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the overall package size of a QFP becomes difficult because of the arrangement of leads about

the lateral periphery of the package. This is particularly evident when reduced package size is
attempted to be combined with increasing the number of input/output (I/0) connections required
for the smaller yet ever more complex dice representing the state of the art.

[0003] In order to either reduce the size of a conventional QFP while at least maintaining,
if not increasing, the number of connections or to increase the number of I/O connections while
at least maintaining, if not decreasing, the package size, a higher density of connections would be
required along the package perimeter. However, such an increased density of leads about the
package perimeter inherently requires a reduced pitch or spacing between adjacent leads and
promotes an increased likelihood of cross-talk and signal interference as well as making such
packages more difficult to fabricate.

[0004] In an effort the increase the number of connections in an integrated circuit (IC)
package while maintaining or decreasing the overall size, alternative packaging arrangements
have been implemented. For example, grid array devices such as pin grid arrays (PGA’s), ball

grid arrays (BGA'’s), land grid arrays (LGA’s) and their associated variants have been used to



have been inplenmented. For exanple, grid array devices such as pin grid
arrays (PGA s), ball grid arrays (BGA' s), land grid arrays (LGA' s) and
their associated variants have been used to 1 20 January 2006 reduce
package size while and increase input/output connections. Oﬁn exa of
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input/output connections and may allow a simultaneous reduction in size for a given package,
such devices are not without their own limitations and drawbacks. For example, the use of
circuit board interposers, upon which the array of conductive elements is formed, imposes
limitations on the size of the package since the circuit board is typically larger than the
semiconductor die. Additionally, the circuit boards used in making BGA packages have been
known to take on moisture during the fabrication process leading to subsequent cracking and
warpage which ultimately renders the device unusable. Furthermore, the cost of circuit boards
used in the fabrication of grid array type devices may also may also be viewed as a drawback.
[0006] In view of the shortcomings in the art, it would be advantageous to provide a
semiconductor die package which allowed for a higher density of input/output connections
without increasing package size. It would further be advan'tageous to provide such a package

having a patterned array of input/output connections formed from a lead frame.



used in the fabrication of grid array type devices nmay al so may al so be
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[0009] The individual conductive elements may, for example, be electrically isolated
from one another by saw cutting the conductive lead subsequent to the first and second portioﬁ
being coupled to the bond pads of the semiconductor die. Also, a severance region may be
predefined in the lead between the first portion and second portion so as to help facilitate the
electrical isolation of the two portions. The severance region may include a notch or recess
formed by scoring, cutting or etching partially through the material of the lead. Encapsulant
covering the semiconductor die may be extended into the notch or recess of the severance region
prior to isolating the first portion and second portion to help retain the first portion and second
portion in their respective positions once they have been separated from one another by complete
removal of any intervening lead material.

[0010] Another aspect of the present invention includes a method of forming an array of
electrically conductive elements for an integrated circuit package. The method includes

disposing a semiconductor die having a plurality of bond pads on an active surface thereof on a



formed by scoring, cutting or etching partially through the material of the
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of bonding regions spaced laterally outwardly from the first peripheral row.

[0013] Yet another aspect of the invention includes a semiconductor die or integrated
circuit package. The integrated circuit package includes a semiconductor die, a lead frame and
an electrically insulative encapsulant. The lead frame includes a plurality of spaced conductive
elements arranged in an array including a first set of conductive elements on a major surface of
the package and adjacent a lateral periphery thereof and at least one other set of conductive
elements inwardly adjacent the first set. The insulative encapsulant extends over the
semiconductor die and at least partially over the lead frame while allowing a portion of e.ach of
the conductive elements to be exposed on the major surface for connection with an external
electrical circuit. At least one concavity or other recess is defined between and electrically

isolates at least one conductive element of the first set and an adjacent conductive element of the

at least one other set.



[ 0013] Yet another aspect of the invention includes a sem conductor die or
integrated circuit package. The integrated circuit package includes a
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i nput and out put devices, and a nenory nodul e, such as descri bed above,
coupled wth the processor. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE
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[0017] The foregoing and other advantages of the invention will become apparent upon
reading the following detailed description and upon reference to the drawings in which:

[0018] FIG. 1 is a plan view of the bottom of an IC package according to one
embodiment of the present invention;

[0019] FIG. 2 is a cross-sectional view of the IC package of FIG. 1;

[0020] FIGS. 3A and 3B are enlarged views of the section specified in FIG. 2 at various
stages of manufacturing; '

[0021] FIGS. 4A and 4B are plan views of an IC package according to alternative

embodiments;

[0022] FIG. 5 is a plan view of a lead frame strip according to one embodiment of the

present invention; and

[0023] FIG. 6 is schematic of a computer system incorporating the IC package of the

present invention.
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various
geometrical terms such as a grid having a specified number columns and rows. However, due to

the general placement of the conductive elements 16 outwardly of the semiconductor die 12 and
generally adjacent the periphery of the QFN package 10, the grid array structure will be
discussed in terms of peripheral rows. Thus, the QFN package 10 shown in FIG. 1 and 2
includes a first inner peripheral row 18A and a second outer peripheral row 18B of conductive
elements 16. |

[0026] The language “peripheral row” is used herein for convenience in describing the
configuration of the QFN package 10 and should not be understood as requiring all of the
conductive elements 16 to be located at or on the peripheral edge of the QFN package AIO, nor
should such phraseology be taken to mean the that a given peripheral row of conductive elements
16 must circumscribe the entire die paddle 14 and semiconductor die. While it is desirable to
have the conductive elements 16 positioned about each side of the QFN package 10 so as to
maximize the number of conductive elements 16 in the package, some designs may not require
such an arrangement. Alternatively, some configurations may include peripheral rows that only
partially circumscribe the die paddle 14 and semiconductor die 12, such as arrangements where

peripheral rows lie on opposing sides of the QFN package 10.



geonetrical ternms such as a grid having a specified nunber colums and
rows. However, due to the general placenent of the conductive el enents 16
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conductive elenents 16 each have an exposed surface on the bottom
further contemplated that an anisotropic, so-called “Z-axis” conductive material comprising
laterally-spaced conductive elements in a dielectric film and oriented transversely to the plane
thereof méy also be employed to connect conductive elements 16 to a carrier substrate. All of
the foregoing approaches, and others, are known to those of ordinary skill in the art and are not to
be taken as limiting of the present invention.

