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TECHNICAL FIELD

The present invention relates generally to integrated circuits, and more particularly to

leadframes for integrated circuits.

BACKGROUND ART

In the electronics industry, the continuing goal has been to reduce the size of
electronic devices, such as camcorders and portable telephones, while increasing performance
and speed. Integrated circuit packages for complex electronic systems typically have a large
number of interconnected integrated circuit 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.



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 senfitegidisctoriigntgehte doepiagieschipicalpartieulapmpre yowde donind, Bad/AE signal

leads of the legdframe By e cRARE Bled RIGTIHGANYI LB RPWRE: UrRMRCARFAL SigRBhSies QathGs integrated
circuit semiconductor chip. Semiconductor integrated circuit chips may be attached to the leadframe using

adhesive or afl} GHRIUHSHFEEHAKEIEHINY T s for attaching such chips to a leadframe. Techniques

commonly known toThsisaliskitled pacilagearifor dtiachisg sushahipsima deadiradnapforiexantple, include
soldering. Onge I infearated. ircull.oinie ase altached meshanisalland elgetigaly i e, leadframe.
the leadframe may%e enclosed or encapsu atedin a protective enclosure. @uc enclosures may include
encapsulationiir depiistiecor Bighutticisamanoe seadirmade thpipiistiere earsinkigeiostmetabsThdwhigtosure may

protect the leagframe-and theuataahed o ftgmrrhysical, electrical, moisture, and/or chemical damage.
The leadframe and attached chip(s) m%(]then e mounted on, for example, a circuit board or card along

with other leadframd<HHHEAR A5 ORI IRDBYS P GF R MRS thamier S PhSrsEdSHE S Wide variety
of devices suchipsscatupuie tsidcel wldcielephteesf @viomabilas, apphasiges, lant sodtthed ypical known

leadframes tht%t include ur&ymbqr of Igé/ers an qjifferelplt I%Ir ne arﬁi corpvglrex and ex%g)(}?ive (o] produce.

. semicon Oor 1ntegra circuit cnip. . icular, € , round, a signa
Multiple planesehave een mcorpdgra{ed ito the ope5|gn of many ealiframes as a solution to

accommodatdeits highederdiynst decacinnessetbel dritaby gy cogipled.intdgrascndirsaitonypically used

today. In many,gueh-muliinle elaReAesigNSigach plane has a single function, such 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 redfiRE W alnisEpiefe AEEVIEHPASTRISBS fRdaT e (DItiSe fahrBthersiog
Unfortunately aéivsivyvioe ntiyedagerspprepbiditt wrhsing Knowmnteahpoues, shigh wultiieadframe.

Techniques commonly known to those skilled in the art 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 leadframe and attached chip(s) may then be mounted on, for example, a circuit
board or card along with other leadframes or devices. The circuit board or card may then be
incorporated into a wide variety of devices such as computers, cellular telephones,
automobiles, appliances, and so forth.

Typical known leadframes that include a number of layers on different planes are
complex and expensive to produce. Multiple planes have been incorporated into the design
of many leadframes as a solution to accommodate the high density of leads needed for the
highly complex integrated circuits typically used today.

In many such multiple plane designs, each plane has a single function, such 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.



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 the attach or mounting paddle.
Single and double downsetting and upsetting methods have been developed to accomplish this.
However, these metHosteraisly . rmechahiodhstlasssaetheligrp updpiane misdhvaguds inughourtiiplane

distortion or waypy i'é'ﬂ@f&&ﬁ&ﬁ?Cilﬂl@ﬁ@qqiﬁ&@ﬁ@%‘ll?réﬂ@éﬂﬁf%ﬂl@q}r%%{%&[‘gﬂ%@l%ﬁ e giftingflat on a
wire bonding heater block and causes bouncing of the ground plane during the wire bonding process,

resulting in pcféfeﬁ%’ﬁnd bonding integrity. Solutions to problems of this sort have been long sought, but
have long eluded thasetiskiedientve tarthdsd Sl DR Eadfaniéd s N BN THQNdhanpreskritiivention

provides 2 leagirame for 3 semicandydiarpackage. e sadirams, ndludes, signal apd groynd leads a
ground plane, and a frame pa§ e. }éeup_ports connect the S|gn_aﬂ and ar ncrillfeac?s, groung piane, and
frame paddle #tfashleastonpodiffeddin: [Bpels ant doablegtevivrtengied sesarth smesods|fefvstbaeture is

