14 October 2004 GROUND PLANE FOR EXPOSED PACKAGE BACKGROUND OF THE INVENTION
(1) Field of the Invention The invention relates to the fabrication of integrated_ circuit device %j more
particularly, to an improved design of a semiconductor die paddle. (2) Descrﬂp%io%co??%eeﬁr%?i t The
semiconductor industry has for many years achieved improvements in the performance of semiconductor

devices by device miniaturizatiggoanghby inareasiog thecdevice paskaging 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 planariy oKrstcalse bemmaintainec betwern 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 1

(1) Field of the Invention

The invention relates to the fabrication of integrated
circuit devices, and more particularly, to an improved design of

a semiconductor die paddle.

(2) Description 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



14 October 2004 (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 hCi)gh pin-co é integrated
circuit packages has been the use of the Quad Flat Pack (QFP) with variouspin c%ﬁﬁé&r%tgg “For the
QFP, closely spaced leads along the four edges of the flat package are used for making electrical

connectionsifrem where the sdeginical connestions ane-distributad 1o the-sursaundieg giscuiyyaThe QFP
has found to be cost- effective for semiconductor devices where the device 1/O pin count does not
exceed 20Pa $e cirteumyeat thiscimitatjer; 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. Flip Chip packages
have in general beea usedtibaceorimoddte aippteasedd O count combined withsindreasedhigh e
requirements for high performance Integrated Circuits. Flip chip technology fabricates bumps (typically
Pb/Sn soldery 6a @uminunt pads andhintercennects thenbemps diréctly tathetpackakingmediss which

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/0 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.

Flip Chip packages have in general been used to accommodate
increased I/0 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



2 14 October 2004 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 packages are larger) and to %%fé%gﬁhigé?aﬁed
packaging media that accommodate several chips to form larger functional units. For the packaging of

semicondugter deyices, he paskagesdn whichithe devices areweontained provide protection: of the device
from environmental influences such as mechanical damage or damage caused by moisture affecting

exposed syHaeesiofthedevise: Past of thepackage desighicludes thegesigitofeleetsicatineenductive
interfaces that enable the device to be electrically interconnected with surrounding circuitry. Increased
device deansityrbasnotanlysseated nevddemands dardnputieutpat cegneacticnsofibe Weyicedbut has
also caused considerable more thermal energy to be expanded per cubic volume content of the device.
In many ofitheskemicdnductegdeviesi paekages] the devicerhs cnourted i closgghysical proxinity to a
heat sink. This is combined with methods, such as connections of low resistance to thermal heat
conductivigmthat arenimpleserited asqareof thecpackage. media that accommodate

several chips to form larger functional units.

For the packaging of semiconductor devices, the packages in
which the devices are contained provide protection of the device
from environmental influences such as mechanical 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.



3 14 October 2004 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 atta ddle and ground plane
for a package. US 6,096,163 (Wensel) shows a process for adhesives to a Ie%l frafme 265 gﬁgjﬁT?SO
(Rostoker) shows another leadframe design. SUMMARY OF THE INVENTION A principle objective of the

invention is to prayidesimproyed bonddeliakilityder wire pogddntertaces of asemisopdudorpackage.
Another objective of the invention is to reduce stress related problems in a semiconductor package. Yet
another objectivecdfdhe tvention ds tsreduige the impact of mismatched Coefficients of Thermal
Expansion (CTE) between components of a semiconductor device package. 4 14 October 2004 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

US 6,284,571 Bl (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 a

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.



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%*@) S a Cross
section of a first Prior Art exposed pad package. Fig. 2 shows a cross sectior\pgf 8%58%%& i ?N rt
exposed pad package. Figs. 3a and 3b respectively show a top view and a cross section of a

conventional leadframe desigankig. #ishowsa Crasssection of assempisonduciar pagkageriawwhich the
leadframe design of the invention, incorporating therein a ground plane, has been applied. Figs. 5a and

5b respectivaly show @ tepatiew anderosssegten ghadirstdeadisarne designrofthe invention. 5 14
October 2004 Fig. 6 shows a three dimensional view of a leadframe design of the invention. Figs. 7a and
7b respectivety shoumhactoprviews angdae crassgestion op asesond leateame desige afdhe inveption. Figs.
8a and 8b respectively show a top view of a third and a fourth leadframe design of the invention.