[0029] The inner peripheral rows 18A and outer peripheral rows 18B of conductive
elements 16 adjacent each edge of QFN package 10 are shown to be separated from one another
by an elongated, trough-like concavity or recess 30. As shown in FIG. 2, the concavity or recess
30 is formed as an elongated saw cut or scribe line extending from a first lateral edge of the QFN
package 10 to an opposing lateral edge. However, the concavity may be formed according to
other techniques known in the art such as, for example, a masking and etching process. In the
embodiment shown in FIGS. 1 and 2, the concavity or recess 30 serves to create the individual
conductive elements 16 of the two peripheral rows 18A and 18B from a single row of individual,

laterally extending leads of a lead frame. The fabrication process can be seen more clearly with



maj or surface of the QFN package 10 for subsequent electrical coupling with
anot her electrical conponent such as a carrier substrate (not shown). Such
connection may be nmade, for exanple, through the use of conductive burrps

28b, shown in broken lines for clarity. Such bunps may incli‘gﬁ@‘;H
exanpl e, sol der bunps which are stenciled onto conductive el ey and
then reflowed to formballs, conductive or conductor-filled epoxy coI umms

or pi | Irafesenceio HESFIA anbifdr FIG@PS émveté@ p(aénaﬂ prstion ohta QHN package hQ shoxting e)
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or recesmicadeasvds 12 mté(paa@etme i ndi vi dual conductive el enents 16 of the
two peripheral rows 18A and 18B froma single row of individual, laterally

ext endi ng | 449301 stubgequenido theanplicatinn afgneansalanild the deaddé' may bpseverashnsusbr e
clearly, Vl?furot] H 113 Qfok 1 &a_ o, F Eﬂ §, epicts
a part |a§I t‘I; on o?ﬁ Hﬁt o pactgtlg 0?%%&“:%& tot? I?(ﬁ\éla l\ﬁg%tg%l elsq”.ﬁ gt a
st age mmnﬂwd:owe ckments Igrdsghown if BIGrH. oEadhfcohﬂn&tnva dlewietiiad iscondewéd toer wire
el enent.s n FLG ,3A ipncludes a single | ead 16
Fat her B aiﬂﬁ@fg Qa0 %Bgaa@fmgthasmew dig {2 K15 peted Rt Hsrseveranest
t here %gomh%blﬂkﬁvéﬂdﬁ pRIRSS. First, SRNRLElaREL ltegloQ'3f6f1§érﬁﬁfes BRAMRG & gdtﬁﬂs
32, 34 of the lead 16'. A severance region 36, shown as an upward-facl ng
not ch, ansthpieafl delhis kelphie iflenidy 18 indivatlualibselingrgions B2 34e¢imngtw|1re bondmg
encaps L‘quﬂe legé 16' to the bond pads 22 of the semiconductor die 12. Additionally, the severance
region 36 allows for the formation of a more shallow concavity or recess 30 during the separation
of the lead 16' into individual conductive elements 16, such as to minimize the potential for
- damage to QFN package 10. Also, by forming the upward-facing notch in the severance region
36 prior to encapsulation, the transfer-molded encapsulant 26 flows under pressure into the notch
and substantially laterally about at least three sides of the ultimate location of each conductive
element 16 to form a structural member 38 between and about the locations of individual
conductive elements 16 to more effectively tie the conductive elements 16 to encapsulant 26,
precisely fixing their locations and enabling the package to withstand the stresses placed on leads
16" without damage thereto or movement thereof.
[0031] While the severance region 36 is desirably in the form of a notch or recess as

shown, it is contemplated that the severance region 36 of the lead 16' may simply be a designated

area of separation without a notch or other physical feature. It is noted that in such a case, the



subsequent to attachment of sem conductor die 12 to die paddle 14 and wre
~bondi ng of a bond pad 22 (not shown in FIG 3A) to bonding regions 32, 34.
The notch of severance region 36 may be formed by various processes such
as saw cutting, scribing, scoring or etching of the | ead 16 rior {)(86
encapsul ation of the |ead 16' and wire bond 24 and pref er abl3P J3P¥4Y 2
attachnent of sem gﬁnduct or die 12 to die paddle 14. [0030£HSubsequent to -
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pads 221p@fardlhéacsweﬁﬁm¢éitrmtc rgecess lmmhgépadriél Ilsyused hefaslémsc thedermatsgiadn 36
al | ows 15(8(' wlecofng‘?% e?e]%e%ds 1?Sesrmre shal | ow concavity or r.ecess 30 during

t he separa ion into individual conductive elenents 16,

such as to o821 Referting (OBIGS) Uircdnd 4B altélasmaeeriddhditpae lsﬁ@en *3th rbg58 to by
form nLgﬂlt he . upwar d- f aci n? notch in the severance rFNgl on rior to

encaps tN&eidaray patern. & A showva gie katospsufasaof 20 maamldb ayipgduer e into
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ultimate | o each ¢onducti ve rma’s ruct ur al
nenber ek8ndngt Wean famabdabastmildrendrments duseriledd dbodé sodptathat addnibual severance
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to WtWt@@%lithﬁf&hﬁl@%ﬁl@%lﬁiH@&ﬁﬂeﬁﬂ‘r&v@@% 16' without dammge thereto or
novenent thereof. [00 he severance region 36 is desirably in the

form of a ndP@IB1dIG: dBsbewsthe boromrsurface pBa QB mkdget16d alshdevingdhsever ance

regi on d Si des at ed f ar atl on
wi t hout %gpfr?]% ]tljag’grl%o %a“g}%?cﬁ@‘?’% ef’u‘Pghe iea %ﬁ éfﬁ{; %?enco & case,
t he 8 2lerdansibb'yof2ROPeriphodyivis/1 8, 1BBCERS1 RO aea@t@gfg@fdagu&pmmwncfuem t he
bott om n}ga%or surface of CFN package 10 would penetrate through the entire

