MOISTURE RESISTANT INTEGRATED CIRCUIT LEADFRAME PACKAGE TECHNICAL FIELD The
present invention relates generally to integrated circuits, and more particularly to moisture resistant
leadframe packages for integrated circuits. BACKGROUND ART Reducing the size of electronic
devices, while increasing performance and speed, has been a continuing objective in the electronics
industry. Integrated circuit packages for complex electronic systems typically have a large number of
interconnectgg 61%9[?1%’-’@ ﬁ%@‘&%{l@ﬁ N%QE&%%&.‘%W'@E&W@E BK;ERK a
semiconductor material such as silicon or gallium arsenide. The various semiconductor devices on the
integrated circuit chips are formed in various layers on the chips using photolithographic techniques.
After manufacture, the integrated circuit chips are typically incorporated into packages that are then

mounted on printed circuit wiring boards. Iﬂ r § ﬂ%ﬁ;ﬁlp packages typically have numerous
external pins that are mechanically attach %C%ﬂ? é ariety of other known techniques to
conductor patterns on the printed circuit wirin ﬁfards. Typically, the packages in which these
integrated circull B MESHHINERARHS e SRR TREAFL SR, b IEEC ARG device.
One exampisiuwé sesitcat $edoibtoaie pieladesttr megratbdbipeitormance leadframes typically are multi
layer structures including power, ground, and signal layers on separate planes. Leadframes also
typically include an area on which a semiconductor integrated circuit chip is mounted and in which a
number of power, ground, and/or signal legdsisatagRgs Agthe semiconductor integrated circuit chip.
In particular, the power, ground, and/or signal leads of the leadframe are connected electrically to
power, ground, RBgIghgigRAHesoa daRorit Gl REBISRY st e SRINLgRRYURRT

integrated circuit chips'may be attached to the leadframe using adhesive or any other appropriate

techniquedor tEEHMANSUAPIEHIYS tHa TeR AEHRICT cbfHRYes dHHFRRERTy RN RBCKESE &Rilled in
the art fopgHaeRiRBEHFICCEREIR dy R aBf BNS%RMARN SUFIRRAAKIMNRS: thtegrated circuit

chips. The integrated circuit chips are usudly made from a semiconductor materia such as

dlicon or gdlium asenide The various semiconductor devices on the integrated circuit
chips are formed in various layers on the chips usng photolithographic techniques. After
manufacture, the integrated circuit chips are typicdly incorporated into packages that are then
mounted on printed circuit wiring boards.

Integrated circuit chip packages typicdly have numerous extend pins tha ae
mechanicaly attached by solder or a variety of other known techniques to conductor patterns
on the printed circuit wiring boards.

Typicdly, the packages in which these integrated circuit semiconductor chips ae
mounted include a subgtrate or other chip mounting device. One example of such a substrate
is a leadframe. High peformance leadframes typicaly are multi-layer sructures including
power, ground, and signal layers on separate planes.

Leadframes dso typicdly incude an area on which a semiconductor integrated circuit
chip is mounted and in which a number of power, ground, and/or signa leads is attached to
the semiconductor integrated circuit chip. In paticular, the power, ground, and/or signd
leads of the leadframe are connected dectrically to power, ground, and/or Sgna dtes on the
integrated circuit semiconductor chip.

Semiconductor integrated circuit chips may be attached to the leadframe using
adhesve or any other gppropriate techniques for attaching such chips to a leadframe.
Techniques commonly known to those skilled in the at for attaching such chips to a
leadframe, for example, include soldering.



Once the integrated circuit chip(s) are attached mechanically and electrically to the leadframe, the
leadframe may be enclosed or encapsulated in a protective enclosure. Such enclosures may include
encapsulation in a plastic or a multi part housing made of plastic, ceramic, or metal. The enclosure
may protect the leadframe and the attached chip from physical, electrical, moisture, and/or chemical

damage. The legtifkante anegritasheebaiieti(g)aséhamabitdn endates caly faireix aaplizaf cits Uiteboard or

card along with other leadframes or devices. The circuit board or.card ma¥ then be incorporated into a

wide varitRrGAEEyiEs SeRIFARE B REe RECIASE &Y (ENSAPRIAY UL MRV e FIEes, S¥diso forth.
Typical kawvaesdinayn el inwysialdionnhes pldaiersroa diiRigat PHa0g AR Itadge rob|pkaod
expensive to produce. Multiple planes have been incorporated.into the design of many legdframes as
 Sotuiof e re tBnGHCRHETa! A B JEPRUIAE ATGhOFCGHibIER (AR chrout
typically phgdcsdcasttiican ayssisanddticheniieh eaiegigns, each plane typically has a single function,
such as ground, power, or signal. The separation of the fupctions in the different planes is to .help
clectically oolald ELAR D RS0 G BV le e A S Ehe b e s 8! o
one plangdadupited Hoigrividaisher dealirahendheddyess aieeliidulttboain®koadmigeiimiaues, such
multi layer leadframes aIthouY?h functiopall eﬁ{]ective, are ve%com lex and ofﬁ(ﬁn are ngt cost
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effective.'m&ﬂrgf rom@m it 'ﬂﬂaes\é ti [ay ?é'%raﬂ@si ﬁun@I ?Qﬁ’y must
be in a diéfesariblaseadphiandes sesicontuctor chip mounting structure, such as a die support holder,
for example, a die att or mounting paddle..Single and double downsetting, and upsetting methods
v been dovelJPCH (USRS, by BO oy b e o L o TR AT BB the
ground ptaneplan darels ekpeng veutad gréainesdis i diiileo phaaesp Habe lgseunatbpriooretelisinigi aheodesigrp
prevents the ground plane from sitting flat on a wire bonding, heater hlock and causes bouncing of the
Ground pEinE R oAb i B oo HERATG IR0 IRt Bl s TR g S another
problem tsghisgudficielat natststtetbertoithiy@cdignsedabdapisture into the sealed package, particularly

