielet st -iddides the
design of glgstrisaiyotendustbreinieriaerpihaiysiaiie the sleviceda beglegiigalinntpigenaggted with

surroundir‘r}i% circuitry. Increased device density has not only created new demands for input/output

connectiofeEtAARCRE PBPA 4Lresty i thscRpeineratle mdis ke s her o berdipditded per

cubic volumgdcomsinitel theneauieehlp. 181 RitTe-seqwandualer firyice: packageshthendgavige is
mounted in close physical proximity to a heat sink. This is.combined with methods, such as

connectiof&I5F I P ERREMSY 163 M APRESY dOn ettt it BR el AsingIaHk iR B8RPl Wt Sted

package. e £a360, 43kddaffman alvaldhshawspadttiexaitaah paddle andigreunthRiasepligkacpegkage.
us 6,284,57%8_1 (Corisis at al.) describes a structure or a die attach paddle and ground plane for a
package. R 64388 168" 69 BHBRAALE SFEEES RIPHIOLaTas T HRRAMA! WSS 434,750

(Rostoker) showsanathgideadiamesdasiamdDtiMMARE DM picHBPEMIHAN AtRE dekale: objective of
the invention is to provide improved bond reliabiljty for wire bond. interfaces of a semiconductor

package. SRS BERHTE AHETHORN BN T 1ot EAPR s STTARRRISHED AL ANSESsefiBoASuctor

package. @echanical damage or damage caused by moisture affecting exposed surfaces of the device.

Part of the package design includes the design of electrically conductive interfaces that
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 at al.) shows a die attach paddle and ground plane for a
package.

US 6,284,571 B1 (Corisis at al.) describes a structure or 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.



Yet another objective of the invention is to reduce the impact of mismatched Coefficients of Thermal
Expansion (CTE) between components of a semiconductor device 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 leadframeanst thejelieattashpadieeAnaT Whieh tBguseMikonsUaEer slevigenattneunted. B
R | E F DESCRIPTION OF THE DRAWINGS Fig | shows a cross section of a first Prior Art exposed

pad pack&ERsiEsspoheimab ESRansinth (GFLEIMSENAcBFOMBRNSHSS eha PRBipeRILer ffyicsa and

3b respegtiuglygghow 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 thefeAf LERATI PN RRNSEER HipihsdinE i Bhdpers fseh b rraK b ifathsp view
and a crogssseetipn e fitshdesoirantc sirRion Ohibe v entssufdplshehowsdedseddimapsional view

of a leadframe design of the invention. Figs. 7a and 7b regs}gectivel show a top view and a cross
€

section oftBslsadfiamealis st oML sbrees Jue derdams 1ad ghedieigtast ity view of

a third andwafeithleadfsameslesign el tbeinveatiesd. 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 m@%?ﬁ@%%ﬁ@ﬁ%@ﬂ\%ﬁﬁttﬁﬂ lwﬁgr(t}lge die and further
of electric

encapsulates bond wires that are connected to points al contact on the active surface of die

and that intercormg_c} E*ﬁ%»%%‘@_fmseJS&EQﬁadﬁéafﬁ%ﬁ%M}'ﬂ%@&%&3&%@5&1&@@1‘ the die to surrounding
h k lly mounted

circuitry. The semiconductor die of the package is typically nted over adie-paddle, the purpose of
the die-paddle iFig-ehslisie amdrisesastinne he aeaisdiBanoA fieapthe @ pid nedidgounding surfaces,

typically the Surf@fg%%e?ﬁ%%ﬁ%@x@bw %Hb%&zpﬁqu%?ewggﬁ)q 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



for the metal traces that connect the semiconductor device with surrounding circuitry. One of the more
serious problems that is encountered in the application of die-paddles 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 wigesthetweandhe disfaad the fiaipaddie acbetaradhindia nadeieng:svaeyssipe:around

connections. A remaining problem however is delamination that occurs in the interface between the

mold comPdRRmsil YarrsdBattring LR FHCRBIVE PRSI CoEOMRING SHEBIENd improved

connectivity thesite.oMieradhesdicrRapiBlésne RSB entys RIS KA BDE RSRACEIN SEYEIR SINCE
such an exposure offers a ready path of moisture penetration into the mold compound. Added to the

severity of'tHi§ prapiemofdelarimnation e hichasrisich sxRrece dimadtcotursindmRIOEHRsaR (CTE)