incorporated i&@oeibﬁehﬂ@&faemﬁlpmr%st.hemmww, riane sisiantially.framdistaitiorandwagrage
resulting from residual mechanical stresses therein. This results in improved bonding integrity during wire

bonding proc&988d PEBRAN S Bbigentd Bt iRoBIRLA B4R other advantages in addition to or in
place of those mentibaegbahdpeant isadvantagesmpidecome gppaepikie thassiskifedaiothe art from a

reading of the following detailed description when taken wijth reference to the accompanying drawings.
SRIEF DESCHIB TORTGE TR R L e N o v
incorporating foveessretselsia mmdsarezsouedibpidate resgidtording to the present invention; FIG. 2 is a

cross-sectional vievwsgf ifigh STpHERAE Binil (e aR3aReraIb ORoliBg: 256 RIVE!End eRdelfinasis a plan

view of a leadframe incorporating an alternative set of force release
skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a leadframe for a semiconductor package. The
leadframe includes signal and ground leads, a ground plane, and a frame paddle. Supports
connect the signal and ground leads, ground plane, and frame paddle in at least two different
layers. At least one force release and stress relief structure is incorporated into the leadframe
to free the ground plane substantially from distortion and warpage resulting from residual
mechanical stresses therein. This results in improved bonding integrity during wire bonding
processes.

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 force
release and stress relief 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;



and stress relief features in accordance 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; FIG. 5 is a plan view of a leadframe
incorporating further alternative force release and stress relief 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'§-a3 |&aslframuienusiratiersistimamswrepetisodirksnaincospiovhfipigeforteaselease and

stress relief feauias3cOREIBMIR NS RISREMLINYRRIRN, LG SR AisrPSS-sectional view of the structure of
FIG. 7 taken generalli/ on line 8-8 of FIG. 7; FIG. 9 is a plan view of a leadframe incorporating further

additional features f5Fofcls d&assir iUy PEiths Seidrgy fdthe [sCatmetnasiingda FIG. 10is a
cross-sectional ViEw f the structure of FIG. 9 taken generally on line 10- 10 of FIG. 9. BEST MODE FOR
CARRYING OUT TIPlFGII\gVEN'[ION In t?g fgalclg}/gmgidegcg%t[ii%n,fg merﬁgglgtpv%c{jfic detlails arg,given to

provide a thorough underlsstgﬁd?ﬁglgﬁﬂe invention. However, 1t wi reaapparent?Bc%ﬁeeegﬁ?ll%n in the art

that the inverstigps nesigfdeaprgsticeccwidness whdsbespressficidedaiienin order to avoid obscuring the present

invention, some weli={gayva £epfigurations #ad BIQEEsERIGRS Are1a0s digelpsad inydstalhd afdition, the
drawings showing embodiments of the apparatus are semi- diagrammatic and not to scale and,

particularly, s @f3he dimensions are for the clarity of presentation and may be exaggerated in the
drawing FIGs. The tBrg 7hasizonpadn asiesse dthereienisrdeinethasadandipanaiiedtocthsodonsentional

plane or surface of th(%igepgir%grr\guctor dd'e mounﬂgﬁf%\ddle re (ﬁrdl sg of its orientatlon.. The term

"vertical" refers 10 & direction perﬁ%sﬁ(ﬁ%ufgre% the orlzué%stgfgaos juné e |?18Eﬁsﬁilgrlrlrllvse,n such as "on",

"above", "below", "bBHo'is teposs sidaoakvigwsid v atyctthighierIG! | dvpden angeallyaandingnddr”, are
defined with rggpagt §0 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 pHites. Ry Yrthelrreniashgee maratseiarmatdiiangdsammidaicitfese several

release and stress relief according to the present invention; and
FIG. 10 is a cross-sectional view of the structure of FIG. 9 taken generally on line 10—

10 of FIG. 9.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent to one skilled in the art that the
invention may be practiced without these specific 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 clarity of
presentation and may be exaggerated in the drawing FIGs.