when the die MRy nrﬂg%/psa%ﬁl?nﬁtheﬂfé ep’fé%”égé’g%ép&?&d&’ae typicdly has a dngle function, such

as ground, power, or Sgnd. The separation of the functions in the different planes is to help

eectricdly isolate the various planes in order to reduce dectrica interference, such as noise,
from one plane to another.

Unfortunately, even when the layers are built up using known techniques, such multi-
layer leadframes, dthough functiondly effective, are very complex and often are not cost
effective.

Another problem with these multi-layer leadframes is that the ground plane preferably
mugt be in a different layer from the semiconductor chip mounting Structure, such as a die
support holder, for example, a die attach or mounting paddie. Single and double downsetting
and upsetting methods have been developed to accomplish this. However, these methods
cause mechanical stress on the ground plane and result in ground plane distortion or warp.

The ground plane digtortion or warp prevents the ground plane from dtting flat on a
wire bonding heater block and causes bouncing of the ground plane during the wire bonding
process, resulting in poor ground bonding integrity.

Sill another problem is insufficient resstance to the entrance of moigure into the
seded package, paticulaly when the die mounting paddle is left externdly exposed to
provide better heat disspation. The resulting externaly exposed interface or seam between
the encapaulating body and the die mounting paddle can provide a pathway for the entrance
of moisture into the package.



provide better heat dissipation. The resulting externally exposed interface or seam between the
encapsulating body and the die mounting paddle can provide a pathway for the entrance of moisture
into the package. 2 Solutions to problems of this sort have been long sought, but have long eluded
those skilled in the art. DISCLOSURE OF THE INVENTION The present invention provides a
leadframe for a sgltices dhigiebidies Dhatiradinamneei etndepgigighte ads Haveunfd eadsechite die
support holder for supporting the semiconductor die. The die support holder has opposite surfaces
and side n etween. The opposite die support holder surfaces are smaller in transverse
extent than the semiconductor die for supporting the die on one of the opposite die support holder
surfaces such that the die extends beyond the side edges of the die support holder. This results in
substantially improved moisture péM&idtidpHeE $Mmbd NMENd I@Rframe and die are encapsulated
into a semiconductor package. Certain embodiments of the invention have other advantages in

addition to or in Pracer %mﬂhﬁﬂ‘éd@p@mﬁd%rﬂ@&@m%ﬁ%ﬁi@ aﬂﬁ&éﬁfm@se
skilled in;the gLk f@@ﬂa? r?%lgég l%oltzpﬂ fql@&gggaqatageqj%esgﬁgﬂn WhHea taken wﬂwﬁfﬁée%@ to the

accompanying drawings. BR SCRIPTION OF THE DRAWINGS FIG. | is;ﬁ;lan view of a
leadframeerBicardiaieyried cirdiie irderpdiRRay MelEl rdamgPeResEsistifreeSteadres dRoceliBmy to the

present ifyealign5iC. PHS Goprets-SRCUqRYIRIEl WA SINCWAARIGH fakergengiaty hmiine 2-2

of FIG. 1; FIG. 3 is a plan view of another leadftume configuration incorporating moisture ingress
resistancé9e RN WHEOE oFffaEE WHERAREG &R i gh PBNnHBA; ®idher RPecSiSsslessHRBRA| k}%‘g@of the

structure oithis; 3 KRR GRS Bsbriefl HHE sBedioes B andan &g RGHS NATHE

leadframe configuration incorporating moisture ingress resistance features in accordance with the
present iffBIREdA; substantialy improved moisture penetration resistance when the leadframe and die

are encapsulated into a semiconductor package.

Cetan embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those silled in the art
from a reading of the following detalled description when taken with reference to the
accompanying drawings,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a leadframe for an integrated circuit incorporating moisture
ingress res stance features according to the present invention;

FIG. 2 is a cross-sectiond view of the Structure of FIG. 1 taken generdly on line 22
of FHG. 1,

FIG. 3 is a plan view of ancother leadframe configuration incorporatiing moisture
ingress res stance features in accordance with the present invention;

FIG. 4 is a cross-sectiond view of the dructure of FIG. 3 taken generdly on line 44
of FIG. 3;

FIG. 5 is a plan view of an dternative leadframe configuration incorporating moisture
ingress res stance features in accordance with the present invention;

FIG. 6 is a cross-sectiond view of the dructure of FIG. 5 taken generdly on line 6-6
of FIG. 5;

