24 August 2006 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 AQRT Red pg the size of
. . L . .24 Au stlﬁi .
electronic devices, while increasing performance and speed, has been a continuing %%Jec Ive in the
electronics industry. Integrated circuit packages for complex electronic systems typically have a large

number of ntercgonesieghniAUHSE I £o, TG CISQCRIEY W RURREIA Rl made from a

semiconductor material such as silicon or gallium arseni various semicon evices 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. Inf%@gﬁggﬁlﬁﬁw packages typically have numerous
external pins that are mechanically attached by solder or a variety of other known techniques to

conductor patterns 19fa _@s&!@ﬁ%&aﬁ%ﬁ%@l%@%@@?ﬂfﬁ&; hYRICALY cHRGiRAGKAGRT DGR HYaSe integrated
u

circuit semiconductor chips are mounted include a Substrate or other chip mounting device. One example

of such a subBfistereiEsyeatiatHema it Herbioh dHes #saEsHISs 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 leads is attached to the semi %Pmlt\@ﬁl%% circuit chip. In particular, the power,
ground, and/or signal leads of the leadframe are connected electrically io power, ground, and/or signal

sites on the integratStUElPEUitEEATCOSETERF LAY SEMREHIGETBY ISBY LBt SRS My be
attached to thedeadfranmisuugingbjadhesivetior akytothies appropriathiecheitvesviorpatiagkngosuch chips to

a leadframe. J%)?i‘er}(i%ié%éo‘%l?%”é?@% F%‘i’é’!ﬁytﬂatvheoﬁa?g‘éi UG, 0e: A (On AR NG RHEl GRIRS to 2
leadframe, for example, inclu gso e?ll g.I
chips. The integrated circuit chips are usually made from 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.

Integrated circuit chip packages typically have numerous external pins that are
mechanically attached by solder or a variety of other known techniques to conductor patterns
on the printed circuit wiring boards.

Typically, the packages in which these integrated circuit semiconductor chips are
mounted include a substrate or other chip mounting device. One example of such a substrate
is a leadframe. High performance 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 leads is attached to
the semiconductor integrated circuit chip. In particular, the power, ground, and/or signal
leads of the leadframe are connected electrically to power, ground, and/or signal sites on the
integrated circuit semiconductor chip.

Semiconductor integrated circuit chips may be attached to the leadframe using
adhesive or any other appropriate techniques for attaching such chips to a leadframe.
Techniques commonly known to those skilled in the art for attaching such chips to a

leadframe, for example, include soldering.



24 August 2006 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, (‘ﬁrglrlpigétoi H&etal. The
enclosure may protect the leadframe and the attached chip from physical, electrica ,%’nois?ure, and/or

chemical damage. He lepdirape @adatachsd SRl Max MeLReDPYIRE QB.dR%A¥aMRIE, a circuit

board or card along with other leadframes or devices. The circuit board or card may then be incorporated
into a wide vaTPBIcdRAdEAIEHEN dBaydin SOES NI ANSFREPFD S PrRlfeiNBISHEL S iSplitdes, and so

forth. Typicaldwouindeadfyamasithaidnsiudeon nmprs@f ayeison gificien planesease pkenplex and

expensive to gerrg%lfcce.rMI}ljltiﬁle planes have beaen irrg)(t:é)crtpt ratiggi ﬁgo thae e Ei:ggrstt %Lgaarp{ le glframes as a
solution to accommodate the high density of l6ad8 Néeded orq emﬁig y compelex n eg‘?a ed'circuits

typically usedlhoysiagl, hkmaw,su@htmmlﬁpﬂ@pmnmidésﬂgrj@geach plane typically has a single function, such
as ground, power, ef3ignakJhe sRParaiea afife actpasde the.flieranta'angs g 19 bglpielectrically

isolate the various planes in order to reduce electrical’interference, such as noise, from one plane to
another. UnfoREdRERA S olamsviih e dsrskeaies BUREVISCIsimBEIGItsHh ReRIIE GES L MARNE- layer

leadframes, alihapghtbdngiionallyyeffectiveryars vesyieamplax andefipivare oelaest fgciive. Another
problem with these rﬂulti-la er Ieadfr%rg](()af'soi~t that the ground plane preferably must be in a different layer
C

from the semiCORGUCtoF & 6lamn%el§h |Ihg structure, such as a die support holder, for example, a die attach

or mount.ing paddIeTﬁiimgl&anwmtnabfetd@wd@etﬁm@hrm m}ps@ting lmethous ditfveiegandewetoped to
accomplish t@bﬁnﬁ%ﬁq@éxﬁ@ﬁﬁ@eﬁ@ﬂwﬂﬁé%ﬁiﬁi@%ﬁ‘ﬁfék‘:ﬁ%\%rﬁe’%ﬁ ARSIyl PIRDGRR result in

ground plane distortion or warp. The%%éound plane distortion or warp prevents the ground plane from
sitting flat on Y WY BoHERBeRSaR PRSI dAdCaTERe B URE Rigbiamsiyrabifa P areterifRigthe wire

bonding procegsyesuindiitpeaidgieting Bendinguideaiaty. Still another problem is insufficient
resistance to the entrance of moisture into the sealed package, particularly when.the die mqunting
paddle is left eXterll:]}g”I)l}laen;p%lgrg 4y tiple p&ane 8651gns, eag) [():lang tyéljcalﬁy Has ay smgleeq?unctlon, su(%

