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PACKAG NG BACKGROUND OF THE | NVENTION (1) Field of the Invention
invention relates to the - fabrication of integrated circuit devices,. and,

-nore particiyar n Q§&%% el ' Qﬂﬁgéx e
in sugh a ngk%e%xPR%§lﬁvg$%gggFg ﬁgﬁr aceﬁgeF§%1ﬁﬁtionbpgng?gygnte .k%

Descrisption of the Priror Art The sem conductor industry has for many years
achieved inprovenents in the perfornmance of sem conductor devices by

device mniaturization a”%a%&ek?ﬁﬁﬁ%§§9ﬁm?Eﬁvﬁﬁ%ﬁ&ﬁ packagi ng density. For
y

this purpose, netal interconnects can readi provi ded by netal |ines
that are enbedded in layers of dielectric, using vias to provide
el ectrical connections between overlying |ayers of interconnect |ines.
I nterconnect |ines pust_thereby be connected in such a manner that optinum
performance (Xan FB&1Fe2f A& IREPPERE” conpl et ed package. Good planarity nust
al so be nmi ntai ned between adjacent |ayers of interconnect |ines because
netal inter connedhel ipeantEcd weprEas|vo ddver SAPracHkR™M ofadatearekedn a
vertical direction (in the range*-of 5 to 10 mcrons thick) and nust be
patterned wtirauidr devitegyr apidy. more particularly, to a method and package

for packaging semiconductor die in such a manner that die-paddle

surface delamination is prevented.

{2} Pescription of the Prior Art

The semiconductor industry has for man§ years achieved
improvements in the performanée 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 befween
overlying layers of interconnect lines. Interc¢onnect 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 in£§rconnect 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 microlifhography.



Pat t €r ned | ayers nmust therefore be substantially flat and smooth (i.e.
have good planarity) so that these | ayers can serve as a base for the next
| ayer. One of the originat approaches that has been used to create surface

nount ed, hi gh, Ri.0- inte rage circuit packages has. been the use of"
The Quad H ot 2BssER Rl A S PadA Gt eBOSrEd e iaay BoRe e Gmotn
cl osel y spaced | eads_al on %ﬁe fou ed of the flat package are used for
maki ng el ect rical g%%%ﬁ%%g1 §HPF6%¥Mﬁ%$§%PﬁetB?%%t%ﬁ%ﬁﬂs EBRNERY YD RS & e
axing ; OfF W
di stributed Ep t he sgﬁroun |gg circuitry. The QFP has found to be cost-
ef fective for8&ntehnRRH*TdédWEEs where the device 1/0 pin count does
not exceed 200. To circunvent this limtation, a new package, a Ball Gid
Array (BGA) package has been introduced. For the BGA package, the
el ectrical contact points are distributed over the entire bottom surface
of the package. MRe ebrthgcrorigénat sanpndaciesatbat dpacibegnbesagero theate
contact points can therefore be allocated across the BGA package than was
the case wi tsunfhge QFPuntEd,p hEyhpp paredages ihdegratedenaical thpeakageas \Hae
acconmodate increased I1/0O count combined with increased high requirenents
for high perdfeenmheeusateitheedudi reLit Lackl i(prehiyi dreshrebagypfmbri cat es
bunps. (typically Pb/Sn.solder) on alum num pads and 2
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/0O 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 T

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 ipcreased-high requirements for
high performance Integrated Circuits. Flip chib‘technology

fabricates bumps (typically Pb/Sn .solder) on aluﬁinum pads and



i nterconnects the bunps directly to the packagi ng media, which are usually
ceram c or plastic based substrates. The flip-chip is bonded face down to
t he package through the shortest paths. This approach can be applied to

si ngl e-chi p jpackagi ng and to_hi gher,, |levels of,integrat.ed pacgkaging. (.in
which the p 5&8@“&?8“—? arte PPPEN 81T 5° ot zcosgBﬁiE?' SHeY 8‘3@%3@%%& a
t hat accommodate several chips to formlarger functional units, Far the
packagi ng of3=Se MSE8AHY RISy PEeBLas e &?@%Qgégbwﬁra%ﬁ 'cﬁ'%fehﬁﬂ%WrBé% gt e
contai ned provide protection of the device fromenvironnental influences
such as mecheanidesl faapadevbrtodikggpackags ddhueypgholke ushordtenscPriys exPosed
surfaces of the device. Part of the package design includes the design of
el ectri cal | yaprordedt cor batagpfldeds tohatn@kraighd pt hackieyine and be higher
electrically interconnected with surrounding circuitry. Increased device

density has hetelonlof dneededtatewadergins {ior whipht tbhetpadkagesnaeet 1 ageo)f
the device but has al so caused consi derabl e Foxe thermal energy to be

expanded peragdiic meekUsBpicitiRat eaf phbkagORy medial tha@nedmbhete
sem conduct or devi ce packages, the device is nounted in close physical

proximty tos@vdreat cphipk. tdMornl argepbianect Wnkh oRiHOds, such as
connections of lowresistance to thermal heat conductivity, that are
i npl enented as part of the package. 3 -

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 damaée 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 volumé 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 loﬁ\resistance to
thermal heat conductivity, that arg_implemented as part of the

package.



US 5,977, 626 (Wang et al.) shows an enhanced PBGA package w th a ground
ring and di e- paddl e. US 5,1814,877 (Diffenderfer et al.), US 5,639, 694
(Diffenderfer et al. , US 5,543,657 (Diffenderfer et al.) show packages

50) provides o> Z‘Z&’% d@%@%ﬁ%& BLh URR ananRL BT el oc paTkage

using related technolo cflj%tlent Aﬁgllcatlon seri al nunber

09/ 395, 923, ¥ (?ﬁ'ouﬁ /"iﬂ?%@n FeR29¢tdf rame Based Chip Scal e Package
and Method of Producing the Same", assigned to a common assi gnee. SUMVARY
OF THE | NVENTI ON A principle objective of the invention is to provide a

met hod and packa e of an enhanced di e-paddl e desi gn. Anot her objective of
the invention is % prAditde’ 4 1%\9P§ﬁﬁfe’éf9? édudedUPnt eb 6% ress for the
mounting of sem conductor devices. 4 Yet another objective of the

i nvention is(Pbffeanferact| @hdf,r 3% Sob4Ancd hpilividdndaréer oxtkialg Jdebbgn for
the nmounting of sem conductor devices. A still further objective of the

i nvention | spkokagey iwdehagrbeat!friage ahdr di &eparilrt icogfbfusesimiaenduct or

devi ces that provides

Us 5,942,794 (Okumura et al.) provides for a plastic
encapsulated semiconductor device package using related

technologies.

US$ Patent Application serial number 09/395,923, filed on
09/14/99, Titled “Leadframe Based Chip Scale Package and Method

of Producing the Same”, assigned to a common assignee.
SUMMARY OF THE INVENTION

A principle objective of the invention i% to provide a

method and package of an enhanced die-paddle design.

Another objective of the invention is to progide a leadframe
of reduced internal stress for the mounting of semiconductor

devices.



t he requi red shielding of the package agai nst drastic environnental
changes. I n accordance with the objectives of the invention a new design
is provided for the die-paddle that is used as part of a package for

packagi ng sem co ctor..devices.. . The new _design qf, the [nvention creates a
space bet ween thgﬁgtr c?glr?ég‘ﬁrnag%?c?hvee é’%e-tgﬁaﬂrg‘feé&&r?& llﬁelcguﬁ%v €Wer whi ch
the ground-paddle is mounted. The new design further conprises an S-shaped
segnent betmggﬁdfﬁ egﬁibGﬁd}WPﬁ%V%ﬁufWH%Eleég%%ﬁ s igRe TaF et Phaduunt inge of
S-shaped segnent provides stress relieve between the ground-ring and-the
center of th eHF‘é‘?‘g%%qoé. dBRE B85S DESCRI PTI ON OF THE DRAWNGS, Fig. 1 shows. a
cross section of a first Prior Art flip-chip package, a major part of the
package is a heatsink. 5 Fig. 2 shows a top view of a Prior Art substrate
that is wused for packagi ng sem conductor devices. Fig. 3 shows a cross
section of a secohostPrilofuather|ohiiattiiye picklage nveingdondasttw qugivide a
show. t he enhanced di e-paddl e design of the invention and its
i npl enent at i dradésahe|fcowshe Argunitine hdwsenitapiudtew dbvibes etthangedvides
di e- paddl e design of the invention.

the required shielding of the package against drastic

environmental changes.

In accordance with the objectiveé of the invention a new
design is provided for the die-paddle that is used as part of a
package for packaging semiconductor devices. The new design of
the invention creates a space between the ground ring of the die-
paddle and the surface over which the ground-paddle is mounted.‘
The new design further comprises an S-shaped segment between the
ground-ring and the center of the die-paddle, the S-shaped
segment provides stress relieve between the éround’ring and "the

center of the die-paddle.

BRIEF DESCRIPTION OF THE DRAWINGS\

Fig. 1 shows a cross section of a first Prior Art flip-chip

package, a major part of the package is a heatsink.



