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TECHNICAL FIELD

The present invention relates generally to integratedcircuits, 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 galium 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.



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 itegrblieth aitisuinisbinopaagss Groigaty disdéongiopialiseaxisrialashtettarehe

semiconductopiieaiaipy &iéﬁh@b@# RolfePar iGWALy I HAYSINGHAYENRIIELRD BisHiRk P MRRdhe

leadframe are connected electrically to power, ground, and/or signal sites on the integrated circuit
semiconducto? tHpPEEFEEALMEPREYRsed circuit chips may be attached to the leadframe using
adhesive or any otha&wypieptgptiaietekines e svfocratiashingegraredctipsi tasanlizadi@me chligchriques
commonly knogwn to those skilled in the art for attachin h chip leadframe, for ex le, include
soldering. Ongi% nttta%finlt@%?a eﬁ:ﬁ%bl ec%ripﬁ%‘f?acrﬁéE’?&%[@é@rﬁ%’é&énﬁ%lé@%@%@c n%%ﬁ)%%%g leadframe,
the leadframei srialeiséiramel ostidhopesiasasoeaesdiianep ytietile a8 crvtifeyes gencteies| wliveinenay include

encapsulation;fa-PRstsOaR B P& S BHSRa Begerb plastic, ceramic, or metal. The enclosure may
protect the leadframe and the attached chﬁn from £%3|cal, electrical, moisture, and/or chemical damage.

The leadframe and SEAUHAETASOY PR/ YHBA Y5 ARGERRET WA 1 A SIS g b B card along
with other le astifarpamamtetesices. Wiiehcir cluinberast! sonear drouay, thefidp&i gnat aepasasestkdpihecatavide variety

of devices suchcas SOMRHIGTS: FRlbIALISIRIONTS, SHIBMAbISAPRIRRCSH oA SRdRf i hypical known

leadframes that inc a numbe ayers on different planes are compleX and expensive to produce.

Multiple planelsagiawé thed epsitasnp srateennectethaesisiglly f pRwRY wadieh enskons andofiied Andhe

accommodatqr{{%@rgigpcg@mg&ﬁ%ﬁag&dp%ﬁﬁﬁd 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 separatichOFREUTIAC B HSHh &'drH SAMSI RS ReBTRENE o iiEalRPianic U ®various
planes in ordexdtedieduse @hecttieal ipigtiaiaecechnicheasfooiagadiion ems plape to anietoétme.

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 dong 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.

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



2 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 attach or mounting paddle. Single and double
downsetting and ups$étingnaethoehaentse hayes/aiopeitt 1 astaniplivh taebniddsnesush tidte methods

cause mechaigal RIEGHSAER BRNEIGHASHEIBRS ANSrEESL ROVRHNERIBRR ARIAHAN & WaRoghe ground

plane distortion or warp prevents the ground plane from sitting flat on a wire bonding heater block and
causes bounc‘ﬁf&cﬁf’ﬂwe ground plane during the wire bonding process, resulting in poor ground bonding
integrity. Solutions ta potietgublefthviis ditkane thage lead soghs thatthayelonpehwiadithase skilled in
the art. DBCL&&@‘%%@LF%‘J\L\#%N%% Ehs%rﬂrc%%ﬁ”&b’?vc%ﬁr‘é'%‘o(ﬁﬁf?h’ g8 alradiame fogd
semiconductor package. The  [eadifame includes signal and ground leads, a ground plane, and a frame

paddle. Supp@itechconmednting Bagelgl oA ook Goé daeblgsioyranstitng RGNS eamethpasitiue heghleast two
different layegg, AbjraStORRIRIIRAEITESE BAHs e SAL) IRlcabISlUERSS IRGPEPRIAIRHdRIQ i deadirame to

free the ground plane substantially from distortion and Warpaagﬁqresulting from residual mechanical
stresses therddFPURH i PRI TERYHh B IR G BABR ASIAEEYNEY WaHhg wire bonding processes. Certain
embodiments of theThegntian ptvre atkertadvanizge privadsthieyicund i Pabenobitingelmentioned above.