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

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

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

Another problem with these multi-layer leadframes is that the ground plane preferably
must be in a different layer from the semiconductor chip mounting structure, such as a die
support holder, for example, a die attach or mounting paddle. 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 distortion or warp prevents the ground plane from sitting 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.

Still another problem is insufficient resistance to the entrance of moisture into the
sealed package, particularly when the die mounting paddle is left externally exposed to
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.



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 24 August 2006 Solutions to problems of this sort have been lo gigugrgtzé&t have long
eluded those skilled in the art. DISCLOSURE OF THE INVENTION The presen invention provides a

leadframe for a semiGaRALCIOLAiBIhIG IGAET@M RaleHUdeR SidRaLIRaslR IBFURHJSARB1aRGE the support

holder for supporting the semiconductor the. The die support holder has opposite surfaces and side
edges thereBE‘[\WééﬁFhPr?éTopposite die support holder surfaces are smaller in transverse extent than the
semiconductor die for supporting the the on one of the opposite the support holder surfaces such that the
the extends beyond the side edges of the die support holder. This results in substantially improved
moisture penetration resistance wheP%ﬁ@é&Wgﬁ?—f iR VER R b psulated into a semiconductor
package. Certain embodiments of the invention have other advantages in addition to or in place of those

mentioned above. THE BEFISHAYSLHRM BRYSH ARPrane (STRSE SRS ¢18 af$riSAT B3 ding of the
following detailedddessigptioneadengaken Wthisefenenae die theppacompanyifig dnawingsg BIREEF

DESCRIP TR REnGilnPFVINGS FC wdyina Ao’ Sisailalin{ar anieaieg grout

incorporating moisture ingress resistance ures according to the present invention; FIG™2 is a
cross-sectioraFARsANSE the S veRMd D IS PRotkekigyeneiasty oR fimel2ran BT se, RIG!t $hia plan view

of another leqglframg-camiiauraliondncoperatnHNQIRIWE oS esipiRncafealpsstimaaeprdance with
the present invention; FIG. 4 is a cross-sectional view of the structure of FIG. 3 taken generally on line 4-4

of FIG. 3: FICUH3eS icth Wilvihsrdin Siferftssrrddiratifs drsotdhon metrpoiabtldfoitilie ingress

resistance featuriesiinsabgandalhgénwiibytdenpiesenpénveiioniesistance when the leadframe and die
are encapsulated into a semiconductor package.

Certain embodiments of the invention have other advantages in addition to or in place

of those mentioned above. The advantages will become apparent to those skilled in the art

from a reading of the following detailed 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 resistance features according to the present invention;

FIG. 2 is a cross-sectional view of the structure of FIG. 1 taken generally on line 2-2
of FIG. 1;

FIG. 3 is a plan view of another leadframe configuration incorporating moisture
ingress resistance features in accordance with the present invention;

FIG. 4 is a cross-sectional view of the structure of FIG. 3 taken generally on line 44
of FIG. 3;

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

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



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 24 August 2006 FIG. 8 is a cross-sec '%e_‘lll vieéy}ﬁ the structure
of FIG. 7 taken generally on line 8-8 of FIG. 7. BEST MODE FOR CARRYING TH ENTION In

the following descripjign; QUMEAQUS SRGEHIGAFIRIRALGANED JPHEP VI daentBarauaD JnhRrstanding of the

invention. However, it will be apparent to one skilled in the art that the invention may be practiced without
these specifi@%@ﬁilgz 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
clarity of presentation and rﬁ%Eé@%&&%@é@W@r%ﬁ&HﬁﬁWﬁ@hﬁ "horizontal” as used herein
is defined as a plane llel to the conventional plane or surface of the semiconductor die mounting

ar :
paddle, regardless 81‘?@ E%]é)?ﬁ S RNl MG EME e Tk S T A BB A PP IS S5 the
horizontal asyusdtdefided.of émiayestioh. addwavet,dbevik he' nglami thottoskillctop thisidehdaghen "sidewall”),