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 cross section of a first Prior Art exposed

pad package.

Fig. 2 shows a cross section of a second Prior Art exposed

pad package.

Figs. 3a and 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.



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 aieas or surfaces

surrounding the die that is mounted in the package. An encapsulation mold dr m%Fat&k))r%ﬁo%r%) ﬂ/pically
surrounds the die and further encapsulates bond wires that are connected to points of electrical contact

on the active surfagg .ofdlie mpddhat intereenngchdhe dienwith elegtricat traces forr further datereannection
of the die to surrounding circuitry. The semiconductor die of the package is typically mounted over a die-

paddle, the pumpaseiefithe diespaddle is to enable and to enhance heat dissipation from the die to
surrounding surfaces, typically the surface of a heat sink. A leadframe provides support for the 6 14
October 2004 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, whichgeccurs ai eXpased diecpaddlie surfaceswmpravements\of dhel electricad performance
of the packaged semiconductor device is typically achieved by proper grounding of the die with for
instance graundiwites betweernrthedlie candihertdie-paddigrorof 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 die to surrounding surfaces, typically

the surface of a heat sink. A leadframe provides support for the



between the die-paddle and surrounding ground connections. A remaining problem however is
delamination that occurs in the interface between the mold compound and surfaces that areQSi ver plated
for improved contact resistance and improved connectivity thereto. Where th didpa ise 4OSed, this
problem can be especially severe since such an exposure offers a ready path of moisture penetration

into the meldcompotinel Adged {0 e severipnef thisprebledm are such-factersiastmismatch of the
Coefficient of Thermal Expansion (CTE) between adjacent surfaces or components, weak interlocking

mechanisras angexposyre-af- banded surfaces, through an exposed die-paddle, to drastic environmental
changes such as changes in temperature during reflow processing. 7 14 October 2004 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 shieldingref sefisitive ateas againsbdrastie @nvisormentat changes: dihetdasign ofithehdénvention
provides reduced delamination. For purposes of increased understanding of the invention and to more
clearly differgntiateabetweentpribrarpmetiicds dnd thee 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 delamination that occurs in the

interface between the mold compound and surfaces that are silver

plated for improved contact resistance and improved connectivity

thereto. Where the die-paddle is exposed, this problem can be

especially severe since such an exposure offers a ready path of

moisture penetration into the mold compound. Added to the

severity of this problem are such factors as mismatch of the

Coefficient of Thermal Expansion (CTE) between adjacent surfaces

or components, weak interlocking mechanisms and exposure of

bonded surfaces, through an exposed die-paddle, to drastic

environmental changes such as changes in temperature during

reflow processing.



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 paf[l%?%i)ng%ag%ami %ré) uctor
device, shown in Fig. 1 are the following elements: - 10, a heat sink or a Printe ircuit Bdar (PCB) over
which the semiconductor device 12 is mounted - 12, a semiconductor die that is mounted in the package

of the cross sectigieshiowr inckign 1adfrand 28, a-signalbnires tatinteconneat pejnts 38 ofrelectrical
contact on the surface of leadframe 35 with points of electrical contact (not shown) provided over the

active surfaee oxfdied 2:-theseqsignal wires intereennectdhe diecl? withduetal 8 d4<Qetobet 2604 traces
38 for further interconnection of the die 12 to surrounding circuitry - 27 and 29, two ground wires that
provide sher antblowt ¢esistivityground ingerconaagtsdeetween dhe grounsitpaints (pat ishewn) pndhe
surface of die 12 and ground points of interconnect 39 on the surface of the die-paddle 34 - 32, an
encapsulatiem de malding congpctneribab suseundsrdietl2e andribatftirthen encapstlates bond wires 26,
27,28 and 29

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:
- 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
- 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 die 12 with metal



- 34, a cross section of the exposed die-paddle on the surface of which semiconductor die 12 is mounted,;
the purpose of the die- paddle 34 is to enable and to enhance heat dissipation from t die

surrounding surfaces, typically the surface of heat sink 10; in addition the di éa&ﬂ% fﬁro% es the
ability for short and improved ground connections between the die 12 and the heat sink or Printed Circuit