FIG. 7 is a plan view of ill another leadframe embodiment incorporating moisture
ingress res stance features according to the present invention; and
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FIG. 6 is a cross- sectional view of the structure of FIG. 5 taken generally on line 6-6 of FIG. 5; FIG. 7
is a plan view of still another leadframe embodiment incorporating moisture ingress resistance
features according to the present invention; and 3 FIG. 8 is a cross- sectional view of the structure of
FIG. 7 taken generally on line 8-8 of FIG. 7. BEST MODE FOR CARRYING OUT THE INVENTION In

the following desrBp&a8, Aerogseudicng ciliedetaile atri@iverotoTm Videkartherengly omdiees®ading of
the invention. However, it will be apparent to one skilled in the art that the invention may be practiced

without tl?égé%gecific details. In order to avoid obscuring the present invention, some well-known
configurations and process steps are not disclosed in detail. In addition, the drawings showing
embodiments of the apparatus are semi- diagrammatic and not to scale and, particularly, some of the
dimensions are for the cldispbiM§BEe R EAARRIVE bAJdxEgGMENA BB drawing FIGs. The term
"horizontal" as used herein is defined as a plane parallel to the conventional plane or surface of the

semiconductor m‘_atheotanm@ganm@gamww @@H@ndﬂﬁiﬁ. Fe i vernto st a drereuda
direction perpanqiral i eafIEAN Rl ERcliet REMEBe HHpPan %gféh@%éiﬂea’ irPRRVET (HREIMY

"bottom", "top”, "side" (as in "sidewall"), "higher", “lower"”, “over"”, and "under”, are defined with respect

to the hoim@ﬁﬂ@pmﬂé.tﬁeﬂéﬁﬁi@wm Ithee, ﬁ@?@iﬁ @?ﬂiéwn'ﬁ QLGS vt@v\ﬂ!‘ﬂiﬁ lel58ErAe eth®O for an
integrated girchitf g dpadBame i RendesiveeiieC Ry IpsELadies diffprenideyegls o planes.

Initially formed from a single flat sheet of material, usuallé metal, these several functional layers are

fabricated€feferdBly 26l HOSinglee steiA¥ings, aEG%a tSoreicets |AAPRAEP R BT or plane
is locatejadiiReIcOARIONG! 16388 d Bhd! IR UIBIE MRSHETS IS HITRPRaR e PR RY NG Plane

structure that, in the embodiment illustrated in FIG. 1, is a bonding ring 104. In the lower or bottom

layer or WMi%m@Wﬂﬁ@id@h%d@Nw glfsSme paddle 106 that serves as a mounting
pad for a semiceAdygler deyisetavchsand HedR8s 8kined as a plane parald to the conventiond

plane or surface of the semiconductor die mounting paddle, regardiess of its orientation. The
term “vertica” refers to a direction perpendicular to the horizontd as just defined. Terms,
such as “on”, "above", "below”, “bottom”, “top”, “sde’ (as in “sdewdl”), “higher”, “lower”,
“over”, and “under”, are defined with respect to the horizontal plane.

Referring now to FIG. 1, therein is shown a plan view of a leadframe 100 for an
integrated circuit. The leadframe 100 includes three principa layers on three different levels
or planes. Initidly formed from a dngle flat sheet of maerid, usudly metd, these severd
functiond layers ae faboricaed, preferdbly, in a dngle damping, cutting, and forming
Process.

In the topmost layer or plane is located a number of sgna leads 102. In the
intermediate layer or plane is located a ground plane dructure that, in the embodiment
illugrated in FIG. 1, isabonding ring 104.

In the lower or bottom layer or plane is located a die support holder such as a frame
paddle 106 that serves as a mounting pad for a semiconductor device, such as a die 108, for
mounting and supporting the die 108 on the leadframe 100.

The bonding ring 104 and the frame paddle 106 are supported from ground leads 110
that, a thar digd extents, are in the same upper plane as the dgnd leads 102. Then, to reach
the intermediate plane of the bonding ring 104, each ground lead 110 has a first downset 112
formed therein connecting to the bonding ring 104.

To connect the frame paddle 106 to the bonding ring 104, second downsets 114 are

provided a severd locations therebetween, as illustrated. Together, the downsets 112 and
4



mounting and supporting the die 108 on the leadframe 100. The bonding ring 104 and the frame
paddle 106 are supported from ground leads 110 that, at their distal extents, are in the same upper
plane as the signal leads 102. Then, to reach the intermediate plane of the bonding ring 104, each
ground lead 110 has a first downset 112 formed therein connecting to the bonding ring 104. To

connect theifieme Rasdie 1P thdhedawnting ring 1&diraseoncod eypseing. khdieol gy itesaiseveral
locations therebetween, as illustrated. Tog‘ether the downsets 112 and 4 114 form sg orts for the

elements & tHEREHNE D sBIgEGHing THEY %Iaﬂergdﬂ’&%ﬁ FAdiRSEIS R Y REE T s
Similarly stheedewippers @t hips ¢is viertrbediaias Heminsse te rasspugiverts thebhoshéhe various

operation that ELNEE LR MEKRO TR L MR E10 M e SOk A R IP IR
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integrity WAL o e e FEHE A0 Do HE B L a0 T N Bne die
108, andsiibie hesding BngstS4afdrdxanipns, brogniéplanepuarpgaenatestetdsgwitiaardbievingrthe
Cauang BTHH AR G5 UE R DR A B B LT T LB Bl EBloblems,
the leadfiagnediaihgncrparedes fesceskaraples groshdtrpleae elefijeciuteferen diidatanbiitithigdonding
ings 11PN SIS GG P e AP S ool oAb G 104 as
appropriddiediorcasdiny x@neisgivai sgressestitelaiirebondxgrpioeesss. shown in FIG. 1, each branch of
Simitarl, a st LTI, RUD ARG 0o LA TS o WIGFE A LAGR (e hset 114
is attacheddhsress . ralokditsnetlyesh enop éstuiress fbil Gise ebondingctaaly td Oche Hongdantictiag 18l gs necks
e R I R i el g T