"higher", "lower" " and "under;, ' ith yespect to the harizontal pl Referring now to
FIG. . herel e Py B e 100
includes thre&pAEIPAFMErSORaHYek-kiffait ApIE\EIs iR iaday onsitatiy o BsePirditr Rssihdle flat sheet

of material, uguaily Matalathese severalBCtionAliay SR RRICaIehorIRIARlY. iasiRgle stamping,
cutting, and forming process. In the topmost layer or plane is_located a number of signal leads 102. In the

intermediate HEPBP B ENYR S FrouRTEISHAD siRe e RrAmeHers AB Jaihs i stated in FIG.
1, is a bondingetiagaliod all theylbweragpdrottdiin khyelroviptafi€ss located a die support holder such as a

frame paddle 106 that server 25 M40 RALIL ARSI AR HERAR & i1 08, for
plane or surface of the semiconductor die mounting paddle, regardless of its orientation. The
term “vertical” refers to a direction perpendicular to the horizontal as just defined. Terms,

”on RT3 L INT3

such as “on”, "above", "below", “bottom”, “top”, “side” (as in “sidewall”), “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 principal layers on three different levels
or planes. Initially formed from a single flat sheet of material, usually metal, these several
functional layers are fabricated, preferably, in a single stamping, cutting, and forming
process.

In the topmost layer or plane is located a number of signal leads 102. In the
intermediate layer or plane is located a ground plane structure that, in the embodiment
illustrated in FIG. 1, is a bonding 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, 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 the frame paddle 106 to the bonding ring 104, second downsets 114 are

provided at several 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 104zfgch arg Q lead 110
has a first downset 112 formed therein connecting to the bonding ring 104. To connect the frame paddle

106 to the bopding fing, i SR:ORE dRIBRESILHE RIRLAMYIARS almoveiel iNFalRnz hrrebatween, as

illustrated. Together, the downsets 112 and 4 24 August 2006 114 torm supports for the elements of the
leadframe 108SUBRSATHG HYaTh SR e il tPesoraicls rRbreSHHlsabedildiang 9ke downsets
and upsets desoshedi|PerhaieivisayeansUppdisihathelddenariausdandiame algments in their
respective layers or{ tﬂ?n s. It dkilsacgvté(reeegtéj|s%%ver%ﬂl}l§at the metal formln%ntg%g%adt%rr] I][tlglttebfends and forms

. S be at t € rming operation that b IS
the first downsets and the seCond downsets CAlre8BTiehanicar's resses, par |cu1artly on the

bonding ring Q@m&ﬁatllbhvedrésidaabldisigmns and wmf@geqlhfmieah .smgpiemrtidévibesn _&uch residual
stresses andigirions haveded 1 RoRsARyRE BARding niearibewhen eleiricRl cepaastiqns were

made between the semiconductor device, such as the die 108,'and the bonding ring 104. For example,
ground planestffrpatie mtaieiss with deHERRY BRee drdpkr pRosigrednbat BenieH itheidund plane

bonding ring aea@wié&ﬁeacﬂﬂg\b@atﬁadbmmsﬁus@gnlﬂa@miagrdwi_ag, carventienra e fanding
processes. T O\G[%ﬁ%?me .the§ Prigr art rol?lems trbe IFadframe 100 |n(f.grreporatl'hesél Cfﬁxrce release and

stress relief structures and feattires for the' 8h§r|ﬂlgl;nrlrpgaf64v.vmja ertlllclbelrar, and' as “fitettedin FIG. 1, the

bonding ring fi®ganphydEslacmuinch bewfeopehergrgend i8eandsidisgl 4iBe trekeinifheseliarhetated and
distributed thf)%&hQé_rﬂsm%ﬁ%)%ﬂgﬂﬁ@Jﬁﬁﬂ&&%@&@&&ﬁ%ﬁ@ﬁ%ﬁﬁf@%ﬂ@é@&gsfesidUa' stresses therein. For

example, as shown in FIG. 1, each branch of the bonding ring 104 is separated by an open ring 116 from
the first downset 110c¥sHe¥BEd R RIST Sindiablyms: <Rt EadiTams JNdider MPRial ol g HiFieL04 at each

location wherg@ sseeoRdiciownrairdd 4is attashedshereteotiditionalin4heopanicngs 446 are connected
e bondin R 04 BUPSCIE 20 B eple B0 anaihe s e e ey crens
ground wire therein. These are located and distributed throughout the bonding ring 104 as appropriate for

relieving residual stresses therein. For example, as shown in FIG. 1, each branch of the

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

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

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

the bonding ring 104 by necks 120.