t hi cknedgngy Lphm ?eé@é}effbfo“a tlﬁ@}*ge%wlﬁlm@ OR®sidp anprsnpaierd toxa adjacent

conductive element 16" in peripheral row 18A'". Similarly, a conductive element 16" in
peripheral row 18C" is shifted slightly to one side as compared to an adjacent conductive element
16" in peripheral row 18B'. Such an arrangement is possible by forming a lead frame having
leads 16' positioned at an angle other than perpendicular with respect to an adjacent edge of the
die paddle 14. The individual peripheral rows 18A',18B' and 18C" are formed in a manner
similar to that described above, with eiongated, trough-like concavities 30 being formed to
ultimately create the individual conductive elements 16". The staggered configuration serves to
allow more flexibility in wire bonding configurations and potentially lower bond loop heights
due to the lateral staggering of the conductive elements 16. Thus, depending on the angle at
which a lead 16' is formed on a lead frame, the offset of one peripheral row relative to another
may be controlled and wire bonding configurations may be flexibly designed.

[0034] Referring now to FIG. 5, an exemplary lead frame strip 50 including a plurality of
individual lead frames 52 for use in forming QFN packages 10 is shown. The multiple lead



formed between the adjacent inner and outer individual conductive el enents
16 to serve as a structural nenber 38. If desired, a structural nenber 38
could be forned after the formation of the concavity 30 by filling same
with dielectric material regardl ess of whether or not an upwardly-facing,
preformed notch or recess in each lead 16' is used to facilithlaugry@006
formation of individual conductive elenments 16. [0032] Referring to FIGS.
4A and 4B alternative enbodi nents are shown with regard to the grid array

pat t erfamds!SardOrmb@ W a gl BingRaiaMLy é’i&&xd@x{% Arip50laP AARIR bl QhoRaYi Ng three

di fferent peripheral rows 18A ~18B and 18C ot conductive el éments 16. The
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rame. REa1on o fe gatpheral thod a8 Whien vy e Ssbseapentivtiel BElT ar
Wi th rpaRegd 10, T leafra@es 52 aeiGe®@in FICE 5 AL feppaditafivd f a IEAE fhdisY i

peripheral rows 18A  18B' and 18C are fornmed in a manner simlar to that
descr i might hpused inthe formation af e@F N paskags- 10 descritmdinwonjupetic@OviteFIGS. flanded t o

ul e el ER NG UL Qe RORIUSH R Sh SRR A0 The Bt Adge o

configuration serves to a re

conf i gfurafinigihs QFNIpaiages 168 10y disoussed ROdjREBn REhFTGS 4418418 fespbiveBiAT al
st agger | r:)g of the conductive el enents 16. Thus, de(gendl ng on the angle at
whi ch ¥ Yyeggtopd byithose sl padingry skill iadbe 1t-alrefabripatingrQENE pagifageel thepieptiér al
row i ekl t 3 | ' ,gurations
B R T T e L O R S o
f rame ssolation 60dicrpatidicti Idgasavell asreath sof of tonduotivey éldimahts|16dtbrh Brroeser FAnfeor use

in for %Rgns%:%, Qv%fé%ggt%allgeétrsxcﬁ rilsoo ation-[)ggvergﬁltﬁei: gtl)n%ulcggedelemcnts 16 formed from
each lead 16' is effected by cutting through the leads 16' from the lead surfaces opposite the
notches of severance regions 36. To facilitate alignment of the packages for creaiing the
concavities or recesses 30, it is preferred currently that QFN packages 10 be severed from outer-
frame portions 520 after such concavities or recesses are cut or otherwise formed. If conductive
bumps 28b are to be formed or placed on conductive elements 28, it may also be desirable to

form or place conductive bumps 28b while QFN packages 10 are still unsevered from lead frame

: strip S0 to facilitate alignment and handlihg.

[0035] Referring now to drawing FIG. 6, a schematic of an électronic system 60, such as
a personal computer, including an input device 62 (such as a keyboard and mouse) and an voutput
device 64 (such as a display or printer interface) coupled or otherwise in electrical
communication with a processor device 66, is illustrated. Processor device 66 is also coupled or

otherwise in operable electrical communication such as through traces of a motherboard with one

10



9 20 January 2006 frames 52 are fornmed in a single, longitudinally
extending strip 50 as is known by those of ordinary skill in the art. Each
| ead frame 52 includes an outer frane portion 520 bearing a die paddle 14
supported substantially in the center thereof by tie bars and multiple
inwardly extending, cantilevered |eads 16'. A reduced nunbet? J@ﬂuarfégﬁ% 16'
is shown for clarity, but is not intended to be |imting of the invention.
The | eexrdsorg gnenzory neslules 68 rinedparating a phealéy af OF N mgkages a8®rdisg ¢hthepresemot ch

or sinmlar. recess, . subsequent formati.on of individu condyctive
el emerif¥nips Sf"f‘elb?*ﬁ ]tqf'uibl’ Z@d%r v a.lo%tgfﬁegf:u e‘HeIBBW\}B?é‘ﬁﬁgg Wé?cgﬂ‘i 2 egions
36 MaymBRofyBIIRH7ONawRg APMBctrit ACHRLA Y5 AURLeRSsRARS 2 PEB SRV Hekdhbieg, OF

etching. The severance regions 36 define the f‘ocati ons of the per i pher al
rows 1BACeHF de8ReWhinady e ditecty embbdied i atoduteoritiea QFN pavkagFwhichackage 10.