The term “horizontal” as used herein is defined as a plane parallel to the conventional
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,

v on LIS LE T3

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
4



4 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 frame paddle 106 that serves as a mounting pad for a
semiconductoitgetigoal dunehsazra dibritagdiopraigiabtingmndssuppottingitite ehénnsah fhenlegdframe 100.
The bonding ripg.dQ4 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" ¢4eHYYBAMd IS0 Y1 B'#Es 'S #stiadvinenia ofotiedd {reeit®onfedlifg to the
bonding ring iférialcannset the framadpaddied1HGiouthie handingding 104, secbaddbvdnsets 114 are

provided at seﬁer? Io&ati ereq)etvgieen as iH}tlstrated. Together, the downsets 112 and 114 form
illustrated m 1,15 a n 104. . . . . .
supports for the elements of the iéadirame , supporting and holding them in their respective layers or

planes. Similarly, théndbwvinseds arp gy dedcpibed ifntesarsk ifragwrvaddie slspbatsstnedstsld the various

Ieadframe elemanisno Jheios %%@ﬁﬁé%%ﬂ@i@@e@fo@]@ﬂ&%étahﬁé RReDHIRGAVEIE I Al Ihs metal forming .
operation that bends and forms the first downsets 112 and the second downsets 114 causes mechanical

stresses, partftaIdHy Brith&a8BAan L Ang 104, that leave residual distortions and warpage therein. In prior
art devices, such repiduahgirgsses Hachalistios ions: padelden) tapoapgoasn dhandingdnéagyity ovhen

electrical .°°”%ﬁ}‘%’lﬁeﬂ%ﬁ%ﬂ‘é‘g&%‘?%efQ&Q‘Earsn%rﬂ‘C%P.d#éﬁtoz{sCEEé"s‘%ena?‘fCa%se?FoH?e[%‘é?l 198, 20d the
bonding ring . For example, grouncf plfane Warpeli)é)e iRtereres with acﬁlevmg the ptroper physical
contact betweén itrergrsiaiel Pranebbadengnagiag d0d wie isomuih ép ik bterhasle dics cdrsing: Bdaincing

during conventignal WireiRBHRERLLARSSIndBLYREC@ME these prior art problems, the present invention
incorporates force release and stress relief structures and features for the bonding ring 104. In particular,

and as illustrated inTIEMethds bR Pl 102 indifabendipgisisel OF SpEMFidgY el Ahd Yots 118
therein. Theserarediaratedvand Bisinidnstec ttraugbouisthiuboneingTagiddtas appiapsiate tard relieving

residual stresses (el SRl SRR AR RN MHD ElGdnS360, RADSHRL NG notding them in
their respective layers or planes. Similarly, the downsets and upsets described later herein
serve as supports that hold the various leadframe elements in their respective layers or planes.

It has been discovered that the metal forming operation that bends and forms the first
downsets 112 and the second downsets 114 causes mechanical stresses, particularly on the
bonding ring 104, that leave residual distortions and warpage therein. In prior art devices,
such residual stresses and distortions have led to poor ground bonding integrity when
electrical connections were made between the semiconductor device, such as the die 108, and
the bonding ring 104. For example, ground plane warpage interferes with achieving the
proper physical contact between the ground plane bonding ring and a wire bonding heater
block, causing bouncing during conventional wire bonding processes.

To overcome these prior art problems, the present invention incorporates force release
and stress relief structures and features for the bonding ring 104. In particular, and as
illustrated in FIG. 1, the bonding ring 104 includes a number of open rings 116 and slots 118
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



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 5 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 apectivd dortivas Idttireaaeitih gheretp1 04dbtomMEl. ghsumgwiregscbiinaretioonadetadh tthe the 108
to the bondingying i35 M@6y asfuriher 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. SIAFAAT? thensdts 'Pgedihss e HAam Dtk Sterihive L dPmbeatinedin8ach slot to

be greatly redueedThesgoragiens obparcoivegdoitiansvénse boatiiiatiapel tauchwiiehketuard less stiff, than
the major extents, 122 %fftr%%ltigé‘%i@gm%'}g &fg%oaﬁ%thr‘?ﬁefgdi #’Je}}%{&”t'a”é(irft'ﬁé %Q&XE%be%easmg and
e ondlllng %lng‘g_L 4.

. conny O € , d
absorbing the resmpua stress forces in't hey also he p to prevent suc Yorces from
being transmitidtrespest thEj6r éxtents 122 during the metal forming operations for the leadframe 100.