between agigeentstiéargerraAMROEINS pi@ak dateHINGUBEABNMISMS tandAxPRIES &f Bpnded
surfaces, through an exposed die-paddle, to drastic environmental changes such as changes in

temperatfFORITEG YAGW SotissdisgVithd fhvariRoRcagrrud sutrebetdshtehis By prs\Viling 'S unique

leadframeygaafiig uratieny cethighetakespiial acspuniicensidaiations ol inpiavairterockingiafmdjacent
elements of the package of a semiconductor die and.of proper shielding of sensitive areas against

drastic emARISHMAICYAEA dslPHBAMON RGOS Ao\t B eed T BIa AR U R,
purposes gfdrareasedHndey siandipniefi the inyaotien @itate regiesiearhd phffesesdaithhedwagn prior

art methods and the invention, prior art methods of creatﬂ% a semiconductgr package in which a
[

leadframd e iV eRIb aricamtlla Bremeisshidhly MgMEGhER B SR haNsSS 5o Birsbttod of
packagingd S§Hiaendapierieviee pattoviin kigrelp afetitofollawing elenraispdithd Raatsink or a

Printed circuit Board (PCB) over which the semiconductor .device 12 is mounted 12, a semiconductor

die that is RO INThA 1 AKAE B the bRS BBl gﬁ&mﬁ?ﬁﬁg.@e Joochi s oo MEHA ires

that intercexmesiqao(sBBefwaleatr¢akeaniactorn tie stifaaentd, laadl anteBoruith meditmahelectrical
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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

e 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



4 die 12 with metal traces 38 for further interconnection of the die 12 to surrounding circuitry 0 27 and
29, two ground wires that provide short and low resistivity ground interconnects between the ground
points (not shown) on the surface of die 12 and ground points of interconnect 39 on the surface of the
die-paddle 34 0 32, an encapsulation or molding compound that surrounds die 12 and that further

encapsulates bond wirgge26 2itk8a8d1 2823438 FrRsfusdeHon efdbenexnesesk digspaddie op the
surface of which semiconductor die 12 is mounted; the purpose of the die-paddle 34 is to enable and

to enhance heat dissipSHFRHRSIREFEIERMY to surrounding surfaces, typically the surface of heat sink

10; in addition.the dle'@dglﬁi%f"@@dﬁ%ﬁ% @H@Eytﬁ%f g’?&ﬁ&”%ﬁﬁpﬁﬁﬁ%\gr%ﬁﬁi&%@”ﬁ%ﬂ%s o
between the die 12 and the heat sink or Printed Circuit Board (PCB) 10 0 3 5, the leadframe providing

support for metal tracedMeECPANSLE BRGNS SEHRDABdNaE YD) AithesrGR s gl dity; it

must be noted that elemanis,3dd(fRerdiePaddinnec el fiacesR? anthsialpaalilead of and
constitute the leadframe 35 0 36, solder plating that is used as an interface between the leadframe 35

and the heat sink/PCB320 "3en5aRPBotian <ok &npsiagn g wareuashthatcruammén de slriadett

leadframe 35 and the gigrpadde.3d.{t-PeiRRsEEQf Ryoyiding paints of electrical interconnect for
bond wires 26-29 The cross-section that is shown in Fig. | is hereby used to specifically indicate above

highlighted problemeares thatrafiseeding thie Bsnvaneeialdisetrdd ofanolsting tecsenticohatistor
device, of which the crogsysecHan QbF%id 5P GRaRIAiY he PESR N WHSMSALE JNAAERSs 1o

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 foahl$ sk locidiansidisiitgissitidisa Hsimshie ode teadinerrsihiglyfaesct-yield

losses; this effect is espagially AU AN ROl SIETOWARfIE GRURESH LY 408e 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
e 36, solder plating that is used as an interface between the leadframe 35 and the
heat sink/PCB 10
e 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



significant mismatch of the Coefficient of Thermal Expansion (CTE) between the interfacing elements
5 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 angd syRsgqyer; delamiationieg suilace atihedigpasdie prie R galemgf the

device package that is shown in Fig. 1 can be summarized as follows. Die-paddle delamination has

been a major problem fsialigchadanysHpattare aspYEiPHdHHGSINBDIEssS opfadsembinthbe

