'0 8 AUG 2003 | LEAD FRAME FOR AN | NTEGRATED CIRCUIT CHIP (small w ndow)
BACKGROUND OF THE I NVENTION 5 This invention relates to packaging for a

sem conductor device, and nore particularly to a crack and ?%tﬁﬂﬁngﬂ
inhibiting lead frame for a sem conductor integrated circui mal
wi ndow. Conventi onal plastlc senlconductor packages suffer froma failure
mode referred to as "popcorn cracking.” This failure node occurs in
packages that are 10 exposed to anbient noisture and are then heated to

hi gh tenperatures, typical n solderln The roblem
apparently arises because %%ag#{lwgfpé QE” ﬂ? to absorb
moi sture fromthe environnent. The noi st'l? ﬁ?@*uses |nto the encapsul ant
material and other materials such as the chip attach. During the sol der

refl ow process, ghy TRb HPIE b s devel oped at the chip
attach/ chi p-pad intertace | ant material/chip-pad interface
cause degl am nation tqhgc [ at agreas of high interfacia
stress. A conventi onal ﬁ [ﬂggzggesﬁ%ﬁ¥ggggﬁgﬁmaSﬁmFP@agggcﬁvmﬁﬂﬁ%hﬂmﬁB
where a chip or a8 0 |de chip pad 14 by a
ori 'b@arwtohg%ré‘"ﬁ‘ 5 o ARG Bt B Potcmibrtidon

chip attach material 16. The

the side wall 2¢Qfatbhe &hﬂ@m%p upper surface 22 of the chip pad 14
in an outer regldﬁﬁinom% as ther@ﬂﬂNﬁ@§¥ 24. The pad 14 and attached chip

10 are thereafter en@%ﬁ%”tl@ﬁaﬁ%lés{glc%nﬁ&%guc ur Bq%ﬁﬁa%%t St %fro%@ ffaﬁ&ﬁa{géjanpl ©

epoxy formng a package 30 in nown manner .

5 1o ieated onvaelals Leadhoana Theuageky %esgwm SO

37. 25 The failure process appears

f thelbond b o ¢ ti b
o] elbon ebNREEI ohentidht By %ﬂpegkbg %gx'eﬁh&?tgd I'To]:l;n rapecrggfe,si él%lygg%?g ©

caused by differential expansion
t hermal expansi eowfsomdjiacent material s

The problem apparently arises because plastic IC packages have a tendency
to absorb moisture from the environment. The moisture diffuses into the encapsulant
material and other materials such as the chip attach. During the solder reflow process,

i thermal vapor stresses developed at the chip attach/chip-pad interface or the
encapsulant material/chip-pad interface cause delamination to oceur, especially at
areas of high interfacial stress.

A conventional full pad design is shown in figures 6, 6A and 6B where a chip or
die 10 has its lower side 12 secured to a chip pad 14 by a chip attach material 16. The

20 chip attach 16 forms a fillet 18 between the side wall 20 of the chip 10 and the upper
surface 22 of the chip pad 14 in an outer region known as the shoulder 24. The pad 14
and attached chip 10 are thereafter encapsulated in an encapsulant material 286, for
example epoxy forming a package 30 in a known manner. In FFig. 6A, the package 30

is fabricated on a metal leadframe 31. The package 30 includes wire bonds 37.

[
n

The failure process appears to begin with delamination or cracking of the bond
between the chip and the chip-pad. This defamination may be caused by differential
expansion due to the differing coefficients of thermal expansion of adjacent materials

within the package. Delamination 38 of the chip 10 from the chip pad 14 can occur



wi thin the package. Del ami nation 38 of the chip -10 fromthe chip pad 14 can
occur 0 8 AUG 2003 2 when the interfacial stresses exceed thggiﬁggrgmgial
strength. Once del am nation begins, it can propagate. The expanding void
created by this delam nation is invaded by water vapor, previously
absorbed into the encapsul ant material, and driven fromthe encapsul ant by
the rise in tenperature. If the delamnnation covers a large area, the 5

resul ting | ong nane@nte ALHASS sMULH si.ye wat er vapor forces act allows
those forces to overcone the cghe?l&ég@%#nxeé?c\ﬂﬁS[t"ﬁi‘ﬁﬁh-t Recesieapatibahtgins,