therein. These are located and distributed throughout the bonding ring 104 as appropriate for

relieving resdud dresses therein.  For example, as shown in FHG. 1, each branch of the

bonding ring 104 is separated by an open ring 116 from the first downset 112 connected

thereto. Similarly, a dot 118 is provided in the bonding ring 104 & each location where a

second downset 114 is attached thereto. Additionadly, the open rings 116 are connected to

the bonding ring 104 by necks 120.

Between the necks 120 and the dots 118 are the major extents 122 of the bonding ring

104. The mgor extents 122 are the portions of the bonding ring 104 to which ground wire

connections from the die 108 to the bonding ring 104 are made, as further described below

with respect to FIG. 2.

The open rings 116 and the necks 120 are much narrower in transverse material extent

than the mgor extents 122 of the bonding ring 104. Similarly, the dots 118 cause the actud

amount of transverse materid a each dot to be greatly reduced. These regions of narrowed

transverse materid are much wesker, or less giff, than the mgor extents 122 of the bonding

ring 104, and therefore preferentidly flex and yield, rdeasng and absorbing the resdud

dress forces in the bonding ring 104. They dso help to prevent such forces from being

transmitted to the mgor extents 122 during the metd forming operations for the leadframe

100. The result is a dgnificant reduction in resdud digtortions in the mgor extents 122 of

the bonding ring 104.



connections from the die 108 to the bonding ring 104 are made, as further described below with
respect to FIG. 2. The open rings 116 and the necks 120 are much narrower in transverse material
extent than the major extents 122 of the bonding ring 104. Similarly, the slots 118 cause the actual
amount of transverse material at each slot to be greatly reduced. These regions of narrowed

transverse matexiglcare s¥achevegisein i Bss, Shl, fbae beidmimeedantst 2ahaldhm brudirgsering 104,
and therefare preferentially flex and yield, releasing and absorbing the residual stress forces in the
ponding FIG TGS AR SR DA et B o e GRS 2 o Eents
122 durirfgathepalial forming operations for the leadframe 100. The result is a significant reduction in

idual distorti in th | t 22 of the bonding ring 104. 5 A Iso b in FIG. 1,
tn rame paddiEABE8 AOCH Grkafr I, 5 OB A LR TR 80 Aol GAER:C cxtend
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paddle 106 relative to the die 108 creates a pocket 212 between the bottom edge regions of

the die 108 and the side edges 124 of the frame paddie 106. The pocket 212, filled by the

encapaulating body 204 materid, presents a long path dong the interface between the

encagpsulating body materid in the pocket 212 and the adjacent sde edges 124 of the frame

paddle, the side edges of the adhesive 206, and the bottom surface and sde edges of the die

108. As compared with prior art frame paddles that are generdly co-extensve with the die

that is supported thereon, the present invention presents a much longer path dong the

materid interface around the edges of the pocket 212.  This longer path substantialy

increases the resstance to moisture ingress, snce the moisture must travel many times farther

than in prior art devices to reach the upper or top surface of the die 108. Damaging moisture

penetration is therefore substantialy reduced by the present invention.

Refering now to FIG. 3, therein is shown a leadframe 300 that incorporates
dternative force rdease and dress rdief dructures. For clarity and ease of illugtration and
description of this and other embodiments disclosed herein, like features one to another are
described with like reference numerds. Thus, for example, the leadframe 300 includes the
sgnal leads 102, the frame paddle 106, and the die 108 mounted on the frame paddle 106.
However, rather than a surrounding bonding ring, the leadframe 300 has a ground plane

sructure comprisng grounding tabs 302 extending laterdly away from the frame paddlie 106.



paddle, the side edges of the adhesive 206, and the bottom surface and side edges of the die 108. As
compared with prior art frame paddles that are generally co-extensive with the die that is supported
thereon, the present invention presents a much longer path along the material interface around the
edges of the pocket 212. This longer path substantially increases the resistance to moisture ingress,
since theTheigrataditigstabavedmany portidiedthar theaimigmepaerigeyitamitoeaphethe30pPeEOr top

surface of the die 108. Damaging moisture penetration is therefore substantially reduced by the
present P& %%?HW?H@ F%\%/%Qazlf‘f’éh% r‘?ﬁ?ﬁ BHHEdBwn a leadframe 300 that incorporates

alternative forcerﬁée@mamd so@mlre:fm@m Fe@di@tmwrm@emmluustr@@mnmcﬂeedescription
of this and other odi close i e features one to another ar de crlb ith like
reference %xFlélslg) i %@mé’%ﬁﬁ%ld@%‘?h@ CsRR4D 5@ Qrame
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intermedla}@rl@chm@u&bfbmm&% ihahi searestttheigyatinging frehs Be2do Wenfiameiagidie 106.
The IeadI 151 O also i )%%dﬂff, round leads 306 that are similar to the ground leads 110 (FIG. 1) in
e

the leadf gF unlike the ground leads 110, the ground leads 306 are
connected dlreouytgmm frarele fondiig Lperitiodelep dovwndedm808ich hes deehecldfvenset830B0&idre
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together.|@dnls 06 keddd dne deep downsets 308, connecting them together The Z-links 310 are

positioned on each end of each grounding tab 302, connecting the grounding tabs 302 to the

upsets 304.