The | e fr 5 epi gted . n.El 5 arg representative of a lead frane 52
whi ch RepRATEInC@aa R0 rafy Riffes e, VPR R s S s eraBiopRE e R
conj unevéleach hémbilyGiad Addatishal stegehtB@ irb@adsdchag sz O&irduis! #Bld€o processor,
configuration and with simlar features would be utilized in formng the
QFN pavikaigésprpgessor; or a glesony swaagemenb pfagesser-on with FI GS 4A or 4B
respectivel } 0se or di.nar il in the art. In
f2brtoat | nglORR While SRS Sh R ol ABEEHHRIe CuliPRihofificaiosrtpfifve

port i ofvsmS2pedifie embudineiltslavabtdieshoackaoRsy dLexafdphin (Bt 8iihgaind halSBéaat | on
of die %aﬁgele }]é}agﬁ_@v\ell as each set of conductive elenents 16 fromthe
out er 555mRed 8 detayeraim cHoygygrelt sheuld be apderstopd that thednyantion ipeatiptendadie
conductd N&; . . ;4.5 ef f i ng
hrougn T RLE) SREbS R R Riccl g, R uRBtdRion P B ot
sever aspevalags, and aB@natiies ffating mithirethalspigin ardiscopt of e ipaaitiegas déftiedtiyeiéi ng
t he cgoghcavities qc}er recesses 30, it is preferred currently that QFN
packagBloYFgpreRdsd ™S, om out er  frame portions 520 after such
concavities or recesses are cut or otherwise fornmed. If conductive bunps
28b are to be formed or placed on conductive elenments 28, it may al so be
desirable to formor place conductive bunps 28b while QFN packages 10 are
still unsevered fromlead frame strip 50 to facilitate alignnent and

handl i ng. [00351 Referring nowto drawing FIG 6, a schematic of an

el ectroni c system 60, such as a personal conmputer, including an input
device 62 (such as a keyboard and npbuse) and an out put

11



device 64 (such as a display or printer interface) coupled or otherwise in
el ectrical comunication with a processor device 66, is. illustrated.
Processor device 66 is also coupled or otherwi se in operable electrical
comuni cation such as through traces of a notherboard with one 10 20
January 2006 or nore nenory nodul es 68 incorporating a pluraly of
packages according to the present invention such as 10, 10,8%(}}1%;131%28’6%\'
vari ations thereof. The nmenory nodul e 68 nay include a nenory board 70
having an electrical circuit fornmed therein, such as a PCB. Furthernore,
processor device 66 may be direct! y@d#ddMfied in a nodule with a QFN package

whi ch m@gr%%e%%s the teachi ngs hereof and further include, wthout

limtation, oprocessor, -a first |evel cache nenory, and additional
integrated circuits, such as logic circuits, a video processor, an audio

processor, or a nenn enent processor. [00361 While the invention may
be suscept i gl e té‘@%{ﬁ%/%gg&ﬁg?ﬁmg@ﬁﬁtﬁﬁéte HHC%ELP &% PPN g, specific

enbodi g%ﬂl&@@y&ﬁé&%cﬁﬁ'ﬁk‘!ha%l\%e eﬂitﬁ@%ﬂh ‘Iﬁa&ibe& ffadive éﬂﬂe?&)fhave been

described in detail herein. , I't shou under stood that the
i nvent puoniding alsad famennduding a pbeality of disdretely défmedaptdwtivateadnr ns di scl osed.

Rat h t he i . is.t | di fjcati , i val ept d
Al or riePRULYSERPIngR G R PRESTpS plorsHRval bl ad0Fs ¢ AETPorBn el fisss
def i ned by gieretelydfei OGnuARTIET oFihBpiRality bf dRcrbitly a6 incAQBRN A Meahat

is claimed is: 1. A nethod of fabricating an integrated circuit package
conpr i gestgcallysoypling agecand bandpadnfdhepluthlisy phandgads 19 aisespid gortien pbthe pads
on an activ X i gli a lead frane including a plurality
of discreteﬁﬁﬁgéégﬁsd&%%%QS%??¥§Q€§%%§£ﬁ el ectrically coupling a first bond
pad of eletteicgllyisalbiidg/theffirkigoetiqnasishé firsadikerely definiel @Ondiictife fehd Somothecret el y

I i.ty of discretely defined conductive

defi ned conductjve |ead _of_ the plural <
| eads; el eE"t"PWiH?‘F‘?nEgﬁ‘ﬁlﬁfﬁgﬁ%’r@é@%ﬁ@nmdb%fﬂ’ed@dt he plurality of bond
pads to a second portion of the

2. The method of claim 1, further comprising encapsulating the semiconductor die

and at least a portion of the lead frame in a dielectric material.

3. The method of claim 2, wherein the electrically isolating the first portion from the

second portion is effected subsequent to the encapsulating.

4. The method of claim 1, wherein the electrically isolating the first portion from the
second portion of the first discretely defined conductive lead includes mechanically severing the

at least one conductive lead between the first portion and the second portion.
5. The method of claim 1, wherein the electrically isolating the first portion from the
second portion of the first discretely defined conductive lead includes etching to sever the first

discretely defined conductive lead between the first portion and the second portion.

6. The method of claim 1, wherein the electrically coupling the first bond pad to a
first portion of the first discretely defined conductive lead includes wire bonding.
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first discretely defined conductive | ead; and electrically isolating the
first portion of the first discretely defined conductive |lead fromthe
second portion of the first discretely defined conductive |ead. 2. The

met hod of claim 11, further conprising encapsul ating the sem conductor die
and at least a portion of the lead frame in a dielectric natgéial. :20 %he
met hod of claim 2, wherein the electrically isolating the fi aT%%% 8
fromthe second portion is effected subsequent to the encapsul ating. 4.
The method of clajm 1, wherein the electrically isolating the first portion

fromthe sécondIpepeihed obrlaimé, whemn dectieatlycoypling the seroad hemdtpadte | ead
i nclud i i . I .ead bet
the 11 SpetRd oot BEVELDRl MinedLondieile REERARGHEBBAEET 7o WhCei

the electrically isolating the first portion fromthe second portion of

the first discre Iéﬁﬁ}%ﬂ?e}g'can uctive | ead | ncludes etching o seyer the

first discPetel yog@ehdet cdimde PRI IS ganotshed sezionin g BRiagad t he

second WelpH i i : tbd eald Vi soupl i ng
o POk iFr&dischotel g@%ﬁ@ﬁtf&ﬁéu&fve%ﬁ H&\g‘een“iﬂ@ﬁt?i ?cgf[umg afid 8¢ Séﬁi/ﬁ &J()%ltl(ﬁl

the first bond pad irst portion of the fi Iscrete ef 1 ned
conductive | ead includes wire bonding. 12 20 January 2006 7. The met hod of

claim6, whgrein..glectri,cal 0 ing the.second bond pad t.o .a second
bort1on of he f TR EehiooF clafm 5 HEMER S AR PP Bty SectichidBoRy g
bondi ngad ﬁ-ledEhs?@iﬁbh ofl tHefledd fRdrhie inchiditig the hoteREMrelzon M thOdifdBglyidfiabs hed
region in a surface of the first discretely defined conductive |ead

bet weefPndyetivq lead inpydielegiric aaterisle second portion. 9. The nethod of claim 8,
further conprising encapsul ating the sem conductor die and at |east a
portion of the lead franme including the notched region of the discretely
defined comh@uct Themetiad of blain @ eherin the eleetrietllpisolatifig thefrst@irfiafrom thé ai m