material. |In paritdseyr@agatedehapiRak; .38 often starts near the corner 32
of the chip 10, where the chip 1‘% ﬁggtogg’ctteﬁtgdghm ¢famination jisjntaded baweteof

the full pad desikgwr, shemsusidebamation can rapidl propagate over the
entire pad area. This can cyguse theHﬁoa(t: age e BpUey %F’%'R'- fABnirtvhe ficon ahet er

edge 34 of the chigpspret dnaheE 6, o si,ve strength of the encapsul ant
material 26 is exceeded. The resul pﬁ’ﬁ%@?aﬁ“%@‘i}afﬂwg%g%ﬁ@r%wﬁmgqﬁea.WE

encapsufant mateuital 1@% H6mbMecRILL Sl ce 36 of the package 30. In a
| i ke manner, del am nation of t he cﬁ\irhbé];% Q'isivef‘?'%tﬁf YHer Excesstiptioyes theseer i al

26 can al so act fasesdoovatckms MIeRasiveiSULL LG, i.n a popcorn failure. 15 These
probl ens necessitate storage of cosrlrgone!ralgtég'ﬂ?rh{hﬁﬁﬁf%sﬁ&?”%ﬁ??%l Iegprticular,

envi ronnents pr deemiratioredd enenselid8eANgk (ol L egYLred st orage procedures
represent additional cost and uncert ai Nty ?%Ogtﬁ%ﬁﬂeﬁomr?gﬁpgswﬂ/mtﬁ oF

THE | NVENTI ON THe shouvigat 20ninitse based agn i scovery that a |lead frame
for a crack resistant 20 integrated ci rcﬁ%@g%sg%m%goémh gampatinesan reaidly

frame, of reducedpsiaeovesal driife fdaahed Nais Lt ed circuit. In a package
utilizing the | ead frame, the integrated 'Sc‘%éﬁccgalg%ea%? pgﬁiaﬁe :éé 1o ptidferetret o

t he uprar sur f agden¢dgenst bF @BRhipaNd £NGARSUL, terial encloses and
surrounds the frame and the chip. The encaps%lggrﬁ%ﬂ’ﬁasttrgpfﬁgl0?6%8%‘38?6“’@t

maj ority of themnalglpfcesarededThthes 0l Rra04, 0.&onplete the
package. 25 The invention provides a | Iegdr f raﬁgﬁgcﬁgggt?téhd%@gp‘? AeeapsiiEntal

adhesi ve f ai | ur@ategal 26 to the outer surface 36 of the package 30. In a like manner delamination

of the chip pad 14 from the encapsulant material 26 can zlso act as a crack source

resuiting in a popcorn faijure.

15 i
These problems necessitate storage of components in humidity controlled

envi . i
nvirenments pricr to reflow soldering. Such required storage procedures represent

additional cost and uncertainty in product quality.

SUMMARY OF THE INVENTION
The invention is based upon the discovery that a lead frame for a crack resistant
20 . integrated circuit package has an apertured frame, of reduced size, smaller than the
integrated circuit. In a package utitizing the lead frame, the integrated circuit or chipis
attached to the upper surface of the frame, and encapsulant material encloses and

S .
urrounds the frame and the chip. The encapsulant material bonds to a majority of the

surface area of the chip and hardens to complete the package.
25 . . .
The invention provides a lead frame that reduces the initjal adhesive failure, or

d - . .
_ elamination, that can occur during high temperature exposure that results in popcomn

cracking. In an exemplary embodiment, this is achieved by reducing or minimizing the



del am nation, that can occur during high tenperature exposure that results
in popcorn cracking. In an exenplary enbodi nent, this is ac@igeﬁgg %{]3
reducing or mnimzing the 0 8 AUG 2003 3 size of the attachnen urface of
the frame to the chip. The mninmal attachnent surface limts the