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

104. The major 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 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 material are much weaker, or less stiff, than the major extents 122 of the bonding

ring 104, and therefore preferentially flex and yield, releasing and absorbing the residual

stress forces in the bonding ring 104. They also help to prevent such forces from being

transmitted to the major extents 122 during the metal forming operations for the leadframe

100. The result is a significant reduction in residual distortions in the major 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 thezg%tual %&mt of

. . ugust .
transverse material at each slot to be greatly reduced. These regions of narrowe ransverse material are

much weaker, or lesg giff, andneMaorextents. 2.0 thesponcing Hng Wdueneh thersiere

preferentially flex and yield, releasing and absorbing the residual stress forces in the bonding ring 104.
They also hefFfdpieneiestient firclloniin Beifls tarisrrttagitPmenhdisrsidactess b2 Rirthg the metal

forming operatignsplaiitbe leadframe 100. The result is a significant reduction in residual distortions in the
major extents 122 q{e}he. bondingor}g}%l?4 524 August 2006 As can a}lso be0§ehen in FIG. 1, the frame

paddle 106 is much Smalter i transverse éhxetreeh than'the %ilceroff)'é?céﬁ)él\%ﬁée Q& 1 St \f/vell beyond

the side edgdd@2u @kﬂmegdname'pmdldle.ﬂ?éwM-nbwt@iﬁb@. Elﬁhéﬁémtstshdwﬁél@Gs@-séctional view
of the structufig, Qf o Fl(Je Justale N AERESAY QN UNG 2% (NG36RT: naddifions RlGn A lisiatesle full extent

of the signal leads 102, and shows the leadframe 100 in a final state of manufacture in which signal

wires 200 haVe'BéeriBoREBdtyehecsifrantrdalsthosigi kathéetrtoarrercd &8 therdandvires 202
have been bensled teithe20rajerententsddd of thenkgndingin g4 el Gonlin@ndecmangnted Yo the the
108, and an encapsulating bady 204, such.as a molded.resjn, h been formed therearound. Also shown
oo e S R e o R S T b S e o
encapsulatingdsodyr2e4 isdeameddn Rirovshotashien tdHeave e bppasits, thottenm Burdabe @O of the

frame paddle 06, uneRcapalalah.O5.fuly RROsA Sxteialii e faglitale istipationathsat from the die

108. As can be seen in FIG. 2, the "undercut” or shorter transverse extent of the frame paddle 106

relative to théaifiord8 Ervatds appetifettotionaiiae ifeobiitdriretiprlkgindpmenesicdod and the side

edges 124 oftthg Baynepadeigalifto FhaipackeisghlofillEaby then ercapsukating body 204 material,
presents a long path alon%the interf%fg t%ett\{\l/egn the emcap%ulatin body material iptﬁheﬁpocket 212 and
127 dFthé frame™ ¢

the adjacent side edAgSeCSa e “undercut” or shorfer transvetse extent o ame
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 paddle 106. The pocket 212, filled by the
encapsulating body 204 material, presents a long path along the interface between the
encapsulating body material in the pocket 212 and the adjacent side edges 124 of the frame
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 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 substantially reduced by the present invention.

Referring now to FIG. 3, therein is shown a leadframe 300 that incorporates
alternative force release and stress relief structures. For clarity and ease of illustration and
description of this and other embodiments disclosed herein, like features one to another are
described with like reference numerals. Thus, for example, the leadframe 300 includes the
signal 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

structure comprising grounding tabs 302 extending laterally away from the frame paddle 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 i?%e%{fla%gt%%nd the
edges of the pocket 212. This longer path substantially increases the resistance to nToisture ingress,

since the Moigiure JYgHEaY6! MR HPESaRlel HandnRhofk At deMaes o, ieasi dhedipper or top

surface of the die 108. Damaging moisture penetration is therefore substantially reduced by the present
invention. RefePf 5w ey dias Bbm¥lein Reskymmraddisditdme 300 that incorporates alternative force
release and stress mlickstfuaiiereso ERo charilyeapebaask ik ilostraiiar anslldeserippanaf hissand other

embodiments disclosed herein, like featu tq.another are descriped with like reference numerals.
T, for exabic Ko kb A 080 ol et el ol o4t B (s SAME Atnel 106 Bnd e cie
108 mou ntedgmunldédaé&ﬁ@ﬁaaddi@n@@edrﬁlb_vmwn mﬁ@mhaadélgdl%bmdmg bonuieig g, The leadframe
300 has a rqupl ARG SUHETHEE GRMBAANA:growading. ks #xEndingiate alianayfiom the frame
paddle 106. 6 24 August 2006 The grounding tabs 302 are positioned in the intermediate layer level by
upsets 304 tHayeLonplaes fidhgrsaniaimg b eestocttientamdissdyisorobe fersieaiente!a60 also
includes grousdhleBsisoaDi-inapadelsimjbar to the ground leads 110 (FIG. 1) in the leadframe 100 (FIG. 1).
However, unlike the ground leads 110, the ground leads 306 are copnected directly tq the frame paddle
106 by deep downsety B8, THe (é%nbm W r%éaetfg%gg gr?ee%%ﬁasrfl eret "?:lseéjﬁ"lﬁ%ccﬁéﬂ}s{ee%égywt@verse the
height of moretblan, dneciayeiompiammiotiiyeplshuiizaheelrimthisdds el exténuingdirgetiy drbwethe top signal
leads layer tg.the hattpm{iamapaddielryer.AdyRicAlmela gringonsationr.a igadfiame such as