The result is a signifigany &%@M&hh@%@@é&ﬂ@ﬂ@@%&%ﬁ@@fﬁ%{@ﬁg%ﬁs%zaneﬁaﬁ&%@ing ring
104. Referrin%qnow to FIG. 2, therein is shown a cross-sectional view of the structure of FIG. 1, taken
generally on [1A&"2P5 tREASSHIRREddRiohDe RS NRILRRIAS thE RISk M IS ESSams Rt b2, and
shows the leagiframeol dQrsvarfinabaiaie ofeacanufactbkegr ahicflusigna wikes Zodshavadbeesibonded to

the signal leads 102 and gnnectedu:%tggﬁ%ie 10&3éSS roung Wi[ﬁs 202 have gel QQP{P,%%d tgithe major

extents 122 of the bon n%g rrﬁ?llga%folﬂ “'and connected to the die T r,lan an enca(bnsu?gting body

204, such as anadidédandsihetaase héeﬁq@ﬁm]éﬂ tleasreadaield. Alsessroand isbaprbidhdbivecddeathat bonds

_the the 108 tOsIH:%sfrf%EEé‘s prddiedRbnRafermog, ”%Wa'fs'@hépth%%ﬁ}éﬁ%ﬁ@ﬂ"?o?oé@%@”ﬁ_‘ér%oo _that
incorporates alternative force release and stress relief structures. For clarity and ease of illustration and

description of tAIS Bt btAdPeMEBHANERALS thiclodas et lika it reyBitatscanerdtia tescribed
with like reference mhnesalsisThuignitcexampaothie iesidirarsdinciudesihier sigaak lezxlsr102, the
frame paddle tJﬁ(e)%,o %1511% gtkr]i% gtrl% 4&08 mounted on the frame paddle 106.

Referring now to FIG. 2, therein is shown a cross-sectional view of the structure of
FIG. 1, taken generally on line 2-2 thereof. In addition, FIG. 2 illustrates the full extent of
the signal leads 102, and shows the leadframe 100 in a final state of manufacture in which
signal wires 200 have been bonded to the signal leads 102 and connected to the die 108,
ground wires 202 have been bonded to the major extents 122 of the bonding ring 104 (FIG. 1)
and connected to the die 108, and an encapsulating body 204, such as a molded resin, has
been formed therearound. Also shown is an adhesive 206 that bonds the die 108 to the frame
paddle 106.

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.

The grounding tabs 302 are positioned in the intermediate layer level by upsets 304 that

connect the grounding tabs 302 to 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. The grounding tabs
302 are positioned in the intermediate layer level by upsets 304 that connect the grounding tabs 302 to
the frame paddle 106. 6 The leadframe 300 also includes ground leads 306 that are similar to the ground

leads 110 (FIG. 1) ihhthizddtama ) 200 (Ricdep)ziagwdeeds dofikentiaee ghouadttehdsprad thedsground
leads 306 arejganigcted directlyiithebrams @addls 100 hydeemfrwiRelsoald-1dde deemdownsets

308 are considered "deep” because they traverse the height of more than one layer or plane of the
leadframe, in S8 ELEAdSARNATRGUPETE] HETHINE (85 LriPapiddlss! AR By despriowBitsin Fantl@%addle
layer. A typicalaspetialiosaniinglope ratiniiéesda trapifrasca sucthe yas dhesteadfraipk 30thuril tinvolwe, for

example, meqhanicall pus ' glthgfframerp ddle 106tdoa/.vnc§£\ro hftwota er Ievelﬁarad 1mechanically
pushing the grounding tabs 4 Up T e Rl e m, INto PRI i
configuration.t¥ thedietie frenfopeddlalidaesidual stresses from such a metal forming operation, the

leadirame 300 includesAdipkacAA a0l 313: TenElQier3A2 e haNe S apen center or

slot 314, are positioned on the ends of the ground leads 306 nearest the deep downsets 308, connecting
them together™YHEZ RS R caracgisitathe bR Badi ditnsRagels JLAUY A 8D A e d¥fécting the
grounding tabiea2at@l ihechapials JodhihHend dioksddkOaompLisp énzigragipaitesnafaaduaed transverse

extent material, thereb lﬁ%]n rendered more flexible. The dynamic effect.is similar to that of the reduced
ameveres o e e R S e R o e o0
(FIG. 1) in thea |t dpnein@ @gek@on,) IR dingfrmme F&xirtbiddse/miateribl AramH o ox $inks3320 thhes

preferentially Bendls@aehdeiarmsaR %P%B_Eh E@ﬁtéﬁéﬂ%b@ﬁﬁ% Hamdha %}Pﬁ?é eﬁﬁm@ﬁ%‘g%ﬁl&‘@%es that
cut and shaped the leadframe 300, allowing the grounding tabs 302 to remain de5|rabl¥ flat and planar.