propagati on of cracks and increases the a\éai | abl e bondi ng surface area

bel ow the chip and encapsul ant. BRI EF DESCRI PTI ON OF THE DRAW NGS 5 The
obj ects and advantages of the present invention will becone apparent by
reference to theiztel hewkngmdeseridtd anyi ng. dr.awi ngs wher ei n:
FIG 1is a bottomplan view of adééjfng]?lf‘?@\vgé(gg\%\?@i Eygﬁ%brg?]?%cg&&g)wﬁ%cﬁd
frame accor di nglithas @n oRBYCr ¥ f Savention: FLG is a
cross section of the g@%@?ead ffdgﬁgmoiﬁ%ség thlefél?g bEel:}nt%g foﬁguﬁc%gref(l?e K 1A
FIG 2 is a plathewibgvarefendaWeat desi gn enpl oying grounding ring; FIG 2Ais
a cross section of the SWCS of FIG 2, taken along |ine 2A-2A thereof; FIG
3 is a plan vi eRREF BESYRP TWeRIGTIEMRayiRgsa groundi ng | ead; 0 8 AUG 2003
4 FIG§3A is a cross section of the SWCS of FIG 3, taken along |line 3A-3A
thereofy FIG 4 illuSteabjess andadlahtaWbNiome EEANGR: ' r

apertured franme; FIG 5 illustrat es@% smallla Wi ndogﬁgbwn%%ﬁ@ﬁtag%é}tgw by

enl arged suppor teferendzetoshe folfdwimg @esiclspt@nfahagg@mpﬁhyn@h,%@in\éisgmef& .a
conventional integrated circuit package fornmed on a thin neta Teadf rane
and enpl oyi ng a convéit.ilonal bditunl plsi iy 6hk Br@diind&d-Snintd.d tary
side elevation of the lead frane pof FIG 6; and F(:ﬂéghl gﬁfdgég%?%q%tgary
perspective vi elieoé atdvedihg@actnfaxanmplagf eddddimént of the invention:

FIG. 1A s a cross section of the SWCS lead frame of FIG. 1, taken along line

i0 TA-1A:

FIG. 2 is a plan view of a SWCS design employing grounding ring;

FiG. 2Ais a cross section of the SWCS of FIG. 2, taken along line 2A-2A

thereof;

FIG. 3is a plan view of 2 SWCS design employing a grounding lead;



DETAI LED DESCRI PTI ON OF THE I NVENTION. FIGs.1 and 1A illustrate an
exenpl ary embodi ment of a portion of an integrated circuit{) §aglkadd03
incorporating a small w ndow chip support lead frame 42 for an integrated
circuit chip or die 44 according to the invention. The chip 44 has a
respective top 46, and bottom 48. It also has sides 50 and si de edges 55.
The lead frame 42 reduces or eliminatés popcorn cracking failures during
peri ods of high téﬁ%e@%ﬁh@éﬁﬁﬁﬁ@n@ssfWQN&WOB(ﬁxanpbewkau5bﬁgnﬁ@ﬁk%w
soldering. In the present enbodi nent, the |ead frane 42 includes four
i nt er connect d¥¥opl anar si debars 52 defining an aperture or wi ndow 54. In
this enbodi nent, each sidebar 52 al so has opposite ends 56 and respective
i nner sides 62 and'Gutidystiglegesned windbhereogsnesivtes redhatekitnedaaghi p
supporting zone 43. It is characteristic of the invention that the chip
supporting zone 43Gadllustiples p smel yinpgw agangementailnyensideai sappdrempapdrpher y of
the chip. In nost |nstances, the entire lead frame 42 is etched or stanped
froma thin condlittide2Megmpnianeatan vigvoe cocampliona apaestes Reelitpatyecal |y,
t he thicknes§ of the metal sheet is in the range fromabout 4 mls to
about 8 nil s °"GPHER 2P Bietakieadizie el @Rpledurs conveytidel fapprepih gt@ T or
vari ous applicatiggf. The sidebars 52 are joined at respective ends 56 to
define the apertuf &84 S Afraghenany e slaviten o e laetiraoapriisi signthe upper
surface 63 of eacFﬁf%ge b?r 52 is disposed -in confronting relation with
the bottom 48 of t e °EHT P TAYCRIY SRGRRCIVE Mewshihes ldat! frensefdiGesl to t he upper
surface 63 OBE< .é;
2003 5 side ch
outer side 64 of Eg Si
5,1