Fig. 4b shows a cross section of sem conductor device package in which the
enhanced di e-paddl e design of the invention has been inplenented. Fig. 4c
shows a top view of the enhanced di e-paddl e design of the invention,

hi ghl i ghting aregas where stxess reljeve is rovided b he,spring effect
that is created %ﬁlgt h% %—06’57 & 5P YHY eﬁﬁén@ga%i%r-tpf%%r&&& E#ﬁa'gfl% he
invention. Figs. 5a through 5d show the process that is provided for the
creation of 43%¢ dP&- PackAE g SERECPPIEHIGTOREVECEPy. 6 shows a top vi ew of
the concept of the die-paddle design of the invention. Figs. 7a through 7c
shows three dinmensions view and a cross section of a conventional

di e-paddl e design and its application. Figs. 8a through 8c shows three

di mensi ons vi ew d&id.a3cslosss asecvspnseattidre ofi e- packtice FdErgArdf £1iwe-chip
invention and its application. Figs. 9a and 9b show a three di nensi onal
view and a gsaaskmgesection of how the di e-paddle of the invention can
further be extended. Fig. 10 shows ‘exanpl es of shapes that can be used for
the S- bar that is part of the die-paddl e design of the invention.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Figs. 4a through 4c show the enhanced die-paddle design of

the invention and its implementation, as follows:

Fig. 4a shows a top view of the enhanced die-paddle design

of the invention.

Fig. 4b shows a cross section of semiconductor device
package in which the enhanced die-paddle design of the invention

has been implemented.

Fig. 4c shows a top view of the enhanced die-paddle deSign
of the invention, highlighting areas where sttess relieve is
provided by the spring effect that is created by the S-bars of -
the enhanced die-paddle design of the invention.

\
Figs. 5a through 5d show the process that is provided for

the creation of the die-paddle of the invention.



Fig. 1 shows an exanple of a Prior Art method of packaging a -flip chip
whereby a mejor part of the package is heatsink 10. The elenments that are
shown in cross sectionin Fig. 1 are the following: 7 10, a heatsink
heat si nk 10 has a surface that is electrically conduc %élve -

e

seni conduct or di &19th8 SRAWR Shdieer Jiedi of 19 §°ﬁﬁﬁﬂ¥ e PH&“E@H?%? of
the package; contact points to die 12 (not shown) are closely spaced
around the p@ﬁ?ﬁﬁﬂePf Shedirvertionis a3 cavity provided in the heatsink 10
for the nounting of the Integrated Circuit (IC chip 12 - 16, a thin
adhesive layer of thermally conductive epoxy that is deposited over the
bottom surface of cavity 14; the top surface of the ICchip 12 is in close
physi cal contact HBiigsh fThetheaudi Tk shOwyi thithddimensiayervikdy andeal Crdse 12
is attached to the heatsink 10 by neans of |ayer 16; the adhesive |ayer 16
is cured afsectidre dfCadibendénthamalednetpsddlicedeishitn eaviits bbplit8tian.
substrate shown as containing three layers, that is |layers 20, 22 and 24 -
20, a layer of substrate 18 which is typically an adhesive |ayer that
directly connects the substrate 18 to the heatsink 10; this establishes
t he necessary nechiayd.cah shpposi Scokhawdi tieree dimensions view and a cross
section of the die-paddle design of the invention and its

application.

Figs. %a and %b show a three dimensional view and a cross
section of how the die-paddle of the invention can further be

extended.

Fig. 10 shows examples of shapes that can be used for the S~

bar that is part of the die-paddle design of the invention.
DESCRIPTION OF THE PREFERRED EMBCODIMENTS

Fig. 1 shows an example of a Prior Art method of packaging a

-flip chip whereby a major part of the package is g heatsink 10.

The elements that are shown in cross section in Fig. 1 are

the following:



bondi ng operation - 22, layer of substrate 18 that can contain a stiffener,
providing rigidity to substrate 18 - 24, a | ayer of substrate 10 contai ni ng
copper traces that interconnect the solder balls 30 to surrounding
circuitry 8 - 25, a_solder mask |ayer étypi cally a layer qof dielectric)
with openi ngd%r abedtiHdrebsataepbstt dfoRepuEfres dirdcdSof L eobetsally

18; the openings in solder nask 25 expose the copper traces in layer 24 to
provi de sol demdygHAaBeti ons bet ween the copper traces of |ayer 24 and
contact balls 30 - 28, wires that provide wi re bond connections between
contact pointl®, rosesheswduakert Héel Gl eserd canducppetia dacés vown tadcheh

in layer 24 of the substrate 18; the contact points of the die 12 are
conduct i vel ythmongadeirnof hile: packege; usomigaatl peibbadicmgiid dehrinqueshowrg t he
substrate 18 - 30, contact balls for further interconnection of the package

shown in crosfe At spaddd).arbundnthe B iphergncApsis atd on that surrounds
die 12; it nust be noted that the encapsulation 32 not only surrounds the

IC die 12 but 14| 20 caevey pidvddedndnwihesh2fsdntt 28; féherenaapatiag i on
| ayer 32 is cured after injection. As an exanple of a top view of a
substrate whatie imhtegedté@rcircuit (IC) chip 12
- 16, a thin adhesive layer of thermally conductive epoxy that is
deposited over the bottom surface of cavity 14; the top surface
of the IC chip 12 is in close physical contact with the heatsink
10 via adhesive layer 16, the IC die 12 is attached to the
heatsink 10 by means of layer 16; the adhesive layer 16 is cured
after the IC die 12 has been inserted into cavity 14
- 18, a substrate shown as containing three layers, that is
layers 20, 22 and 24
-~ 20, a layer of substrate 18 which is typically an adhesive
layeyr that directly connects the substrate 18 to the heatsink 10;
this establishes the necessary mechanical support for a wire
bonding operation
- 22, layer of substrate 18 that can contain a stiffener,
providing rigidity to substrate 18 \
- 24, a layer of substrate 10 containing copper traces that

interconnect the solder balls 30 to surrounding:circuitry



packagi ng sem conductor devices, a top viewis showm in Fig. 2 of a
substrate 18, entered fromUS 5,9677,626 (Wang et al.) for purposes of
reference. For clarity of understanding, it nust be pointed out that the

sem conduct or ,..devi ¢ hat | unge thg uf face i,S
aligned with (2r?15uﬁt 8%1%%330\% Sit Egyeﬁeﬂ%&q ‘igf gt%aeyesrut?%{ Fgggg%gﬁ%ﬁ)at]‘%itgl
shown in top viewin Fig. . The side syrfaces of the m_conduct or
devi ce are, %ﬁecnéflg?hgre%‘é?f?cti’eﬁﬁénbe%?‘P?ﬁ}&ﬁfieBVSH the sﬁfﬁgfeo fSypEtrate
substrate 18, parallel with the_sides or boundaries of the substrate (not
hi ghl i ght ed)1&s W§oRRETHIES G0 S014RE BT COnGHEPEE HhRR/iWPEEVEFRTRS dThe
surface of substrate 18 over an area that is bounded by the structure 18b,
the di e- paddlayarth@d te BYedls sokfgr eonnggiHionghbetwesn fily co2Pape traces
followi ng details, all highlighted details are part of a conductive
pattern thatof slaysreidtegndreati@csubpbbe Hf the substrate 18. As follow 18a
are (four) ground pads that are located in (four) corners of the surface
area of the sulfst mitres1Bhay arronidehwihe bawhicosndatiors detiweeni sonbagit ed; .
these (four) ground pads 18a are conductively interconnected (see item 18c
bel ow) 18b isoimtcoraett shewn)i g Sber dGndiend 2 kedcenprer 2X Jceseconhatied t he
sem conductor die is nounted) of substrate 18 18c is the ground ring of the
devi ce nountimglaywtow@rkof the substrate 18; the contact points of the die 12

are conductively bonded in this manner, using wire-bonding

techniques, to the substrate 18

- 30, contact balls for further interconnection of the package

shown in cross section in Fig. 1, and

- 32, an encapsulation that surrounds die 12; it must be noted

that the encapsulation 32 not only surrounds the IC die 12 but

also covers the bond wires 26 and 28; the encapsulation layer 32

is cured after injection.

As an example of a top view of a substrate that is used for
packaging semiconductor devices, a top view is shown in Fig. 2 of
a substrate 18, entered from US 5,9677,626 (Wang et al.) for
purposes of reference. For clarity of understandiug, it must be
pointed out that the semiconductor device that is mounted on the
surface of substrate 18 is aligned with {mounted above) the

center 23 of the substrate 18 that.is shown in top view in Fig.