The advanta ill be ' ' ' following detailed

dosoription wh e e O R L R o T

DRAWINGS mrecessigesubiag \ndnobDepHusadieadg fotedrtihtegrated circuit incorporating force release and

stress relief featuresgegRrding 2693%9@5@1@ BMaRiebeEl Forgy S EgRIORS PRAUANTY Migy g structure of
-2

FIG. 1 taken generally on line
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 signa 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 eference 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 generaly on line 2-2
of FIG. 1,



of FIG. 1; 3 FIG. 3 is a plan view of a leadframe incorporating an alternative set of force release 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 &lépo8dsseptinndEvieiv feasé ame o10penofai G .28 allaatienestaifyfoicdireease of FIG. 5;

FIG. 7 is a plag,yigwot& e adiramedliisirating fithanothessmpedingnt incorporating force release and

stress relief features according to the present invention; FIG. 8 is a cross-sectional view of the structure of
FIG. 7 taken generalllFof I8 B85 Sk RAA Mg of SR YLPRER Gf 3 iearesnRAlcBrIUNaARY further

additional feafresS@;force release and stress relief according to the present invention; and FIG. 10 is a

cross-sectional view of.the sir re of FIG. .ge L) li - 10.0f EIG, EST MODE FOR
CARRYING OUT THET \'/E%\ﬁ%ﬁﬁ‘& ﬂ%ﬁﬁ%ﬁ'ﬁ%‘?ﬁ%ﬁPH@nSre]‘F‘gS@‘%bv&ﬁé%%?&é?ﬁ%gPygiven to
provide a thor8(g§h relistiEssitaewin geopttRneavdiithe. irrRsat Vet il be apparent to one skilled in the art
that the invention may;bg iRraglicedwithalliBees fRegfic e @ils dnDidentgaRaf ArstHERGthe present

invention, some well-known configurations and process steps are not disclosed in “detail. In addition, the
drawings shoﬁrfd%rﬁbodiments of the apparatus are semi- diagrammatic and not to scale and,
particularly, some ofAlig Zimensips akeor the £lackyfeinpresentation and mayhee exmggienated in the

drawing F'Gsi%%ﬁé{mé@%&@%%%ﬁg’&?&&%@m&%%%890%%@ f?a'%ﬁ‘ee?ﬁ%reﬁl'?rw&ﬂ%%-convenﬁona'

plane or surface of the semicon “die mounting paddle, regardless o rientation. The term
"vertical" refers to a dife@icrhseasaneionrMmend HsrBostaess jus defaied opeaialy, asudreas8on",
"above", "belqy's dottom”, "top”, "side" (as in "sidewall"), "higher", "lower",
FIG. 9 isaplan view of aleadframe incorporating further additional features for force
release and stress relief according to the present invention; and
FIG. 10isacross sectiona view of the structure of FIG. 9 taken generally on line 10-

10of FIG. 9

BEST MODEFOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will ke 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,
such as “on”, "above", "below", “bottom”, “top”, “side” (asin “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 principa layers on three different levels
or planes. Initially formed from a single flat sheet of material, usually metal, these several
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"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 functional layers are fabricated, preferably, in a single stamping, cutting,
and forming rocésral Ihaseestarmiebricalest arrgllerplelyis locatsthglens@bpinof sighad.leands foORINg the
intermediate | r 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 18r BesEPRGHI Ao RIRE, ST TBe, fir FBEn Y anPsupPdifng the die
108 on the leantsanad 46 0ayicheob @ivtien dsrifagalddd saigebiing fvkanee spaddie 104, are hepgoabteithicam ground

leads 110 tha ir distal exte re in the same upper plane as the signal leads 102. Then, to reach
the intermediéﬁ%’%ﬁ%ﬁ%'gfﬁé g&%é:ﬁ%@ﬁ% irb%l,f%iach ground lead 110 has a first downset 112 formed

therein connecting t&tke hamerigy beitprmoayar oeoHneds tesaedradrpagddeddecles thet isemesy Bng 104,
second downsgisnlike BA8 1t R eRESQYE LRI IesaliensdHereRBaVeRR MARmiHSIFAIEhpbRARIRY. the

downsets 112 and 114 form su#)gorts for the elements of the leadframe 100, supporting and holding them
in their respetiAPEYRIREIPHIEALE 1milarly, the downsets and upsets described later herein serve as
supports that hold thenyatiadiaderdfnenel eip eriadpabd s 106 RRSHMsHiREE @n glanes | didwasideen