the leadframe 300 will involve, for example, mechanically pushing the frame paddle 106 down through
two layer levidf8 dKd R EhsRicaRy uEsHaRR ddtrleryharerso2uph eHewversehE ek direction,

into the final thiegalapemaandgimatianhtadriease 400 faraer andingsiduahsressasotioamsuthe a metal
forming oper%l(:_j)c()nI EQ%JSad ame 300 includes Z-lin and bo 2. The bgx slots 312, which

r S X slots 3
R e et e e R b st R i i
downsets 308;ador¥iéctiagetiheim togethernidie 303inksnB8d@imgahem 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 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 (FIG. 1). Being more flexible, the material in the Z-
links 310 thus preferentially bends and deforms to absorb the residual forces from the metal
formation processes that cut and shaped the leadframe 300, allowing the grounding tabs 302
to remain desirably flat and planar.

Similarly, the box slots 312 afford a connection having a lengthened linear extent of
narrower transverse extent material that, as with the Z-links 310, provides a long path of
more flexible material to absorb the residual forces and to provide stress relief from the metal
formation processes that formed the leadframe 300.

Referring now to FIG. 4, therein is shown a cross-sectional view of the structure of
FIG. 3, taken generally on line 4—4 thereof. In addition, FIG. 4 illustrates the full extent of
the signal leads 102, and shows the leadframe 300 in a final state of manufacture in which the

signal wires 200 have been bonded to the signal 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 exﬁ(%ng &nagtegbad ?that forms
the open rings 116 (FIG. 1) and the material around the slots 118 (FIG. 1) in thé éadirame 100 (FIG. 1).

Being more flex|ble e maieriat Beiieqidiaks dtLibumpeiasenially Peads an geferms igabsorb the

residual forces from the metal formation processes that cut and shaped the leadframe 300, allowing the
grounding taB8BH2 cRsrRAIH e Baha bR fat Bt Hamed. tksiFeH)dthe box slots 312 afford a connection

having a lengthened disgasiextenicoh in@GWeHEansassmexten maiepaldnalpaswithathendclinks 310,
provides a Ionﬁ @ath of more fl%)éit le material to absorb the resjdual forces and to %%.L\@i e stress relief
0

S er than the die at,is mounted thereon. ¢ smaller fransyerse extents ame s
from the met&l" formation processes tH& ormedlfﬁe(fea rame ‘E)ro.ﬁe‘ferrlng now X therein is

shown a cross:ddctidifal thiswsghifieastiucure st FIG . 8yitakenpgerteradly pathingota4diierdoftiin addition,
FIG. 4 illustratgs, (b fullexia0t s the Glonsg &as10P nandishewsdhfisadivame AR0 i fifa! state of

manufacture in which the signal wires 200 have been bonded to the sighal leads 102 and connected to
the die 108, tHM3EDE RAHEE POBB 4G Bund wires 202 have been bonded to the grounding tabs 302 and

connected to the digd@@in@ndvine ercapsutatngdady. 204 fashaersdormestdhgreamupasés can also be
seen in FIG. 4, the dim S'%%{g thes%lme addle 1%6 are. alg?lllgtmuch smallﬁ)rrtha the die, 108 that is

mounted therlg‘é?ln.uPHe smallet transverse eX A 56 lélﬁ%{%ﬁe padﬂfé’?@@tﬁ'suus s‘ﬁ;ﬁ? Fc?ast?ltﬁl/l increase the

moisture pen@tﬁg&i@dipéfnaﬂl_tum buoSquluﬂtélze{ncé@slﬁtamhng mwgwfigmimp@arawdfnhe@e.108,
thereby SUbs}@v@%l%éﬁgé‘féQ%%ﬂﬂmgﬂwsﬁ?&%%&i%ﬁ’Eg'i’i%t'él‘%uﬁﬁ@c{énﬁ@%WtH% FIG swiigrein is shown

a leadframe 500 according to the present invention. The leadframe 500 is another configuration that
incorporates tdrcelPeldastafamstpaddlsdlikr reeriRedsAts Sakandiagaineatf imecmdrievesafiguration, the

ground planesde\@hstiteiusetis adeadinoming o2 paoreniedio thewgiundrleadesl 1oiky thafirst
downsets 112 ittt N ame Radge 108 Pasmngs el (188 BOnding.fing, 203 &Y RSN downsets

Residual force release and stress relief are then provided by corner slots 506 and W-
links 508. The corner slots 506 function similarly as the box slots 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 W-links 508 function similarly as the Z-links 310 (FIG. 3) in
the leadframe 300 (FIG. 3), and are located on the ends of the major extents 510 of the
bonding ring 502. The major extents 510 of the bonding ring 502, as illustrated, are the
portions of the bonding ring 502 that are intermediate the connections of the bonding ring
502 with the first downsets 112 and the second downsets 504.

