INTEGRATED CIRCUIT LEADFRAME AND FABRICATION METHOD THEREFOR TECHNICAL FIELD
The present invention relates generally to integrated circuits, and more particularly to leadframes for
integrated circuits. BACKGROUND ART In the electronics industry, a 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 integ IN®E GRAUMEINIOIR A TNERXBER AVIKIASIDPS are usually made from a
semiconductor material such as silicon or gallium arsenide. The various semiconductor devices on the
integrated circuit chips are formed iABRICUsTTEYNNGT HQ 1 TP RIIE§ Bhotolithographic techniques. After
manufacture, the 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, tHEHER&dEs filElRich 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 pEifdiT AR YERUPFaIRAE hyasraamihale IRt atRIst S St cRIFb R PR RIdHY [BOWEr, ground,
and signal layeisithatmayifecancgepainmie planes. More particularly, a leadframe is a metal frame that
includes a centrally located die paddle or die pad and a plurality of peripherally-located leads that
surround the die pad. The die pad mounts the semiconductor chip (or "die"). Power, ground, and/or signal
leads of the leadframe are connected electmeatiKx G Mirebrds to power, ground, and/or signal sites on
the chip and serve as external connecting means for the chip. After the chip is wire-bonded to the
leads, the chip, the ldiehpaticand @ariiossyohtteizads areldncdpsulated incalpl asttoy fariceponig-molded

compound, Oﬁeaxlligyg,ltis_ﬁ)éﬂ’ta@oya%grm%dgnd 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 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 that may be on separate planes.

More particularly, a leadframe is a metal frame that includes a centrally located die
paddle or die pad and a plurality of peripherally-located leads that surround the die pad. The
die pad mounts the semiconductor chip (or “die””). Power, ground, and/or signal leads of the
leadframe are connected electrically by wire bonds to power, ground, and/or signal sites on
the chip and serve as external connecting means for the chip.

After the chip is wire-bonded to the leads, the chip, the die pad, and portions of the

leads are encapsulated in a plastic, an epoxy-molded compound, or a multi-part housing made



of plastic, ceramic, or metal, to form the semiconductor package. The package protects the leadframe
and the chip from physical, electrical, moisture, and/or chemical damage The package is then
mounted, for example on a circuit board or card, for incorporation into any of a wide variety of devices
such as computers, cellular telephones, automobiles, appliances, and so forth. Some leadframe
configurationsf fdséirapapl@iexposethbite pednphekagessndietid@ckigsarate grokatd rirgestsubeure that is
supported arquagihe Reripben ke e Rad a0dipsidedbe anateresaf thedsass. The ground ring

facilitates the many bonding wire electrical connections that typically must be made to connect ground
pads on the die to SIBERIEPETSURANBAMUELOIRL B TRieIeR ALY board o5 Gatdton icarrafaiSesigned
with such a giiauneyiof) 4 el & aitditiohad dlearanbteaspaspfices, dishidnce)dpdines ninemdiglpad and the
ground ring aandlpa%tcvgse%%rgg %rr(aynd ring and the inner tips of the peripherally-located leads. This
clearance spa%% IS necessary for ease of manufacturing and for proper looping of the bonding wires from
the die to the grountPrivigleaddirfraenciméi giratntsrifey toxemerleaa ripsd Uifard nzaeiyeehidnielordsases the
lengths of the f-Rendingiytesdhal aarneshiRediefnAthet (RihnR9Wemnand Signal lsads on the

leadframe. he requirement for ground ring clearance space thus increases the net distance between
the die and tﬁ]éelé'gl?rtif)%qsﬂfpféalf?‘f“ﬁ%reryﬁrérﬁ?ﬁf]e%ﬁ@%‘é?t%H}‘?e’E‘LaHYeEOt‘HI’cﬂ% pitelearigdignal lead
tips than to thegiatiodsrihge appidaliihengsobadhedd tpSordencgoangrpumddinthealises the dadal wire length
per die to incr(;:-%sned, vggrilcgtﬁ)%rsrersl%?nfgg%grlxnilrécreases costs. Not only are costs increased, but the
additional Wir%(fengﬁﬁs also make the wires prone to sweeping problems during molding. ("Sweeping" of
the bonding wires happeyss, deasiitpmrsl disipafdivetbenibongiootst pagkeqyereSddifloallyleswaeping
happens wheg the epoxymRiding:cermnarag pighes the Beningnwires autelParition.as H}% epoxy
molding compound flows past the bonding wires. Sweeping causes bonding wires to short circuit and/or

to break.)  2&bibfeiefersing UdhfgEHRREHS HlesHtd kafle JAd HERICTHGMEY WiRRSEHHAY e and that
have continuefimgioavesiiy thd tie pastaramiusbotissiadne persneten ofetbr diehd hewendntgous grooves

help secure tfie molding, compound 18 e fie pad and fus,lo.fhe cadirame: Haevey, sugh.continuous
P a e die pad. The

grooves contain |rr1%laequ§tré) spacefor connectlnpg ground bonds’ and down bonds o
continuous grdiesrekotitlisgeffactividly sravesit drodisdtboribier dnd-d pamcnomdssienn) bleidy attabhed to the die
pad by takingthgRgdmeter die pad area away from such use. In addition, such grooves provide only
minor locking of the molding compound to the leadframe, rendering their value and utility only marginal.

As a result, these ahtEotFRIEHTBh YeIghelstift Fetjtransss s tdtratier gt dirditidréfore subject
to the problemswaideng: heptroiRordihgpsiraspiatimnaycleaddomvsticeswe apinghnnie shorionge and/or wire

breakage during molding. The.separate ground ring.also makes wire bonding morg difficult because it
o ot possiblE LA B DTS T oo T A Sk e e BT B e oround
ring must be prelchihrpasitiorediiirettlywaadenath pgralgetvioecmttss vdddoadrecshendartifeigerdayevacuum

suction). The gtrengty ghgugh wiie HeRds:is ARtAS AARDAT e SeRdthiel Wik ipndaaadado a surface
that is clamped or is held directly by vacuum. These weaker wire bonds increase the rate that the bonding

wire connectiSnS¥sFee dtiPRighSiing, POiRfg (ro BEBR Proi e P UM RGBT JiElas.

molding of the semiconductor package. Specifically, sweeping happens when the epoxy
molding compound pushes the bonding wires out of position as the epoxy molding compound
flows past the bonding wires. Sweeping causes bonding wires to short circuit and/or to
break.)