discovered thﬂ;at[t)& mg}a&%&p&i&&%ﬁ)g&tﬁﬂ é%@ﬁ% Bf]oﬂ %gegr%% r%%% 5, r%%[g%\ggsq.% ][8 ,%Q&the second

downsets 114 causes mechanical stresses, particularly on t ng ring , that leave residual

distortions anth@vktpapRsligie ane 1of Preopand ok Uine $04s gath i@roiingdieat d 48 basemdrdlispywnssid Fave led to

poor ground bepdingHaELuHAWRRTY BarRIHGAlIRgM RGNS were made between the semiconductor
device, such as the die 108, and the bonding ring 104. For exampﬁ@%ound lane warﬁtge interferes

with achieving the prBFaPHH, LEdr2BRRrdlsedRedn the RprsinairBid O%hRERR vy s L€ bonding
heater block, gaviskthdocaveeindodatitng dwnsieniiosalayituloneingTomgtesseas downsets 112 and

114 form supports for the elements of the leadframe 100, supporting and holding them in
their respective layers or planes. Similarly, the downsets and upsets described later herein
serve as supports that hold the various |eadframe 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 residua distortions and warpage therein. In prior art devices,
such residua 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 dot 118 is provided in the bonding ring 104 at each location where a



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 sacosd slownasichLé i shatabbasdihgyating Additionsbiyaihecebey irgepén airgamedeshtothe first
downset 112 gnneeifd ritkei8id,Haeianhe 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 HRAYREMHE NEEEIEO A RSNS KSRGS YRS Lo thibm e i iigts 122 of
the bonding ring4. 104e Tegomajenexientsc 2i2 poetitdie pobttiebsnofrihei bpadang ek Qfotmamivied ground
wire connectigns from e, 108 t bonding.ring. e as fur i low with
respect to FIGSOE%%Cﬁgnégg%%r?r%ﬁf 1q6d§(n?% t?ﬂlee%r? e'gcdzwggiég é%{ %@&%%r%v@éﬁ%t&%ﬁ%ﬁ%%@terial extent
than the majowékteasesct LRy bonding ring 104. Similarly, the slots 118 cause the actual amount of

transverse material %%P&ﬂ%&%zﬂ%@h@@@ﬁﬂa@ﬂﬁiﬁ FREHOIS 1 Parspuermiiansvsies material are

much weaker, or less stjff, than the major extents 122 of the bonding rir%104 and therefore
preferentially HER JIf SR EXERE dirtg L AR 000V o0 e SRITUA Wer 65 CHRLCTE B6:76HY ring 104.
They also helpriouptesferndrsuaidaiaes drantdopingt ttabsortted tedtivedndjasse xtgiss 12 @ oingl the metal

They lso help : bstyiied tathamaneesignusi2diuing the metal
mejor extents 08 5 BT 105 8 R e o I B et ol

view of the striiiagutedo e theref eek arietrsertiallly Bexliprdvizlithartessing aodislseryng theilfestiedles the full
extent of the gignakdzads 19% BAIPRONYR thes'eatiEaeol AN fracbwidlR:PidRas Was ey which

signal wires 200 have been bonded to the si%nal leads 102 and connected to the die 108, ground wires

202 have beefBInEEd {8 the %?6%%%&2 é‘i‘"H?QHB%Bﬁ‘&HQWH@%W@@? 1‘3r H?‘?d'%ﬂffﬁﬁl‘?ced to the
die 108, and an@nTapsedaling dsdyi 20t setivttsharmmedidied rdisiortioas i eemigonedtdhierezaafind. Also

shown is an %%%W&%%H‘ﬁhbo“ds the die 108 to the frame

Referring now to FIG. 2, therein is shown a cross-sectional view of the structure of
FIG. 1, taken generaly 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 fina 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
paddie 106.

Referring now to FIG. 3, therein is shown a leadframe 300 that incorporates
aternative 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
signa leads 102, the frame paddie 106, and the die 108 mounted on the frame paddie 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 paddie 106.