The Z-links 310 comprise a zigzag pattern of reduced transverse extent materid,
thereby being rendered more flexible. The dynamic effect is amilar to that of the reduced
transverse extent materia that forms the open rings 116 (FIG. 1) and the materid around the
dots 118 (FIG. 1) in the leadframe 100 (FIG. 1). Being more flexible, the materid in the Z
links 310 thus preferentidly bends and deforms to absorb the resdua forces from the meta
formation processes that cut and shaped the leadframe 300, adlowing the grounding tabs 302
to remain degrably flat and planar.

Smilaly, the box dots 312 afford a connection having a lengthened linear extent of
narrower transverse extent materid that, as with the Z-links 310, provides a long path of
more flexible materid to absorb the resdud forces and to provide dress reief from the metd
formation processes that formed the leadframe 300.

Referring now to FIG. 4, therein is shown a cross-sectiond view of the Sructure of
FIG. 3, taken generdly on line 44 thereof. In addition, FIG. 4 illudrates the full extent of
the sgnd leads 102, and shows the leadframe 300 in a find date of manufacture in which the
signal wires 200 have been bonded to the signa leads 102 and connected to the die 108, the



positioned on each end of each grounding tab 302, connecting the grounding tabs 302 to the upsets
304. The Z-links 310 comprise a zigzag pattern of reduced transverse extent material, thereby being
rendered more flexible. The dynamic effect is similar to that of the reduced transverse extent material
that forms the open rings 116 (FIG. 1) and the material around the slots 118 (FIG. 1) in the leadframe

100 (FIGgrhurigeinessene Aardtecriisonaiatetiattio gieuddiliakeiloothuadocefpretdintty thertis aog] deforms
to absorb the residual forces from th metal formatlon rocesses that cut and shaped the leadframe
300, alloRHSREGBHARY %ﬂ‘l‘ﬂ and planar. Similarly, the box slots 312

afford a conneCA@rbba\a@g bd@gihanatdsllmemeai{maﬁﬁn@arwmmréqwm%gmteﬁmﬁhat as
with the Z-li jl |de é%)nq§ath of more ﬂeXIblrm material to absorb the reoéé%gl forces and to
provide §'r Qi PRQYRISH BrdERLsel é‘f‘% h S RS Raf&ring now
to FIG. 4pthciein (6 sltmezn @gﬁfﬁmlwdmmleMeOMb@ateuweraioﬁI% talmm gergdallyen line
4-4 thereof. In addition, FIG, 4 illustrates the fyll extent of 2, and shows the
cditam8 SO A o B2t el A oo 17 Lo RSB HES DA FENEEH to the
signal Iem@agaﬂdm@mm@d@nthe dle 108, the 7 ground wires 202 have been bonded to the
grounding tabs and connected to die 108,, and the enca squg. in b%% 2 as been formed
therearounc. Ad- W B8 dber i E1T O e AL O A SRR 106 B much
smaller thawaritiendie TS Mnamoﬂmembﬂm&@n configemacibar thanshegerebdeitsoef theciamnad paddle
106 thus |f|c ly.increase the m ation path from outside the nca sulating body 204
1 the top Lot IRERS 108, by S A ec iR R Hho CE Dt
Refernngevelv\slmdﬁl& s, ahmmim@ sy SoReckrmditene 360 gxoonddi@mﬂmebyrelsemnrstmm The
leadfram jtl%(e)o IS anot onf| ur |o;][¢§at incor tes 0 Er@lease a ??gess rel ?Ifeat res |ntoa
multi-lay aa%% %ﬁ%ﬁﬁ 'Y o‘op TEE AN
connectesDt toargeshdi el sotAdhyf tiie ffratreopeniets 061ahd e ortingfrangespadithe Obids
connected o e oG H09 RO A YRS WP AIRYIPEISFIG. 1) in the leadframe 100 (FIG. 1).
Resdua force reease and stress relief are then provided by corner dots 506 and W

links 508. The corner dots 506 function smilarly as the box dots 312 (FIG. 3), and are

located on the bonding ring 502 between the attachment points for the first downsets 112 and

the second downsets 504. The Wiinks 508 function smilarly as the Zlinks 310 (FIG. 3) in

the leadframe 300 (FIG. 3), and are located on the ends of the mgor extents 510 of the

bonding ring 502. The mgor extents 510 of the bonding ring 502, as illudrated, are the

portions of the bonding ring 502 that are intermediate the comnections of the bonding ring

502 with the first downsets 112 and the second downsets 504.

Refering now to FIG. 6, therein is shown a cross-sectiond view of the dructure of

FIG. 5, taken generdly on line 6-6 thereof. In addition, FIG. 6 illudrates the full extent of

the sgnd leads 102, and shows the leadframe 500 in a find date of manufacture in which the

sgna wires 200 have been bonded to the signd leads 102 and connected to the die 108, the

ground wires 202 have been bonded to the mgor extents 510 of the bonding ring 502 (FIG. 5)

and connected to the die 108, and the encapsulating body 204 has been formed therearound.