Referring now to FIG. 6, therein is shown a cross-sectional view of the structure of
FIG. 5, taken generally on line 6-6 thereof. In addition, FIG. 6 illustrates the full extent of
the signal leads 102, and shows the leadframe 500 in a final state of manufacture in which the
signal wires 200 have been bonded to the signal leads 102 and connected to the die 108, the
ground wires 202 have been bonded to the major 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 also be seen in FIG. 6, the dimensions of the frame paddle 106 are again much
smaller than the die 108 that is mounted thereon. The smaller transverse extents of the frame
paddle 106 thus significantly increase the moisture penetration path from outside the
encapsulating body 204 to the top surface of the die 108, thereby substantially reducing

damaging moisture penetration.



504 connected at the corners 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 corner slots 506 and W- links 508. The co ner sll(l)s':[ts 885 function

similarly as the box slots 312 (FIG. 3), and are located on the bonding ring 502be veen the attachment

points for the first dﬁ%\fgﬁﬂ{% e ANEIENe SRERNM IdQRREE RAHIE 0TIk AARfunftigR ipilarly as the
Z-links 310 (FIG. 3) in the leadframe 300 (FIG. 3), and are located on the ends of the major extents 510

of the bondingpHiiyrsornbhanazdicamerians fores trsBABhY FigBis2 faduiristratedingie e portions of
the bonding ng&R2nthatiane iMereadiatetheccoonaetiansoaditherbemming singce@withwthedrst downsets

112 and the ond dawnsets . Referring now to FIG, 6, therein js show cross-sectigpal view of the
ot of FT T Rk B e e e e T e o e
signal leads 182udncsitoWs itedeadie e 500 homalfigaixtdid of Hfnliscreidwinighpgengignal wires

200 have beephapged Je.theisial JeRAS LR ARALOMERIGHR N iR HRB, Jhe. QKR wikes 202 have
been bonded to the major extents 510 of the bondé%%%rlng 502 (FIG. 5) and connected to the die 108, and

the encapsul AR 18082392 RWékn S&rihdalitferiRYaings A spgs s sl Ln(FE18. B, the dimensions

of the frame paddtentOHare@nain Muchoamallaniantrdipdasabismaunted ibesanitakhe smaller
transverse extents of the fram y(gggcille.l 6 ligggfa nlql (?&L%mérease the moisture penetration path from

outside the élﬁé}é%gﬁ?gt{hné%o 311?1(5 op Suftace of the die 108, thereby substantially reducing

damfaging moistu.reliréﬂetnatimw 8)221@\@9@1&{2@06 §Reveraimgolmawct@om@viewthétbmstslshmvwf a leadframe
700 illustrating gtif anath %Eﬁ%?a%%ﬁ‘ %mklggfﬂé}%& 'ﬁﬁ%&ﬁfi%ﬂf‘ﬁl@@%f%&?é@ AP airegsielief features

according to the presentinvention. The leadframe 700 includes a bonding ring 702 connected by
downsets 704%8igRa! frafsd Padireshoss trdemstizene e afadreisHananybsiureorikd Badframe 700
include corneyidaaliRg-&PENINGSe QG aBshBand nEeringilaleas/ 18, die-eapaeDJing eprenigigse 706, being

located in the corner regi where the downsets 112 and 704 attached to the ponding sing 702,
provide stres TG SITMAD B EEDMAT IR Bod EAcse & THE TELTHAFH 00 (e o e bonding
ring holes 708likbwiseaproldtessirdsS0éliel Sirnildiolyned therearound.

As can also be seen in FIG. 8, the dimensions of the frame paddle 106 are again much
smaller than the die 108 that is mounted thereon. The smaller transverse extents of the frame
paddle 106 thus significantly increase the moisture penetration path from outside the
encapsulating body 204 to the top surface of the die 108, thereby substantially 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 unavailable solutions, capabilities,
and functional advantages. Principally, the ground plane attachment rings and tabs of the
present invention are freed from distortion and warpage resulting from residual mechanical
stresses imposed by the downsetting and upsetting manufacturing steps, and the associated
mechanical pushing of the various leadframe components to different levels, during multi-
plane leadframe fabrication.

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

Still another feature and advantage is the reduced frame paddle size. Since the die is

allowed 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;?4%%}34%(668 of
manufacture in which the signal wires 200 have been bonded to the signal leads and connected to

the die 108, the growndpiesd2.0av@ Resthapdeddade hending g,/ A2 Rk Gennesid to the die