18d is the power ring on the surface of the substrate 18 18e are netal
traces that connect the perineter of the sem conductor device with the
perineter of the substrate 18 for further interconnect of the device. 10
As a final prior art nethod of packaging a sem conductor device, the cross
section of BirgTh8 $id§ muyrdagesedot SHrvtcrpguctar editReafBt | Dy the

el ements: - 10, a heat sink - 12, a sem conductor die that is nounted in

t he package d¢vicpehagrhpen peunte®h hdhe isurfrege & thepesgkgtrgtetlfo signal
wires that are connected to points 38 of electrical contact on the surface
of die 12; theedlelgnith wiheesident ey dommslerieheotlitdiel Zuhisthabe etnati cal
traces 38 for further interconnection of the die 12 to surroundi ng
circuitry - ni2ghandh2éd) taso spreonin wries 2.habepseovd derdiedor daditow
resistivity ground interconnects between the ground points (not shown) on
t he surface mferdiesl2hanthrflaocandf poebdiscadfe LAt eveormecirea38heh ihe@urdeace
of the die-paddle 34 - 32, an encapsul ati on conpound that surrounds die 12

and that” fuwoyt e soeapsitatisd, bohd dis-gmdile PHat 28 andwd9iB4Fig. <I.0SS
section of the exposed die-paddl e on the surface of- which sem conduct or
die 12 is nounted; the purpose of the die- -

Highlighted in Fig. 2 are the following details, all
highlighted details are part of a conductive pattérn that is
created on the surface of the substrate 18. As follow:

- 185 are {(four) ground pads that are located in (four) corners
of the surface area of the substrate 18 over which the
semiconductor device is mounted; these {four) ground pads 18a
are conductively interconnected (see item 18c¢ below)

- 18b is a conductive ring surrounding the center 23 ({over which
the semiconductor die is mounted) of substrate 18

- 18c is the ground ring of the device mounting network

- 18d is the-power ring on the surface of thé substrate 18

- %Be are metal traces that connect the perimeter of the
semiconductor device with the perimeter of the substrate 18

for further interconnect of the device. A

10



paddle 34 is to enable and to enhance heat dissipation fromthe die 12 to
surroundi ng surfaces, typically the surface of heat sink 10; in addition
the di e-paddle 34 provides the ability for short and inproved ground
connections between the die 12 and the heat sink 10 35, the |eadframe
provi di ng suppords farfimelaprieacey 3@thadt of Wackawhaet at henbkeardueiduct or
device 12 with surrounding circuitry; these netal traces are simlar to
the netal tdevéseldB8thd crlisg. s@ctiant ofufFtighel nid echtiviodticetientimvwnr 34 Ftibe

di e-paddl e), 35 and netal traces 38 and 39 are all part of and constitute
t he | eadf r adeare3the sfilldewipbatlempritisat i s used as an interface between the
| eadf rame (including the die-paddle 34) and the heat sink 10 - 38 and 39,
a (silver) plabing hase dihat is created on the surface of |eadfrane
(including the surface of the die-paddle 34) for purposes of providing

poi nts of el-egbri gageniioRiicenpecdiovitnat Bengomhts i26t88 PhExEFOEE F@Gt I on
that is shown in Fig. 3 specifically indicates problemareas that arise

using the coeivest sepionehbad iffripunting a sem conductor device, of which
the cross-section of Fig. 3 is representative. These problens are: - the

areas hi ghl i-ghteednii 24, 4Q0 \Mﬂ'gﬁsll aferdenpei ate il tbhetobpdthid ras o26- 29
connect to the plating base 38 and 39; it has
electrical contact on the surface of die 12; these signal wires
interconnect the die 12 with electrical traces 38 for further
interconnection of the die 12 to surrounding circuitry
- 27 and 29, two ground wires that provide short and low
resistivity ground interconnects between the ground pqints {not
shown} on the surface of die 12 and ground points of interconnect
39 on the surface of the die-paddle 34
- 32, an encapsulation 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 surfa®e 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—paddlé 34 provides tﬁ@ ability for
short and improved ground connectigns between the die 12 and the

heat sink 10

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

11



been found that bond reliability at these poihts is poor, leading to high
product-yield |losses; this effect is especially acute during solder reflow
and is caused by the significant msmatch of the Coefficient of Thernal
Expansi on (CTE) betweei the interfacing elenents - the areas highl|ighted
with 42, th&Rrgcsathefsadsoadretpr odeece dat HéthS\%%q%’ﬁd&@Hycéég‘gxl sture
penetration during the process 12 of assenbly of the package; the noisture
t hat penet r dthese methl strapamare sipibme to theapekat £xpREsndSeeint oW and:
during high tenperature processing, causing additional stress in the
surface of ithewditebpateted thad plebeebs of4 tltbeddie tradsekagdst had matahown
in Fig. 3 can be summarized as foll ows. Die-paddl e del am nation has been
a. nmajor priotdem Béradde3padd edlt hatrt avle amdposedt tuntinghichdepibrass of
assenbl i ng the package. Electrical performance is typically enhanced by
provi di ng proep¥, gddedi ppiomdg baseis cosmtlictsorn dsvextaos tletwasnptleyi ously
hi ghl i ghted, providing bonding wires between the die and the die-paddle
and from t helehdEypacdl{ éntbating tthegdbanpaddimnvevér and ethallidatt wink 1he
therefore required bonding interconnections is significantly conprom sed

by del am nat+ 038 aind Blhe solsiaivepiablagind Bdmd thatusedeBsatail iont eréace

between the |eadfranme (points 42, Fig. 3) and the silver plating interface
surface of leadframe (including the surface of the die-paddle 34)
for purposes of providing points of electrical interconnect with

bond wires 26-~29

The cross-section that is shown in Fig. 3 specifically
indicates problem areas that arise using the conventional method

of mounting a semiconductor device, of which the cross-section of
Fig. 3 is representative. These problems are:

- the areas highlighted with 40, which are the pcints where the
bond wires 26-29 connect to the platiﬁg base 38 and 39; it Mas
been found that bond reliabilitylat these points is poor, leading
to high product~yie1d losses; this effect is especially acute
during solder reflow and is caused by the significant mismatch of
the Coefficient of Thermal Expansion {CTE} betweég the
interfacing elements

- the areas highlighted with 42, these areas of:gxposure provide

paths of relatively easy moisture penetration during the process

12



(points 40, Fig. 3). Especially, for products that contain a die-"'" paddle
that is exposed during the process of package assenbly, the noisture
penetration is of nore serious concern than for product that contains a
standard enbedded di e-paddle. The primary factors causi ng del am nation of
the top surfodceseembiheflitbepnddkasg pdihet modeture gehad) pgnetraBesy in dibdtsch
of the Coefficient of Thermal Expansion (CTE) between interfacing surfaces
and nmat er i almnnarweakprarteetioo ekaporatex aniism befiwemndcheuepogyhidgiat i s used
in the package and the | eadfrane of the package, and exposure of bonded

surfaces (thrempgirathee eppasadidye- padding) adddtdeast i stredsandestha surface
envi ronnental conditions such as changes in tenperature or noisture
exposure. Thef itheenlbopaddidr.esses the above highlighted concerns in

provi ding a uni que | eadframe configuration that provides stress relieve,
i nterl ock enhancenent and proper shielding of sensitive areas against
drastic changes in environnental conditions. The design of the invention

reduces the previrauspyosxperdrenagdde detapatxaigentrae honthowal Eabirlglys
(points 40 and 42, Fig. 3), which have a negative inpact on establishing

proper grounchn GRNRGERAE LIS LWEEN1 R, SHH-GRAAUS @81 M@0l ochhBa PAdAD G .and
the die-paddle and between the die-paddl e and thereto connected
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
device with, as previously highlighted, providing bonding wires
between the die and the die-paddle and from the die-paddle leads
to ground. However, rellability of the therefore required bonding
interconnections is significantly compromised by delamination of
the solder plating 36 that is used as an interface between the
leadframe (points 42, Fig. 3) and the silver plating interface
{points 40, Fig. 3). Especially, for products that contain & 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.
A
The primary factors causing delamination of the top surface of

the die-paddle (points 40, Fig. 3) are:

13



| eads. The invention focuses on aspects of the die-paddle design, that is
element 34 is shown in cross section in Fig. 3. Specifically, the

i nvention addresses the design of a physical interface between the
ground-ring that fornms part of the |eadfrane, that is elenent 18c of Fig.
2, and the d¢ empadatey dlff thbaCoesfidieerel efelhetfalFiExpadstbat (CBE S Watawerded
by the ground- ring (elenent 18c of Fig. 2) of the |l eadfrane. The two
aspects of theidterpacite suh@bcebheand@itieic@alsconcentrates on are: a
ground-ring is provided by using "half-etching” technology, which results

in providi _”9-aamﬁgﬁn%rg@ézlio@&?&a&@c}(ﬂi%% b@g‘;ﬂ@ % 8thd QA% yARhatS DaN s Hue to

the shape in which th Interface Is create etween thé ground-ring and
v

the die- paddl g, the SECHAN Galh LALSILARS HAVLRO. A LR aU Lage that i

in a plane that is a pl'ane ower surface € di e-paddl e,
and a the S-bar is provided as part_of (an _extension to) the ground- ring;
This S bar. DaeRRoPBr &1t OBRaR JUBETe DT REUGH ot SAEPRGY A6 BRASLS)
designed in such a maé.that the S-bar provides stress relieve to the
ground-ring. T&o drafkic pihadgesndni sREHINGENEAL t FNPrapEs FeFlpaetFhangss

in temperature or moisture exposure.

The invention addresses the above highlighted concerns in
providing a unique leadframe configuration that provides stress
relieve, interlock enhancement and proper shielding of sensitive
areas against drastic changes in environmental conditions. The
design of the invention reduces the previously experienced
delamination and bond reliability (points 40 and 42, Fig. 3),
which have a negative impact on establishing proper ground
connections between the semiconductor die of the package and the

die-paddle and between the die-paddle and thereto connected

leads.