package. Electrical perfpjrpanceris tyRigaly eRhaneRerR¥PIRVIRINGRIREN grnding 8§ dhsrate
semiconductor device with, as previous&; highlighted, providing bonding wires between the die and

the die-paddle and frond{H@giEfandrb 4518 BigurBmPRiRiEle PTRMmRIING sRritdd addbiendquired

bolding intefCO””eCtioné‘tIi@ssSiﬂﬁi@E@é‘%\ﬁ&%Bﬁlﬁliﬁﬁﬂaﬁ){@@ﬂ@ﬂﬂ@é@BfQBH"'ﬁéi?lﬂﬁﬂ@.'aﬂng 36 that is
used as an interface between the lea

frame (points 42, Fi?gol) and the silverogﬁating interface (points
40, Fig. 1). Espetigiyrostemoefutis ﬂ%‘(ﬂ%ﬁﬁﬁsﬁaed%%éﬂé tHad s g dseN RFiR IR %L ASs of
package asaeWInIbg maistHEe. RERAIAIRR I8 RhMORRjSEPRIKER e LRANIRE tREPHHCEPaIGPNtaINS
a standard embedded die paddle. The primary factors caus_i%r%i; delamination of the top surface of the
t

die-paddI€ypiBimtac 20geRs, Af) s mbliam e et pee olaiseH sy fosBiRes Epanedy colrrcpdiween

inteffaCin%y%@ﬁﬁﬁgalﬂ%ﬁéﬁ@ﬂﬁlﬂiﬁgﬂtﬁ%é%@HR@H&‘QCEB?@B%@%H@% BvidaePAxyhihatisiused in
the package and the leadframe of the packa&le, and exposure of bonde surfaces@&ﬁrough the
exposed diepdiadoR g sticesRag iheArdMhiBhErRadditoms JIRm 4 ditrgddsisdniRrature

or. MoistgigiENPOoSeeepecRNdERRVEstioNRl Nethadref RauRAY seImicoNductes HREaS ISishown in
the cross section of Fig. 2, in which the following elements are highlighted: 12, the mounted
semicondiietsfigratly compromised by delamination of the solder plating 36 that is used as an
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:
e mismatch of the Coefficient of Thermal Expansion (CTE) between interfacing
surfaces and materials
e 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 and therewith-

connected bond wires



27, ground wires 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 32, the molding compound that is used to
encapsulate die and therewith- connected bond wires 6 0 34, the die paddle of the package over the
surface of which die 12 is mounted 0 35, the leadframe, surrounding die paddle 34 and the thereover

mounted die 12, usgd for 9{9\1@59&@@8&9@?9 CHVE intesarnpesisnrhehown)s Reswren die 12
and surrounding circuitry (not shown), and 0 37, a die attach paste, applied for interfacing between die

12 and die paddle 34, providinepditagienanyesrtingtilie paddlpctivenn thedborgreenwvunéededitss. The
die paddle 34 functions)as g haatgipkjo dissipaladhfohsathiriisgenairiedpuihe gﬁf{]igﬁ{)@ﬁ?mf

device 12. Such a heat sink is typically soldered to a Printed Circuit Board 10 in order to achieve
improved heat dissipatibefWeRe gfally seheetvediageTpisyinideems). #iis purpose, creating a path

Of h & at dissipation aheqMRISRS .48 ARHLE ML Sl IR ARG REAS G0 BRI

solder interconnects (not s h o w n) and the PCB 10. Ground wirés 27 can further be provided between
the active surface of dié4.Pevddireadiecpaaldyecgadadie sriashbshvssadifisallptit dresstemgpdviding a

ground plane, byrexpanaling dhe lradae of ASRIIEN NGB! RaRkIRG: e DY AW dhe

providing improved bond reliability reducing stress related defects in the package, and reducing

effects of saisiPRANGOCIFFI 61 Ithebrsdily hersrinkiny wlpadintsoddarrs toacRagtedrigraat Svawds 14 top
view of a copventional leadiramedasien HRGsin sPeriicaly ¥ diahlionied te;slemenis fr0. the

inner leads of the leadframe, and 0 34, the die attach paddlée. A cross section of the die-attach paddle,
taken alofgitiains £r3ating theabplibg of HEigirzsior duseemnrmes tis. dipatéiebapisiicid ivifieh

leadframe; 3o ig.arpiadivih iGRRERGLS NadinRAAMRRA BARIBDIeH dRdhr.asegs fection of Fig. 3.