Some die pad configurations provide a die pad that is slightly wider than the die and
that have continuous grooves in the die pad area just outside the perimeter of the die. The
continuous grooves help secure the molding compound to the die pad and thus to the
leadframe. However, such continuous grooves contain inadequate space for connecting
ground bonds and down bonds to the die pad. The continuous grooves thus effectively

prevent ground bonds and down bonds from being attached to the die pad by taking the



Thus, a need still remains for bond separator methods and apparatus for integrated circuit leadframes
and packages that will allow space on the die pad that can be used for ground bond and down bond
connections, while simultaneously serving, in the same die pad area space, to securely and firmly lock the
mold compound to the die pad. Such leadframe bond separator methods and apparatus must provide
these advantegjesesgidliametdonsamtiou oay tHa g g séparddit groustl giegVsp iferedsidymeainafacturing

expenses angheasks ofivienoRiiie-E¥BHINAreA s cAMRIRXIY ARG JeaEAsing: SiFgu.afiipisarated circuit
dies, it is increasingly critical that answers be found to these problems. Solutions to these problems

have been loR§'§8lght but prior developments have not taught or suggested any solutions and, thus,
solutions to these probiessihervedand @hsdedritiask skiltedilindhgeiard. S5k @SR GrdfanikHEe INVENTION

The present it%ve tion B{)ovig s an intetgrated §'rcuit Headfrarge gnd a fabri apon m th(P for.fabricating the
. . therejore ect 1o € ,prooiem, ong, 100pin onding wires t ma a O wWiIre .
integrated circuit eadframe. A leadirame is formed having leads dround a die payd that has a peripheral

die pad rim. Avdiseinteyuftehatiety yiggyareubserkase doimigueddion is formed in the die pad rim. The

discrete, alternatelyrgtaggared swhiaeerenfisyration GreatssnaRacmirctigsligiradiateanuerting and
separating ground bond wire-bonds and down bond wire-bonds, and provides for locking encapsulant

firmly to the di&SHAY. t© Cl@é‘?tﬁﬁ?@ﬁﬁM%&OBP%%%H{?O‘H%tB‘th@irr%B%ﬁlﬁadégfmdaH&tion to or in
place of thosermaationesaboveclhia adviantagasavilybacomne mppdeeidetacthosea skilledlia phe art from a

reading of the follgwing detailed descyiption when taken with reference to the accompanyj rawings.
SRIEF DESORIPTIONOE T AT O S £ A A o an
embodiment vittheopregaddriventiofacatehsholingadeioyedrdporibnbs ttisreon; These|@eakds a

cross-sectiong] Vigy,at 6}&?%@%5 ormechhy tﬁ@%ﬁ%@“@%ﬁ@oiﬁégﬁ'@m%@é@ GQHHQOHSTH&Q FIG. linan
encapsulant; FIG. 3 is a plan view of a leadframe according to another embodiment of the present

invention, an&F SHEMAAYRALK BIRIRTHAP BRE MAHABTEBHE Vil G, 4 is a cross-sectional view of a package
formed by encapsuleiing 4hedeadiiasiraandeoboponepisaoi Micihddinaan epeapsslastintegrated

circuit leadframes and packages that will allow space on the die pad that can be used for
ground bond and down bond connections, while simultaneously serving, in the same die pad
area space, to securely and firmly lock the mold compound to the die pad. Such leadframe
bond separator methods and apparatus must provide these advantages and functions without
requiring a separate ground ring or increasing manufacturing expenses and costs. In view of
the ever increasing complexity and decreasing sizes of integrated circuit dies, it is
increasingly critical that answers be found to these problems.

Solutions to these problems have been long sought but prior developments have not
taught or suggested any solutions and, thus, solutions to these problems have long eluded

those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides an integrated circuit leadframe and a fabrication
method for fabricating the integrated circuit leadframe. A leadframe is formed having leads
around a die pad that has a peripheral die pad rim. A discrete, alternately staggered surface
configuration is formed in the die pad rim. The discrete, alternately staggered surface
configuration creates space in the die pad for connecting and separating ground bond wire-

bonds and down bond wire-bonds, and provides for locking encapsulant firmly to the die pad.



FIG. 5 is a plan view of a leadframe according to yet another embodiment of the present invention, and
showing various components thereon; FIG. 6 is a cross-sectional view of a package formed by
encapsulating the leadframe and components of FIG. 5 in an encapsulant; and FIG. 7 is a flow chart
of a method for fabricating an integrated circuit leadframe in accordance with the present invention. BEST
MODE FOR CARR¥¢NGn@uUtotiHentNEheTiiomtion havihetferlladvirjrdestristibiomigraeio ok apecific

details are giyemiRdRQYIGABRseLIrRiNdREFABAING PHHRB VMR HPMEN ekl D@ apparent that
the invention may be practiced without these specific details. In order to avoid obscuring the present

invention, sofie AN Yoo iRteising st ird ssiRupy Alendekracrtedsirgatsitc th ikewise, the

drawings shawdeghpmbiadidreniscef the invention are semi-diagrammatic and not to scale and, particularly,
some of the dimensions are for the clarity of presentation and are shown exaggerated in the FIGs. Also,
where multiple embodiments are disclosed and described having some features in common, for clarity
and ease of illustration, descripti®@RIBFDEICRIETEDSIOF thareDR swilGsand like features one to another
will ordinarily be described with like reference numerals. The term "horizontal" as used herein is
defined as a plane pHralleista thlercoreve nfion édadlamecorsurfice of thecdibodankof afleladireasest regardless

of its orientatig{;en'[ilag’ tﬁ{&@ﬁg@,ﬁjg@&r{&@E@&&,&]gﬁrtggﬁ@gog?rpendicuIar to the horizontal as just defined.

Terms, such as "on", "above", "below", "bottom", "top", "side" (as in "sidewall"), "higher", "lower", "upper",
"over", and "under"F¥re distinetpsrithcHosbkicts the Retlrsptarprthby encapsgatiamibedesfesneiuctor

packages areyvalbkponsnaod mislalyuseehtapawghout the electronics industry to house, mount, and
interconnect a vari%%/

f integrated. circuits ("ICs™). An IC is typically formed.on a sipgle die, or "chip”, that
o cut from a somicORLABAMLIES BB AG g OTADE: b LT ECrerhe (I BReifbelven are
relative.ly smaﬂvamgﬂoﬁagidbsmmgmw&cgqnﬁblmmham;environmental elements, particular!y mois_,ture.
Accordingly, the diggyst e packagedin gfa%f,ays%cﬁﬁfg daRiCq l%?%ﬁ%gﬁs%mﬂ(lt techiibgdies while

permitting them to be reliably mounted on, for example, a printed circuit board ("PCB") and to be
interconnecteddAtDarlisAddbeidiaderdeaiétomponents. A conventional leadframe (not shown)

is typically die-stampred 9retched vwm arshealdhmetal suan 2% aycoRRRhGT Sttpliallom Jihgdeadframe
characteristically includes a plur%g(%/ of electrically conductive leads that are temporarily held together in a

planar arrand®RigHt BEEUPY: ABAKAT HRenTBIHE G PRYNIE OGPt pad". The leads are held together by a
plurality of expenddtiié.|6ngitwdinabanciateiantic-barsthet formed hraeneapmbragnigethed&aas. The die

pad, which isaﬁggﬁg%r&gggrmtm a.senmicopductar die thereon, is supported within the surrounding
leadframe leads by one or more die pad support leads connecting to the tie-bars.
FIG. 7 is a flow chart of a method for fabricating an integrated circuit leadframe in

accordance with the present invention.