The invention focuses on aspects of the die-paddle design,
that is element 34 is shown in cross section in Fig. 3.
Specifically, the invention addresses the desigp of a physical
interface between the ground-ring that forms part of the

leadframe, that is element 18c of Fig. 2, and the die-paddle,

14



must be realized that die-paddle 34, shown in cross section in Fig. 3, is
of nmetal, preferably containing copper. The silver plating 39 shown in
Fig. 3 fornms a ground ring that, in the cross section that is shown in
Fig. 3, 1s created on the surface of the die-paddle 34. Leads 27 and 29

t her ef ore prbbétlels dhher elpaents. $HrFiggr guhbd bl paivrrounfed iy ideogronad—
surface of die 12 (not  shown) 15 through the ground ring 39, through the

di e- paddl e 34¢ingd(¢Immenghl8thef stigle2) pbét thy Boidfmdmeneat h di e- paddl e 34
to the heatsink 10. The invention specifically addresses the design of the
di e- paddl e and the surrounding ground-ring and further provides for a
physical interface, further referred to as an S-bar, between the

di e- paddl e and mHze tgvoaspectingft The die¢-usdiditlal tdet athes iofvenitdospeci al
design, which will be further highlighted at a later time using Figs. 4a
t hrough 4c, canechesiteexphabped as follows: the ground ring, as indicated,
is etched such that there is a distance between the ground ring and the

surface on wgi dies I _ QLOW i hese " g
T the: ol ding iRt EIh AR EREE p TS BOUREL E LS St g ol oy

g | ) s SaFLE k25 MER ol ol et T ool
ring, extends t¥%ﬁ%¥%@dtp§ as an “S-bar” due to the shape in which this
interface is created) between the ground-ring and the die-
paddle, the mechanical interface having a lower surface that
is in a plane that is above the plane of the lower surface of
the die-paddle, and
¢ the S-bar is provided as part of (an extension to) the ground-
ring; this S-bar, which is structurally part of the ground-

ring, has been designed in such a way that the S-bar provides

stress relieve to the ground-ring.

To further place the invention in the propér perspective, it
must be realized that die-paddle 34, shown in cross section in
Fig. 3, is of metal, preferably containing copper. The silver
plating 39 shown in Fig. 3 forms a ground ring thdt, in the cross
section that is shown in Fig. 3, is- created on the surface of the
die-paddle 34. Leads 27 and 29 therefore proviéekshort paths for

grounding points. of ground on the ‘surface of die 12 {not shown)
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ground ring and the di e-paddl e and therefore connects the ground ring with
the di e-paddl e (the die-paddle being the region on the surface of the

| eadf rame that is surrounded by the ground ring and above which the die is
mounted, that is the region that is surrounded by.-ground ring 18c in Fig.
2). 16 From tidtc:@orReConchitsixGng Gan ahrdlyls thendibepsaddln:34 khe phacegof
the bottom surface of the enbedded ground ring, created using half-etch

t echnol ogy, tge|£siRiead pahevey t3e PloakBeath dite-daabllenssutd aar dlkatbenk

di e-paddl e and, as a consequence, is surrounded by (floats in) the nolding
conpound i n yhi ofhd Revelt €on Ssirieddad: y Madtdy 2 sPenst a8sian d1 tapdggélect
of noisture to the ground ring will therefore be greatly reduced t he

enbedded gr OF_Q@dié NP ERY! S88r dUMRI1A%e Y r BERE SLLd LRNKOFulBfer WAHIAW EES »
agai nst drastic changes in environnental conditions such as tenperature

the S-bars, %H?%i&ﬂnri%@erkg'@e,grﬂ}m:%e&i REr¥tLdh 1Re Al GnPEOEh £, LAIUELDERD

desi gned suc at these S-bars provide stress relieve to the ground ring;

the S-bars a&geigg Jf&n%ﬁhakﬁép?“ﬂﬁ§§ gggstress, that is created in the

S|
di e-paddl e, onto the groun ng; the Sfress that is created in the
die-paddle is the result of well known effects of thermal m smatch between
interfacing and participating conponents of the package such

The structural details of the special design, which will be
further highlighted at a later time using Figs. 4a through 4c¢,
are best explained as follows:

* the ground ring, as indicated, is etched such that there is a
distance between the ground ring and the surface on which the
die-paddle rests. The ground ring therefore ffloats” in the
molding compound in which the device is embedded

®* the S-bar {of which a multiplicity is created, for instance
two or four, symmetrically surrounding the die-—paddle}, which
is structurally part of the ground ring, extends between.ihé_
ground ring and the die-paddle and therefore connects the
ground ring with the die-paddle {the die-paddle being the
region on the surface of the leadframe that is surrounded by
the ground ring and above which the die is moun%ed, that is

the region that is surrounded by. ground ring 18c in Fig. 2).
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as the die, the die attach paste, the | eadfrane and the nol ding conpound,
the S-bars are designed such that they form a "spring-like" interface

bet ween the di e-paddle and the ground ring. The above highlighted features
of the design of the invention are further shown in Figs. 4a through 4c.
17 Fig. 4a shomsom 1R Sonw éndhesismistaat & athilscadheare dwvem: which a
sem conductor die is nounted. The term "l eadfrane” as wused in this context

has the conventhondl s e B QeOﬁotbt?dn{‘gsurrligceC@W%ﬁmb@fﬂdé@%ﬁ&iﬂ&%@ tor

package that provides external |leads or termnals to the senlconductor
e thus enablihg é&%gﬁ@nnsgffl@mpftécmu&égyt P 131:aR8kSabovd NIl

Hi ghlighted in 4a are: - , the ground ring of the Ieadfrane - gﬁ
the S-bar of t t .04 isCa n

bet ween t he grggngﬁgﬁ%ﬁ! gk$ﬁ§(§ggh%agé§e <%ﬁ%b%%d th %.%5%% %ncef
the | eadfrane - t he u £s, of i f i s.hqundary is
very |nportanfst%ﬁf$9uq4%§ % |ntgrc%%§%b Iea %ﬁ !13§#hght%
poi nts of electrical intercon ect on the act urfa e t he die (not
shown) to the %fite? €‘é'eif’geé’ée ¢ ﬂv‘es’f%’éedfpregﬁgrajmn e%ec«? of!

moisture to the ground ring will therefore be greatly reduced

¢ the embedded ground ring provides improved protection for the
ground wires against drastic changes in environmental
conditions such as temperature

¢ the S~bars, that connect the ground ring with the die-paddle,
have been designed such that these S-bars provide stress
relieve to the ground ring; the S-bars are instrumental in
passing stress, that is created in the die-paddle, onto the
ground ring; the stress that is created in the die-paddle is
the result of well known effects of thermal mismatch between
interfacing and participating components of the packége s;ch
as the die, the die attach paste, the leadffame and the
molding compound; the S-bars are designed such that they form
a “spring-like” interface between the die-paddle and the

ground ring. K

The above highlighted features of the design of the invention

are further showh in Figs. 4a through 4c.



- 62, a cut-out on the ground ring that provides interlocking enhancenent
between the ground ring 52 with the thereto attached S-bar 54 and the
surroundi ng nol di ng conmpound (not shown in Fig. 4a). Fig. 4b shows a cross
section of sem conductor device package in which the substrate of the

invention bas beefg. i4glsmiet @dtod heidf @FS taectusdt ddiat orS18h@ftand) dvied 4b
is to be 18 conpared with the cross section of a standard design that

previ ously Raschegnsshiwhduetbigai 8. 1 ShRsinteaal tye Shawn~aegdfradd &
heat si nk; heatsink 10 has a surface that is electrically conductive - 64,

t he_ di e- padd{Rqg iﬁ5thi$‘%o@x%‘é&%‘9ix§§ &le tdlﬁw'e%@ﬁ!&ﬁ@i“%néb‘fﬁ'hgw@k?ﬂefng the .
sem conductor device is mobunted - 66, the sem conductor "device nounted in

the package Qfnphlnt40r thefBemt BENGIOW JaiRd40f tidie JreRdlkanex Ol dhe

invention; it nust be noted fromthe cross séection of ground ring 68 that

the pl ane Ofeatd@eogroltf\@{nﬁg}ér faeg Qfletglﬁniq{o‘?&léﬂgltﬁj: ngid s tz:%%v@ng £ &acﬂ)% of

the |ower surface o I e-paddl e 64, enabling enbedding of the ground

ring 68 in S&Hfr{n%%@gi)ﬁ'gofgg?ﬁeﬁltgg%?#ﬁ'g dAria180t 02 BE ﬁae&%d. Rt Yifeq 400 @

wire connecting a pol nt cal ‘contact in't
Fig. 4a are:
- 52, the ground ring of the leadframe
- 54, the S-bar of the invention; this 8-bar 54 is .a mechanical
interface between the ground ring 52 and the die-paddle 56
- 56, the die-paddle of the leadframe
-~ 58, the boundaries of the half-etch area; this boundary is very
important to the invention
- 60, interconnect leads that connect points of electrical
interconnect on the active surface of the die (not shown) to the
outer edges of the leadframe
- 62, a cut-out on the ground ring that provides interlockifg
enhancement between the ground ring 52 with the thereto attached
S-bar 54 and the surrounding molding compound (not shown in Fig.
4a}l.
5