9, wherein.the electrically isolating the first portion fromthe second
port i ofFPRL PoreE i lpfffﬁa?n ing{he gr%t Bortion MEonyihe seonf PRETNVMCHERE pideashni | e

| eavi nghAd dieRBBic matoiR iftR! el ¢ediEti erial in the notched region. 11. The
met hod of claim 10, wherein the se%géating the first portion fromthe

second

11.  The method of claim 10, wherein the separating the first portion from the second
portion includes cutting the first discretely defined conductive lead into the notched region from

an opposing surface of the at least one conductive lead.

12. A method of forming an array of electrically conductive elements on an integrated

circuit package, the method comprising:

securing a semiconductor die having a plurality of bond pads on an active surface thereof to a
lead frame having a plurality of discretely defined leads;

electrically coupling each of at least two spaced locations of each discretely defined lead of the
plurality of discretely defined leads with at least two different bond pads of the plurality
of bond pads; and

severing each lead between the at least two spaced locations to form at least two electrically

isolated conductive elements.
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portion includes cutting the first discretely defined conductive lead into
the notched region from an opposing surface of the at | east one conductive
| ead. 12. A nmethod of formng an array of electrically conductive el enents
on an integrated circuit package, the nmethod conprising: securing a

sem conductor die having a plurality of bond pads on an acti%yh%g 6
thereof to a lead frame having a plurality of discretely deTine eads;

el ectrically coupling each of at | east two spaced | ocations of each

di scretely fingﬂ_%ﬁgd of the, plurality of discretely defined |eads with
at |east two’dif PePENTIRDAYPANESof the plurality of bond pads; and
severi agogerRahEporidg!l Ween the at |east two spaced |locations to form at

| east two electrically isolated conductive el enents. 13 20 January 2006
13. A hphuality aﬁélsmtqby deﬁmq leads reacub £the pruatity pé discretely &fmed lenlds bgingf

di scretely def ned lur al i t of di.scr efined | eads
being cant F% ’\/'e(alﬁ’(ﬂaeé1 agﬂ&x@ @ﬁd’?‘ﬁ?}df %%FB(’J}R/O‘F? HROTH &Y e1r F’rgl B%°PF on,
wherein at hRastelPddinedilsdifdledes: defined | ead includes: a first bonding
regi on, a second bonding region, and a severance region |ocated between the

first bondi hérstbgn@ngammhe second bonding region, the severance region
bei ng confl Lt a separation of the first bonding region from
t he second ﬂ(rlltg(]’&rl&l{il i‘ om15“";1The | ead frame of claim 13, wherein the

severance r Q&@mﬂcéedglkﬂﬁlﬁ)cétedlbétﬁheﬂ thetflist Hoddithg rdfon AMEthk sednll bandingf cl ai m
13, wherein each of the plurality of di scretel defined |eads include a
first bonding reBRgim, the sSeranss redian Paigs cepfigned tofgcilitatesrprmationof thgifiss

configured to fﬁ&dﬁéé&%n%?@ée%hﬂonﬁﬁ&r@é&ﬁt and second bondi ng

regi ons.

14.  The lead frame of claim 13, wherein the severance region includes a notch in the
lead.

15.  The lead frame of claim 13, wherein each of the plurality of discretely defined
leads include a first bonding region, a second bonding region, and a severance region configured

to facilitate separation of the first and second bonding regions.
16.  The lead frame of claim 15, wherein each severance region includes a notch.

17.  Alead frame for an integrated circuit package, the lead frame comprising:

a die paddle configured for attachment to a semiconductor die; and

a plurality of conductive elements each having at least two bonding regions arranged in a grid
array about the die paddle, the grid array including a first peripheral row of bonding
regions spaced about a periphery of the die paddle and at least one other peripheral row of
bonding regions spaced outwardly from the first peripheral row of bonding regions.

18.  An integrated circuit package comprising:
a semiconductor die;
a plurality of conductive elements arranged in an array, the array including at least a first set of

spaced and electrically isolated conductive elements adjacent an outer lateral periphery of
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16. The lead franme of claim 15, wherein each severance region includes a
notch. 17. A lead frane for an integrated circuit package, the |ead frane
conprising: a die paddle configured for attachnent to a sem conductor die;
and a plurality of conductive el enents each having at | east two bondi ng
regions arranged in a grid array about the die paddle, the g

including a first peripheral row of bonding regions spaced a%hﬂ%ﬁéﬁﬁ%6
peri phery of the die paddle and at | east one other perlpheral row of

bondi ng reglons S ed out m t he f rst periphe r ow dj ng
regi ons. 18MeARe gt anck it nd tﬁs@k@&eo (Re5t 9isiPAeed ana icalisabict
die; a plurgbdduétinf elGRBHY fiwar@ly Pj% { QRAREat 1Bash B efts?‘é(f co}xﬁ&‘ct ray

including at least a first set sp ace and e ectrlca y Isolate
conducti ve demmﬁstbsmgdpcawmutade mlﬂt@alpeaph«:ralofﬂmrsepin@n;iuctbrmé 20 January