As can dso be seen in FIG. 6, the dimensions of the frame paddle 106 are again much
gmdler than the die 108 that is mounted hereon. The smdler transverse extents of the frame
paddle 106 thus ggnificantly increese the moidure peneration path from outsde the
encgpsulating body 204 to the top surface of the die 108, thereby subgstantialy reducing
damaging moisture penetration.



504 connected at he comers of the frame paddle 106 and the bonding ring 502, rather than mid-length
as illustrated for the second downsets 114 (FIG. 1) in the leadframe 100 (FIG. 1). Residual force
release and stress relief are then provided by comer slots 506 and W- links 508. The comer slots 506
function similarly as the box slots 312 (FIG. 3), and are located on the bonding ring 502 between the

attachment poirpesteri e rivist dpwur@eiﬁ 1Agends tasorecanibaiminee O Oftudiend/ - snkssadtBefunction
similarlyf e Zlinks 310 %ﬁ in the Ieadframe 300 (FIG. % and are located on the ends of the
@?FEE dif
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bonding r| V{rth thﬁ‘gﬁt d Wns 12 and the second downsets 504. Refe@a& now_to FIG. 6,
doihg B

therein is” 08 oAb AR el & A GR 0L Ry e67 hereof.
In additicnclate . c@rﬂielsmam@ tbmﬁwigeﬂeetmﬁ mamald@mmanmwmhaﬂﬁgoﬁrﬁm@éoo ina
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bonding logdaty (Frig>. 782, au@\ﬁd@rm%dr@@esdmécm a@nm@wmamaﬁoe t(sliy Hdihapdreen
formed t ri%%arounggﬁscﬁ t(Ea‘_?s en |n Fﬁ?ﬁ ?@Lﬁ %g] E?%é{l'lr%? %Egtﬂh %m pad I%(#(?!% re again
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paddle 1@6ttespaigmbisdndyFrerapiettbecsaiatiraqueiFeGalpn path from outside the encapsulating
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IeadframEleﬂhotﬂmergamdmomatlmgpf@@ tradeatie andgtites, relief Baattmeaacsterdtngdndneofpresent
invention, The Ie ra OO| des bondj i 02 connected ts 704 to the frame
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As can dso be seen in FIG. 8, the dimensions of the frame paddie 106 are again much

>

gmdler than the die 108 that is mounted thereon. The smdler transverse extents of the frame
paddle 106 thus ggnificantly increese the moisture penetration path from outsde the
encapaulating body 204 to the top surface of the die 108, thereby substantidly reducing
damaging moisture penetration.

Thus, it has been discovered that the integrated circuit leadframe with ground plane of
the present invention furnishes important and heretofore unavalable solutions, capabilities,
and functiond advantages. Principdly, the ground plane attachment rings and tabs of the
present invention are freed from digtortion and warpage resulting from resdud mechanicd
dresses imposed by the downsetting and upsetting manufacturing steps, and the associated
mechanicd pushing of the various leadframe components to different levels, during multi-
plane leadframe fabrication.

Another principle festure and advantage of the present invention is its increased
moisture penetration ressance. This results in improved package integrity, longer device
sarvice life, and greater service reliability.

Still another feature and advantage is the reduced frame paddle sze. Since the die is
dlowed to extend beyond the dimensions of the frame paddle, it is not necessary to match the



as the open rings 116 (FIG. 1) in the leadframe 100 (FIG. 1). Referring now to FIG. 8, therein is shown
a cross-sectional view of the structure of FIG. 7, taken generally on line 8-8 thereof. In addition, FIG. 8
illustrates the full extent of the signal leads 102, and shows the leadframe 700 in a final state of
manufacture in which the signal wires 200 have been bonded to the signal leads 102 and connected

to the diegieD8ndhearieopuiilwigess202 ey e kiggie hesiieshtodbiei faathnacEn Gorommbdeoanagied to the
die 108, and the encapsulating body 204 has been formed therearound. As can also be seen in FIG.

8, the difREIEHGT 1 FEL R O/ S g IRRIERSL PRSI the die 108 that is mounted
thereon. The snTaker tiaaguagse dutefiterel thedrfiqueationddle 466 thusigigtoficadtly irctpestcthe
moisture penetration path from outsjde th capsulating bo 04 to the top surface of the die 108,
thereby éﬂiﬁgfaﬂ? ni]'@@[ﬁgv %L?gl%‘fmé%a &p trgﬁoﬁ{' U %e‘@“ﬁdi%@&ghat the
integrateehanfedtue ag isrmesad Ying tetihndl pdgase of the present invention furnishes important and
heretofore unavailable salutions, capabilities, and functional advantages. Principally, the ground plane
ttachment 1o R DR XTHE) (PR<Br SESHUSH AReCHAURET O THICkE SO L sk SR JbdSiting
from resigualenaeiesioal bhicssasy inpaaailby thediivbeailingdnehipisptingmasuipgiuinasteps,
and the gssociated , mechanical pushin the various leadframe components tg different levels,
Ging UKD Ao AL RGN, RACR LR RS Tre AT abe DA T oot
inventionasiiedacatasach rdeaststiecyenaidifiztiossisiach cexiHidhs etiattstil imitravethgagivdgeridtegrity,
longer device s rgi&%e.liﬁ,(?%d(%reater %ﬁ{vice reliaﬁi%t%._ S%'JI an%gréﬁa%e and agdvantage is the
reduced ﬁg%ee%?a o' 82882 e d isn}ﬂfgﬁle eg& AF b y R WSS sTORY! tyﬁame
paddle, itazomparguesdayihgsaaithbeterpiecaid draetetdded rarslimiing sensingle leadframe
configuration can accommodate a large range of die sizes, resulting in greater versatility and
increased cost savings. The resulting leadframe configurations are straightforward, economical,