Ground wires 27 can further be provided between the active surface 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

o reducing stress related defects in the package, and

e 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

e 56, the leadframe.



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: 0
52, the die attach paddle 0 54, the ground plane of the invention, and 0 56, the leadframe. 7 Although

in the cross sectiophhiaiis e iRsHee o thirad kR (RPFaNG the digdmiiach Paddie (Réhare part

of this cross section, these elements are highlighted in the cross section of Fig. 4 as new elements. It

must theratgBePrdAlerhisarats Pait lolus SRS rstiene isntscit i ese h ishiahicshin IBsasFaMie are

not in themsalieMpifiadRyrhe invaRiien RuhiRimmRakefr NewRHRIGEMRNtREdhenveRiien
whereby, Fig. 4, the \%é(ound plane 54 is inter%osed between the die attached paddle 52 and the

leadframe S81ee b\ @R Rt S g deadtiams Aameigib HisprivRs-aadifisrth BY <A drEREBrovided
as a new piNittef et IRAW VRt Sasiarn ree undRiRmewhérenlt hig. invertianisdParkef taeis

leadframe 5 6. This is further hi hlrig?hted in Figs. 5a and 5b. Fig, 5a shows a top view of a leadframe

of the invaHGERLSRhBraNFEh s RFarBe ittt ahe BrolsadiRmce8a Wil MR8 of the
leadframeyid hessR S aeRligR U DIS RN RAAHINIGs R dEfBke praaaedhe ing-Rb-aht FTowk iaifkig. Sa.
The construction as shown in cross section in Fig. 5b, clearly highlights the interposition of the ground
plane 54 'HBRVBRYFLHESHB AR DRINE 52 srid the [ENGHEMC' 582EiG! E'SHENE A& dlierSional
view of theelie-aHRGN Eaddie P2with tid Biereto attached ground plane 54. The attachment between
the die attach paddle 52 and the ground plane 54 js achieved by means of tie-bars 60, It must be

noted in the threB&imBriSRRSIAaR Bt & chiRRTTATRS Ok Hat thatiol akhSFRIB HERAE Y& plane of

the groungighiiaaed ardsidanglpreobthendierrtiasbrpaaeles s fanofteatitat isTabtaioadseytan
mechanical down-set process_which moves the tie bars 60 in a downward slgr%gg angle from the

plane of tHPGIHENI MR B4 5P Bt Plarksd Ao Rinite N BeiRd et d MO LR Birs or
straight mgiadsifingsidrsectnshing g div, altaety pagslighihise sntlustatec Wsing pigsndadpamnd 39, where

the 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 Fig. 7a and 7b) has been shown as comprising small,
metal construots 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



ground plane 62 (not highlighted in Fig. 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,Jngial GUIRIrsgtamBiferpndiiswe ssésithatashenbot miﬁ%?%ﬁaﬂf;&laer&i%ﬁi@e@|tﬁ@nStrUCtS
53 are not exposed while the bottom surface of the die paddle 52 will be exposed for reasons of

thermal di¥¥ipaaBrAcatersRseth g atm ey ifeddmibe THEpseQdas saRls 51l ¢ARSEUAS dRding mold

compound providggliasiition@tSiRES relievs andaoprevegintadeskinthetyeen-thawdiaistiagh paddle
52, the 8 ground plane 54 and the leadframe (56, Fig. 4), thus providing enhanced reliability of the
wire bond%a 13 Frovikrraty irest maid! BrIRELIEAE SMAaP CORSRIRS S8 ditional

alternatives (g ghewyreationcafine aiaund dlaor afthds padaniion are shigilighted in Figs. 8a and 8b,
whereby longer metal bars 64 (Fig. 8a) or a contiguous frame 66 (Fig. béél?ttached at corners of the

8
die attach paddid 52 Bthedothat Thethetion tharsecalen & the crOMGEAMICIAR Baskiesnalidts:

package of{betidavestipnseoOMBIRSS tte steps of providing a semiconductor die providing the
leadframe/ground plane/die paddle attach arrangement of the invention providing a layer of die attach
paste over the surfate BIAHE @B eI Puliarer Bissitioning the semiconductor die over the layer of die

attach paste, thereby Hfé@i@ﬁiggtﬁﬁeléﬁ&f%\fﬁé/g}&ﬂﬁ pitacRag iR PIMEN G EAUEINCOf the

interconnects between the die and surrounding points of electrical contact by: 1. providing conductive
interconnects of signal Wifg¥1Yround wires and power wires between points of electrical contact on

the active surface of the.SEMIEPRRHIICS Clig.aRd YRR VeleGiicalEonAchoiaSUABSER] the lead

frame, and 2. providing conductive interconnects of ground wires between points of electrical contact
on the active surface obttétisamidilsetwcaidenter (the 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

e 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 f

the package.