2006 the.i rated e and ast et of . spaced
and el 8‘&9‘??"8 ?c?%sgfag é’ Eﬁfc’f%"‘g}‘@ﬁ’@ﬁﬁ %ﬁﬁﬁﬁnﬁ% ‘E‘:réﬁtf dhe first
set, the atpb@ssty éftRe ﬁ@égsa@a cﬁ@ﬂdp&kag@me%ﬁe&a& énéaggmuleszfeﬁaﬁg aPléﬁﬁ' de a
| at er al perlphery of the semiconductor die; an dielectric encapsul ant

f or med over Patallglataralbnaheut the phiralityred celled\lcmﬂglemmts @nd keavingtaproater sgréacepher y
of the int egf%tcﬁqf)&%‘{cﬁy %16&%%#%8? dtal? dielectric encapsul ant extending at

| east partia era ur ality of conductive el enents and

| eavi ng revessintth ertwps‘uMEmatﬁnaebﬁh/eemﬂdH&t bivecardacBrtcl @R e the faftdetofl €CeSs
in the encapsde6 terial between at |east one conductive elenment of the

first set ofom enens andatdeast ongafliagent eoaductiselenagn o€ the ag lsashne pther

el ement of ther @g@% cl8fentet her set of conductive el enents. 19. The
integrated ci rcg‘lsl% package of claim 18, wherein the sem conductor die
includes a plurali ty of bond pads and wher ei n each of the plurality of bond

d | ectr t.ed t f th | it
b conduct 1 18 el SR MeErSpSrHCPckp R HER o Posen P sRagEudcdy m 10.
wher ei fhelddes Qbﬁﬁ’i]fty ©2borkPpHAS Ghd WhercREARDP tlfe%ﬂrﬁl'aﬁfy SftRnd pHdLdrb blsctpikalipnd

pads and each respective conductive el ement of
connected with a conductive element of the plurality of oonductlve elements.

20.  The integrated circuit package of claim 19, wherein the electrical connection
between each of the plurality of bond pads and each respective conductive element of the

plurality of conductive elements includes a wire bond.

21.  The integrated circuit package of claim 18, wherein the conductive elements of
the first set of conductive elements are substantially aligned with the conductive elements of the
at one other set transverse to an adjacent outer lateral peripheral edge of the integrated circuit

package.
22.  The integrated circuit package of claim 21, wherein the conductive elements of
the first set of conductive elements are offset relative to the conductive elements of the at one

other set.

23.  The integrated circuit package of claim 18, wherein the recess comprises an

elongated, trough-like recess extending substantially between conductive elements of the first set
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plurality of conductive elenents includes a wire bond. 21. The integrated
circuit package of claim 18, wherein the conductive elenents of the first
set of conductive elenents are substantially aligned with the conductive
el enents of the at one other set transverse to an adjacent outer |ateral

peri pheral edge of the integrated circuit package. 22. The |Lpteqgrat
circuit package of claim?2l, wherein the conductive el enent sb@?a‘%f’Weﬁg)lér st

set of conductive elenents are offset relative to the conductive el enents
of the at one  other set, 23. The integrated circuit_ package of claim 18,

wher ei Anq sRduglivecelemerinef the secqnd seti disngsedealong 2 eeramon jaterally petsspesipheralii ng
substag&'éagf{ e&%%&ﬁ@&l iga;lﬂi %é%ﬂ(%ée el ements of the first set 15 20 January
e eFema S )

2006 and conduct t he second set disposed al ong a conmon
| aterally outer peripheral edge of the integrated circuit package. 24. A

sem conduct Qr die assemhly, conprising: g sem conductor die having a
plurality 024°bon franeon: ggtpléfggeggﬁeg‘fpéy,ﬁgwﬁgng: plurality of conductive

| eads, a@&ﬁf&oh&&‘?orbﬁéHﬁdﬁﬁ@ﬁﬁ&&ﬁ?bfﬂcﬁﬁﬂﬁ%ﬁd at spaced |ocations on the
t

lead to at least two bond pads of e plurality of bond pads; and a
sever afAdeadrfpgelavitg 4 plothlihof@oduaibrdets) each lead beingletectmally angded stgpared

being located and confiqured to faciljtate.separation,of its associated
conductive € @01?Sn tﬁﬁieagg%gtﬂe‘f%gﬁ?ﬂ% F?f@ﬂeé’z‘f"?]i‘té’éﬂ? pond B%fsa
conduchisseraice teés deiiel ohkath edbictife IEAE Rl sev&asde rtr:%i@n bBMiUedated and

el ectrically isolated conductive el enents conprise at | east one of the

spaced | oc&enfigwsed to fogilitete sepayetien phits assoqiated eanduetinest leadinthasdenspents ar e

el ectricall I . . i e ' ' | al 4,
further co rr}élru?%ﬂ ge i‘\éa%mcﬁzd EIV ec Fi ??dc&tngg%tﬁ%seg‘?@%’{mc #“6: ?‘ rtrlegag %gcg%)ﬁfttﬁ% ?‘ntge%g {rﬁ"g onduct or
di e and par hiualdlly ebéotridally seldtebebniduetive. eldfients banprise@gleasteme of Mesphcadackage

of claim24, further cqonprisjin W re bond . coupling each | ead at_the
spaced | ocal9S ﬂ%“sttﬂé‘fbé‘g‘r? é‘&ld&ﬁ% ogthq{éeaég twahond padipars shegtrisally compledie
plurality of bond pads.

25.  The integrated circuit package of claim 24, further comprising a dielectric

encapsulant formed about the semiconductor die and partially about the lead frame.

26.  The integrated circuit package of claim 24, further comprising a wire bond
coupling each lead at the spaced locations thereon to one of the at least two bond pads of the

plurality of bond pads.

27.  The integrated circuit package of claim 26, wherein the severance region of each

conductive lead includes at least one notch formed in a surface thereof.