Fig. 4b shows a cross section:of semiconductor device

package in which the substrate of the invention2Qas been

implemented. The.cross section that is shown in Fig. 4b is to be
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surface of die 66 with a point of electrical contact on the surface of the
| eadf rame 65 - 72, epoxy underfill of the die 66 - 74, the nol di ng conpound
t hat encl oses the package of Fig. 4b. It nust be noted in the cross

section that i4 shown in Fig. 4b that the S-bar is not shown in this cross

section. ThecSmp@fed Gfithhenbnyesdd Gectibh be hi ghldaakitiedekngs ubsaquent
Figs. 8a through 8c. .- 19 Fig. 4c shows a top view of the substrate of the

i nvent i on. p&gbh&gﬂﬂésnbéga-sﬁ&w@rﬁ #§2s3 7650818 cal i §SSnél Ifke are
provi ded by the spring effect that is created by the S-bars of the

i nvention. Addhhi 0 Al W oyi | at.e :
mot hod. n” whi R Of hga%ﬁ%ﬁslnlg‘kr' i )g%g%%ﬂﬂetfv ﬁlge peEod %%gf%:ér%gthég %e;é(laérr%%rs&%%flyt he

(mechani cal jcal) interfacing of the S-bar between the ground ring
and the die-%%ﬁgpé§aﬁ?l al so be shown. Figs. 5a through 5d show t he steps

t hat are provided he ing of the ground ring and the creation of
the S-bar, as %?6If%§é§nﬁﬁﬁghgg shows a cross section of a |layer 80 of

metal,  preferghl ytﬁ&%%éigiﬁggéc%p@ﬁé %%%%r%ﬁl 1§%§J §$n0kh Eg%(féon%&%

been created a patter evel ope ayer phot or es

device is mounted

- 66, the semiconductor device mounted in the package of Fig. 4b
- 68, the ground ring of the leadframe of the invention; it must
be noted from the cross section of ground ring 68 that the plane
of the lower surface of the ground ring is above the plane of the
lower surface of the die-paddle 64, enabling embedding of the
ground ring 68 in surrounding epoxy moiding 74

- 70, a ground bond-wire

- 707, a wire connecting a point of electrical contact in the
surface of die 66 with a point of electrical contact on the
surface of the leadframe 65 ul

~ 72, epoxy underfill of the die 66

-~ 74, the molding compound that encloses the package of Fig. 4b.

It must be noted in the cross section that i§ shown in Fig.
4b that the 8-bar is not shown in ;his cross section. The S-bar
of the invention will be highlighted in subsequent Figs. 8a

through 8c.
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The photoresi st mask 81 masks the areas of the surface of |ayer 80 of

netal that is to be I eft unchanged by subsequent steps of netal etch. It
must be noted in the cross section that is shown in Fig. 5a that for
instance in surface areas 84' \the surface of |ayer 80 is exposed on both
sides of |ayer 8FigThihs shaws a hap sbew edfthewbibhtediohest Edehisveesiai. t he
surface of layer 80, will quickly renove the |layer of nmetal from opposing
si des of | ayigi20gdl@edsimbiancdaushy eteds MH khthessessofrdldper 80e and
conpletely etching through |ayer 80 while other portions of |ayer 80

(those portponsidddl b ane spmiiechkédeby ther photpeaseédtbyate 8ibaveroat

| east one of the two surfaces of |ayer 80) are still partially in place.
Thi s means tfwd avepatibgrn” can be etched through the |layer 80 of netal,
this also neans that a pattern of netal can remain in place (interwoven)
between the pattern of netal that is renoved. To put this in terns that
are directly applicable to the invention: by proper selection of the

creation of the dualit(8Ra1h@ddh S d&iloﬁo‘baa/@rpx%%dQBOEQa{@séeSﬂat@sKoagge by
etching the layer 80 of netal (copper) fromboth sides, it is possible to

leave in  pl @S‘éhc?d P L85 Bh O nd B unkN 2 nd %4nd %teaﬁgﬁaPaéré N&gfhage of an
ar" of I't "i's} using the sane a

"S", the "S- the Irnvention. I'S; pproach, further

possi bl e, to?g%é%ﬁgs\fl\%g ghge{raghca%ﬂ%%i QL xglbfsiéa@feg.nggrgatcz%gt %lf Q%acé-@f’%‘é{ ng

a photoresis

between the ground ring and the die-paddle will also be shown.

Figs. 5a through 5d show the steps that are provided for the
etching of the ground ring and the creation of the S-bar, as

follows:

Fig. 5a shows a cross section of a layer 80 of metal,
preferably containing copper; over the surfaces of layer 80 has
been created a patterned and developed layer 81 of photoresist.
The photoresist mask 81 masks the areas of thé surface of layer
80 of metal that is to be left unchanged by subsequent steps of
metal etch. It must be noted in the cross section that is shown
in Fig. 5a that for instance in surface areas 84’ sthe surface of
layer 80 is exposed on both sides of layer 80. This means that an
etch, which etches both sides of the surface ofzkayer 80, will

quickly remove the layer of metal from opposing sides of layer
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photoresist is in place over opposing regions of the two surfaces of |ayer
80. As a third alternative nust be nentioned that,- by providing a

phot omask on only one of-two opposing surfaces of layer 80, the layer 80
can be partially renoved fromthe side of the |ayer 80 over which no

phot or esi st 8®askimslprmndupdy. ekahiugnbotdl ¢ddes phibtloeyk BOcpadt eemlately
opposi ng surfaces of layer 80, can result in no renoval of |ayer 80,
partial renmtaihiop thnplet dayeend0abhilzl Eihgr Bbrsimws of deyss 8@cttlorse
during the process of etching I|ayer 80 of netal (copper) during the etch
of the copparordurhacehic¢hn sarc@rdanckedilish tihiee phhborsEisits magisR1 8dvedhet et ch
82 of the Ilayer 80 of netal is affected fromboth sides of the |ayer 80,

si mul t aneousleasét ohengf t e Hotot snréades hef tleyesudhcercofstlidjeparBlal B dn 5¢
shows a cross section that illustrates that the etching of |ayer 80 stops
at the poi ntpldver.eThhe hdarcknidsg of *pialyeam”8@ahabe betsrhadedbcedghotimal f  of
the original thickness of this |layer 80, that is: 83" = 82'/2. This

concept is refanr €0 b6 meésalperthdsnibgo andwals t@keha ofatitharn afemedhl nedml , by ..
controlling the etch tinme the thickness of the remaining | ayer 80 of

copper can hanEeNtihopheee |ihtesveasepdtnddie tROi pdtidier &t hethdi ekess

I's reduced to half the original thickness of |ayer 80.
removed. To put this in terms that are directly applicable to the
invention: by proper selection of the creation of the dual {on
both sides of layer 80) photoresist mask and by etching the layer
80 of metal (copper) from both sides, it is possible to leave in
place a pattern of metal that for instance has the shape of an
“s”, tﬁe “S-bar” of the invention. It is, using the same
approach, further possible, to not affect the thickness of the
layer 80 of metal by creating a photoresist mask whereby
photoresist is in place over opposing regions of the two surfaces
of layer 80. As a third alternative must be mentioned that, “by
providing a photomask on only one of two opposing surfaces of
layer 80, the layer 80 can be partially removed from the side of
the layer 80 over which no photoresist mask is p;ovided. In sum:
a dual photomaék, created over opposing surfaces qf layer 80, can
result in no removal of layer 80, partial removal or complete

removal.
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Fromthe cross section of Fig. 5¢c it can be observed tlfat: for the

di e-paddl e 84, the layer of netal retains the original thickness of |ayer
80, corner etching 88 has been achieved for the die-paddle for the ground
ring 85 the thickness of the |ayer 80 has been reduced by a factor of two
22 between the diig-paddskosst aamdoskesgrbien quragagbhe ginoqase ofeehthity

| ayer 80 has been renvved, creating openings 84" between these elenents 84
and 85 the binpe 80bsér meth harepoee) i durtng dthet kecht ehi e afopbayesuBbacean
be extended to where a pattern of netal remains in place formng for

i NSt ance t hein Ssdoansianot which itheephiotnyeshsis nastkaBl . cBime bebodt BRedfsohé hat

it connects to and extends between the ground ring 85 and the die-paddle
84; both thelidgebas'cfandtal hies griderdedi Agorc dvtihav@das hef gitte tlhgeri sohal f
(or any selected value of the original thickness (82', Fig. 5a) of |ayer
80. These | abimilthsengali ebchiaie tole Bakuem Wieh thensbfesethddef ¢Ceoses
section that is shown in Fig. Sc, which is to be explained at a |ater

time. Fig. 5ggshows a cross section after the photoresist mask 81 has been
removed leaving in place die-paddle 84 and the ground

Fig. 5¢ shows a cross section that illustrates that the
etching of layer 80 stops at the point where the thickness of
layer 80 has been reduced to half of the original thickness of
this layer 80, that is: 83’ = 827/2. This concept is referred to
as performing a half-etch of the layer of metal, by controlling
the etch time the thickness of the remaining layer 80 of copper
can be controlled, in this case to the point where the thickness

is reduced to half the original thickness of layér 80.