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 theTihgheedyanel 800060 Hislvdes gy oandd eatiid0a hatr@astdinigrsortoirajaind | edsleadframe

300 has a groyiil pfane) SKURRIEGRIRY g0 Breuasing taks S OgRxierENGdRIE RlkiMaY fram the frame
paddle 106. The groun |§§ tabs 302 are positioned in_the intermediate layer level by u{l%sets 304 that

connect the gRSeHIANTHS 59685 EOPRFRAAIESYAGI IS Hems Prridie A0 Br e eryedmetideY §round leads
306 that are stlefaddoibesBodinc emdisiedstio' (B¢t . dockndd enégacivarset id Be(fHCof Ihoktowaveneunlike the

ground leads 110, the, aro I re connect irectl [ 0 ep
downsets 308'.1a'§f'%e&r (Iaaglg g&v%ﬁi%@%aﬁrﬁggn?ggg%gw %y%gggﬁéqﬁgﬁggé%stﬁaﬁé&%ht of more
than one laydp dregiattenvfrene leidfedaver. in this case extending directly from the top signal leads layer to

the bottom frame paﬁ%iééfeﬁaefalt%iﬁﬂhq“%@af%m%g Lne@Hen st EarmersiRb asothmjeadframe
300 will involye, for example, mechanlc_%éﬁgﬁgﬁrﬁg the frame paddle 106 down through two layer levels

and mechanidQ4§ B RinG AP SURRIY s H G R PPN Hirae VI Ghe final
three layer coldigisraibmedieriei®gssuthindareas aundi ngsbsaost (gsaes| em st redersetildsionjng

tion, the. | inks 31 - igh h
open center of Gt d el R STor AN AEterc ol Ve B SRS mcers
308, connectiagngianiasgatheperphienz theksaf Graee3@biitores i othnka SAQ A dox 0t yPdandihg tab 302,
connecting thegrqupding {alsrgderidpet BSRE 3 %ot H18, 4rBkS RHALOMRAESTE FeRAg Rindern of

reduced transverse extent material, thereby ber,‘i‘agl rendered more flexible. The dynamic effect is similar to

that of the red§2€% SHAREIELLEFER ARYBFRT 0% FAPRESHNY SpEh 199699 16708 & DK a Y Ematerial
around the slpisifldridFereath ienthef lesatifoponadii@Oi4b 862, 1dometiagnbeeyftexddie; the B02teritdean the Z-

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 materia that forms the open rings 116 (FIG. 1) and the materia around the
dots 118 (FIG. 1) in the leadframe 100 (FIG. 1). Being more flexible, the materia 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, alowing 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 Zlinks 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 generaly on line 4-4 thereof. In addition, FIG. 4 illustrates the full extent of
the signal leads 102, and shows the leadframe 300 in afina state of manufacture in which the
signa 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.



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 tireiegiLapfotedd@nol theedvidssmess resiltfamensd ecersdingftrringtivesprbcesses that

formed the leqeljeamsp 3ahenElgiARG BOY i?aﬁéﬁeﬂc&hﬁ%%%iéﬁﬂ%ﬁ@o%&%&@?&%@e‘é&% the

structure of FIG. 3, taken generally on line 4-4 thereof. In addition, FIG. 4 illustrates the full extent of the

signal leads 18%S348l! ShELRR TEA AL sue il etAmesdte Bisamipuaae Hewithela8ynal wires
200 have beerpzbsdecduie iba sigribideadsS00 2andotatoabtegdondh atie 1H108ythiee firautu/meses 202 have

been bonded g he gr in 0 e die,. 108, t n lating body 204
has been forrr'@g' tﬁ@gﬁgﬁﬁgﬁgﬁ%@ gng’vﬁﬁﬁ%%gég %W%rbgmﬁd @88%@@”8% Ega rgﬁrgé according to
the present irfdrmnedtedethefrarmer 500the Aivore epddafga rantbinerReniiog Mg A feitss Fedase and

stress relief feayigadifiasd Mt Ysr deasiameolihiRis corfigdralion (b aiiehne wigpa devel structure is
a bonding ring 502 connected to theg%%ound leads 110 bé{tg}e first Jownsets 112. In turn, the frame

paddle 106 is conndEEG8 dRCH ST FREES B Eb¥SHIRIJNLEE Py 58 RSP A WM& e omers of
the frame paditheslS6B arhthechwnding rBog Bl vatlsenithdy apidel@ogtias BizstrEdforttieasecond