uncomplicated, highly versatile and effective, and are fully compatible with conventional
manufacturing processes and technologies.
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While the invention has been described in conjunction with a specific best mode, it is to be understood
that many alternatives, modifications, and variations will be apparent to those skilled in the art in light
of the aforegoing description. Accordingly, it is intended to embrace all such alternatives,
modifications, and variations that fall within the spirit and scope of the included claims. All matters
hither-to-fo4e sRIEBNIT e Al FIEDWSIN the accompanying drawings are to be interpreted in an
illustrative and non-limiting sense. 10 THE INVENTION CLAIMED IS: 1. A leadframe for a
semiconductor die, compeasifrgmesionakieads)ductonid eadsiiaimg:a die support holder for supporting the
semiconductor die a:ﬂe die support holder having opposite surfaces and side edges therebetween, the
opposite die su%%'?) t Rdtder surfaces being smaller in transverse extent than the semiconductor die
for supporting theadiel depdsnendf the opposite die support holder surfaces such that the die extends
beyond the side eg%es of the die  support holder. 2., The leadframe of claim 1 further ¢ rsing a
ground plane béh mg%’t?ﬁ%ﬁ%r%o(?gﬁpg(grtgéo 2P ratl' rbqet(ﬁ]eetesr?‘rnq'r?g H%grltiéjr'lereﬁ%véEfostfﬁ)g%ﬁg}g)dg%ort
holder. 3. The leadfranhevixigc| oppditertlaenf e paiisi n G defoedgese | asebamebsiy e e redmdosteu cligre
formed in the ground plane bonding structure to free the ground. Ia?e bonding_structyre supstantially
from distortion and wal%lg rerh?r gf %ingp%e iCal 'Etre%%@éqﬁ%re A THEeadffame of
claim 3 wherein the forsarebadseand stfassughart afy ubkide forthaecomihesegpatiteadiecuppat ner
D-ring opening formed,in the ground plane handing .structure. 5. The leadframe of claim, 3 wherein the
force release and streshsarée |erg§5[0rruc ur'S(E:-JCr%urt f&er%%%dberis@e(saéq%le%%/togﬁeﬁﬁ%r? |%gecrﬁe§’ hottrlg orFJn?%d in the
ground plane bonding ssppaturedér. A leadframe for a semiconductor die, comprising:

2. The leadframe of clam 1 further comprisng a ground plane bonding structure
supported a a predetermined position relative to the die support holder.

3. The leadframe of clam 2 further comprisng a force release and dress relief
gructure formed in the ground plane bonding sructure to free the ground plane bonding
dructure subgantidly from digortion and wapage resulting from resdud mechanicd

dresses theran.

4, The leadframe of clam 3 wherein the force release and dress relief dructure
further comprises at least one corner D-ring opening formed in the ground plane bonding

gructure.

5. The leadframe of clam 3 wherein the force release and dress relief dructure
further comprises a leet one bonding ring hole formed in the ground plane bonding

structure.

6. A leadframe for a semiconductor die, comprising:

sgnd and ground leads;

aground plane connected to a plurality of the ground leads;

a frame paddle for supporting the semiconductor die, the frame paddie having
opposite surfaces and Sde edges therebetween, the opposite frame paddle
aurfaces being smdler in transverse extent than the semiconductor die for
supporting the die on one of the opposite frame paddle surfaces such that the
die extends beyond the side edges of the frame paddle; and

supports connecting the sgna and ground leads, ground plane, and frame paddle in a

least three different layers.
11



signal and ground leads; a ground plane connected to a plurality of the ground leads; a frame paddle
for supporting the semiconductor die, the frame paddle having opposite surfaces and side edges
therebetween, the opposite frame paddle surfaces being smaller in transverse extent than the
semiconductor die for supporting the die on one of the opposite frame paddle surfaces such that the
die extends beypnd theidesefige® of thaifieenatrpdd ticegdimnperns tpneeetnpiss signalmnd
ground leads, ground plane, and frame paddle in at least three different layers. 11 7. The leadframe of
claim 6 WIRHPMHEYTH8Nd plane further comprises a ground plane bonding ring. 8. The leadframe of
claim 7 further gpmprising fprce relea nd stress relief structures incorporated into the grpund plane
bonding ring tocgr)ee thﬂ%%owﬁgﬁe%oﬁamg%ifﬂt b&%ﬂ%ﬂ%r(f%cgig% n-and wg%agggéesulting
from residuadionschaorpalaict ssesthibereund plehe esrdirgmangftoldiee &hehgraeindtptafer toneilegpse and
stress relief structures, further comprise corner D-ring openings formed in the around plane bonding
ng. 10, T8 R o KRR 7l SR T SRR

adirame’of claim reléase essre ruc

comprisetitmoarding ring holes formed in the ground plane bonding ring. 11. A semiconductor package,
comprising: a semiconductor die; a leadframe having a die support holder having opposite surfaces
and side edges StherebEtevéenfrimeopfpdsite @endemoortieoldee satdageadeitigss metle Sinictuaesverse

tent th € ' i ' f ite di t
Polder su g e T A et o emcapeulating
body formed substantiajy. il Jpaskies RIS Ry die ot i cunany tplfefavriace on

which the die is located, the encapsulating body being formed to leave the opposite die support holder
surface further comprise bonding ring holes formed in the ground plane bonding ring.