28. A memory module comprising:
a module board configured to be electrically coupled with a higher level of packaging; and
at least one integrated circuit package electrically coupled with the module board, the at least one
integrated circuit package comprising:
a semiconductor die;
a plurality of conductive elements arranged in an array, the array including at least a first
set of spaced and electrically isolated conductive elements adjacent an outer

lateral periphery of the at least one integrated circuit package and at least one
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27. The integrated circuit package of claim 26, wherein the severance

regi on of each conductive lead includes at |east one notch fornmed in a
surface thereof. 28. A nenory nodul e conprising: a nodul e board configured
to be electrically coupled with a higher |evel of packagi ng; and at | east
one integrated circuit package electrically coupled with thez@?&%ﬁr%@ d,
the at |l east one integrated circuit package conprising: a sem conductor
die; a plurality of conductive el errents arranged in an array, the array

including at |least a f| an eI ectrically isol

conductive el erreﬂ{h? ‘g Yll‘sa‘«il%tf3 ?‘%@F‘“&“e‘ﬁ IWRE é{taglaé%t
one integrat ed cmeqngttsepwéw@as@ﬂa) s drediduchVe it ﬁ@qaéaxfe@&f?%?évé her
set of spaced and electrically isolated con ct| ve e ts I nwar

adj acent the fi lateralqwripheriyofthe Jepnennduetor diet s of conductive el ements bei ng

| ocat ed out | at er a her f the s t

dielectric é?\glebes?m %lgagsgtaﬁggm&ggpv e%%%ﬁ‘"{%a angdghﬁ'ﬁg?@e‘?‘}t?ﬁlﬁt@mtl he
outer lateral pgéiphesys of taé at 188st dhe irRaFite® BRI BRBARL ﬁfé dd1EGE EndRpaifiage,
the dielectric encapsul ant extending at |east partially laterally about

the plurality of exepdingaflgest ea@#ﬂm%eralhsdabquéﬁmm'gahw qﬁsrlpeducgm ¢lament|@fanéach
conducti ve el eme apsul ant ;materi a
bet ween at Ieast%n@ cong %%eéfg%n O%d#‘&]tvﬁ en? onsgcf‘ of‘l conducti ve

el enent s andreesd indlsd emapsulalit actdial banwdec it lvat ﬁilfediﬁiﬂhctﬁfe didéiferdbf tHeQﬁStt one
ot her set of conduc |ve el.enments. 29. A conmputer system corgl)rlm ng
i nput devi ce: anS$Qf poRdUgHYE glgmeléts}gpq)gtéggs@pn%@mmeg condugtiye ﬂ’&aéut put

devices; and a NpARMheTAEYLE SRR qvégleltﬁggtsprocessor the menory nodul e

conprising a nodul e board couple to at least one integrated circuit
package conpri sing:

29. A computer system comprising:

an input device;

an output device;

a processor coupled to the input and output devices; and

a memory module coupled to the processor, the memory module comprising a module board
coupled to at least one integrated circuit package comprising:

a semiconductor die;

a plurality of conductive elements arranged in an array, the array including at least a first
set of spaced and electrically isolated conductive elements adjacent an outer
lateral periphery of the at least one integrated circuit package and at least one
other set of spaced and electrically isolated conductive elements inwardly adjacent
the first set, the at least two sets of conductive elements being located outside a
lateral periphery of the semiconductor die;

an dielectric encapsulant formed over the semiconductor die and defining the outer lateral
periphery of the at least one integrated circuit package, the dielectric encapsulant
extending at least partially laterally about the plurality of conductive elements and
leaving an outer surface of each conductive element exposed; and

a recess in the encapsulant material between at least one conductive element of the first
set of conductive elements and at least one adjacent conductive element of the at

least one other set of conductive elements.
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a sem conductor die; a plurality of conductive elenents arranged in an
array, the array including at least a first set of spaced and electrically
i sol ated conductive el enents adjacent an outer |ateral periphery of the at
| east one integrated circuit package and at | east one other set of spaced
and electrically isolated conductive elenents i nwardly adj ac?ngElhes%fOi éSt
set, the at least two sets of conductive elenents being | oca 8 a

| at eral periphery of the sem conductor die; an dielectric encapsul ant
formed over the sem conductor die and defining the outer lateral periphery
of the at |east one integrated circuit package, the dielectric encapsul ant
ext ending abo| eaalsehfiichitiithyib AkhBl. LoPlthed N PluUTality of conductive

el ements and |eaving an outer surfacde of eath conductive el enent exposed;
and a aeemsicenductdrilic avirgpsplueatity ofiheidipalds be tnediveatirfhaahéreofie conducti ve

el enent, .of the fi fSt aﬁet of .conductive el errentﬁyagcgoat | east one adj acent

conduct (55t 8NEsk of myfually spaced conductive clemsnts laterafly optboard af ableassong| enent s.
17 20 JanuapyipHeth e ofthS &micIBE L ale, FEatdSRE er S&Qmﬁﬁf;tﬁilggk?a@ed

sem conductor die having a plurality of bond pads on an activ urface
t her eof ; at conslustivepglemends spacedfromeadnidylateradly edtboardcdifthe stdeast emeset of | at eral | y
out board of c&;tdulc.ast Qn peri pheral edge of the sem conductor die, and at

| east anot héT Set' o elﬂfﬂ%fjal | y spaced conductive elenents spaced from and

| at er ah blurslity bo @@ bohds digending RAFEerOiGh $6hd Phd of BRPUEHTiIYDFBbEIBAsSnd 2
plurality of wire bonds extendi ng between each bond pad of the plurality of

bond pads af¥ociaied genductive elemgnls of the fustandseeondfsetshandf j r st and second sets;
q e . o . = e '
and a 9@5&@ @c%ﬁ@@%ﬁn%&?%ggfgﬁﬁéa Jl%&teﬂ% ol thggéngsagtlg{ %tc%\ﬁ% ard e plurality

sem conduct or Ity W re aving antou
| at eral per ofwire bosdstamtl havinglah putes lase@aDgstiphedytsibaatitally chiciieal wigk bewet s  of
the at | eas e ot her. set of condrgcti ve el ements, dielectric material of

o (
t he packag efaé‘?{f‘ nfypihe atdeast onpotheraet of conduetiveclements, diclectiisaieriphet
el ement s of tHehcldlse extending at least partially about each of the conductive elements of the at

least one set and the at least another set and leaving a surface thereof exposed.

31.  The semiconductor die assembly of claim 30, further comprising a die paddle to

which the semiconductor die is secured by a back side thereof.

32.  The semiconductor die assembly of claim 30, wherein the at least one set of
mutually spaced conductive elements and the at least another set of conductive elements extend

around a plurality of peripheral edges of the semiconductor die.

33.  The semiconductor die assembly of claim 30, wherein the at least one set of
mutually spaced conductive elements and the at least another set of conductive elements extend

around four peripheral edges of the semiconductor die.