d ts 11 int fr Fl ) ' | | - i th
orovided by ol PSP, Yiet il LS BRI JOE (S R e B e 010
(FIG. 3), and &re seeadslp\wrpersebBbndiffy\Wrgnkso 208 tinetean thBizaticatesZ g bikiS0r(fhe fisttlownsets
112 and the speonddonnssss R4 Hhanekschd féW@ﬁ@%rﬂW@fhé@ﬁa&BP &ibiRsss38 A Rifg- 3) in the

leadframe 300 (FIG. 3), and are located on the ends of the major extents 510 of the bondin%ering 502.

The major ext2ML™%1 6% 89 bd MR FEE3S 24 NaGHAA IR tHBY 0% < B0 AGINREring 502
that are internpertiaite tfieheoumeinitp risg bu2etten oknioterngedtde wvitledinediishsl ofvhedisntiikiyy aimg the second

downsets 504563%?:”%8 ARG ﬁztlaﬁéet\% wg\/&%%g%%zﬁectional view of the structure of

Referring now to FIG. 6, therein is shown a cross-sectional view of the structure of
FIG. 5, taken generaly 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 fina state of manufacture in which the
signa 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
|eadframe 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 adeep 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-dots 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

8



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
encapsulatingPsitaps202 erpoteg: i fiesnob dnéh dradingndg RERriing RS IEsTonhesdini g Shewn a

eacitame 70Qg A SHLaN i SAd S RRpBSI S RARRR G DIEpiRiE ARG 70 sress

relief features according to the presentinvention. The leadframe 700 includes a bonding ring 702
connected by ‘A30FREIES704 to the frame paddle 106. Ground leads 706 in this configuration include a
deep downset 708 Refundadimove oovAMEIS!yHweinfaoththid thatdsseactimd arwy el ehostplenecas the frame

paddle 106. The.bonding ring 702 is t d to the. foot . wn therehetween. The
force release Ef% Ztr{(a%g% rgl?'g? faeﬂ tlﬁ%r]egﬁo% %ﬁ%%%ﬁa%%e%ﬁ)ﬁbﬁé% %ﬁﬁl@fﬁ@jﬁ%ﬂﬂﬁe ta%]\td%ﬁe pair of
downsets 704thherqurel [ags ¢oenend sbrws thed eséiageot@rénl afinek setmet magitastiierierehied downsets

704 and 712 grg gHAghRFLoBRRANGIAY HiRRA0R tREQYIRS RiESSoEliaSIMiadcasireamas slots 506
(FIG. 5) in the |eadirame 500 (FIG. 5). The downsets 704 %&rowde stress relief b;/ presenting

| d 71
symmetrical 80 ANEAIBHS WHESA02 BrYe Deskhonde e B Bosdiodhiney iR g 62 etet 18 Mo fashion.
reducing the thndes)eynditidentapialfioniody 20d ket oner ditpasdmdwist or warp the bonding ring

702 in these areas. I t 2rein | n -Se&H V e structure of
FIG. 7, taken genera y%r(ﬁm%e@&?g%k%%g?i ?R%%élfl%r%ﬁ @Y@%lﬁ%ﬁ@aﬁéé ?ﬁe{aﬁlgiﬁﬁ%% tﬁ@ground leads
706, and shovedditiend desierd FO0Re scthae anatetieshiel i ReeritknmhtoyHie keaghengry Ak i REeSZH0 have
been bonded {q, thgpiongt Ippghe 108 Al 70baconnerirchindhe sH6 495 nRer QyRthwies 202 have

been bonded to the bonding ring 702 and connected to the die 108, and the encapsulating body 204 has
been formed HRYYBSESURY .%?&%%WBWES #4965 & 3RAPEIAG S 30 Q 164 AR eBB YR AP RSrporates
still additionabéedtagamtpedancevaie st sheswiefefraicgosping dasher teadttadiganad 900. present