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

e 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 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 f the package. To
summarize the invention, by providing a ground plane that physically interfaces between the die

attach paddle and the 1 g rameiihaeackags ibg dnralieshagLrenddedadrr: p IMOYRAINd
connectivity between the die and surrounding surfaces, most notably between ground points on the

active surface of the di®'ane/'sasrGansing pointaobt epBumandterdempidiagcimproved mechanical
interfacing betweenthgdgC%[{%%&%gg[ﬁJgfwi&@g@{mgf(giamg MJ@@ mold compound of the

package reduced exposure of ground interconnects of the package reduced exposure to effects of

mismatch of the CTE ofathesedathpivriendaoindgicetnoponsnistef tiethatkbgef oty tivdenkaethfor

making ground connecg’glq?g%ﬁng Qﬁlféﬁ?a%'il ddle of the package, replacing these ground
connections with ground connection to the ground plane of he invention, and reduced the exposure of

bonded surfaces sirrce ttmarelifie plegtk fof thhekingegrtiondisembettedintbendaichtachpgmddic after this

mold compound has baen applied. ANngugh e YRR MA%ReEN.desabed andllugtiaegwith
reference to specific iIIus%at%%%r’n%%ﬁ%egﬂst eg}eo I|ft%|s not fn(%ende %at tﬁhe inventllonie%mited to
those illustrative emboginvedtslanhoddskilkedtinrthandrt will recognize that variations and modifications

can be made Withou.t d%&aﬁr&n(p Hl%m the s éritog;f lt)p)g 'Qxesnt} n. It isthgrﬁggrerinteﬁ?]%qgn%o g}cltlﬁde within

the invention all such variations and nodrfications which 1al a%ﬁhlsrlln&e sco[%e%qEl appendedﬁclams
and equivalents thereofnténtinatsisolbiwdgdlisn 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 clams and equivalents thereof.
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| 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 beingpaialieliwith a-plane of said die attach paddle, a plane of said ground plane further being
parallel with a plane of said lead frame. 2. The interface of claim 1, said physical and thereto

connected interface beAneen&@iddieatiachmagdle anchraiskiead: frameeomphsiegnmpetductor
interconnects in metal strip form, a plane of said metal interconnects intersecting a plane of said die
attach paaa?igaﬁﬁocé’mlélﬁéfe. 3. The interface of claim 1, said ground plane comprising an
uninterrupted fragnie ana&i[aw(ﬁuerounding said die attach paddle, said ground plane comprising a
square or rectangular.geometrjc shape when viewed in top view. 4. The interface of claim 1, said
ground plane cofh qﬁ "Zﬂ?eﬁa ted layers of metal spatially surrounding said die attach paddle, said

ground-plane comprising pl&RUa e @hyrﬁciaagdlﬁfega@m@mecsétapﬁe\ﬁbwbew&d Waiodiviewach. A
semiconductor device pac mpri a semico ice, emiconductor device being
ounted over a die attigH Bad S S Bt e AR o S HoEH e e BT

surface of said die attalﬁeh\paddtepaaiea@hfreemiedﬁomﬂatﬂtlpadda@aﬁma\qumbmmb%de&@m the

surface of said lead fra ound plane, f rm| a Iand the ocon ect d jnterfac
between said die attach %d&?{é é%ﬁ&q r?%"égpg ]fg%{&gfr ?i‘?]ep? fﬂa a5 rl%osed

between a plane of sa@aﬂdlattac;ﬂapadﬂea&h(glalniarlﬂahfs%lﬂﬂﬁabimﬁgma,aaqilanﬁ af sgithgrard

plane being parallel W|th de Hefrg}‘nseald die |l

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 an uninterrupted frame
spatially surrounding said die attach paddle, said ground plane comprising a square or

rectangular geometric shape when viewed in top view.