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 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.

Likewise, the drawings showing embodiments of the invention are semi-diagrammatic
and not to scale and, particularly, some of the dimensions are for the clarity of presentation
and are shown exaggerated in the FIGs. Also, where multiple embodiments are disclosed and
described having some features in common, for clarity and ease of illustration, description,
and comprehension thereof, similar and like features one to another will ordinarily be

described with like reference numerals.



During manufacture of the integrated circuit package, an IC die is attached to the die pad, typically by
solder or a layer of adhesive. After the die is attached to the die pad, wire-bonding pads on top of the die
are electrically connected ("wire-bonded") to corresponding ones of the inner ends of the leadframe leads
by fine conductive bonding wires. These connections connect power, ground, and signals between the die

and the leads of the leddfrarheriaeidiopaise dskareen sadifranteat ienbrdp el ¢h kg éhe soutiorallow

“dowin-bondingi {15 91N At wie-hendiagieads. DAMERONTIRLIR ARALCSB L AlowS some
of the grounding pads on the die to be bonded downwardly by bonding wires directly to the leadframe die
pad. Down-bo¥difgtHEFEBY YRHsaehRGRERHE BA LS BR THeZanalirett) do e e EiPaniechits pad.

When wire-boadingdsasemplieteyveactboidhe’ boongded didcanddeadfradae ABsemibiies’is flacad,between the
halves of a meld,(ot.shawn).{p.mald-a projegive evelope (nah shown) ajound the assembly. The
protective envqupe’is typically compoée§ of a high density plastic or epoxf resin, and encloses and seals
the die, the inner edgsdifale terdfradistivauskaged the Wilekbowdsiadaiishhasedfihrenglicst thental
elements. el%&%n%?lqm&trm% IRTRORAYtIeRANS RSt ANAYiapddisearsled Sibes thedrsfynction is
assumed by the rFinid protective envelope. The outer ends of the leads are not enclosed by the protective

envelope, but'htfies ArRifatEEBEd #1ct U ekt t§tme e Eurt, TRB S ATNRIductes Salting now to
FIG. 1, thereivisasiown aglanuwidat of adeatfradie. 1 Ohadiay divgdean embadimantsafahanaresent
invention. ThF Iezildfrarge 100 m?%pt% maanacL/SL}Jﬂed from a sigglelflat sheet %f rl'ﬂg}lerial U%Jrglly metal, in a

. ragiie, and are  Susc ¢ to harm environme cl1e nts mo1s .
single stamplngg,’ cutting, and forming process. Alternatively, he feadirame’ 100 may}/] be manufactured

using an etchsrocdisglywhicldicamasidid parisizednis vAuseddypifoslablakirgksstedhahatairet thpical in
certain stampipg RIRLESSEting thbf RAHRMS I 0QIRNASS Jhunhgnof sadr-a02:aRwWad the periphery

thereof. The leads 102 ma)é be held in position by conventional tie bars (not shown) until the leadframe is
encapsulated IR Pphtke Bt P48 HEY KA IR RIS COPRAM S center of the leadframe
100 is located a frameqadstietiat s@#res amesbievpad dpdiay attachingdooetiagframchstpporting a
Semiconduc“ﬁg devies: such as a.dis 106, i he ‘FEQEEQ&%“ the leadirame 199 Th&:d! agﬁﬁ'a’ﬁ Als
supported in this posi |on3by Gne or More cormer tié bars 108 that are 6 onggitecci inwardly to donnect to
and support thiectietyead 1 0dnductiviteapo it aeOaniperboldhitieé wigethos i thddemdfrantsmo0. In

particular, theyyiiesRends Jcl?@n@&ﬁﬁﬁ%p%@dl’é’i[ﬁ*t&@é‘ﬂiﬂg. Pagis1ddi oR Igidis & 1 theilkags 102 of the

leadframe 100 and to the die pad 104. The wire-bonds 110 include, for example, power wire-bonds 110a,
signal wire-b8hASPEAH) GIoHB HBHAIArEBEH HS 20 AN b AT EBH A MRS BS 3. B clarity of
illustration ondyegiaywaiidcheswisrpordsdlQoaitishowermuhduail e undessiaodulipai el marus

wire-bonds o[ various txf%esle%r atta(ihecg Between the d(li? wirg-bondril%% J&gds 112, th(?()l%;ld?e].OZ, and the

die pad 104. he's or acco mocfg{?r?g%%e g ound bond wirethornd&r 1o and the C(Sgl n bond wire-bonds

110d, the latéwab.dimensions of the die pad 104 are larger than those of the die 106 that is attached

thereon. The Iargerﬂ%&%{glﬂm@mg%f%m%t@g@a&%dcﬂ%t phtRide therdiaid Q8 RIagle, arligipad rim 114
that is peripheral to the die pad 104 and to which the ground bond wire-bonds 110c and the down bond

wire-bonds 128l eRiftHERpeokieaenadayer of adhsitate Baliisrt afttnkegrouht BoRIWIYESDoNds 110¢
and the down&ansbwwieskands dlid wdhe: diedpachiPdoinectie pad¢ibvdded ofithedigpadid®4 is
provided Withones of the inner ends of the leadframe leads by fine conductive bonding wires. These
connections connect power, ground, and signals between the die and the leads of the
leadframe. Additionally, some leadframe die pads are large enough to allow "down-bonding"
from some of the die wire-bonding pads. "Down-bonding" is a process that allows some of
the grounding pads on the die to be bonded downwardly by bonding wires directly to the
leadframe die pad. Down-bonding thereby grounds the ground pads on the die directly to the
leadframe die pad.

When wire-bonding is complete, each of the bonded die and leadframe assemblies is

placed between the halves of a mold (not shown) to mold a protective envelope (not shown)



grooves 116 that are arranged in a sequence of discrete grooves that are alternately staggered along and
around the die pad rim 114. The grooves 116 thus form a discrete, alternately staggered surface
configuration in the die pad 104 that creates more space in the die pad 104 for connecting and separating
the ground bond wire-bonds 110c and the down bond wire-bonds 110d. The grooves also serve the
additional puposEl didesking!theiroriotentysotmdleprciapspieaity(ponpered Al bhisbedenbiey iestigsulant 202 in