invention. As igiie1eadirame 290 {Ffz i dNEdeALEBNS: AV RRAHIAH 602y BHE R hments
thereof to the ground leads 706, there are dim linkages 906 proximate to holes 908. By
reducing the transverse width of the metal material of the bonding ring 902 at the dlim
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 dim 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 generaly on line 10-10 thereof. In addition, FIG. 10 illustrates the full extent
of the ground leads 706, and shows the leadframe 900 in afina 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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downsets 704 and 712 on opposite sides of a bonding ring 902, to reduce the incentive for the bonding
ring 902 to warp following the metal forming operations for the leadframe 900. In addition, near each end
of the major extents 904 of the bonding ring 902, at the attachments 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 thesttrsersiftnoaey JO2the dow kst ninRag cRBOG MnHetiding SERSs fendeielessog el stress

relief are provided.af hesasneRHP%: SBACCAR WD tgaRRRERISIHLAAEIGR) anshinsnecks 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 RIREIQIAGPHY ARG o (AN SHi¥Ses frSnPIPROFE A I RRiaPPRrotls s Ss B IR alNill yield
preferentially indirpsetivarubwenexiist negrive, falayvehgnsh anch sjesend e e it hsphapnidiiego ring 902 to
release stressgs UGS BRNAIRIAIEIFISD Blanay Solanay
.9, 1a

jon. Referring_n EIG. 10,
therein is shown & cross-sectional view ofthe structure o keﬁ’"‘&'&%ﬁe@ﬂ]ﬁ ’o%cﬁrr]\?éar%ﬁ -10 thereof.

In addition, FIGcomnligaectdiome igisaideandoefieetiyro@nd rRadylipoeorapdiBligowisticeneetiaghe 900 in a

final state of rAARLFRGIWISPrYRISEs 48 wigRalykss 200 have been bonded to the signal leads 102 (FIG.
9) and connected to the dje 108, the ground wires 202 have been banded to the bond&r&g rin&goz and

connected to the did'T88 EEAY &R 055 BERE AR B GAHASHRN B AmRErthe R . HiRus, it has
been discovetedothahdibetotis ghatenbai clitieadt meoidagie ad anetingha presepparevendion furnishes
important an etpfore . lable: sQluti iliti ungtl ncipally, the
ground planedtaﬁcgecgr{%%éﬁtlﬁ%%gs an ti!\%‘(ls1 lgi‘ ?ﬁgaﬁﬁéggg?ﬂ ﬁ\%ﬂ%ﬂo@re&#‘g@@?@%ﬂgﬁ%ﬁﬁﬁ warpage
resulting fromereBigeraPiinseghapliesna vepe s3edifi e ose ARy YRBaeRmEeEtiial avithinptetsag hRbufacturing

steps, and the,apogiaied; HIEERAYISHPUHINGRILLGRINF IR 360 GRABROBESISR Hifprent levels,

during multi- plane leadframe fabrication. As disclosed and described, this is accomplished by
incorporation BfABRAVSEJIAYEIRASHR 8 '@%@%Hbagtﬂé%if?%ﬁf@dt%%%waﬁnate to the needs
at hand. The resulting leadframe configurations are straightforward, economical, uncomplicated, highly
versatile and effective, and are fully compatible with conventional manufacturing processes and
technologies. While the invention has been described in conjunction with a specific best mode, it is
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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-fore set forth herein or shown in the accompanying drawings are to be interpreted in an
ilustrative and HErNiMhH GBhSe AINMERIESINVENTION CLAIMED IS: 1. A leadframe for a semiconductor
package, comprising: signal and ground leads; a ground plane; a frame paddle; supports connecting the
signal and ground leads, gfblFRe RRE PN E-IIR TeRBIRNY different layers; and at least one
force release and stehgsiratie hesundtiezeidncorporated into the leadframe to free the ground plane
substantially from digtoréiL%r& apdewarpage resulting from residual mechanical stresses therein. 2. The
leadframe of claim 1°Wherein the'force release and stress relief structure further comprises at least one
slot formed in the gradigngradElgubstantially adjacent a support connected thereto. 3. The leadframe of

claim 1 wherein the fopparfelenR-ARgHALagRACRS FHUEBISUSBRR SRR iSRS RiriRaRIARS Hiak of reduced

transverse extent formed in the ground plane near at least one of the supports connected thereto. 4. The
leadframe of claim 3 wheréBIW SR tress relief link further comprises a structure
selected from the gravipssbosésting: of Zaditkisq Grdinksli efestkgtusdimdinb@ged, i nioehe iegfrdméas, and a