From the cross section of Fig. 5c¢ it can be observed tHat:

e for the die-paddle 84, the layer of metal retains the original
thickness of layer 80, corner etching 88 has been achieved for

the die-~paddle

e for the ground ring 85 the thickness of the layer 80 has been

reduced by a factor of two
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ring 85. It is clear fromthe cross section that is shown in Fig. 5c that
the plane of the | ower surface 86' of the ground ring 85 1is above the
ptane of the |lower surface 87" of th6 die-paddl e 84. The concept of how the
S-bar forns a nechanical interface between the ground ring 85 and

t he- di e- paddl e>dieanthar diwipaale284 hagh! iighteedunai Ahdisgh, @11TBRecONpl ete
el ement, of which a top viewis shown in Fig. 6, is created using one

single | ayer GhetdlBld 1apsefer dalsynreeppeimodddke crayein@bminiigg. sha. After
the process of renoving the netal between the ground ring and the

di e- paddl e haspdeeiencerplet &thmdn@lsl eW Rgqtdwe steps that have been
hi ghlighted in Figs. 5a through 5d, the structure that is shown in top

viewin Fig.e 6l ARl BS er&&f‘%%)iagiaﬁgérl%i of e dhe_Dadies RehayBLody the

sem conductor die is nounted e ground ring bar

formthe phy5|cal interface en the | e, 84 and the, nd ring
o5; "t he o barscy et <apice S s R ERSHR I pesal Fiinks EAGe o

| i near or strai desi gn; |n t plication of the invention the S- bar
will have a dg&’&fﬁ‘q H&E F%S‘Fﬂﬂcesttpél ﬁfb§’63 1Pt tpﬁel%"%%{?l%’an thist S-bae of -
t he design objectives of the |nvent|on that is to act as

stress-t ransf efa} Meetgbedofo pilfate A thEPTREALS He @RE- epbrriie %W&ﬁa the

ground ring. 85.
ground ring 85 and the d1e~paddle 84; both the “S-bars” and

the ground ring can have a height that is half {or any
selected value of the original thickness (82", Fig. 5a) of

layer 80.

These latter observations are of value when considering the
cross section that is shown in Fig. 8¢, which is to be explained

at a later time.

Fig. 5d shows a cross section after the photoresist mask 81
has been removed leaving in place die-paddle 84 and the ground
ring 85. It is clear from the cross section that is shown in Fig.
5¢ that the plane of the lower surface 86’ of thg ground ring 85

is above the plane of the lower surface 87/ of thé die-paddle 84.

The concept of how the S-bar forms a mechanical interface

between the ground ring 85 and the-die-paddle 84 can further be
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Figs. 7a through 7c show a conventional construction of a die paddle and
the surrounding ground ring, as follows: 12, a sem conductor die 34, the
di e-paddl e 24 + 38, interconnect traces (as previously highlighted under
for instance Fig. 3) 26 and 28, bond wires interconnecting the die to

| eads 35, ardghl2ghted tsirar Fégnebt BhrouwmrBehd ol ¢rerdet Wlehdrk a2temd
paddl e, 34. in the three dinensional views and the cross section that are
shown in Fi gsiew/dst khowghiyFigthé, f b$ | omdatgdcanibe obseringde layae afsi gn
represents a standard or conventional die-paddle design; the franme that is
used for theretiad-paddferdipiyrs:cppeh, t hike disgrepaldl of 3. gnda-hdftatetlmnnect

| eads 38; the sem conductor die 12 will be attached to the die-paddle
during an agseridsy odpeemdviony thedmetdl goetimeshohs ¢gimuirdi eimguabddtiaand bond
wires 26 and 28 attached between the die 12 and the interconnect |eads 38;

| ead 27, whigie-@dnechss bsisreennmpherdd s fod 1andnthendi seqpaddhat3davé Sheen
typically a ground wire. Wiere Fig.-7a shows a three dinensional view of a
di e-paddl e i gHu ilgfh@ eBUE K ORHYH NG aCk BELEAIC B d,CRMBOBEREStuRd GhatbishenGud he
in top view in Fig. 6 is obtained, containing:
e 84, the die-paddle over which the semiconductor die is mounted
e 385, the ground ring
¢ 87, the S-bars that form the physical interface between the
die-paddle 84 and the ground ring 85; the S5-bars 87 that are
shown in Fig. 6 have been drawn as having a linear or straight
design; in the application of the invention, the S-bar will
have a design that is not straight so that the S-bar can meet

one of the design objectives of the invention: that is to act

as a stress-transfer interface or buffer between the die-

paddle 84 and the ground ring 85.

Figs. 7a through 7c¢ show a conventional construction of a die
paddle and the surrounding ground ring, as follows:
*» 12, a semiconductor die \

e 34, the die-paddle
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sane el enents of have been shown in Fig. 7a but with the die 12 positioned
above the die-paddle 34...Line 7c-7c' highlights the cross section that is
taken of Fig. 7b and that. is shown in Fig. 7c. 25 The invention can be
better understood by conparing the views that are shown in Fig. 7a through
7c wWith the vi &8s thaercamecthowaces Rgerefaothipuyioidd.ghfied. uBdeshbms a
three di nensional view of the die-paddle and the surrounding el enents,
shown in the thmstadcaehsgorddl view of Fig. 8a are the S-bars 87 which
forma physical interface between the die-paddle 84 and the ground ring

85. In the thres dndEns obsa Wigwst Eﬂteféorﬁi%@in};ntﬂ: Hidho badadi €5 12, 4is
been nounted above the die-paddle 84, Fig. 8b also shows a line al ong

whi ch a cros tion.i [ i N i c.q:Furnth S in
Flo. '8b are Bord wihedibet GRS Elud Sl BisR Befiedfiafe i ghe SO
i nterconnect wires 38 and bond wire 27 connects die 12 to the ground ring
85. Fig. 8c shois the cross section that is taken along line 8c- 8c' of

Fig. 8b. Cearly visible inthis cross section is the cross section of
S-bars 87, which are |ocated" between ground ring 85 and the die-paddle

84. Also to be noted fromthe crqoss section that is shown in fig. Sc is
the difference %q]qhﬁ éﬁfe%éqV%ﬁg§lpﬁél views and the cross section that are

shown in Figs. 7a through 7¢, the following can be observed:

- the design represents a standard or conventional die-paddle
design; the frame that is used for the die-paddle forms both the
die-paddle 34 and the interconnect lééds 38; the semiconductor
die 12 will be attached to the die-paddle during an assembly

operation, and
- Fig. 7b shows the die mounted and bond wires 26 and 28 attached
between the die 12 and the interconnect leads 38; lead 27, which

connects between the die 12 and the die-paddle 34, 1s typically a

-

ground wire.

Where Fig. 7a shows a three dimensional view of a die-paddle
with the surrounding electrical components, Fig.n7b shows the
same elements of have been shown in Fig. 7a but with the die 12
positioned above the die-paddle 34..Line 7c-7c¢’ highlights the
cross section that is taken of Fig. 7b and tha£.;s shown in Fig.

Tc.
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various elenents that are shown. For instance, thT height of the S-bars 87
and the ground ring 87 has been reduced to (about) half the height of the
ground paddl e 84. In addi.tion an undercut 88 has been created in the

di e-paddl e 84. Not shown in the cross 26 section of Fig. 8c is the adhesive
that is typicallyhspprvedtioriciseret RetteadidarsteednpyY i SYTRFARE &henent s
84, 87, 85, 38) and t'he heatsink 10. Comparing Fig. 8c with the cross
section thatViewsHdwt gae Fhrepn 2a Figvi desthraisdar cdeibhstiatiissothehe
invention. The |eads (not highlighted in Fig. 8a) that |ead away fromthe
ground ringa8s shawnsHowkRiger day thaoughr peses of illustration and are, in
Fig. 8a, termnated. In an actual circuit configuration, these |eads are
attached to interconnect traces provided in or on the surface of the main
| ead frame of the package. As previously stated, the die-paddle 84 is

i nterconnected witiyl e ghowsda rifi@e difenS:oedls W Eawobstt Hige | dielaidanel @rem
the physical interface between the die-paddle 84 and the ground ring 85.

Further must the s@efRthdifgt Blefdass $SB6WhoIntHiad thSethavMehsidrg. v8ewt bat,
in areas 88, the edge of the die-paddl e has been partially renoved,

creating a step.psdfddee the theasd des wbfichheosh &x Rag@hieall intaistadeibleBfbeRe
noted that, where the cross section of Fig. 8c shows elenent 10 as being a
met al heat si Rke Gbe-Sddd1aC84 and the ground ring 85. In the three
dimensional view that is shown in Fig. 8b, the die 12 has been
mounted above the die-paddle 84, Fig. 8b also shows a line along
which a cross section is taken which is shown in Fig. 8c¢. Further
shown in Fig. 8b are bond wires 26 and 27 whereby wire 26

connects the die 12 to interconnect wires 38 and bond wire 27

connects die 12 to the ground ring 85.