Board (PCB)d8=s3% ¢he leadfiarte providing suppad derimetal tracgs 38ithat zoppect the semiconductor
device 12 with surrounding circuitry; it must be noted that elements 34 (the die-paddle) and metal traces

38 and 39 ae all padiefandicanstitine 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 ofleadfsarne 35tand theddiedadiie-34 for-purpeses at psonvidingapaints ©f electrical
interconnect for bond wires 26-29 9 14 October 2004 The cross-section that is shown in Fig. 1 is hereby
used to specificatly wridigatgrahove highlightec peollemiareas ¢hattatisegusingdhe conventionat method of
mounting a semiconductor device, of which the cross-section of Fig. 1 is representative. These problems
are: shown) on the surface of die 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, a cross section of the exposed die-paddle on the surface of

which semiconductor die 12 is mounted; the purpose of the die-

paddle 34 is to enable and to enhance heat dissipation from the

die 12 to surrounding surfaces, typically the surface of heat

sink 10; in addition 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

- 35, the leadframe providing support for metal traces 38 that

connect the semiconductor device 12 with surrounding circuitry;

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 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, leadi Bo high
product-yield losses; this effect is especially acute during solder reflow and i %aﬁgéé’ ]Byeﬁhgilg%ificant
mismatch of the Coefficient of Thermal Expansion (CTE) between the interfacing elements - the areas

highlighted as areas-42.tbese akeasiofrexpostre: previdapaihs ofirglativelyseasy-apistureqeenetration
during the process of assembly of the package; the moisture that penetrates in this manner is prone to

evaporate ghEpg fetlew apdididinga bighutesiperatuge progessinges £ausing agdiionat stiessand e
subsequent delamination in the surface of the die-paddle. The problem of the device package that is
shown in kig.ihcarhke summarizedras folews oRbie-paddie celaminatieahas heenc: srajoe priakiem for
die-paddles that are exposed during the process of assembling the package. Electrical performance is
typically emhanted by previdinggepercgroonding afithe semicondyetarskh 14 Ooteheri2R0z4edevice with,
as previously highlighted, providing bonding wires between the die and the die-paddle and from the
die-paddledeatls o greurd. However, reliability of the therefore required bonding

- 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

- 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 of the device package that is shown in Fig. 1
can be summarized as follows. Die-paddle delamination has been a
major problem for die-paddles that are exposed during the process
of assembling the package. Electrical performance is typically

enhanced by providing proper grounding of the semiconductor

10



interconnections is significantly 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 inte féace g%nts 4%) hg 1).
Especially, for products that contain a die- paddle that is exposed during the 0CRsE %]éc §§e
assembly, the moisture penetration is of more serious concern than for product that contains a standard

embeddedydig-paddie. thhe primapeiactars causingrdelaminationof $he tomsuniagesah thediespaddle

(points 40, Fig. 1) are: mismatch of the Coefficient of Thermal Expansion (CTE) between interfacing
surfaces apdinaterialsha waak iterlackingimecbanismebetween:tbe eppxy fat-ip Haaed Jn the package

and the leadframe of the package, and exposure of bonded surfaces (through the exposed die-paddle)
to drastic changesun &nvironaenta) conditiaps stuekyas thanges Ha tempeeatukecarimeistirerexpogure. A
second conventional method of mounting semiconductor devices is shown in the cross section of Fig. 2,
in which then tellowing etements ate highlighted: 44 t1dyOctoer 2004 e A 2, thelgbamnied semiconductor die
- 27, ground wires
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:

11



- 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 engapsula e diec%g nd
therewith-connected bond wires - 34, the die paddle of the package over the SUrfacs 3F whi 8i 12 is
mounted - 35, the leadframe, surrounding die paddle 34 and the thereover mounted die 12, used for

providing additional genguetives intersenassis(nebshewr) between die 12 and surrounding circuitry (not
shown), and - 37, a die attach paste, applied for interfacing between die 12 and die paddle 34, providing

a thermally- canquciive path hetween these latter two elements. The die paddle 34 functions as a
heatsink to dissipate the heat that is generated by the semiconductor device 12. Such a heat sink is
typically seldered to asPgated Gireuit Baantkl® oh @sdedoaakigvetinpraved hieaisdissipation fThermally
conductive layer 37 is provided for this purpose, creating a path of heat dissipation that comprises the
die attach pastel37,4hel die 12 14tOctobep 2064 attael paddlewdd), interfatingsoiderdatesdonnects (not
shown)