4. The interface of claim 1, said ground plane comprising separated layers of
metal spatially surrounding said die attach paddle, said ground-plane comprising a square or

rectangular geometric shape when viewed in top view.

5. 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, conductive traces having been provided over the surface of said lead
frame;

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

11



attach paddle, a plane of said ground plane further being parallel with a plane of said lead frame; first
conductive interconnects having been provided between points of electrical contact on an active
surface of the semiconductor die and said conductive traces having been provided over the surface of
said lead frame; second conductive interconnects having been provided between points of electrical

contact on an active Suﬁmgﬁﬂlﬁéﬁrﬁiﬁﬁé@%&% digapraid aranadiiangaandiaweie gampound

overlying said die attach paddle, further enclosing said ground plane, further enclosing said first and
second conductive inteficibidad Fier enclosing said lead frame by a measurable amount. 6. The

semiconductor dgMce Aatkane ahelaiohRediddisicoeGiive idatelsanrestpbriRdoselestastilom the

group consisting. of signal wires and ground wires and power wires. 7. The semiconductor device

package of claim 5, sai@¥REnA B8R AENRFeSHitRTe i tia s eaiRpREISE HriGRIdiTad. gomdystive

semiconductor device pagkagarheBith prevideRNSEH Sad thereilacoagteshinterface between said
die attach paddle and said lead frame comprising metal interconnects in metal strip form, a plane of

said metal interc¥iH86tS RIS AR br NaxinsRe s RERV iR ivser Reindn Qe Sl cHiea]

semiconductor device paskageRfhelaiv Saifl @ etskrdndddRiGemPIRING daRdnintardplatframe
spatially surrounding said die attach paddle, said ground plane comprising a square or rectangular

geometric shape when WPwed in top view. 10. The semiconductor device package of claim 5, said

ground plane compiisin@osgRanaiesviaygisoffaetat snatially fakuneing said sip attach gaddie, said
ground plane comprising a square or rectangular geometric shape when viewed in top view. 11. An
%é’ﬁii

interface for mounting @ %8fmicitAGESPHENIES ifilsdic arducrs h GeRE B PRSI A attach

paddle; a leadframe; andthg@rewdspignaiasadhyvsicdpnchhsieidleanmesied interface between said
die attach

6. The semiconductor device package of claim 5, said first conductive
interconnects being selected from the group consisting. of signal wires and ground wires and

power wires.

7. The semiconductor device package of claim 5, said second conductive

interconnects comprising ground wires.

8. The semiconductor device package of claim 5, 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.

9. The semiconductor device package of claim 5, said ground plane comprising
an uninterrupted frame spatially surrounding said die attach paddle, said ground plane

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

10. The semiconductor device package of claim 5, said ground plane comprising
separated layers of metal spatially surrounding said die attach paddle, said ground plane

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

11. 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
12



paddle and said lead frame, a plane of said ground plane being interposed 12 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 metaddatergRABestsimnactalabippiRim: asdangigisaidsmataldatareaangcts
intersecting a plane of said die attach paddle under an angle. 12. The interface of claim 11, said

ground plane comprisin4 Wirtdtupidriane Pringipsaidurihg Lreistattiendadiretsaid
ground plane comprisingh@dssuape R JESRNGHaE OFRMELIRIRhaRMYPeAVEWRH INJRAYIEWaB. The

interface of claim 11, said ground plane comprising separated layers of metal spatially surrounding

said die attach paddle, $31 Gt pidmb¥Rbrah dheisir snpreted dateitar fsowrsticdApe when

viewed in top view. 14. Arg@imjpaaeiehr Sieviceinagka@es SapNisingiRa$eMISONRIMNERT derer) said
semiconductor device being mounted over a die attach paddle after a layer of die attach paste has

been deposited over th&EArfaEE-¢f Rlang afsatbosBhiircopnestriatns ceipaaioacudcidididiving

been provided over theastadreaRflsaigdaash dkme; 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 interposedXetwaeiz driafeobsaithiie Blfachdagsliadnpthacplamepokisaicaleashiftamstedplane of
said ground plane heing paralle). with a pJane of said.dje attach paddle, a plane of said ground plane
forther Dol BoRaT o B T A T TS st GO @ e KPRt A B
provided betwegilfpaiasmefriisatipealconiastahiamopotive surface of the semiconductor die and said

conductive traces having been provided over the surface of said lead frame, said first conductive
interconnects beldg sel@btethfeofacthefgrioup ddnsistingafmsigrahe comprising separated layers of

metal spatially surrounding said die attach paddle, said ground plane comprising a square or

rectangular geometric shape when viewed in top view.