it 52 by a chip attach material 66. The 0 8 AU G
g A G QEEHEINVEMIIQN i n spaced relation with the

| de .Pars 52 as shown. In a known manner wi re bonds
69 are connected t o tHECtGYIUEEAEEAN LrENRKY pmiadiment of e hertien dfcalintygrateown.
Encapsul atiog material 68,  shown in dotted |ine, is nolded around the
frame 42 and Chi p g 98s  CHRRIAT TR Sl JUPLAN Sbip GvpReit éseidalrars® 42dbmena bond

with the fra .al.so honds to the top 46, bottom 48 and sides 50 of
the chip a’HE‘Q'%?EdaCﬂQU“ Chip or die 44 according to the invention. The chip 44 has a respective

top 48, and bottom 48. It also has sides 50 and side edges 55. The lead frame 42
reduces or eliminates popcorn cracking failures during periods of high temperature
processing; for example, during reflow soldering.
Inrthe present embodiment, the lead frame 42 includes four interconnected
coplanar sidebars 52 defining an aperture or window 54. |n this embodiment, each
sidebar 52 also has opposite ends 56 and respective inner sides 62 and outer sides 64.
The outer sides 64 define a chip supporting zone 43. Itis characteristic of the invention
that the chip supporting zone 43 has a periphery lying generally within the periphery of
the chip. In most instances, the entire lead frame 42 is etched or stamped from a thin
conductive metal sheet, for example copper sheet. Typically, the thickness of the metal
sheet is in the range from about 4 mils to about 8 mils. Other materials and thicknesses
may be appropriate for various applications.
The sidebars 52 are joined at respective ends 56 to define the aperture 54. A
chip contacting surface comprising the upper suiface 63 of each side bar 52 is disposed
-in confronting relation with the bottom 48 of the chip 44, As shown, the chip 44 is

secured to the upper surface 63 of each side bar 52 by a chip attach material 66. The



. . . h
and around the |1 SﬁLaZEdL é“?ofﬂfip? '52$ A§ ”a%dt '363 Wt hag"picu:s;%a@laz‘li i8§$’48
of the chip 44 through the aperture : ove, p A S

o a portion of the top surface 63 of the side bars 52 by p
sitach mfon 31 o advetbe, B angernt of o'
R St it e L
ZghtzgtEegPeggg%%%g%g;Wéiel, the chip 44 isdsugpogagdtﬁg g?gefggpg gg,mnth
exposi ng_ avai | abl b4 %@R%@kéﬁh&%@‘é@éiﬁﬁwg??%fg@g%n%fg%%&pﬁ%ggsOL n
E Eg CBiolto t o?nh%cﬁ‘e?‘:?}éga\é\{fﬁistﬁg‘ghgré;g&giaﬁérlhggfegn@, _za;goxxn@ irp?g}@g?ﬁsgliihggélgl bond.
Igﬁt ;2 ItO ° af Eé{gﬁﬁwgff ng%%a%g %Ejgfﬂ gﬁa;‘rélil p{rug;/e{abs ;;mamﬂiég g}aﬁrt@a@gg‘oﬂgﬁ é gf ]
272k KA s S .o soh o7t 5
ez of S AR o bl syl o o
63, “vihi oh ¢ RS TGP g G B AITAT 6nd Gbseiiont il Uiodmtotr AsoLm daoURRaGH 66 | N

i i gi i he interface in the
0, Accordingly, cracks originating at t
Eﬂfppgfrzgﬁtﬁ%?%§395f5ge getmeen the chip 44 and the frane 42, tend to stop

[ di scontinuous. 0 8 AUG 2003 6 Side
at the boundary wher e materials are ( _ o 3
bars 52 have a |\g]r?gr{0ﬁ9f£ﬁ Vit thimtd iy seeured toiadmrtivarof thengt Surlace 83 attnhd

i ding length L of the chip al ong
side 64 gen I ss. than the correspondi ng o
the si degedég]% bgé; '% 0 yﬁﬂ%?’@%?“%f‘ MAlGTaL er adhesivhiop- phaelasdroerderocf 24p angl t he

chi p-pad at ts%%ﬂar];,i (Jislc%gse]d%bg\ffe, Evﬂgrebytrhie%rerip%wreb of the chip supporting zone is within
the periphery of the chip insures that the die attach material contacts the bottom of the
chip remotely from the high-stress chip corners 41. As best shown in FIG. 1, the chip
44 is supported on the frame 42 with its sides 50 generally parallel to and spaced
beyond the side bars 52, exposing available inner 98 and outer 99 bonding areas on the
bottom of the chip. This allows the encapsulation material to bond to both areas on the
bottom of the chip and around the frame 42 to provide a strong bond.