leadframe 35

- 32, the molding compound that is used to encapsulate die 12 and

therewith-connected bond wires

- 34, the die paddle of the package over the surface of which die

12 is mounted

- 35, the leadframe, surrounding die paddle 34 and the thereover

mounted die 12, used for providing additional conductive

interconnects (not shown) between die 12 and surrounding

circuitry (not shown), and

- 37, a die attach paste, applied for interfacing between die 12

and die paddle 34, providing a thermally conductive path between

these latter two elements.

The die paddle 34 functions as a heatsink to dissipate the
heat that is generated by the semiconductor device 12. Such a
heat sink is typically soldered to a Printed Circuit Board 10 in
order to achieve improved heat dissipation. Thermally conductive
layer 37 is provided for this purpose, creating a path of heat

dissipation that comprises the die attach paste 37, the die

12



and the PCB 10. 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,é)y eﬁggmdin%w 4
leadframe of a semiconductor package, thereby addressing: providing impro dBondTefiabi t@ reducing

stress related defects in the package, and reducing effects of mismatch of CTE for thermally interacting
elements ofithe Packagrl kig 333 shews artep My ob aLonventienal deadirane designswherein

specifically are highlighted the elements: - 50, the inner leads of the leadframe, and - 34, the die attach
paddle. A grogsisestion of thee.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 13 14 October 2004 die-paddle, the
ground plane of the inventioh e the leadframe t itighlighted twvthe«wciose seetian afrfeiga4 atethe now
familiar

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

e 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:
- 50, the inner leads of the leadframe, and

- 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. 3Db.

The cross section that is shown in Fig. 4 shows the new

arrangement of the invention by showing a cross section of the

13



elements of the package with additionally highlighted: - 52, the die attach paddle - 54, the ground plane of
the invention, and - 56, the leadframe. Although in the cross section that is s£ wn in Fig. 2 the Aeadframe
(35) and the die attach paddle (34) are part of this cross section, these elem %tsogr%%%ﬁlig%g in the

cross section of Fig. 4 as new elements. It must thereby be remembered that these latter two elements of

die attach gaddie-and lepdtramey ke nat ipthemselvesiaodified by the inventionbut forarparof a new
arrangement of the invention whereby, Fig. 4, the ground plane 54 is interposed between the die

attached paddie132and dhe deadisame £6s Thevesall structuee. ofidie itachpadieie-geondi ar
plane-leadframe is therefore provided as a new unit of new and innovative design. Ground plane 54 of
the inventiendsmpart ©f dhedeadframe H6e Thisds fudlberdiighlighted in Gigsi faend:Sb. Fig. 5a shows a
top view of a leadframe of the invention, wherein specifically are highlighted the ground plane 54 and the
inner leads 58 of théh leadframe: Tdhehcrpssigeetion that is shown in Fig. 5b is taken along the line 5b-5b’
shown in Fig. 5a. The 14 14 October 2004 construction as shown in cross section in Fig. 5b, clearly

- 54, the ground plane of the invention, and

- 56, the leadframe.

Although in the cross section that is shown in Fig. 2 the
leadframe (35) and the die 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 remembered
that these latter two elements of die attach paddle and leadframe
are not in themselves modified by the invention but form part of
a new arrangement of the invention whereby, Fig. 4, the ground
plane 54 is interposed between the die attached paddle 52 and the
leadframe 56. The overall structure of die attach paddle-ground
plane-leadframe is therefore provided as a new unit of new and
innovative design. Ground plane 54 of the invention is part of

the leadframe 56. This is further highlighted in Figs. 5a and 5b.