14. 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, conductive traces having been provided over the surface of said lead
frame;

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;

first conductive interconnects having been provided between points of electrical
contact on an active surface of the semiconductor die and said conductive
traces having been provided over 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;
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wires and ground wires and power wires; 13 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 anQull tandiivemicsiveles device Baskags alcalabeldnspidiecondicanduarctive

interconnects comprising ground wires. 16. The semiconductor deviceégackagelof claim 14, said
physical and thereto cGRAEeRMiAteAEE BURMSEP 5 e eacH iaitie antisaifoerosadralnes:

comprising metal intergggnects 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 14,

said ground plarfe BOprmRPUY iFiRgfai ndifmatigshingLerdham grelasitre satth&saddie,

said ground plane COMpHSHGABOUHE KL GRAGHIALE8QREHICShane Wb aiteiNeeL Rpview. 18.
The semiconductor device package, of claim 14, said ground plane comprising separated layers of

metal spatially surroundif S48 Shiddeadfryaedna Ssasyrabiid MY comprising a square or
rectangular geometric shape when viewed in top view. 19. A semiconductor. device package,
ompriaing: & seTacondbior SR AL AR S RASERSE b 1 BB g iheaer Ut P et
paddle aftarcadayescef dimpiisial pasiedhaidieen deposited over the surface of said die attach paddle;

a leadframe, conductive traces having been provided over the surface of said lead frame; a ground
plane, forming alghysicihandifiesatmconnistied ipiekiare dfetiaemn Shidadie pattsichl padd b ane said
lead frame, a plane of said ground plane bging, inter d between. a plane of said die attach paddle
and a placg BF e S RN DS A A Pl e
attach paddiecanplateiofraaial gtopridmplanepfamthef bethgpatalieinotmecslamersecting a plane of

said die attach paddle under an angle.

17. The semiconductor device package of claim 14, said ground plane comprising
an uninterrupted frame spatially surrounding said die attach paddle, said ground plane

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

18. The semiconductor device package of claim 14, said ground plane comprising
separated layers of metal spatially surrounding said die attach paddle, said ground plane

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

19. 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, conductive traces having been provided over the surface of said lead
frame;

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;

first conductive interconnects having been provided between points of electrical
contact on an active surface of the semiconductor die and said conductive

14



of said lead frame; first conductive interconnects having been provided between points of electrical
contact on an active surface of the semiconductor die and said conductive 14 traces having been
provided over 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 begRRravidag Betywgsowaiats efelastieahcoptasionaa artive, saitper@f the
semiconductor die and said ground plane, said second conductive interconnects comprising ground

wires; and a mold com;SSH%CBV&W%@C%%’?&‘H%%{&%ﬁ%%ﬁﬁ%‘ie,frﬂmﬁé? SRS Ry UsithgRusig Blane,

further enclosing said fifstashaesensiconeysiysuercamaects, further enclosing said lead frame by
a measurable amount. 20. The semiconductor device package of claim 19, said_physical and thereto

connected interfAEePBRGAAIHLRIA HIEPHRABRHA BRI SNFSR AR UAK PREMEEM AL thatagtrical

interconnects in metal gsiRderah akRACO sFdMgtaldniatennREiSINIR saatigiagrlang pfasaid die
attach paddle under an angle. 21. The semiconductor device package of claim 19, said ground plane

comprising an uninterrSHEIFFAE LIS RIFSARBHE SAMRIISSEEN BAAArEs<d ground plane
comprising a squargoM lesipdauttgeaveirisashaRe Mhen YIRWRD Mdop:VigModde TR gRIGaNductor
device package of claim 19, said ground plane comprising separated layers of metal spatially

surrounding said die atRlRRAYMET SarbogtRa S bANE 2R ATSARthE A Mt e B FetaRY AP RS metric

shape when viewed in g M@Ws d8d lead frame by a measurable amount.

20. The semiconductor device package of claim 19, 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.

21. The semiconductor device package of claim 19, said ground plane comprising
an uninterrupted frame spatially surrounding said die attach paddle, said ground plane

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

22. The semiconductor device package of claim 19, said ground plane comprising
separated layers of metal spatially surrounding said die attach paddle, said ground plane

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