Fig. 8¢ shows the cross section that is taken along line 8c-
8c’ of Fig. 8b. Clearly visible in this cross section is the
cross section of S-bars 87, which are located between ground ring
85 and the die-paddle 84. Also to be noted from the cross section
that is shown in fig. 8c is the difference in height between the
various elements that are shown. For instance, tﬁ@ height of the
S~-bars 87 and the ground ring 87 has been reduced to ({about) half
the height of the ground paddle 84. In additioﬂ';n undercut 88

has been created in the die-paddle 84. Not shown in the cross
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over which the | eadfrane of the invention is mounted is not limted to
being a netal heatsink.. Elenent 10 can be a sem conductor surface that is
selected fromthe group of surfaces consisting of sem conductor

substrates, printed circuit boards, 27 flex circuits, netallized
substrates, ggesieonsweisFiat e8c icertdyei edhesbwe rtdeés isgbypicatlar sepilded
substrates, silicon substrates conprising a single |layer of material, such
as a si'li conbektfesn dihe Eeapframiang Ompiréoingrtliensikeatnts (B4 )8,edbBnoBdYY and
silicon on sapphire (SOS) technol ogy, doped or undoped seni conductors,

epi taxi al | agedstlof hsdaltiséok B@pported by a base sem conductor, sapphire
substrates or substrates used for flat panel displays. Figs. 9a and 9b show
an additional extension of the invention whereby optional tabs 89 have
beenprovi ded, using the sane process as selective netal etching as has

been hi ghl i ghted condeinhi 8ig5a8d WiQUIRnEder§d HRG0NEN Ofnd D16 5 Whbagesy Of
the ground ring 85. These additional tabs along the bottom surface of the

ground ring pay.proWdeiaddi 4ionalr SMRBALEr HdNG et BRe PINESSS . TRSSENbly
of the package. These additional tabs are not limted to the bottom

surface of theagsoust mige18sndud iMAYign edpitianibad aweyi tath ahengrbiigg

bottom surface of the S-bars 87 of the invention. The actual shape in

whi ch the S-Rangods thie ishvRNthOrelys for purposes of illustration and are, in
Fig. B8a, terminated. In an actual circuit configuration, these
leads are attached to interconnect traces provided in or on the
surface of the main lead frame of the package. As previously
stated, the die-paddle 84 is interconnected with the grouﬁd ring,
the S-bars 87 of the invention form the physical interface
between the die-paddle 84 and the ground ring 85. Further must be
noted in the cross section that is shown in Fig. 8c¢ that, in
areas 88, the edge of the die-paddle has been partially removed,

-~

creating a step profile in the sides of the die-paddile. -

It must further be noted that, where the cross section of
Fig. 8¢ shows element 10 as being a metal heatsink, the surface
over which the leadframe of the invention is mounted is not

limited to being a metal heatsink. Element 10 can be a
semiconductor surface that is selected from the'group of surfaces

consisting of semiconductor substrates, printed circuit boards,
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created is not limted to one particular geonetric shape such as the shape
of the character "S" but can be extended to included such shapes as have
been shown as exanples in Fig. 10, exanples "a" through other
configuration can be applied as long 28 as this configuration connect’ the
di e- paddl e tHeheigesbpg, metgllirgdhasbstratiaght gipas jupdtasdeshancramic

hei ght .of the die-paddie by a neasurable anmount. As a final point it can
be stated thstbithatiepvent]l b ansenidei spbsdratesangipbeen cubatrphekage
design and is provided for exposed paddle design. Such applications, using
a copper | eadomgrisnmg wi bindleriltayelmeof nuatdrial ,t eutkaalé rans liasedwpfetust s,
excluding array substrate based products packages. Although the invention

has been desesmbeitiagdsiliast rat adsunatbr r ef@neneenhol SPeaidd eithbust sative
enbodi nents thereof, it 1is not intended that the invention be limted to

those illustsgpiie qrbefli f@HrolohOSBopkd | dedinddpblesafiicoMdulctbespgni ze
that variations and nodifications can be nade w thout departing fromthe

spirit of thepitwentli aayett 46 JihQrehosgppotinled hopasdcddideonliBLay ] he
invention all such variations and nodifications which fall within the

scope of thesappendeGubkaiiBes ad se@dkyat&atissddebeof1a2%anel displays.

Figs. %a and 9b show an additional extension of the

invention whereby optional tabs 82 have been- provided, using the
same process as selective metal etching as has been highlighted
under Fig. 5a through 5d, along one of the surfaces of the ground
ring 85. These additional tabs along the bottom surface of the
ground ring may provide additional support dﬁring the process of
assembly of the package. These additional tabs are not limited to
the bottom surface of the ground ring 85 but may in addition be

provided along the bottom surface of the S-bars 87 of the =

invention.

The actuval shape in which the S-bar of the invention is
created is not limited to one particular gedmetrig shape such as
the shape of the character “s$* butzqan be extended to included
such shapeé as have been shown as examples in Fig. 10, examples

“a” through “e”. Any other configuration can be applied as long

28



1111211121121211212121121211 11112 CLAIMS 1. A nethod of creating a

sem conduct or devi ce nounting support for the nounting of a sem conductor
device on the surface thereof, said nmethod conprising the steps of:
providing a netal panel having a first and a second surface, a central
surface area@%hdihig peolidutktdwar coneegeddind dderbaddlafto $diedgnrennd virey

whi ch said sem conductor device is being nounted, the surface area of said
central surfarck harsea heighf dbedt ieqlass tharsithe heightrf 4dde dieapaddiai d
sem conduct or device; and patterning and etching said netal panel, using
met hods of Wwald wekehrableairnoupta di e-paddle in said central surface area
bei ng provi ded over the surface of said netal panel, further creating a
conductive ground trace surrounding said die-paddle, further creating
netal traces between said die-paddle and said conductive ground trace,
further creating s aetiwsk @int ARUEARUBPUHtdHRGEERAONERE RGeS ofXPanshig
fromsaid central surface area of the netal panel towards the periphery of
the"' metal 1paneld tsabflyi pi@icONECHatkafe VeldigHi Shddi sMgAsriliel for

i nterconnecting said sem conductor device that is nounted over said netal
panel to at éffsdeddpadaDAt@6digead suBht AspPRIAtAALY 0fingal doppeal 1padel
said nethods of half-etch resulting in reducing a thickness of said
conducti ve gfpans twiagelanth Sl inRbatidl age I eadframe based products,

excluding array substrate based products packages.

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 wvariations and -

modifications which fall within the scope of the appended claims

and equivalents thereof.
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bet ween sai d di e-paddl e and said conductive ground frace by a neastrabl e

anount, said reducing a thickness of said conductive - 111 111111
1111 11121111 1111 * C. .L H S ground trace and said iﬁgumj Mﬂu u '
proceeding fromsaid first surface of said nmetal panel; "

surface of said nmetal panel. 2. The ggihge of claim1l, said netal traces
bet ween said die- paddl e and said conductive ground trace, when viewed in
top view, hhvifgretbwd pheareadgesa Semiltrndmtthoddevice avonnkingasdppetal
traces between said die- paddle and said conductive ground trace, when

vi ewed in topowithe mouhavhdqp B amsleini pbhdhdtoideli neasn ettge suréacéhe net hod
of claim1, said nethods of half-etch providing a neans for not etching

sai d netal peneteds, saidpasticd lcomplrebing tisaistepBt aF: panel of for etching
t hrough said netal panel. 5. A nethod for creating a sem conductor package,

conprisint "the sianlial: apiardldipaged BEWMLPRAUCESE &eY| £ edBdRt klgface,
support having a first and a second surface; providing a netal panel

having a firstcaitka seeoade sadatRingapeetidal ovdkl 88e S¥@mdeuREapE0yE ded

over the surface of said
said metal over which said semiconductor device is being mounted,
the surface area of said central surface area being about equal
in size to a surface area of said semiconductor device; and

patterning and etching said metal panel, using methods of

half-etch, creating a die-paddle in said central surface area
being provided over the surface of said metal panel, further
creating a conductive ground trace surrounding said die;paddle,
further creating metal traces between said die-paddle and said
conductive ground trace, further creating a network of
input/output interconnect traces expanding from said central
surface area of the metal panel towards the periphery of the -
metal panel, said interconnect traces providing means for
interconnecting said semiconductor device that is mounted over
said metal panel to at least one contact pad in the periphery of
said metal panel, said methods of half-etch xesui?ing in reducing
a thickness of said conductive grognd trace and said metal traces
between said dié—paddle and said conductive groﬁqd trace by a

measurable amount, said reducing a thickness of said conductive
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met al over mhlch sai d senlco bei ng nmounted, the 31 |
IIIIIIIIh|LtI1|IIIIII llﬂ "Bj faceareaof said central

surface area bei ng about qu

surface area of said

sem conduct or devi ce; and patternlng and etching said netal panel, using
met hods of hedolindt thacerarat ised dameial packiies pmoseédingedfinos sedudf Stestar ea
bei ng provided over the surface of said netal panel, further creating a
conducti ve ghmfadet bECeabdimeuadpagesats dhiier padohe, suffiidehef eatatmdghl
netal traces between said die-paddle and said conductive ground trace,
further creatdmd .a network of input/output interconnect traces expanding
fromsaid central surface are.a of the netal panel towards the periphery
of the netal panel, said interconnect traces providing neans for

i nterconnecting said sem conductor device that is nounted over said netal

panel to at 3easie aRen6@NéACI1PRM 1, Nshh® MardiPhebYedivettaich BREAl apanel ,
said nethods of half-etch resulting in redUC|ng a thickness of said

conducti ve

Op A BHAC8a 8 b srRivdtARb Al rSERE G acREt WEeN Wil disa- Pagdy foand

sai d conductive ground trace by a neasurable anmount, said reduction in

t hi ckness pr

Rdnii @RRasalfdd.r st surface of sai d netal panel to said

second surface of said netal panel;

3. The method of claim 1, said metal traces between said die-
paddle and said conductive ground trace, when viewed in top view,

having a multiplicity of linear edges.

4, The method of claim 1, said methods of half-etch providing a
means for not etching sald metal panel oxr for partially etching

said metal panel of for etching through said metal panel.