Fig. 5a shows a top view of a leadframe of the invention,
wherein specifically are highlighted the ground plane 54 and the
inner leads 58 of the leadframe. The cross section that is shown

in Fig. 5b i1s taken along the line 5b-5b’ shown in Fig. 5a. The

14



highlights the interposition of the ground plane 54 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 attacﬁ % round
plane 54. The attachment between the die attach paddle 52 and the ground %)flan%cgﬁ%ﬁc é éJd 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 hetweemthe planesef thegraund planesk4 and the plane of ithe dig 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 fromthgrplade okthenground olanes54.1 the groungplare is,Aotdinited Bubejagwseatedusing
straight bars or straight metal strips surrounding the die attach paddle. This is illustrated using Figs. 7a
and 7b, where the tgronngd plane-62 fnetrhighlighted indFigaria ahel.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 Fmetal €onaivucts H3t Fram thisrddnb4 Qcidberi2004o0f 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 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
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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 dissipatign. The interfaci 8é)etween
the small, metal constructs 53 and the surrounding mold compound provides_[édgi)i%ﬁglesﬁregsbs1 relieve and
improved interlocking between the die attach paddle 52, the ground plane 54 and the leadframe (56, Fig.

4), thus prewding: enhaneed reliapiity ofthewvire, berded intercopnadts thatare peavideditorthessurface
of the small, metal constructs 53. Additional alternatives for the creation of the ground plane of the

invention aredighlightedinskigs8a and She Wherehyn lengeranetabbarse4 (Hig. 8a)eria centiguous
frame 66 (Fig. 8b), attached at corners of the die attach paddle 52, are shown. The method that is used
for the creatian obthee spmicandaistor package ob thecinwentan camptises thenstepsof: providing a
semiconductor die providing the leadframe/ground plane/die paddle attach arrangement of the invention
providing a layer ot dicraftaghtpaste oveethesuriaceneftthe dierattach paddies posiioning the
semiconductor die over the layer of die attach paste, thereby positioning the die over the die attach
paddle 16 surrounding mold compound provides additional stress relieve and

improved interlocking between the die attach paddle 52, the

ground plane 54 and the leadframe (56, Fig. 4), thus providing

enhanced reliability of the wire bonded interconnects that are

provided to the surface of the small, metal constructs 53.

Additional alternatives for the creation of the ground plane
of the invention are highlighted in Figs. 8a and 8b, whereby
longer metal bars 64 (Fig. 8a) or a contiguous frame 66 (Fig.

8b), attached at corners of the die attach paddle 52, are shown.

The method that is used for the creation of the

semiconductor package of the invention comprises the steps of:
e providing a semiconductor die

e providing the leadframe/ground plane/die paddle attach

arrangement of the invention

e providing a layer of die attach paste over the surface of the

die attach paddle

e positioning the semiconductor die over the layer of die attach

paste, thereby positioning the die over the die attach paddle
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14 October 2004 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 an 4pocfr?t Ytdie t?i al contact
on the surface of the lead frame, and 2. providing conductive interconnects of ground wires between

points of electricgl,gontact anihe agtivesurface of te semicopdyctar dieandy(the sydace of) the ground

plane of the invention encapsulating the semiconductor die and the conductive interconnects that are

connected to theactiyesurtacg of the die in.adpeld compound, overlyjng the surface of the die attach
paddle, further partially enclosing the lead frame of the package. To summarize the invention, by

providing a greund-pjane that pRysicallyiipterfaces bebween the die aftachpadgle-and the lead frame of

the package, the invention has provided for: improved connectivity between the die and surrounding
surfaces, most ngfablybetwgep @reund;peints er the aetive, strface of the-dieandssurreunding points of

ground interconnect
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 of

the package.

To summarize the invention, by providing a ground plane that
physically interfaces between the die attach paddle and the lead
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

17



17 14 October 2004 improved mechanical interfacing between the die attach paddle/ground plane/lead
frame and the mold compound of the package reduced exposure of ground jnterconnects ftE package
reduced exposure to effects of mismatch of the CTE of thermally interfacing fc%mcﬁ)%th% ?srot%tﬂ ackage
removed the need for making ground connections to the die attach paddle of the package, replacing

these ground ;¢anpections,with ground connectipn 1o ,the groundplapg of fie, invention, and reduced the

exposure of bonded surfaces since the ground plane of the invention is embedded in a mold compound
after this mold compound hasbesnarplied, Althoygh the, inveption hag besn Abed apddllustrated

with reference to specific illustrative embodiments thereof, it is not intended that the invention be limited
to those illustrative ggbodiments. 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 inventipn all gych.varations and modifications which fall.witip the scope of theappended claims

e reduced exposure to effects of mismatch of the CTE of
thermally interfacing components of the package