108, and the encapsulating body 204 has been formed therearound. As can also be seen in FIG. 8, the
dimensions orhsE Aatifes Batdfe bR Mesgisin At ts AR IBFERAFAFRS iRV INES: that is mounted thereon.
The smaller transverse exteitmgf thedfame pasidiguQfikus signifieaathifdncieasedhmanaisiyire
penetration path from outside the encapsulating body 204 to the top surface of the die 108, thereby
Cabetantially |EETS B EG O & LA LHATen S Hie B TR et A e iegrated
circuit leadframewidttugrgumdeptasreind ttebnotegient invention furnishes important and heretofore
unavailable solutiongsgarabilitiesiorRd s ieladyantagaaRINciRrl e gund Rlang;attachment

rings and tabs of the present invention are freed from distortion and warpage resulting from residual
mechanical $r88sHYIFHINGdGAyIHY dORRaETSH eI TALeting thXATHEER Y fep8PaKBttife associated
mechanical puskinginédhe varigusm|egafiemae cosmpongniss@ipiftarentlevalssiduiingimedtieplane
leadframe fabri%ation. fAnot er tprin(:i le feaHJfr.e and advantage. of the pre ent invention is its d’ncreased

. embrace all such alternatives, maoditications an§ Vargil(tlons that fa 1thin the spirit and . )
moisture penelf%atlon fesistante. ThisTesults ity improved package integrity, longer dedice $ervice life,
and greater sepgecefdlabilitidsdiltanotheAfb ataterahdirdvaiitag ecisttivd redeicecr frhover padbite size. Since
the die is allqweshta.SxfendRevanddhesdimensians afhmiane PadeiRntisnaL Racessary to match the
9 24 August 2006 die and frame paddle sizes. Thus, a single 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 alterr%?tives N %igications, and
variations that fall within the spirit and scope of the included claims. All matters it‘ﬁ%%ﬂso- ore set forth
herein or shoppHRNRE: NECHTBRRYRESIFRWINgs are to be interpreted in an illustrative and non-limiting
sense. 10 24 August 2006 THE INVENTION CLAIMED IS: 1. A leadframe for a semiconductor die,
comprising: signal leads; gnewdhlaads:; aseiti@apedriuadesdprisugporting the semiconductor the, the die
support holder havinéq]olpi?odssi'te surfaces and side edges therebetween, the opposite die support holder

surfaces being smalléfin tansverse extent than the semiconductor die for supporting the die on one of

the opposite die sugpondheider surfaces_such that the the extends beyond the _side edgc_a_s of the _die
support holder; and@d%%?ﬁoﬂ'%?d@ﬂﬁ'Qgpﬁgﬂﬁ{%rﬁlégaﬂf&;ﬁ&h%? predgtenpingshpesiipn relative to
e

the the support holder. 2. The leadframe of claim 1 further comprising a force release and stress relief
structure formed in the grédR@HIPROHEN AP urEdre it frégahehgFeRISanEeh 8RR sticture

substantially from distortioju e WaspRgestesulingam rasidtalimechanitrl skessestherain. 3. The
leadframe of claim 2 wherein the force Eele se and stresg rﬁlief structljfe further.cogngrises at least one
c dl 1

. . semjconguctor die for,supporting t on, one o, OpPPOSIte su It .
corner D-ring opening formed in the ground plane botrding Strdctars. PR RBSUH aTIve PRI m 2 wherein

the force release and strebsldefisfighuestuneh firthdrecdimprisedsabdgast dne sadmedggsrirfgtimoléeformed in the
ground plane bonding str%ygﬁ.lglﬁg;eﬁgframe for a semiconductor die, comprising:

a ground plane bonding structure supported at a predetermined position relative to the

die support holder.

2. The leadframe of claim 1 further comprising a force release and stress relief
structure formed in the ground plane bonding structure to free the ground plane
bonding structure substantially from distortion and warpage resulting from residual

mechanical stresses therein.

3. The leadframe of claim 2 wherein the force release and stress relief structure
further comprises at least one corner D-ring opening formed in the ground plane

bonding structure.

4. The leadframe of claim 2 wherein the force release and stress relief structure
further comprises at least one bonding ring hole formed in the ground plane bonding

structure.

5. A leadframe for a semiconductor die, comprising:

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 beyond the side edges of the frame paddle; and

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 %'I[ﬁlr}t &Qt%é] e
semiconductor die for supporting the the on one of the opposite frame paddle sur aces stich that the die

extends beyond the,gide, RAG6R.0fiHIGH AR PATAR, I h2 40081 BURRPIG FORNGCLng the

signal and ground leads, ground plane, and frame paddle in at least three different layers. 6. The
leadframe of claim 5 wher&fitHEcg GEfsesHiE urther comprises a ground plane bonding ring. 7. The

leadframe of claim g furtheﬁlg?m isirégoﬁ% ce rgle%se .and stress reilief ﬁH ctures incorporated into the
] a

ground plane bonding ring to fée the grouﬁﬂnp ane” lgrtldffr%()ﬁﬁ%%ﬁ%es n %ﬁ/oflrlgfhse&igt%rﬁ%ln and

warpage resulting frianerbsidusl rimgchanical stresses therein. 8. The leadframe of claim 7 wherein the