The upper surface 63 of each sjde bar 52 provides a relatively small contact
area with the chip. Such a small total bonding area minimizes possibile delamination
span, and the consequent probability of popcorn cracking. A window format, as
compared with less integrated alternatives, is used to enhance mechanical stability
during assembly prior to mold encapsuiation.

As can be seen in FIG. 1 and FIG, 1A, the apertured frame 42 is surrounded by
different materials including the encapsulating material 68, which thus forms materials
discontinuities at various boundaries in the package 40. Accordingly, cracks originating
at the interface in the chip attach material 66 between the 'chip 44 and the frame 42,

tend to stop at the boundary where the materials are discontinuous.



As can be seen in FIG 1, although the frame 42 provides n[aﬁ]gﬂhftzgnaely smal |
contact area for the chip 44, it is sufficient to secure P 44 in
pl ace while the assenbly is being encapsulated. Significantly, the |ead
frame exhibits no shoulder region, and all die attach interfaces are
remote fromchip corners. Consequently the weaker materials, nore prone to
del am nation, are not found in the higgh stress corner and shoul der
regi ons. The ressitit bag Jackagerd i S, hdditd PRSI PE WVihdio0G,
relatively high strength bonds between the chip and frame upon
encapsul at i ote 64T¢mmepdty B Bk thd@nds fRting et neen: &H&?ai@%ﬂe%je%ﬂge the
encapsul ation 68 has a |large surface area relative to the chip attach
bond. Fai | urdo tfer¢tiyelivimap taé tragpaddioakieencapgtd atih-phd L8 088 of thot
adversely affect package integrity because of the superior strength of the
encapsul at imigratt erial. The | ead frame al so includes support nmenbers 80
whi ch extend fromthe corners 82 of the frame 42. The support nenbers
serve to suppor tAs ¢ fsi ekedpain $1G21, awhdugh thd Remeab Grelides RoreRRd 6AkH on and
hardeni ng of the encapsulant material, Various other enbodi nents of the
i nventi on proiacdecadwdht agesi4ciompdfivent ar secuteotht hapetaihrgadywidesss i bed.
FIGs. 2 and 2A illustrate a ground ring 81 which surrounds the chip 44 and
is in spacéeemniydt beng eheapswiateld. Sidsifisintiwnthe tdiel fegrow Behitiisngd SHoulder
electrically conductive and forns a ground plane for the chip 44. FIGs. 3
and 3A il | Us¥ipataad al Wicoatiaah inderiones avetrémate dpooi ghitedread. 86ndwaubmy the proxi nal
of end 88 connected to the frane 42 and having a free end 90 for ground
wire bondiYfgker maleéisdnorEp@ne o gdldruintiicat @ nat foomd In thé Nigoetrassicangenent wit h
a round apertured frame. In this enbodinent, the function of the sidebars
52, as il | F8tEheuler ragiqrp GThelresdtingepaciage #e i rébustglistated083viding kyatigelgi r cul ar
or annul ar nenber 100 with.a circunferential edge 101 and upper surface
102 fixed i¥N5@EPHIAGorEHedraenibe ¢hin drsl ot tnonEDdaphiatitre Trei gerd&ent and

bond formed between the chip 44 and the encapsulation 68 has a large surface area

relative to the chip attach bond. Failure of the chip attach after encapsulation thus does

not adversely affect package integrity because of the su perior strength of the
encapsulating material.

The lead frame also includes support members 80 which extend from the
corners 82 of the frame 42, The support members serve to support the sidebars 52
within the mold during application and hardening of the encapsulant material,

Various other embodiments of the invention provide advantages complimentary
to those already described.