e removed the need for making ground connections to the die
attach paddle of the package, replacing these ground
connections with ground connection to the ground plane of the
invention, and

e reduced the exposure of bonded surfaces since the ground plane
of the 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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and equivalents thereof. 18 14 October 2004 What is claimed is: 1. A method of creating a semiconductor
device package, comprising the steps of: providing a semiconductor device; providing a leadframe,
conductive traces having been provided over the surface of said lead frame; provi ﬁr nd plane,
said ground plane forming a physical and thereto connected interface between said die attach paddle
and said leadframe, a plane-af 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;
depositing a layer of die attach paste over the surface of said die attach paddle; mounting said
semiconductordendes, overcsaid tayer Dh dies attaah paste; thereby svawing=satd gemiconductor device
over said die attach paddle; providing first conductive interconnects between points of electrical contact
on an activeosurfacei oithersemicenducidr:die
providing a semiconductor device;
providing a leadframe, conductive traces having been
provided over the surface of said lead frame;
providing a ground plane, said 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;
depositing a layer of die attach paste over the surface of
said die attach paddle;
mounting said semiconductor device over said layer of die
attach paste, thereby mounting said semiconductor device over
said die attach paddle;
providing first conductive interconnects 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;
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and said conductive traces having been provided over the surface of said lead frame; 19 14 October
2004 providing second conductive interconnects between points of electrical contact on an 8$ve surface
of the semiconductor die and said ground plane; and providing a mold comp%ﬁngco?/%%?iﬁgia d die
attach paddle, further enclosing said ground plane, further enclosing said first and second conductive

interconnects, furthe.enelosing saiglead Jrame by measdiabie agaunts2 thhesmeghodefclaim 1, said
first conductive interconnects being selected from the group consisting of signal wires and ground wires

and powerawises. 3. Jde methog-ef caimu b, said seeord eaaductye intesconectseamptsinggreund
wires. 4. The method of claim 1, said physical and thereto connected interface between said die attach
paddle and saiddead frane: rcomyarisirg metal interconnects in metal strip form, a plane of said metal
interconnects intersecting a plane of said die attach paddle under an angle. 5. The method of claim 1,
said ground plane compsising an mpbintercupied fratne spatiallyrsyrroundingisaid dieattaghn paddie,
further enclosing said ground plane, further enclosing said first

and second conductive interconnects, further enclosing said lead

frame by a measurable amount.

2. The method of claim 1, said first conductive interconnects
being selected from the group consisting of signal wires and

ground wires and power wires.

3. The method of claim 1, said second conductive interconnects

comprising ground wires.

4. The method 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.

5. The method of claim 1, said ground plane comprising an

uninterrupted frame spatially surrounding said die attach paddle,
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20 14 October 2004 said ground plane comprising a square or rectangular geometric shape when viewed
in top view. 6. The method of claim 1, said ground plane comprising separated layers of me %I spatially
surrounding said die attach paddle, said ground plane comprising a square or're Fa%%fﬂ?a]? g%o%gtric
shape when viewed in top view. 7. A method of creating a semiconductor device package, comprising

the steps ofz proviging asemisanducippdevicepravidinga deagdirarae; tconguctive races having been
provided over the surface of said lead frame; providing a ground plane, said ground plane forming a

physical ard theretteennected mterface-petwees 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; depositing a layer of die attach paste

over the swrfacehef saiddig astch paddle] 21said 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.

7. A method of creating a semiconductor device package,
comprising the steps of:

providing a semiconductor device;

providing a leadframe, conductive traces having been
provided over the surface of said lead frame;

providing a ground plane, said 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;

depositing a layer of die attach paste over the surface of

said die attach paddle;
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14 October 2004 mounting said semiconductor device over said layer of die attach paste, thereby
mounting said semiconductor device over said die attach paddle; providing firjt conductive | t8rconnects
between points of electrical contact on an active surface of the semiconductor d@cgﬁ%%ﬁiaércbonliductive
traces having been provided over the surface of said lead frame, first conductive interconnects being

selected from the.groupi eensisting efssianal wirescand gearneavises and spewerwikes;qroviding second
conductive interconnects between points of electrical contact on an active surface of the semiconductor