FIG. 2) firmlydo.Hag HiesRadi0d1h& arpundicarngction phihe ¥arusamundhorddirgaerds 110c and
the down bond wire-bonds 110d to the die pad rim 114 of the die pad 104 is thus efficiently accomplished

without a sep¥F5tBogASSEMh G TEH sevivarireHal slRBARiSe conventionally disposed between the die pad
104 and the leads Zeohibidileadicamiepdfy tie-bBased amn ihisydiscldiscuelett itk nmaitcleat to one of
ordinary skill in the art that the sha ize, positions.and number of rows of staggered gropves can be
optimzed in A o S e e D R e o
density) of thihgyiaitdtyerih vwitehdnds dket desviatbsrprvideitoprimeFemesianipte cnang stagyered rows of
the grooves ¢gpyhg. designed and incorporated into the die pad rim if the die size is small compared to the
die pad size, and vice versa. Also, the lengths and positions of the grooves can be designed flexibly to
suit the positions oftAE GRS I8 AL iedisErB s sha gt ara-Jsadigamn Virsserfna&igns.
Further, sincarthengodones aralsepasaiiom sifiviotlrethéok sepanating thaygbe umndhianaradrednnds and the

down bond wire-hangs, Iyl e underslond 1ot tie crogue stucthres, g2 b seen a5 providing faised as
well as depressed areas. . Referring now 10 F1G. 3, therein 1S SHOWN & cross-sectional view of a
package 2004damatvioly e Hsajpadfating 108 lwadfpanmamderttieddisin®an ateh theogeie-bbistiscan o in an
encapsulant 2044 Tha fd(Fes2 SREHNYISMIGRERSRQNAS: IRNSHAY 1R the.seatirniiee s duough the

assembly shown in FIG. 1. Also shown in FIG. 2 is an adhesive 204, such as solder or a layer of epoxy,
that adheres the di€ 10640 HEGIEDRAYEA 2 nurpbsreritg R ierees e araRliFrsHERin Blan view of a
leadframe 30RQaasaoingy tee artthe pevitdadiment eftbeapresemt (nvesion) Thel lerdéamez00 may be
manufactured from a single flat sheet of material, usually metal, in a single, s ing, cutting,.and forming
orocess. Alter A M i i D o e Bt A o IE ST B O SR o awo
constraints céuséddiyatool Iffhkingdissdes franaraddsichhinoarainn stalitping phdcExsatachingThe
leadframe 300 Als@nCiges HamPerehieadf 8 @raundibe perrneniherest Jhe.leadsd02 may be

held in position%/ conventional tie bars (not shown) until the leadframe is encapsulated in a package
(not shown, BEAKEEHEBa gy ikOf s SUPIH M & BIHBP B R YA RS COREIFHEAREE a frame
paddle that sepgaBadsra dig i 30datanaiachirg: Menntingoantestippadting.a semiconductor device,
such as a die 106, ip,the center, of the Jeadfram ..The die pad 304 is supported in,this.position by one
o1 more cormer tie KA/ IO B By B aaaer oo Qe T B e e B 304
Wire-bonds 1k0dsirelhmedndwe die ¥06-fotdanfeadfraiid 300thn diartl®alde, the lwids-d6RAde 1th connect die

wire-bonding;pads, h13 eS8 jithesepgs 102 ipkhe l%%ﬁéiﬁ&@?f&o&ﬁﬂﬁié,ipm@eﬂi%&@d 304. The

wire-bonds 110 include, for example, power wire-bonds 110a, signal wire-bonds 110b, ground bond
wire-bonds 13eRdsahtPcisd onechradsdrids: Brerndrnndiayity-BemsstiQioAngrl) nreand e wire-bonds
110 are shoveanbul iDwiliHoe diaderstaad thad moiheiaes vifRebaRrdBatvalious BHoes aset attached between
the die Wire-q)ondin%[t)a 11t2,uthe leads 1( Zhgmdfthe.die pad 304, t hFc%atccomtrQo atin(? the ground
bond Wire-bonffjgnf.1 cognéh & down bond wire-bonds 11bdPiié latera Gimensions 6f the die pad 304 are
larger than tHoswlio threldid 2106 thiadid @dtaoH bk thiernesshl Ofhe larger lateral dimensions of the die pad 304,
outside the die 106 Qi hligRAGITEciH Akl REHBRRI31 TR 136 fedath BaAARRaNch the

ground bond wire-bonds 110c and the down bond wire-bonds 110d can then be attached.  To facilitate
attachment of tA& GredMardlotimemiensodee d5cPatd e gonisB sk whnsesints dicoftotkRkitiie pad 304,
the die pad rimazhddofhtiaedie Prel R4S JaeaNidado-nitbnXshapedgpaeves 3dadlaatasedgdismete and
arranged in a sequence thadt IS S ffﬁldtaloneg. nd EOLtJ}r%ddthe dciel&?d Hrtn 31h4. The X-shg;%ed grooves 316
thus form a diS¢rete attehiately staggeredStkrace configurdtion in the die'pad 302°that creates more
space in the diecpamhB0U! forandtimedoing ond sepabatidy! i grotire bondaglird-bonds 110c and the down
bond wire-bonds 11k, The, X-aRRALA'AME S AR SeRSHhe RLdIliPRR! RURRsH f lasking,the mold

compound encapsulant (not shown, but see the encapsulant 202 in FIG. 4) firmly to the die pad 304. The
ground conn&etigh biihéovdsdtis greutii-pdaditirabheRyd 0t thadiheddoli BoReVife-BEHds 110d to
the die pad rim 314 of the die pad 304 is thus efficiently accomplished without a separate ground ring
such as would be otherwise conventionally disposegl between the die pad 304 and the leads 102 of the
leadframe 300.



As with the grooves 116 (FIG. 1), the shape, size, positions, and number of rows of the X-shaped grooves
can be optimized in relation to the size of the die, the size of the die pad, and the number and spacing (or
density) of the ground bond wire-bonds and down bond wire-bonds. For example, more rows of the
X-shaped grooves can be designed and incorporated into the die pad rim if the die size is small
compared to gheodie Padisizercamdnged wersadurras, theisixses gingvpolitions dfametXystiagrstedrooves can

be designed figxibhnipSHihthehPRIlERS ah thesgrapadRRNE Wire-hands-and dewadangyykgsbonds in
various IC designs. Further, since the X-shaped grooves are separation structures for separating the

ground bond SAPESHSHUL ar o ARE ST h Bhsaie 139rQ8, hahAials LmaLs SRISE thie s Br8dV8 structures
can be seen &s poaviding raiged@savel| s depiessecdakeasbonds Reédersiny theowolonFbendyikerein is
shown a cross-secti [ view of a package 400 formed by encapsulating the, leadframe 300, the die 106,
o the wro B D B A, o e A o e
section line 4eactiproligh thed skewp byt shovhs RnEISuBNAEd shbln M Frohatisthe ddmediv@R04, such as

solder or a laygt QFo%H@%MnﬁQ@&&%H%SvE%LQi SR L HEHE RAASPHC and BRIGEHNDLHINREIC. 5,
therein is shown ad{f)lan view of a leadframe 500 according to yet another embodiment of the present
invention. ThRARAdfHAME B50lin By e hdiiearsPao i ishibie Hii hbeatcor mmtisd *ibasily metal, in a
single stampingspauitingsoand fagring psocadd. baltehaativelyoihenieadirame b0 traydee manisfactured