Similarly, the 58%5sfOf %P5 HiBFadsRotMERsoh WavirRy 2L FERg AL LPRFEST eXtsntdMFar/Wes transverse
extent materiglotfiadnas ouihadhend-bnkacBldoprdviglesd adoneppaibtiaf imoseofiedifiaamatoab tbabsorb the
residual forces and %8 4orovide stress relief from the metal formation processes that formed the leadframe
300 upsets .

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
ground wires 202 have been bonded to the grounding tabs 302 and connected to the die 108,

and the encapsulating body 204 has been formed therearound.



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 ground wires 202 have been bonded to the
grounding tabs 302 Baigevarseted @ e, dhereoBis sheithe Badkpeslatifgsenyizow ssiessntformed

therearound. 1, RGIRIKING ROV IR Sodnergibuie SO B RalRA0fRaMBaN ARG LR 1he plgsent

invention. The leadframe 500 is another configuration that incorporates force release and stress relief

features into aFRtNITAAS/eFeRINH AR 21 PHs RERAGEIERBY: o BrosRalsURL T VBT SHHRIA%, bonding
ring 502 connreteditacthe grawoddaading B0byoiie diedtid ohensetsdIdaisIn by, theffikanevpaddle 106 is

connected t0 15 bpNAING fing 202 b geqend. downsers, 504 gonnected, e comernigf the rame

d t
paddle 106 andthe bonding ring er than mid-length as illustrate Pthe second downsets 114

(FIG. 1) in theS¥aeifrassted GDIR Iy RE did dedferpeddidefeand dhsthesdinglivns A hethprdided by
corner slots 59@@@9%1\/1\{3# NkaeR8d hencQueh IRl AR UNGEeD. SNkl atithenbassteid 3ty (FIG. 3),

and are located on the bonding ring 502 between the attachment points for the first downsets 112 and
the second downsetRBEAAHECHAIFKS 80 FuretsHeSim dRp R5HE ¢ Phkeaaosi#c087H We leadframe
300 (FIG. 3), #nkkaves|oceied@nethasendscofitingisnajoniextenis thd ot e BandiRGiay bR arlthe major

extents 510 of the hondijng ring 502 llustrated, are th ortions af the bonding ri that are
remediate 1 e BV O, I R TS PR S
downsets 504hRederrihdavavets THG . Bretereiksis $howetiarcsosdaseatiohaldriewsof thebdtrudtime of FIG. 5,

taken generali} O ifie. 66 3¢ 1@eE. 19 additian. I5iG.£ duaicalagtoe il exjentotdiessigpakigads 102,

and shows the leadframe 500 in a final state of manufacture in which the signal wires 200 have been

bonded to thePSRyias 18881 Y02 ThdBaich&ted 1o tRePbide banding TReuid-vitddwistethEHbEn bonded to
the major exteoisdibotibehaoncingnsiod a2 k&indrmanilaco eaiecktadhe dhend O8naing the

encapsulatinggeﬁgu)‘){%g Aé as ﬁeen f?r ?g%{tl efearound. Refertrir%%épow to FIG. 7, therein is shown a

1ISL.OWNSELS € second downse . .
leadframe 70 strating S{I another rame embodiment incorporating force release and stress

relief features accorBifgrtmgheovpiteddht. invdntion iSTHS YenafrraresdQ@InLide & thontirgiringf 702
connected bqu@(\’gl,sﬁk%n generally on line 66 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.

Referring now to FIG. 7, therein is shown a leadframe 700, illustrating still another
leadframe embodiment incorporating force release and stress relief features according to the
present invention. The leadframe 700 includes a bonding ring 702 connected by downsets
704 to the frame paddle 106. Ground leads 706 in this configuration include a deep downset
708 connecting downwardly to a foot 710 that is on the same level or plane as the frame
paddle 106. The bonding ring 702 is then connected to the foot 710 by a downset 712
therebetween.

The force release and stress relief features of the leadframe 700 include corner L-slots
714 and the pair of downsets 704 and 712. The corner L-slots 714, being located in the
corner regions where the downsets 704 and 712 are attached to the bonding ring 702, provide
stress relief similarly as the corner slots 506 (FIG. 5) in the leadframe 500 (FIG. 5). The

downsets 704 and 712 provide stress relief by presenting symmetrical metal formation
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704 to the frame paddle 106. Ground leads 706 in this configuration include a deep downset 708
connecting downwardly to a foot 710 that is on the same level or plane as the frame paddle 106. The
bonding ring 702 is then connected to the foot 710 by a downset 712 therebetween. The force release
and stress relief features of the leadframe 700 include corner L-slots 714 and the pair of downsets 704
and 712. The Radieres PosRIBOFIG, Hidspiobatbandinhainorier fegidprrwher dasieotovedyeie 74 and 712