die and said ggoeundplane; and Hrevgingaumeoicheompound evedying satthdieattacbpasidia; further
enclosing said ground plane, further enclosing said first and second conductive interconnects, further
enclosing saitldead drame byra measueaple amount. 8. The method of claim 7, said second conductive
interconnects comprising ground wires. 9. The method of claim 7, said physical and thereto connected
interface betweemn saididie adtach paddiecanthsaithlead frame: comprisingoretad dnterconmestson metal
strip form, a plane of 22
electrical contact on an active surface of the semiconductor die
and said conductive traces having been provided over the surface
of said lead frame, first conductive interconnects being selected
from the group consisting of signal wires and ground wires and
power wires;
providing second conductive interconnects between points of
electrical contact on an active surface of the semiconductor die
and said ground plane; and
providing 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.

8. The method of claim 7, said second conductive interconnects

comprising ground wires.
9. The method of claim 7, 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

22



14 October 2004 said metal interconnects intersecting a plane of said die attach paddle under an angle.
10. The method of claim 7, said ground plane comprising an uninterrupted frame_spatjall nding
said die attach paddle, said ground plane comprising a square or rectangula egﬁlte?% éh%éé) hen

viewed in top view. 11. The method of claim 7, said ground plane comprising separated layers of metal

spatially syrsqundiag saididie atashaddle, isaid gseund plang Gomprising asguareioerectanginar
geometric shape when viewed in top view. 12. A method of creating a semiconductor device package,
comprisingthedsteps efidyrovidingna semiconductor device; providing a leadframe, conductive traces
having been provided over the surface of said lead frame; providing a ground plane, said 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 fiaime Ta planetofshicd gratindiplafe beinigiparate2B p4 Hetoben2(dsing an
uninterrupted frame spatially surrounding said die attach paddle,

said ground plane comprising a square or rectangular geometric

shape when viewed in top view.

11. The method of claim 7, 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.

12. A method of creating a semiconductor device package,
comprising the steps of:

providing a semiconductor device;

providing a leadframe, conductive traces having been
provided over the surface of said lead frame;

providing a ground plane, said 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
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with a plane of said die attach paddle, a plane of said ground plane further being parallel with a plane of
said lead frame; depositing a layer of die attach paste over the surface of said die attach dé]lée;
mounting said semiconductor device over said layer of die attach paste, theﬂe%ycgﬁtgﬁ%ﬁfg%m 1
semiconductor device over said die attach paddle; providing first conductive interconnects between

points of eleetrical gontaet anrar activeysurface: atthesemicenducton digc and saigh conglustivie traces
having been provided over the surface of said lead frame, first conductive interconnects being selected

from the gpoupreonsistingeaf signal yvikesrand grounduires and reoweT wisesi previdingrseeond conductive
interconnects between points of electrical contact on an active surface of the semiconductor die and said

ground plane, saiglssecond icomductive/intere@nagets £oayrisingagroundweres; laadpreviding a mold
compound overlying said die attach paddle, further enclosing said ground plane, further enclosing said
first and seednd corductivedntepeehniiects, further enclosing said lead frame by a measurable amount.
13. The method of claim 12, said physical and thereto connected interface between said die attach paddle
and said lead frameunting said semiconductor device over said layer of die
attach paste, thereby mounting said semiconductor device over
said die attach paddle;
providing first conductive interconnects 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, first conductive interconnects being selected
from the group consisting of signal wires and ground wires and
power wires;
providing second conductive interconnects 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
providing 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.

13. The method of claim 12, said physical and thereto connected

interface between said die attach paddle and said lead frame
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24 14 October 2004 comprising metal interconnects in metal strip form, a plane of said metal
interconnects intersecting a plane of said die attach paddle under an angle. 14. The metho 6:][) laim 12,
said ground plane comprising an uninterrupted frame spatially surrounding said die &tbich pa cﬁe, said
ground plane comprising a square or rectangular geometric shape when viewed in top view. 15. The

method of elaiprliz; saifl geotnd plare cemprisings separated lyers-abmetalspatially sureowrding said
die attach paddle, said ground plane comprising a square or rectangular geometric shape when viewed
intop views2bd metal interconnects intersecting a plane of said die attach

paddle under an angle.

14. The method of claim 12, 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.

15. The method of claim 12, 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.

25