FIGs. 2 and 2A illustrate a ground ring 81 which surrounds the chip 44 and is
in spaced relation therewith. As shown, the ground ring 81 is electrically conductive and
forms a ground plane for the chip 44.

FIGs. 3 and 3A illustrates an arrangement with a aground lead 86 having a
proximal of end 88 connected to the frame 42 and having a free end 90 for ground wire
bonding if needed.

FIG. 4 illustrates a small window arrangement with é round apertured frame.

In this embodiment, the function of the sidebars 52, as illustrated in FIG. 1 is performed



di sposed within the chip edge 108. FIG 5 illustrates a snmall w ndow
arrangenment with enlarged support nenbers 120. This arr gnggiepdospr esents
additional surface area to the bottomof the chip 122, and provides
additional stability during the noldi@g of encapsulant material, and
possi bly thermal benefits in operation. FIG 5 further illustrates an
aperture traveP%? GEFURERhaMUEeD sembgr 19) with a eisenmiferentiel eddsi W1 rasdteperser ves to

Lraversing menbEre 15T LS BRRTE 6L B P omep st Mgt dgeco. fur ther
di vide the ape&%d&&&ﬁwiﬂnﬁﬁhé‘aﬁp dgl 1pgto smaller areas. It wll be appreciated

by persons skilled 1n the art tthat nunerous variations and nodifications

my be made to theisneentdversas s Winkd tdh@ngheml ik oRIRQHisIRKS W t hout
departing fromthe spirit or scope of the invention as broadly escri bed.
The present enbedbarem@s are therefore to be considered in all respects

illTustrative and not restrictive. 8 August 2003 Clains 8 1. A |lead frane,
for an integrated Tisratighgereent presams angitiand serfese @rmgag itrgotttyotof imebipr f ace,

conprising: a Iuralite/_ of sjdebars, each of said sidebars having an inner
side and an out<ér 2% pigvidessaddgional sibilityjdyeng hemaitagolancansuipptunateriabai d out er

sides definin i.0- rt zone, said zone being smaller in each
di mensi on tha%q%ﬁgpgé@ftﬁg@%g%egieﬁﬁm BEFENSi on of the chi p, each sidebar

Pﬁ\é' Q%I gn upper Cli@- §URRY: LilRgasd Tdhagser{r tra&?s%%@%b&ﬁ“?zé?o%ot ,surface of

embodiment, this member serves to divide the aperture into two smaller apertures

126 and 127. Additional traversing members 125’ (shown in dotted line) may be
employed to further divide the apertures 126 and 127 into smaller areas.

It will be appreciated by persons skilled in the art that numerous variations

~and modifications may be made to the invention as shown in the specific

embodiments without departing from the spirit or scope of the invention as broadly

described. The present embodiments are therefore to be considered in all respects

illustrative and not restrictive.



2. The lead frame of claim1l, wherein said chip-supporting surface engages
the bottomof the chip at a location renote fromthe high Ek{lesst%&egi ons
associated with the comers of the chip to mnimze the risk®cf

del ami nation. 3. The lead framne of claim4 wherein at |east one of said
sidebars isClgemerally rectilinear. 4. The lead frame of claim1 wherein at
| east one of said sidebars is generally curvilinear. 5. The |ead frane of
claim1, further conprising: one or nore aperture traversing nenbers, said
menbers serving tlo diAiede freaiedfonperiitegratedrdirouiachih hawhg b yrapfe ergaginger

apertures. d )f claim1, further conprising: a plurality of
support nen%gtrtgrﬂ%gh?%gcé'ﬁ@@ il and distal ends, each support nenber being

connected to at lkgdgtlitpobsidemebar by said respective proxinmal end. 7. The

| ead frame of claj ner.ei n id sidebars further conprise: opposite
ends, said oppos?‘“%élﬂ éfns\égs'] ?’ﬁ?beaﬁgﬁ‘f'?%anf”&eﬁﬁ'f’? ﬁBé BBPHEF 8ideg  The | ead frame
of claim 7, furtkediwarsidesidefiningapbpedirety of support nenbers having
proxi mal and di st al ds,,.e suppert menber being connected to at | east
one si debar by s%%g oﬁgesrﬁgéa?%@%'ﬂﬁ’ gfﬂﬁ’éﬁur’Bﬂ'&.zo@’August 2003 9 9. The | ead
frame of clai m 8saidizenebaingaatallefin saciddiewnspathanise Retregndingach support
menber and H[Fr?en%fonlogﬂft one sidebar is in the vicinity of said respective
h ead 114