are attached 1Q,{1\6 BPBHINTHNG 79 REQMERSHERSSIlieh SITANN 25 108 FARRBHlks 5RE 1FIG. 5) in the

leadframe 500 (FIG. 5). The downsets 704 and 712 provide stress relief by presenting symmetrical metal
formation 8 pRBFiE%HDpposing sides of the bonding ring 702, in a pair-wise fashion, reducing the
tendency of the metRkferiinin g@n thSFat Bing@parationsy toadwist sasewarimt e ostding stingui@ D fin these

areas. Referring.n o0 FIG. 8, therein is N a crqQss-sectio iew of the stru e of FIG. 7, taken
Comerally on I a e e e e e Bl 8 e
shows the leadiframenrdoas ddmandtshevsf hralsadicmee’ M) whichinghstdiypamwirdscnoe havkigieen bonded

to the signal |%ﬁd§8¥9?\£ﬁ£§525() R sennsGiacte the sif.d R8athe greund/\iresLRrhRYeAgeN bonded to
the bonding ring 702 and connected to the the 108, and the encapsulating body 204 has been formed

therearound. BEERYENTY Ritss 8VarEiRGe g Lo1Burafiestis tiaantorperaissie it additional

features for falzel o8leasatanshsipesiatialiebaceotdingtatterirat ingsrofibe present invention. As in the

leadframe 700 (FIG.7), the leadfr Iso has the symmetrical d ets.704 and 712.0n opposite
sides of a bonding r%%}%ﬂg t%o%cﬁ(}n(}g(gﬁoé)’ir?%eerﬁ ive for the %cl)er?é%r%fbmﬁnggﬁgo% ttomWCgFBO éif&w%ﬁg the metal
forming operatilsifeofor thetueadiraforsOteale aaddition reledracemdingith dfictienchajey eitieapsesdd of the

bonding ring 90GnabiNe Altaripenisihcreobiaiee Braundclradsn WothrieRtesliny linkages 906

proximate to holes 908. By reducing the transverse width of the metal material of the bonding ring 902 at

the slim linkafR¥688 AHP e horsaaasifeside i alehBanding Sied9TdidrdvecsPeviiartiye e 1ocations
similarly as wisbridiecopenaings ka6 (lGwlyamd theanecksid? Opdratonk)foF et isadhenwaterialnin the

At TEER T T e T
thereof to the ground leads 706, there are slim linkages 906 proximate to holes 908. By
reducing the transverse width of the metal material of the bonding ring 902 at the slim
linkages 906 and the holes 908, force release and stress relief are provided at these locations
similarly as with the open rings 116 (FIG. 1) and the necks 120 (FIG. 1). That is, the material
in the immediate vicinity of the slim linkages 906 and the holes 908 is less able to resist
yielding to residual stresses from the metal formation process, so the material will yield
preferentially in these narrower extent regions, allowing the major extents 904 of the bonding
ring 902 to release stresses and return to the normal, preferred, planar configuration.

Referring now to FIG. 10, therein is shown a cross-sectional view of the structure of
FIG. 9, taken generally on line 10-10 thereof. In addition, FIG. 10 illustrates the full extent
of the ground leads 706, and shows the leadframe 900 in a final state of manufacture in which
the signal wires 200 have been bonded to the signal leads 102 (FIG. 9) and connected to the
die 108, the ground wires 202 have been bonded to the bonding ring 902 and connected to the
die 108, and the encapsulating body 204 has been formed therearound.

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
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preferentially in these narrower extent regions, allowing the major extents 904 of the bonding ring 902 to
release stresses and return to the normal, preferred, planar configuration. Referring now to FIG. 10,
therein is shown a cross-sectional view of the structure of FIG. 9, taken generally on line 10-10 thereof.
In addition, FIG. 10 illustrates the full extent of the ground leads 706, and shows the leadframe 900 in a
final state of riagtsfactupesid Whidls daesigiHal Wik S2o0ikaibdasibingddebto 1he biyasorialdd 102 (FIG.
9) and connegieehipiithe pihgilO8¢ the grAURdIViiaaROZ2habReLRENGR IR TBR RARGIDGRY 902 and