using an etch ss, which can gvaid constraint used by tool making issues that are typical in
certain stam E(ggqg)ro%%dﬁégg? adt TP%eo?eﬂé% ?gan%'gﬁséqﬁcludes a number of leads 102 around the periphery
thereof. The leads Boserherythis Hisfdioinmsoitioh tywdemelenitiorsaletid prhsaiokdhowhy unthahddeadframe is

encapsulatedsﬁra@,rg%s%gt{% SH@WiimbK ﬁ%&@%ﬁﬁ&g%@&%@&%ﬁ% ® oB?iBﬁl%eﬁ%B%‘ia@foWe I_eadframe
500 is located a frame paddle that serves as a die pad 504 for attaching, mounting, and supporting a

semiconduct®? Bevics X iikn s dhaidizead, e tHe Ruh@ddheaebdramhPanne areiaeyaalse is
supported in ghispDBHiANHE-Goederaricdevao Byat tieileascndiO8 Ebatara o ngatedagpwaktiyie epnnect to

and support tﬁ}g die%;\),ad 504. Wir%-boglds 110 Wirg-ig%n éhfe die(}OG t%ttlﬁe leadframe 509. In
< :

particular, the wire-bonds 1 (C:lgsﬁ ect die Wﬁ%%oéeﬁt Ing pa PG the die 106 to theléads 102 of the

leadframe 50@anedred théhdidipaai5oa. Tink ideedrondd 3a.0tndingthsfardxenmiols, gohegwingsbonds 110a,
signal wire-bendgeldd ngﬁoﬂ‘&gb%oﬂﬂs%ﬂrﬁfé’ﬁ&%o%}g?ﬁ?cn SRwRhRNdiwirsHRRAs dAAdbEar clarity of

illustration only a few of the wire-bonds 110 are shown, but it will be understood that numerous

wire-bonds of VRIS 1y Pe@ErEs datrien be il tHEndfe I rd pBORYIHG PERIE D StEWENLC102, and the
die pad 504. sepafa@ih @@eopacnadating the-grdsndiaane wike-bentlsitcl Oendnd theldavwmndendowire-bonds
110d, the lat a!t imensions of the die gad 504 are I%é%%r tha(p thOSﬁ 2(lnsféhe die(}grge}hat is attached

thereon. The ffrge? fateral m%teur{g?cfr?g of fﬁeen(ﬁsépﬁ%\a r,atl)sﬁtsfléew the dleear(ﬁés,eprovuﬁé a die pad rim 514

that is peripheral toRhmiegpagvS04Fnad2owhichishehgroundrbondanireaboads of X0pagke¢eheddown bond
wire-bonds 1@%@%}@&%@@{&@% leadframe 100, the die 106, and the wire-bonds 110 in an

encapsulant 202. The FIG. 2 sectional view corresponds generally to the section line 2-2
through the assembly shown in FIG. 1. Also shown in FIG. 2 is an adhesive 204, such as
solder or a layer of epoxy, that adheres the die 106 to the die pad 104.

Referring now to FIG. 3, therein is shown a plan view of a leadframe 300 according to
another embodiment of the present invention. The leadframe 300 may be manufactured from
a single flat sheet of material, usually metal, in a single stamping, cutting, and forming
process. Alternatively, the leadframe 300 may be manufactured using an etch process, which
can avoid constraints caused by tool making issues that are typical in certain stamping
processes.

The leadframe 300 also includes a number of leads 102 around the periphery thereof.

The leads 102 may be held in position by conventional tie bars (not shown) until the



To facilitate attachment of the ground bond wire-bonds 110c and the down bond wire-bonds 110d to the
die pad 504, the die pad rim 514 of the die pad 504 is provided with U-shaped grooves 516 that are
discrete and arranged in a sequence that is spaced along and around the die pad rim 514. The U-shaped
grooves 516 thus form a discrete, alternately staggered surface configuration in the die pad 504 that

creates morel&jsheannisadiespate b on Fordmeadathghant. sepasating ko dpR ibdAE wike Jbonds 110c
and the downandwirg-Brndsdki@d JdieiVrshaRed graRvesialsamaetee theaddi pongse of locking

the mold compound encapsulant énot shown, but see the encapsulant 202 in FIG. 6) firmly to the die pad

. . ) 0)
504. The grofiFUSRnBOHBHNSs #RE SHRRGTE ARty B8AUCo a8t A Bt A 108 bl BORY wire-bonds

110d to the di¢ thaderidirbid 30i0thetdidipadd34 is thpisoaticie mly oodm pishedwitbautanseparate ground
ring such as you otherwise conventignally disposed between the die 04 and the leads 102 of
the Ieadframeagf)ﬁ) ?%%%r%v\él\{ﬂnﬁ?%egﬁgg\%%{}%f\é ?HPCt B,atIh%u Oﬁtett,ﬂgizlee, ogs(‘j?t(l%hs, and number of rows
of the U-shaped groBuvedeads Bélopiimbaad iherdiatidf to theleidé anend@didntharsspénnbeveie pad, and

the number ang §PagiNG dRfdengity iRl hasreundbons wirespands andAawnberd wirgbgrds. For
example, more rows of the U-shaped grooves can be desié)ned and incarporated into the die pad rim if

the die size i<aiEmeolhard erebcdiadpid-si, winerReEs SRS 6 4DBle PRy EbEiiBNSs of the
U-shaped grooves tha baggdesigneddiexibhoto swiithepasikicadaidhe igwund bowal vand-bards and down
bond wire-bonds, i ious IC designs. Further, since the. U-shaped grooves are separation. structures for
ceparating the e R B o SR ot the
groove structbrewdsasidsd e meuneprovidirgbradedf agneel Bipdaprastebiedredween tIRdferving now to FIG.

6, therein is shpwn ARSI BeLLIANRAL iIeW HfidnRackage $Q0 formed by encapsulating the leadframe 500,
the die 106, and the wire-bonds 110 in an encapsulant 202. The FIG. 6 sectional view corresponds

generally to the sectiri g edaiisugn e ad SentoNj e hones ik Psans hadavaniA Hrerengsis an
adhesive 204} 19dclhassatdelinessiayesofhe pixpathavadkeregche diehbos do thrediiel pathh04.