force release and stress relief structures further comprise corner D-ring oPenings formed in the ground
plane bonding ring.”0. Theleatsfdiiae ot slany WHEHGA tREPERkREEESsE SAt sidsdreetidtiftuctures

further comprise boagingréngbaiesfeomed indhesgraunanglasedbendiosifge ke Arseimigrmductor

package, comprising: a semiconductor.die; a leadframe having a die support holder havi pposite
Surfaces and side SRHSLRAAREbREN e ARHo SRS S oM HERS SRS g e in

transverse extent theerlheisdntiesrdtetierdie, and the the being supported on one of the opposite the
support holder surfaces and extending beyond the side edges of the die support holder; and an
encapsulating bodySforme&hsupdbamsIRf stoighd wbseziaitbid wepirletiauetbitthes sxist tHe'eigesupport

holder surface on whigh-therieiis loaaten. ihe Greansulating ihadyhbaing forpeddaleave the opposite die
support holder surface
9. The leadframe of claim 7 wherein the force release and stress relief structures

further comprise bonding ring holes formed in the ground plane bonding ring.

10. A semiconductor package, comprising:

a semiconductor die;

a leadframe having a die support holder having opposite surfaces and side edges
therebetween, the opposite die support holder surfaces being smaller 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 substantially 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 opposite die support holder surface

unencapsulated.

11. The package of claim 10 further comprising signal leads, ground leads, and a
ground plane bonding structure supported at predetermined positions relative to the

die support holder.

12. The package of claim 11 further comprising a force release and stress relief
structure formed in the ground plane bonding structure to free the ground plane
bonding structure substantially from distortion and warpage resulting from residual

mechanical stresses therein.

12



unencapsulated. 11. The package of claim 10 further comprising signal leads, ground leads, and a
ground plane bonding structure supported at predetermined positions relative to the the support holder.
12. The package of claim 11 further comprising a force release and stress rellefﬁt[\ltjcturellzré%med in the

ground plane bonding structure to free the ground plane bonding structure substan lllﬁﬂf/t om distortion

and warpage resulting from,(esiduale BIeGRANICALIIAIRGRNGHRINe1lA L 4AUGHSE RADB R Pe package

of claim 12 wherein the force release and stress relief structure further comprises at least one corner
D-ring opening formBagT HIGFEGHhA s BErhmg shudtgrarauner henstiaghcostqend A¥fherein the
force release and st@sBrebedstiecture further comprises at least one bonding ring hole formed in the
ground plane bonding structure. 15. A semiconductor package, comprising: a semiconductor die; a
leadframe having: signal drid grokegd lefadsina G ovrdepidhe foormettes ad plaralityidfstneground leads; a

frame paddie having, QRROSiG,SNLBRGEANGHE B EHYSHINRIRPRIMEE I AE LRARRSIGLTIRIARAdIe

surfaces being smaller in transverse extent than the semiconductor the, and the die being supported on
one of the opposité'f&iHE paddle surfaces and extending beyond the side edges of the frame paddle;
and supports connel%ting the sni[gnal nd ro nd leads, gsriou.nd plane, and frame paddle in at least three

different layers; an adhesiees%eccﬁ)ﬂnléc%% SettcondUctor fie to the frame paddle; at least one ground wire

connected betweemtkensemdooteddator die and the ground plane;
a leadframe having:

signal and ground leads;

a ground plane connected to a plurality of the ground leads;

a frame paddle having opposite surfaces and side edges therebetween, the
opposite frame paddle surfaces being smaller 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 signal and ground leads, ground plane, and frame
paddle in at least three different layers;

an adhesive securing the semiconductor die to the frame paddle;

at least one ground wire connected between the semiconductor die and the ground
plane;

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.

16. The package of claim 15 wherein the ground plane further comprises a ground

plane bonding ring.

17. The package of claim 16 further comprising force release and stress relief

structures incorporated into the ground plane bonding ring to free the ground plane

13



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 the, and the
frame paddle surface on which the die is located, the encapsulating body being%%ormed tgol&';\ve the

opposite frame paddle surface unencapsulated. 16. The package of claim 15 w e/r%eul%u \é ground plane

further comprises axgra hianc ARG A i ThGRAGHAGE RLEIAIR LA iehP apRFiSing force
release and stress relief Structures incorporated into the ground plane bonding ring to free the ground
plane 13 24 AugustogBiBbiERmGTHE Slbstantially from distortion and warpage resulting from residual
mechanical stresse,herein, 18, The pagkage pl.alelm 17, wherein.he force rcleas and.siress relief
structures further cormprise cOmMerD-ring openings formed in the ground plane bonding fing. 19. The
package of claim 17uwharedmtiiscfopcecrdleasearuistsdosrediof dewrturespluxtihendomprise bonding ring
holes formed in the %round plane bondin ringf. 14
19. The package of claim 17 wherein the force release and stress relief structures

further comprise bonding ring holes formed in the ground plane bonding ring.
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