connected to the the 108, and the encapsulating body 204 has been formed therearound. Thus, it has
been discoveRiythdttfEamfeJARLR St uit R AREENidPdroSitiiprandit dedsretmishdeMon furnishes
important andileptefice vhavaitablesseletionsfaapaddilie andund durtito faladyantagaesriRtinocipally, the
around plane giachment,ings #d (2 of {neyprssent venion are feed rom, distarion and warpage
resulting from residual mechanical 8 Stresses |mposed1 the 3ownset?|ll‘$g and upsetting manufacturing

steps, and thezessoriiaieel. Mebhaniesitpeshithgdahee vanibase | Ealbiirepnwaanspuiibragniseitferbnt levels,

during multi- plangrleadfiemedaRecation A Yiselosed and described, this is accomplished by
incorporation of the various inventive force release and stress relief features as appropriate to the needs

at hand. The resulting et dmEoRMyS RAFSs srEPed N gREBREEPE, HEbASRIREF PaHcBRdptitdted, highly
versatile and effectivelcansbardfulyaspripatiiieqith @ifiveintisnahdnaribfi@atunily fropessas @nd

technologies. While.the jnveption ha en described in conjunction with a specific best e, itis to be
inderstood Tep i Rt s s e o et SEREE MR BSHCITE oI, e
art in light of thatafiseegbisuyltl eYeriptioes. Acedfdiriglys.itidirvardedstthas bl acéhall bacivialtenihtives,
mOd'f'Cat'O”S’s@éﬁi @Wﬁ&'%&dh@é @Qimt.h'ﬁﬁhﬁlﬁ@f&t ﬁﬂ%ré&g’@ﬁ: QE@%&H%HQ‘%@ &'%&EHMH matters
hither-to-fore set forth herein or shown in the accompanying drawings are to be interpreted in an

illustrative and$i8RIRAYRGLRKESS 165 19 INVRRIFTORRE ARSI @I oR-JERIREHF8%0r a semiconductor

package, comprising: signal leads; ground leads;
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a ground plane; a frame paddle; supports connecting the signal leads, ground leads, ground plane, and
frame paddle in at least two different levels; and structural residual mechanical stress distortion and
warpage force release and stress relief means consisting of: i) a local change in shape of the ground
plane in the form of reduced transverse extent being Z-links, W-links, necks, slim linkages, open rings,
holes, slots, oF AEEBNYIRGIION BbadiMiLedrnbined with the following means: ii) structural stress relief
means incorporated into the ground leads in the form of either a narrowed transverse extent or a box
slot, or iii) supports it the fOriPEFABG LSS CY R B kA% SOMETHiA8e. 2. The leadframe of claim 1
wherein the force relgase lamnd;stress relief means further comprises at least one slot formed in the
ground plane adjacen;ga sypport connected thereto. 3. The leadframe of claim 1 wherein the force
release and stress rélief means further comprises at least one link of reduced transverse extent formed in
the ground plane nearatiéasinshe of the supports connected thereto. 4. The leadframe of claim 3
wherein the force relegsgapfigiress relief link further comprises a structure selected from the group
consisting of Z-links, W-links, necks, slim linkages, open rings, holes, and a combination thereof. 5. The
leadframe of claim 1°WREFSIAOHE FoRederiass Iapt strew fehds Hednd Plafthar Lorptisaddls igion of
narrowed transverse extenitfieasieddnligfgeaunddsaan®. The leadframe of claim 5 wherein the region of

narrowed transverse extent, further coml[?rise§ atbox I(?t. 11 7. The leadframe oi claim vyherein the
51dua1 me%c 1cal stress.distortion an WaI‘Plér}l%eCIagr € reicase, an

structur?.l 1i43 ) f ref‘ss
force release and stress relief means further comprises supports co symmetrically to the ground
plane on opposite sides thelebm@nTkhenkastdiganie of claim 7 wherein the supports further comprise

downsets 1) a local change in shape of the ground plane in the form of reduced
transverse extent being Z-links, W-links, necks, slim linkages, open
rings, holes, slots, or a combination, possibly combined with the
following means:
ii) structural stress relief means incorporated into the ground leads in the
form of either a narrowed transverse extent or a box slot, or

1ii) supports in the form of downsets connected to the ground plane.

2. The leadframe of claim 1 wherein the force release and stress relief means
further comprises at least one slot formed in the ground plane adjacent a support connected

thereto.

3. The leadframe of claim 1 wherein the force release and stress relief means
further comprises at least one link of reduced transverse extent formed in the ground plane

near at least one of the supports connected thereto.

4. The leadframe of claim 3 wherein the force release and stress relief link
further comprises a structure selected from the group consisting of Z-links, W-links, necks,

slim linkages, open rings, holes, and a combination thereof.