Referring now. to FIG. 7, therein is.shown a flow chart of a method 70 fabricati ni rated circuit
eadrame in SERAAE T 10 LHeb e o B e R e i Qe having
leads aroundpacdidepaditivatinas al péh'r}j h@pa_ridl@rph_@ lthn,diif_nraCbﬁ%I@T@Bz ‘ahbtlfdhmiiguad_:ﬂi)%ﬁbte,
alternately St%@%&%ﬂﬁ@&%ﬁ%@'th%d'\m@@ﬁdg&}(ﬂddrE‘aW@teﬁﬁ?@é%cﬁQ&C@ in the die pad for

connecting and separating ground bond wire-bonds and down bond wire-bonds, and provides for locking
encapsulant firmly thofsliapaeshme gty ground bendhwipssbondiddQsamsiin Sovebsrdski invention
provides numiids] aolvantagas far sxanmeldidhadruarianpmyigesan 10 paskage:bavinga leadframe
with & die pad hay has an.| ¢, dif mounied tereon, The ¢ die can nave aroLnd bond andioy down bond
wire-bonds conﬁectéd)(fhereto, u |al|2|ng he die padaﬂr)r gorrespon Ing groundscgnnec ions 45 desired. The
die pad has streotdrés f&e sadanatidyithelheoXintidpon giwires<$d Ha shandothe ddiwerdondteviredhonds. The

structures caf e SELNATLARGE M- AR ESRAREAP R e dic.RR%BRAFAR RAUR Vi ipHsdifferent
configurations according to the needs at hand. A particular advantage of the present invention is that

the surface cERUIRSGERS &ith SeaHMedo s aAS PRI VaE Do SiEY 8P Bedewtdiend ofithe die pad
rim, accordingoi@ithe partithdax lsagbamesenfigiurséien thahirliwbs abpeated.ddris the imiention has

been illustrated in connection with, but is not limited to, exposed die pa ckages (e.g., a quad flat pack
COFP) pack WA P B o et A WA et o ke e corcingly
it will now be@ééﬂﬁo dihe gbordinamyeskithinfthe antrihvatgtoaprésahvinvdotidn ldéa ai_édlt@edgfmlzed in other
package configiialians,qichiasdngldgd Hléa?eﬂc&ahﬁﬁcﬁﬁggﬁ hMRERIRd4ow pidilerayaghiiat packages

("LQFP"), in which the die pad is not downset so deeply, but is instead entirely enclosed within the
package by tAFHREKESE eHEMPS atiParate KEHIGIABE Sl ndtif AgvaheySorapreset invention is
that the term dspskraseaniiguratianpdheraiase iRclugssl 0DLOMY igraaves et are formed only partially into

and not through the die rim, but alsg i s grooves that extend all the way through the die pad rim.
SHch = groove that SNBSSt b B e (76, G R  fickoby form a
slot through tthe dielpacddrgmoves Yat bnophier zdvartz geooftthdgssartt tinvdistior, pagtidularlyidor packages
in which the diey pagh tip 15,0595 NERIN thaRREKRIEMS Ihatkawiaes. reiguiatians hiatale provided on
both sides of the die pad rim (which can include through-groove surface configurations) will enhance even
further the lo®kfisP ot dhe PREKEHERIBIARRICIMPoahdh® theldRehaOTHTS prbvidedeaisdrdgrddter

resistance to delamination.
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Another advantage of the present invention is the removal and/or omission of a ground ring in the
leadframe. This enables the inner ends of the leads to be positioned closer to the die pad, resulting in
shorter wire-bond wires for the wire-bonds that connect the die to the leads. Conversely, still another
advantage of the present invention is that it provides shorter wire-bond wires without requiring a ground
ring or down tagrporatedeninbendie aadantagdodithuzpie sentlinventicd 8 trdik prévidesstaigered

structures, suchas Kdges O HONE P o NRRAG MLCRLNPOUSBEOVES 2 theigiedddckibly (Stllianother
advantage of the present invention, as tallﬁjht herein, is that a variety of groove configurations can be

selected for SPtimsHgthe b dkicird o PEGRANGS Hdgdown ARQBth SR e BERE dfesent
invention is tlesamyplefspaes tiaddtipeoXidesédr damnngaovwpadpons andéargrdundepandnyiteebonds, even

when the die g6, 9%« oYt ARPIRCE AdyRIAgE ol ihe resantinvenion 3 s jmprayed locking of
the mold conpound encapsulant to the eacmame afforded y the staggerea grooves infhe die pad rim
around the digtuTheeinsprdveiddoekipiy Yalmovided Wikl sindgheeseadushaproviding additional space for

ground bqnd and/o'i{@%@%@lz%@l@@@&lqrein%tiQMQGEIQQ\!@E@%]%EQEﬁ%&@l&%&hﬂ)gfesent .
invention is that the looping of the wire-bonding wires can be done such that swegé%lg\? and wire shorting

are reduced ST BIFhiRRE RMRG R HRAngdiRRepatkals. die HRyant s BEeERWMLLIVErEY Mat the
integrated cirenthpacka@evitiThoRbsepacatanmethocbansshappagaiemiof toet esatninisention furnish

important and heyelafore unpown.ancungailablg solutions, Gapalities, apd fundignal adyantages for
fabricating integrate circunnba%kages with bond separators. hl' e r'esuﬁtlng processes ‘and configurations
are straightforoldatioretbiyonmicenormdba pilbersdhhignliO¢deshtidiapatl efléctive, can be implemented by

adapting known tecRR|ogies, ASate HusfellyiCamRatinie \WibConyealienalMIanHiackikpgProcesses

and technologies. ) ) _
yet another embodiment of the present invention. The leadframe 500 may be manufactured

from a single flat sheet of material, usually metal, in a single stamping, cutting, and forming
process. Alternatively, the leadframe 500 may be manufactured using an etch process, which
can avoid constraints caused by tool making issues that are typical in certain stamping
processes.

The leadframe 500 includes a number of leads 102 around the periphery thereof. The
leads 102 may be held in position by conventional tie bars (not shown) until the leadframe is
encapsulated in a package (not shown, but see the package 600 in FIG. 6). In the center of
the leadframe 500 is located a frame paddle that serves as a die pad 504 for attaching,
mounting, and supporting a semiconductor device, such as a die 106, in the center of the
leadframe 500. The die pad 504 is supported in this position by one or more corner tie bars
108 that are elongated inwardly to connect to and support the die pad 504.

Wire-bonds 110 wire-bond the die 106 to the leadframe 500. In particular, the wire-
bonds 110 connect die wire-bonding pads 112 on the die 106 to the leads 102 of the
leadframe 500 and to the die pad 504. The wire-bonds 110 include, for example, power wire-
bonds 110a, signal wire-bonds 110b, ground bond wire-bonds 110c, and down bond wire-
bonds 110d. For clarity of illustration only a few of the wire-bonds 110 are shown, but it will
be understood that numerous wire-bonds of various types are attached between the die wire-
bonding pads 112, the leads 102, and the die pad 504.