11. A samiconductor package, comprising:

asemiconductor die;

a leadframe having a die support holder having opposte surfaces and Sde edges
therebetween, the oppodte die support holder surfaces being smadler in
transverse extent than the semiconductor die, and the die being supported on
one of the opposite die support holder surfaces and extending beyond the side
edges of the die support holder; and

an encapsulating body formed substantidly around at least the semiconductor die and
the die support holder surface on which the die is located, the encapsulating
body being formed to leave the opposte die support holder surface
unencapsulated.

12. The package of clam 11 further comprisng signa leads, ground leeds, and a
ground plane bonding sructure supported at predetermined postions relative to the die
support holder.

13. The package of clam 12 further comprisng a force rdease and dress relief
dructure formed in the ground plane bonding Sructure to free the ground plane bonding
dructure subgtantidly from digortion and wapage resulting from resdud mechanica
dressestherein.

14.  The package of clam 13 wherein the force release and dress rdief Structure
further comprises a least one corner D-ring opening formed in the ground plane bonding

dtructure.

12



unencapsulated. 12. The package of claim 11 further comprising signal leads, ground leads, and a
ground plane bonding structure supported at predetermined positions relative to the die support
holder. 13. The package of claim 12 further comprising a force release and stress relief structure
formed in the ground plane bonding structure to free the ground plane bonding structure substantially
frlom distortrilon qrsjhw?m@petlfk%gﬁim gﬂ@m\ residwlﬁrﬁrmeqh@m&@fé ﬁﬁ@@@w@h@m@h@. r%dTbmmﬁé(age of
claim 13 wherein the force release and stress relief structure further comprises at least one corner
D-ring o &Y fEPMRF tHe %n@ﬁlm@%dm@ tIPENESD 1% HRe FAUKL R BEEMRIDY wherein
the forcegale@se and stress relief structure further comprises at least one bonding ring hole formed in
the ground plane bonding structure. 16. A semiconductor package, comprising: a semiconductor die;
a leadframe havig: signsdraicdnductonghdeleade; eogiisirdyplane connected to a plurality of the ground
leads; a frame paddle ha(}/i g %ngosite surfaces and side edges therebetween, the opposite frame
paddle surfacesabsgﬂlgogm% &rfitransverse extent than the semiconductor die, and the die being
supported on ored estifreeneippsite frame paddle surfaces and extending beyond the side edges of the

frame paddle; and supgo{rﬁi c?necg(gﬁ tae signal and ground leads, ground plane, and frame paddle
in at least three differenif ygrj ;%?1” e securing the semiconductor die to the frame paddle; at

least one ground wire eqgnogt@thietoreentét ¢ossephicaityl atctioe gieuad tets ground plane;
a frame paddle having opposte surfaces and sSde edges therebetween, the

oppodte frame paddle surfaces being samdler in transverse extent than
the semiconductor die, and the die being supported on one of the
opposite frame paddle surfaces and extending beyond the side edges of
the frame paddle; and
supports connecting the sgna and ground leads, ground plane, and frame
paddiein a least three different layers;
an adhesive securing the semiconductor die to the frame paddle;
a least one ground wire connected between the semiconductor die and the ground
plane;
a leest one sgna wire connected between the semiconductor die and at least one of
the Sgnd leads and
an encapaulating body formed subgantidly aound the leadframe,  wires,
semiconductor die, and the frame paddle surface on which the die is located,
the encapsulating body being formed to leave the opposte frame paddie
surface unencapsul ated.

17. The package of clam 16 wherein the ground plane further comprises a ground
plane bonding ring.

18. The package of clam 17 further comprisng force rdease and dress relief
dructures incorporated into the ground plane bonding ring to free the ground plane bonding
rng subsantialy from digortion and warpage resulting from resdua mechanica  Stresses
therein,

19.  The package of clam 18 wherein the force release and dtress relief structures
further comprise corner D-ring openings formed in the ground plane bonding ring.
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at least one signal wire connected between the semiconductor die and at least one of the signal leads;
and an encapsulating body formed substantially around the leadframe, wires, semiconductor die, and
the frame paddle surface on which the die is located, the encapsulating body being formed to leave
the opposite frame paddle surface unencapsulated. 17. The package of claim 16 wherein the ground
plane further comprise$mquagb pfadei hpndingeag R ﬁf@n@l@m@r@f gl i dughatgesnprising
force release and stress relief structures inc orated into the ground plane bonding ring to free the
ground pl4# Q%B?ﬂﬂﬂqaeﬁ?@%%%ﬁﬂ'&ﬁﬂ %@WH r%%gﬂ@%g lting from residual
mechanical stresses therein. 19. The package of claim 18 wherein the force release and stress relief
structures further comprise corner D-ring openings formed in the ground plane bonding ring. 13 20.
The package of claim 18 wherein the force release and stress relief structures further comprise
bonding ring holes formed in the ground plane bonding ring. 14
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