5. A method for creating a semiconductor package, comprising the
steps of:

providing a semiconductor device mounting support having a
first and a second surface;

providing a metal panel having a first and é\second surface,
a central surface area being proviqed over the surface of said

metal over which said semiconductor device is being mounted, the
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applying a thermally conducti i ng having a surface over the
second surface of said sem C4E“ﬂ ﬁ“ﬂﬂl'tgm‘muntl ng support; and
attaching said first surface sald metad panel to the surface of said

thermal | y conducti ng adhesi ve coatin thereby 32 11!'il 111111111111
11111111111 S¥EaFE adfithPLs sid ds eeBRER ﬁq%@eoﬁr%&?lé’@nﬁéwau%ﬂ%l devi ce
nmounting support to said first surface of said netal panel. 6. The nethod

of claimb5, sigedtresaturfanresrbet ofernsdistrdicendpatiel alearigesanddconductive
ground trace, when viewed in top view, having non-Ilinear edges. 7. The
met hod of cl ai m patseiminmetaald etabisy betvkbertsdi datel- ydddl mebhddsad i
conductive ground trace, when viewed in top view, having a nmultiplicity of
| i near edgeshalF-eThb, netdrwodngf aclaenpadidiaiich wetitodentofalhaifcfetehapsovi di ng
a nmeans for not etching said netal panel or for partially etching said
nmet al panel lwdirfgprevidedgpyehr tbhghssafaceretfalsapdneétald.pafiled , métholdeof cl aim
5, said sem conductor device nounting support conprising a heatsink. 10.
The met hod ofregitding B, coadu-tsiari gondudt oraake\suceonmndirig rgidsdppopaddiad ng
selected fromthe group consisting of sem conductor
further creating metal traces between said die-paddle and said
conductive ground trace, further creating a network of
input/output interconnect traces expanding from said central
surface area of the metal panel towards the periphery of the
metal panel, said interconnect traces providing means for
interconnecting said semiconductor device that is mounted over
said metal panel to at least one contact pad in the periphery of
salid metal panel, said methods of half-etch resulting in reducing
a thickness of said conductive ground trace and said metal traces
between said die-paddle and said conductive ground trace by a
measurable amount, said reduction in thickness proceeding from
sald first surface of said metal panel to said second surface of
said metal panel;
applying a thermally conducting adhesive coating having a
surface over the second surface of said semicondugtor device
mounting support; and

attaching said first surface of said metal.panel to the

surface of saild rthermally conducting adhesive coating, ﬁhereby
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substrates, printed circuit boards, flex circuitsk substrates
gl ass substrates, ceram c substrates, gallium arseW‘g i'Eﬁ | licon
substrates conprising a single |layer of material mafer
or conprising silicon on 33 11111111111111121121111111114111 L |nsulator-
(SO) technotepching skidcercan sapphiceecf SEEX semihoofoclor degdadeor
undoped sem conductors, epitaxial |ayers of silicon supported by a base
sem conduct omouwistaipphisuepsubsts afadsl dhrssubstfaieesfusatddfoetd{l alanpanel

di splays. 11. A sem conductor package, conprising: a sem conductor device
nmounting support having a first and a second surface; a netal panel having
a first and a second surface, a central surface area having been provided
over the surfacehofmediod setalain0\Ber suhiche sl draedsCcpothucsOrsad@viige-i s
bei ng nounted, the surface area of said central surface area being about
equal in sipedéibe aarslishadecat®@ictifves grdus@m e@rjuahen deyhe® insabg ¥eba)
panel havi ng been patterned and etched, using nethods of half- etch,
provi di ng a daeipaddelinesaiebgentral surface area being provided over
the surface of said netal panel, further providing a conductive ground
trace surrounding said die-paddle, further

7. The method of claim 5, said metal traces between said die-
paddle and said conductive ground trace, when viewed in top view,

having a multiplicity of linear edges.

8. The method of claim 5, said methods of half-etch providing a
means for not etching said metal panel or for partially etching

said metal panel of for etching through said metal panel.

9. The method of claim 5, said semiconductor device mounting

support comprising a heatsink. -

10. The meﬁhod of claim 5, said semiconductor device mounting
support being selected from the group consisting of semiconductor
substrates, printed circuit boards, flex circuitsx metallized
substrates, glass substrates, cera@ic substrates, gallium
arsenide substrates, silicon substrates comprisipg a single layer

of material, such as a silicon wafer or comprising silicon on
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provi ding netal traces between said dle addl conductive ground
trace, further providing a network of “img‘ﬂimm‘ﬂ connect traces
expanding fromsaid central surface are al” panel towards the
peri phery of the netal panel, said interconnect traces providing nmeans for
i nt er connectinsglsted &301)caedhnbbdogWenidcaeilhasdn ien mapphédeoV®PS) sai d neta
panel to at | east one ‘contact pad in the periphery of 34 tlitlil S

LT T ff 1 Meichhblbdy saidherPbal upassdd seaidonRhdiosks ofephahkiel chahans rE
resulted in reducing a thickness of said conductive ground trace and said
met al tracesihdacoresussirtedi ®ypadoks: arrthisandueomnduclapphigeostdst tdtaae oy a
nmeasur abl e anpbunt, said reduction in thickness having been created when
proceedi ng foupsksatds fageat four Fase pdnaaidd spieyyal panel to said second
surface of said netal panel; a thermally conducting adhesive coating having
a surface applied over the second surface-of said sem conductor device
nmounti ng support; and said first surface of said netal panel having been
attached tai.he seniassdnitcsapdckigs mddmpraendget i ng adhesi ve coating,

t hereby having attached said second surface of said sem conductor device
mounti ng support at eegatshdidtelr guriecan@amtiaigdsoppadt having a first and a

second surface;

a metal panel having a first and a sgcond surface, a central
surface area having been provided over the surface of said metal
over which said semiconductor device is being mounted, the
surface area of said central surface area being about equal in
size to a surface area of said semiconductor device, said metal
panel having been patterned and etched, using methods of half-
etch, providing a die-paddle in said central surface area being
provided over the surface of said metal panel, further providing
a conductive ground trace surrounding said die-paddle, furthér
providing metal traces between said die-paddlé and said
conductive ground trace, further providing a network of
input/output interconnect traces expanding from said central
surface area of the metal panel towards the periéhery of the
metal panel, said interconnect trages providing means for
interconnecting said semiconductor device that i% mounted over

said metal panel to at least one contact pad in the periphery of
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panel . 12. The sem conductor package of claim1l, said E""ﬂkw"

bet ween sai d di e-paddl e and said conductive ground trac 'mﬂ

top view, having non-linear edges. 13. The sem conduct or * patckage*of scl alm
11, said netal traces between said die-paddl e and said conductive ground
trace, when sadidewedal npdrafl ,visaiwl hevheds afrbkilFpétei thavdihg rrealtedlgas. 35
[ TErrerr TrENE 1iibHhly I i CLji 14. Th e sem conductor package of
claim 11, sateiurhbodstiofckiish- o8t shidasonimcpioyi geshrad Meane &nd $wid
etching said netal panel or for partially etching said netal panel of for
et chi ng thrawglal sakdesaiadwdeanehidldie Fhiridenka@nshicd onpackage @owldi m
11, said sem conductor device nounting support conprising a heatsink. 16.
The seni condtidcd vRaakagesatleabfibdds, sl SeALEOISRICIOILhidRYESS WDEIHY NY
support being selected fromthe group consisting of sen conductor
substrates, dmicadatktCkhdn Boacdsdihd eXrorCisaGdl FSrstedddadceedrsudsdrat es,
gl ass substrates, ceram c substrates, gallium arsenide substrates, silicon

substrates medgYr ipainBl 8o S$digl Seckayarswirdmd of dhid stetniapamesi;| i con waf er
or

a thermally conducting adhesive coating having a surface
applied over the second surface of said semiconductor device
mounting support; and

said first surface of said metal panel having been attached
to the surface of said thermally conducting adhesive coating,
thereby having attached said second surface of said semiconductor

device mounting support to said first surface of said metal

panel.

12. The semiconductor package of claim 11, said metal traces
between said die-paddle and said conductive ground trace, whén

viewed in top view, having non-linear edges.
13. The semiconductor package of claim 11, said netal traces

between said die~paddle and said conductive ground trace, when

viewed in top view, having a multiplicity of linear edges.
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conprising silicon on insulator (SA) I 1icon.on sapphire
(SOS) technol ogy, doped or undoped serﬂﬂﬂmmamgm‘wunl taxial | ayers of
silicon supported by a base sem conductor,c sapphi¥e *substrates or
substrates used for flit panel displays. 36

14. The semiconductor package of claim 11, said methods of half-

etch having provided a means for not etching said metal panel or

for partially etching said metal panel of for etching through

said metal panel.

15. The semiconducteor package of claim 11, said semiconductor

device mounting support comprising a heatsink.

16. The semiconductor package of claim 11, said semiconductor
device mounting support being selected from the group consisting
of semiconductor substrates, printed circuit boards, flex |
circuits, metallized substrates, glass substrates, ceramic
substrates, gallium arsenide substrates, silicon substrates
comprising a single layer of material, such as a silicon wafer or
comprising silicon on insulator (SOI) technology and silicon on
sapphire (S0S) technology, doped or undoped semiconductors,
epitaxial layers of silicon supported by a base semiconductér,

sapphire substrates or substrates used for flat panel displays.
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