For accommodating the ground bond wire-bonds 110c and the down bond wire-bonds

110d, the lateral dimensions of the die pad 504 are larger than those of the die 106 that is



While the invention has been described in conjunction with a specific best mode, it is to be understood
that many alternatives, modifications, and variations will be apparent to those skilled in the art in light of
the aforegoing description. Accordingly, it is intended to embrace all such alternatives, modifications, and
variations which fall within the scope of the included claims. All matters hithertofore set forth herein or

shown in the #Ecbpdpdnidor didwitigecaratembdineappreted ihcadidlnadafite eneldsomdiditingsense. THE
INVENTION GLAMERdSh Amethed fRrfatyicaling @b #Mearried sicciytlaraitRMSoRIMBASING: forming

a leadframe having leads around a die pad that has a peripheral die pad rim; and forming a discrete,

alternately stAgGereuisd Hicand drmdovadmdn e trdyd dMrhemienPe 4B ace in the die pad for
connecting and sepBsatitig tgoattnd Hoasid ovitie- bandd bad dawrbhand Wicedadahedpandg@rowdes for locking

encapsulant firmly 19 jhe die. pad. a?h584 The c'i‘ﬂee”&%%%‘ slainy fwherein %mis“_gréfv‘?dgés%{?}%-a'temate'y
staggered surface configuration firther comprises forming 8epresse8 separation structures. 3. The
method of clafmpedadiepsis forfniky thie discetaand tsrargedyistageerat s tifhde woafidatenairther

compr.ises fo%il!i}gi q}r%e&ig%gerﬁﬁ @w%ﬁtm@mmeﬁa BRAERr a dis‘&reTé]eaIR%Ql‘é@ of _claim 1
wherein forming the discrete, alternately staggered surface configuration further comprises forming a

sequence of ¥28RdFL dusintacedsHmjipitions dic pad 39k hab R sMasPACHAERS HifRAdinG the discrete,
alternately staggenedstifaael cepdigtnatian fusther iwanhprisesdarmingecaasequedce0bbhéhdped surface

Conﬁguraﬂongbnds 110d. The U-shaped grooves also serve the additional purpose of locking the mold
compound encapsulant (not shown, but see the encapsulant 202 in FIG. 6) firmly to the die
pad 504. The ground connection of the various ground bond wire-bonds 110c and the down
bond wire-bonds 110d to the die pad rim 514 of the die pad 504 is thus efficiently
accomplished without a separate ground ring such as would be otherwise conventionally
disposed between the die pad 504 and the leads 102 of the leadframe 500.

As with the grooves 116 (FIG. 1), the shape, size, positions, and number of rows of
the U-shaped grooves can be optimized in relation to the size of the die, the size of the die
pad, and the number and spacing (or density) of the ground bond wire-bonds and down bond
wire-bonds. For example, more rows of the U-shaped grooves can be designed and
incorporated into the die pad rim if the die size is small compared to the die pad size, and vice
versa. Also, the sizes and positions of the U-shaped grooves can be designed flexibly to suit
the positions of the ground bond wire-bonds and down bond wire-bonds in various IC
designs. Further, since the U-shaped grooves are separation structures for separating the
ground bond wire-bonds and the down bond wire-bonds, it will be understood that the groove
structures can be seen as providing raised as well as depressed areas.

Referring now to FIG. 6, therein is shown a cross-sectional view of a package 600
formed by encapsulating the leadframe 500, the die 106, and the wire-bonds 110 in an
encapsulant 202. The FIG. 6 sectional view corresponds generally to the section line 6-6
through the assembly shown in FIG. 5. Also shown in FIG. 6 is an adhesive 204, such as
solder or a layer of epoxy, that adheres the die 106 to the die pad 504.

Referring now to FIG. 7, therein is shown a flow chart of a method 700 for fabricating
an integrated circuit leadframe in accordance with the present invention. The method 700

includes forming a leadframe having leads around a die pad that has a peripheral die pad rim,
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6. A method for fabricating an integrated circuit leadframe, comprising: forming a leadframe from a single
flat sheet of material in a single manufacturing process, the leadframe having leads around a die pad that
has a peripheral die pad rim; forming a discrete, alternately staggered surface configuration in the die pad
rim that: creates space in the die pad for connecting and separating ground bond wire-bonds and down
bond wire-botidsbiasl favidddsoniaekidgweicapseate!fiingerctheutficpaenfzrimmgmtBediconductor

device to the;ﬁt@ mdth\é\fi@é%@qmethf? é@raie%@l%@&dﬂﬁ&%é%h%@ﬁ%ﬁ%b@ﬂﬁ&%&pﬁwating at least
portions of the semiconductor device and the leadframe. /. The method of claim 6 wherein forming

the discrete, Bfhardidoyahgadatisdreads aphnidadirrletiirecairimieiaatarming dfisiil separation

structures. in a block 704.

It has been discovered that the present invention provides numerous advantages. For
example, the invention provides an IC package having a leadframe with a die pad that has an
IC die mounted thereon. The IC die can have ground bond and/or down bond wire-bonds
connected thereto, utilizing the die pad for corresponding ground connections as desired. The
die pad has structures for separating the ground bond wire-bonds and the down bond wire-
bonds. The structures can be seen as raised or depressed areas on the die pad and can have
various different configurations according to the needs at hand.

A particular advantage of the present invention is that the surface configurations can
be formed on either side, or both sides (top and bottom), of the die pad rim, according to the
particular leadframe configuration that is to be fabricated. Thus, the invention has been
illustrated in connection with, but is not limited to, exposed die pad packages (e.g., a quad
flat pack (“QFP”) package), in which the die pad is downset all the way to the bottom of the
package. Accordingly, it will now be clear to one of ordinary skill in the art that the present
invention can also be utilized in other package configurations, such as molded quad flat
packages (“MQFP”) and low profile quad flat packages (“LQFP”), in which the die pad is not
downset so deeply, but is instead entirely enclosed within the package by the package
encapsulant.

Accordingly, still another advantage of the present invention is that the term “surface
configuration” therefore includes not only grooves that are formed only partially into and not
through the die pad rim, but also includes grooves that extend all the way through the die pad
rim. Such a groove that extends entirely through the die pad rim (i.e., a “through-groove”)
will thereby form a slot through the die pad rim.

Yet another advantage of the present invention, particularly for packages in which the
die pad rim is enclosed within the package, is that surface configurations that are provided on
both sides of the die pad rim (which can include through-groove surface configurations) will
enhance even further the locking of the package molding compound to the die pad. This
provides even greater resistance to delamination.

Another advantage of the present invention is the removal and/or omission of a

ground ring in the leadframe. This enables the inner ends of the leads to be positioned closer

11



8. The method of claim 6 wherein forming the discrete, alternately staggered surface configuration further
comprises forming a sequence of discrete; alternately staggered grooves. 9. The method of claim 6
wherein forming the discrete, alternately staggered surface configuration further comprises forming a
sequence of X-shaped surface configurations. 10. The method of claim 6 wherein forming the
discrete, altetpahielfisaggeradtiogriackossnidiaration wirth&prdbemprisdodriitigensedjtendis &f U-shaped
surface configydratigns. 11. A leadframe for an integrated circuit, comprising: a die pad; a peripheral
die pad rim on the die pad; leads around the peripheral die pad rim; and a discrete, alternately staggered

surface configuratidrPh T e BharAMerfdhadasted LsREsTtHY e Pals Fot doRiveidiig M d separating
ground bond wiikebbaa dsrandidemrhpnthyirgrbontshantdoravides for locking encapsulant firmly to the

die pad. Yet another advantage of the present invention is that it provides staggered structures,
such as ridges or grooves, instead of continuous grooves, in the die pad.