combination thereof. 5. The JeadlTamea eI ARIRILIS Ipteaisieass and aliash fRliplructure
further comprises a region 0 ‘narrowed transverse extent formed In a ground lead. 6. The leadframe of
claim 5 wherein the regionrefi ekaalroweltniem stiesses haeht further comprises a box slot. 7. The leadframe

of claim 1 wherein the force release and stress relief structure _
2. The leadframe of clam 1 wherein the force release and stress relief structure

further comprises at least one slot formed in the ground plane substantially adjacent a support
connected thereto.

3. The leadframe of claim 1 wherein the force release and stress relief structure
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 structure

further comprises aregion 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 dot.

7. The leadframe of claim 1 wherein the force release and stress relief structure
further comprises supports connected symmetrically to the ground plane on opposite sides

thereof.

8. The leadframe of clam 7 wherein the supports further comprise downsets
connected to the ground plane.

0. The leadframe of clam 1 wherein the ground plane further comprises a
bonding ring.
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further comprises supports connected symmetrically to the ground plane on opposite sides thereof. 8.
The leadframe of claim 7 wherein the supports further comprise downsets connected to the ground
plane. 9. The leadframe of claim 1 wherein the ground plane further comprises a bonding ring. 11 10.
The leadframe of claim 1 wherein the ground plane further comprises tabs. 11. A semiconductor package,
comprising: a leadfi@me hahér gadifgmelchsthigndunbeiedse grgrnd mibpénehed samptisasttalzs plurality of the
ground leads; a frame paddle; supports connecting the signal and ground leads, ground plane, and frame
paddle in at least thrde differefRiIIHEI RegiReR FAMBRILANGN] stress relief structures incorporated into the
leadframe to free thelgaouadgtaviagubstantially from distortion and warpage resulting from residual
mechanical stresses therein; a semicondélfé%' die located on the frame paddle; an adhesive securing the

semiconductor die to the fr%%‘gl r?g%g[e?ré 45t one ground wire connected between the semiconductor

die and the ground plane;a@ne#st Riare SRINEFiRG o édnwette O iBe s MAnesds miconductor die and at least
one of the signal leads; angtamepsgpsulating body formed substantially around the leadframe, wires,
and semiconductor die. 12. The package of claim 11 wherein the force release and stress relief

structures further comprisE“8RALEAMEEIAAHBSGFENAIFHASECHRTAEEHE sUSHBT P eBR N diRg reto. 13.
The package of claim 11 whereinptilel édrca relgaseaditf stwaday@bedrgiructures further comprise links of

reduced transverse eXtentff(())rE:rg?eq e%%ﬁo%?&@%ﬂ@%ﬁu%?&gmﬁmrporated into the leadframe to free

the ground plane substantially from distortion and warpage resulting from
residual mechanical stresses therein;

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

an encapsulating body formed substantially around the leadframe, wires, and

semiconductor die.

A The package of claim 11 wherein the force release and stress relief structures

further comprise dlots formed in the ground plane adjacent supports connected thereto.

13 The package of claim 11 wherein the force release and stress relief structures
further comprise links of reduced transverse extent formed in the ground plane near the

supports connected thereto.

14, The package of clam 13 wherein the force release and stress relief links
further comprise structures selected from the group consisting of Zlinks, Wrlinks, necks,

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

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

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

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

further comprise box slots.



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 structures further comprise regions of narrowed transverse extent formed in the ground
leads. 16. The package of TheirpdicaeeérdminhElrabrses diafarcewe enseapns) ersss egiehstruntthes comprise
box slots. 12 }guEheghaos phsiambddaubP il iafgacciasfoant sissslelsiodivgues further
comprise supports connected symmetrically to the ground plane on opposite sides thereof. 18. The
package of cldiffi®®7 wherein the supports further comprise downsets connected to the ground plane. 19.
The package of clain L1 wherein ihe.orpund plane fuller fOMALses 4, AROYIBRHERG: 49 Jde Package of
claim 11 wherein the ground plgne rther comprises Tabs. 13

connected to the ground plane.

19. The package of clam 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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