5. The leadframe of claim 1 wherein the force release and stress relief means

further comprises a region of narrowed transverse extent formed in a ground lead.

6. The leadframe of claim 5 wherein the region of narrowed transverse extent

further comprises a box slot.
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connected to the ground plane. 9. The leadframe of claim 1 wherein the ground plane further comprises a
bonding ring. 10. The leadframe of claim 1 wherein the ground plane further comprises tabs. 11. A
semiconductor package, comprising: a leadframe having: signal leads; ground leads; a ground plane
connected to a plurality of the ground leads; a frame paddle; supports connecting the signal leads,
ground leads, ground planéhaehfisrme addie ih athrseist the dereifficterielevelsiresndodefiomaras residual

mechanical 3?&%9%@&@3%&%@&9&5&@%@%&@@ Stesg iRl merns cypsigiing £F i) a local
change in shaEe of the ground plane in the form of reduced transverse extent being Z-links, W-links,
necks, slim lirt 5‘68&, open rings, holes, slots, or a combination, possibly combined with the following

means: i) structural stress ggliqf means Iicorperatadnis, e arpund laadsdn dhg Imial eilher a
narrowed transverse extent Or a DOX S ot, or 1) supports in the toim of downsets Ronnected to the ground
plane; a semisonekiedor die iwesndalorcthe frame paddle; 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 wité SGHIEBIEPb&tRiBE tESEhndiRUSt didSnE B FELABHESS dhe signal
leads; and 12mad&neapgulating body formed around at least portions of the leadframe, wires, and

semiconductor die. 12. The package of claim 11 wherein the force release and stress relief means
10. The leadframe of claim 1 wherein the ground plane further comprises tabs.

11. A semiconductor package, comprising:
a leadframe having:

signal leads;

ground leads;

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

a frame paddle;

supports connecting the signal leads, ground leads, ground plane, and frame
paddle in at least three different levels; and

structural residual mechanical stress distortion and warpage force release and
stress relief means consisting of:

1) a local change in shape of the ground plane in the form of reduced
transverse extent being Z-links, W-links, necks, slim linkages, open
rings, holes, slots, or a combination, possibly combined with the
following means:

ii) structural stress relief means incorporated into the ground leads in the
form of either a narrowed transverse extent or a box slot, or

iii) supports in the form of downsets connected to the ground plane;

a semiconductor die located on the frame paddle;

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
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further comprise slots formed in the ground plane adjacent supports connected thereto. 13. The package
of claim 11 wherein the force release and stress relief means further comprise links of reduced
transverse extent formed in the ground plane near the supports connected thereto. 14. The package of
claim 13 wherein the force release and stress relief links further comprise structures selected from the
group consisting of ZulipkesPyvLiiiks badeKermsiinaiird ge deaspearrivrysohbiedeaghmecoriibinaidn thereof.
15. The package of claim 1l ywhgigindhgiforce release and stress relief means further comprise regions
of narrowed transverse extent formed in the ground leads. 16. The package of claim 15 wherein the
regions of narrowedittansvEiseaiignt oiuclhen domgrisahax dlate. klealhapookagadic€laisankl wherein
the force release, and stress relief means further c rise.supports connected symmetrically to the
ground planc S SpPSLIE SALA” INETSat 1h: TR RaakGe B i TS WGHam Ghe SUSorts further

comprise downsets jgonnegigd,feithie gouagPianendRin i Packagr AL claim ddwRreimihg ground

plane further comprises a_bonding ring. 20. The package of claim 11 wherein the ground plane further
comprises tabfgrtlfg comprise links “of réduced transverse extent formed in the ground plane near the

supports connected thereto.

14. The package of claim 13 wherein the force release and stress relief links
further comprise structures selected from the group consisting of Z-links, W-links, necks,

slim linkages, open rings, holes, and a combination thereof.

15. The package of claim 11 wherein the force release and stress relief means

further comprise regions of narrowed transverse extent formed in the ground leads.

16. The package of claim 15 wherein the regions of narrowed transverse extent

further comprise box slots.

17. The package of claim 11 wherein the force release and stress relief means
further comprise supports connected symmetrically to the ground plane on opposite sides

thereof.

18. The package of claim 17 wherein the supports further comprise downsets

connected to the ground plane.

19. The package of claim 11 wherein the ground plane further comprises a
bonding ring.
20. The package of claim 11 wherein the ground plane further comprises tabs.
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