Still another advantage of the present invention, as taught herein, is that a variety of
groove configurations can be selected for optimizing the particular configurations at hand.

Another advantage of the present invention is the ample space that it provides for
forming down bond and/or ground bond wire-bonds, even when the die size is large.

Yet another advantage of the present invention is the improved locking of the mold
compound encapsulant to the leadframe afforded by the staggered grooves in the die pad rim
around the die. The improved locking is provided while simultaneously providing additional
space for ground bond and/or down bond wire-bonds.

Still another advantage of the design of the present invention is that the looping of the
wire-bonding wires can be done such that sweeping and wire shorting are reduced or
eliminated during molding of the package.

Thus, it has been discovered that the integrated circuit package with bond separator
method and apparatus of the present invention furnish important and heretofore unknown and
unavailable solutions, capabilities, and functional advantages for fabricating integrated circuit
packages with bond separators.  The resulting processes and configurations are
straightforward, economical, uncomplicated, highly versatile and effective, can be
implemented by adapting known technologies, and are thus fully compatible with
conventional manufacturing processes and technologies.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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12. The leadframe of claim 11 wherein the discrete, alternately staggered surface configuration further
comprises depressed separation structures. 13. The leadframe of claim 11 wherein the discrete,
alternately staggered surface configuration further comprises a sequence of discrete; alternately
staggered grooves. 14. The leadframe of claim 11 wherein the discrete, alternately staggered surface
configuration THEHANANIRHOES I ddHileAe of X-shaped surface configurations.  15. The leadframe of
claim 11 wherein the discrete, alterpat IB/,sta, ered surface configuration further comprises a sequence
of U-shaped surfacé configuPSHiK: .Orlf%. y Cf‘é%%ﬁﬁr‘ﬁée%?t%%ofﬁ?gﬁl?ﬁ? %faéﬂ&ﬁ?,n@?ﬂﬂ]ﬂﬁsing: a die pad; a
peripheral die pad rimminghd clidpad; Hedds Rrdsncbting peiippret didibapadeiiphethbediteppadand leads
being formed from a single flat sheet of material in a single manufacturing process; a discrete, alternately

staggered surface configuration in the die pad rim that:
forming a discrete, alternately staggered surface configuration in the die pad rim that:

creates space in the die pad for connecting and separating ground bond wire-
bonds and down bond wire-bonds; and

provides for locking encapsulant firmly to the die pad.

2. The method of claim 1 wherein forming the discrete, alternately staggered

surface configuration further comprises forming depressed separation structures.

3. The method of claim 1 wherein forming the discrete, alternately staggered
surface configuration further comprises forming a sequence of discrete; alternately staggered

grooves.

4. The method of claim 1 wherein forming the discrete, alternately staggered
surface configuration further comprises forming a sequence of X-shaped surface

configurations.

5. The method of claim 1 wherein forming the discrete, alternately staggered
surface configuration further comprises forming a sequence of U-shaped surface

configurations.

6. A method for fabricating an integrated circuit leadframe, comprising:

forming a leadframe from a single flat sheet of material in a single manufacturing
process, the leadframe having leads around a die pad that has a peripheral die
pad rim;

forming a discrete, alternately staggered surface configuration in the die pad rim that:
creates space in the die pad for connecting and separating ground bond wire-

bonds and down bond wire-bonds; and

provides for locking encapsulant firmly to the die pad;

adhering a semiconductor device to the die pad;

wire-bonding the semiconductor device to the leadframe; and

encapsulating at least portions of the semiconductor device and the leadframe.
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creates space in the die pad for connecting and separating ground bond wire-bonds and down bond
wire-bonds; and provides for locking encapsulant firmly to the die pad; a semiconductor device adhered to
the die pad; the semiconductor device being wire-bonded to the leadframe; and an encapsulant
encapsulating at least portions of the semiconductor device and the leadframe. 17. The leadframe of
claim 16 wherein thé discréie, a¢tépdaeélylataggerbersnrfaneiepifigydrstion. faltrapiebniprisesdepressed

separation stiygtiiesontigulfion TeIEAHAME A SR Lo phawRiRhe discigirupliernately staggered

surface configuration further comprises a sequence of discrete; alternately staggered grooves. 19.
The leadframe of claim 16Mheieivthefditdrete, ltechatelynsiagyereéidcstefagie aonfiguragianeturther

comprises a se uencefof X-§ha9e surface .contf(ilgurations. 20.. The leadfram ?f claim 19 wherein the
sur acleycon 1guration rurfner comrg)frllses ml?é a sequence of discrete, alternate €

discrete, alternate stag%ere surface configuration ttirther comprises a séquence stfﬂ.géﬁéped surface
configurationgrooves.

9. The method of claim 6 wherein forming the discrete, alternately staggered
surface configuration further comprises forming a sequence of X-shaped surface

configurations.

10. The method of claim 6 wherein forming the discrete, alternately staggered
surface configuration further comprises forming a sequence of U-shaped surface

configurations.

11. A leadframe for an integrated circuit, comprising:
a die pad;
a peripheral die pad rim on the die pad;
leads around the peripheral die pad rim; and
a discrete, alternately staggered surface configuration in the die pad rim that:
creates space in the die pad for connecting and separating ground bond wire-
bonds and down bond wire-bonds; and

provides for locking encapsulant firmly to the die pad.

12. The leadframe of claim 11 wherein the discrete, alternately staggered surface

configuration further comprises depressed separation structures.

13. The leadframe of claim 11 wherein the discrete, alternately staggered surface

configuration further comprises a sequence of discrete; alternately staggered grooves.

14. The leadframe of claim 11 wherein the discrete, alternately staggered surface

configuration further comprises a sequence of X-shaped surface configurations.

15. The leadframe of claim 11 wherein the discrete, alternately staggered surface

configuration further comprises a sequence of U-shaped surface configurations.

16. A leadframe for an integrated circuit, comprising:
a die pad;
a peripheral die pad rim on the die pad;

leads around the peripheral die pad rim;
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the die pad and leads being formed from a single flat sheet of material in a single
manufacturing process;

a discrete, alternately staggered surface configuration in the die pad rim that:
creates space in the die pad for connecting and separating ground bond wire-

bonds and down bond wire-bonds; and

provides for locking encapsulant firmly to the die pad;

a semiconductor device adhered to the die pad;

the semiconductor device being wire-bonded to the leadframe; and

an encapsulant encapsulating at least portions of the semiconductor device and the

leadframe.

17. The leadframe of claim 16 wherein the discrete, alternately staggered surface

configuration further comprises depressed separation structures.

18. The leadframe of claim 16 wherein the discrete, alternately staggered surface

configuration further comprises a sequence of discrete; alternately staggered grooves.

19. The leadframe of claim 16 wherein the discrete, alternately staggered surface

configuration further comprises a sequence of X-shaped surface configurations.

20. The leadframe of claim 16 wherein the discrete, alternately staggered surface

configuration further comprises a sequence of U-shaped surface configurations.
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