34.  The semiconductor die assembly of claim 30, further including an elongated,
trough-like recess extending between conductive elements of the at least one set and conductive
elements of the at least anothe_r set and substantially parallel to the at least one peripheral edge of

the semiconductor die.
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| east one set and the at |east another set and |eaving a surface thereof
exposed. 31. The sem conductor die assenbly of claim 30, further conprising
a die paddle to which the sem conductor die is secured by a back side

t hereof . 32. The sem conductor die assenbly of claim 30, wherein the at

| east one set of nutually spaced conductive elenents and th Ogt | e

anot her set of conductive elenents extend around a pIuraIitg ?“B@?ﬁ%ﬁeral
edges of the sem conductor die. 33. The sem conductor die assenbly of claim
30, mhereinpéhe | east one set of nutua[légspaceﬁ conductjve el ements

and the at Péast IARsERIEPndctor gfe asserablyof ¢lain BAnwhersindhe exnesedyusianes aidhe
per i phesitucRiO88mBhts b theSE U L& g&ﬂé i
assenbly gfc claim 38, @Srt!?g%%ggﬁfg?r@% %r%eareéfl%nnoggb?es : §§§ﬁ%§§%§tﬁg@1 cess
ext endpangllelgo thecmctive sarfiseiof thessemimntisctaf dithe at | east one set and
conductive elenents of the at |east another set and substantially parall el
to the at | east one peripheral edge of the sem conductor die. 18 20

January 2008635. ATieths8 6T EBREMALA sefliGondastertie s @by, RoMpAlngWher ei n t he
exposed_ surfaces of the COﬂdUCtIVSg el ement s of thﬂit {ﬁgastgone set and

t he at Plagiagta ssméronductgedie avithima phwalisyl oS disaretehit defined leagsextbnding tateralle act i ve
surface of 1 uctar,die. .36. A nmethod of fabricating a
sem conduct é%&?(gwgg%gﬁ%qpﬁ‘?raég etsitlgqr%o,' pl aci ng a sem conductor die within

a pl ur alitethpndibgdt Rasteivelbynd phdsid ghaals cTbbRMPadithr Bt SérichyducRi dveo@ty from
peri pheral edges thereqf; wre bonding at |east two bond pads of a

plurality ofeaBdWa spacsd lesationton eash o i discsetelyidefined lends ofsheplurality ehaced

| ocati ons op; Lscretely defined | eads of the plurality of
di scretely gg?‘?g&ﬁ%ﬁ&ggg‘?ﬁt&’r ansfer nolding a dielectric encapsul ant over

t he setrausferdoeliling addielectricreacdpsuldst averlthelsemhidondycterf die,| veigsibonds @ad pRugality of
undersurfaces.of the pluraljt f discretely defined | eads exposed;_ and
severing ea d%ﬁéatvﬁ’eg %@P@?‘é&é??g?fﬂhﬂfé[itﬂ of, ST %lb’\ﬂégﬂedelﬁ%dﬁ‘ eépoqeﬂégrglt | east
tWo Spasiefink OARIIFMRSdischételyl dWintB 1aQEb&ivebh &l o bhe dt 1edst o HALTA LS.
not chi ng upper surfaces of the |eads
37.  The method of claim 36, further comprising notching upper surfaces of the leads
between the spaced locations before the placing the semiconductor die within the plurality of

discretely defined leads.

38.  The method of claim 36, wherein the placing the semiconductor die includes
securing the semiconductor die to a die paddle located within the plurality of discretely defined

leads.

39.  The method of claim 36, wherein the severing is effected by making a linear cut
between the spaced locations on each discretely defined lead extending from a common

peripheral edge.

40.  The method of claim 39, further comprising notching upper surfaces of the
discretely defined leads between the spaced locations before the placing the semiconductor die
within the plurality of discretely defined leads, and wherein the linear cut is extended
substantially only to a depth sufficient to intersect bottoms of the notches so that some dielectric

material remains between the spaced locations.
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bet ween the spaced | ocations before the placing the sem conductor die
within the plurality of discretely defined | eads. 38. The nethod of claim
36, wherein the placing the sem conductor die includes securing the

sem conductor die to a die paddle |ocated within the plurality of

di scretely defined |eads. 39. The nmethod of claim 36, mhere?@ t he gggﬁring
is effected by making a linear cut between the spaced | ocat k?”@ﬁ h

di scretely defined | ead extending froma conmon peripheral edge. 40. The
nmet hod of claim 39, further conprising notching upper surfaces of the

di scretely defined | eads between the spaced | ocations before the placing
the sem conguct ory di Lt n . rality of discretely defined |eads,
and mhereingghe ﬁﬂgéggmﬁgpgkémggﬁgﬁggd substantially only to a depth

suf f i caghirality off fingitsdinallybatingadlead fiahes vt lvad fismetihdtdiag ok odieeframer i c

mat eri al remminhs, between the spaced,_ | ocatjons. 19 20 January 2006 41. A

| ead frane E?IF‘PBPCWE“H .O'ﬁn}mﬂlmﬁ s yereieads, Fﬂﬂ %ac}qg??geql{ thead
frames, each j i ' '

ol oran ity opuurARg of (Bl Hetehl OBl Elorsl AR ABRLINORER RGNS | |\,
pl ural ity osepasdetbbyhasdivegnthmgenrcoatpristgst natehoextending larallyl dcyoss frd eadl.

bondi ng regions separated by a severance region conprising a notch
extending laterally across the lead. 42. The lead frame strip of claim41l,

wher ei n each2 out ghe fdad FRMRGkD O cliik] 41)S¥heRER bachdutdt fRinRAsHiéh fdhet Batd Al | Y
centered therein. 43. The lead frane strip of claim4l, wherein the

pl ur al flieyaddlejspbwantially sqatersdithegein. cantil evered | eads are | ocated on a
plurality of sides of each outer frane portion. 44. The lead frame strip of
claim4l, wherein the plurality of inwardly extending, cantilevered |eads
are | ocat ed4dn f The lead d@meatrippatdlaiaiid §wHetdithehidalirof idPardly extending,

cantilevered leads are located on a plurality of sides of each outer frame portion.

44.  The lead frame strip of claim 41, wherein the plurality of inwardly extending,

cantilevered leads are located on four sides of each outer frame portion.
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