corner. 10. e of claim1, further conprising a ground ring
surroundi ng the eh¢lpsidebeas haciad aneippéi ahip-slgioattaiuifacdfor The | ead frane of

cl ectri cal | SPnE BRI Pbraf Ol EhR £ “and di sposed out oi de of Said
aperture, each of said | eads having a proximal end and
2. The iead frame of claim 1, wherein said chip-supporting surface
engages the bottom of the chip at a location remote from the high stress regions
associated with the comers of the chip to minimize the risk of delamination.

3. The lead frame of claim 1 wherein at least one of said sidebars is
generally rectilinear.

4.  The lead frame of claim 1 wherein at least one of said sidebars is
generally curvilinear.

5. The fead frame of claim 1, further comprising: one or more aperture
traversing members, said members serving to divide said aperture into a plurality of
smaller apertures.

6. The lead frame of claim 1, further comprising:
a plurality of support members having proximal and distal ends, each support
member being connected to at least one sidebar by said respective proximal end.

7. The lead frame of claim 1 wherein said sidebars further comprise:
opposite ends, said opposite ends intersecting to define corners.

8. The lead frame of claim 7, further comprising:
a plurality of support members having proximal and distal ends, each support
member being connected to at least one sidebar by said respective proximal end.



a distal end, said proxinmal end being proximate to said sidebars. 12. A

| ead frame for connecting and supporting an integrated ci rg it t?@}}p havi ng
an outer chip edge, conprising: an apertured frane incl udi é“%“ﬁ connect ed
side bars defining an outer frane edge, said franme edge being di sposed
within the outer chip edge, thus having no shoulder, and therefore
mnimzing fillety forpat] and. havi a contact_ surface _for securing the
chip thereto. 13?9'A I@dé$$gﬂ@e Baa%&i eé‘a'P&"g*aoE?%J%a‘?'i"eemrﬁ 9?3‘%% a

f r ame- engagieagh sipportonersberfadehe ablepsticdiesgiebar iplivthelvidinityef saiddedpresve each

of said sidepars having an inner side and an outer side, said sidebars
defining an aperture, said franme being sized to be accommopdated entirely
wi t hin correspondi ng outer edges of the side chip, each side bar having an

upper chi p-supportin rface for en ing the l.ower surface of the chip.
14. A lead frane 1Pbrgr£‘rs?q? ‘ﬁ%ﬂpgf)tﬂa' ?%Hft STERMP Y AP T Se engagi ng
bot t om sur f auecwwiny theichiy:in apacedeektisrethefgabont. sai d franme being general |y
circular and defining a circunferential edge and having a contact surface
for securing the chip thereto, said frame edge being disposed within the
outer chip edge flor riheileadziravge of clhiet, fligrabirprsind>. A lead frame, for an

't ahment to tné MR obFAESAE BrePan Bedkedy e dRpasa sttt ni p
bei ng f or meandiishosed autsidel gesaidapernge daich e gaid ilgH@e $bGNG a pedifal drarehd8
through- apePCiid TReral R nedl it 5 e RS lale 338 GHFFor m of debar s each
havi ng an upper chi p-supporting surface for
12.  Alead frame for connecting and supporting an integrated circuit chip
having an outer chip edge, comprising:
an apertured frame including interconnected side bars defining an outer
frame edge, said frame edge being disposed within the outer chip edge, thus having
no shoulder, and therefore minimizing fillet formation, and having a contact surface
for securing the chip thereto.

13.  Alead frame for an integrated circuit chip having a frame-engaging
bottom surface, comprising:

a plurality of sidebars, each of said sidebars having an inner side and an
outer side, said sidebars defining an aperture, said frame being sized to be
accommodated entirely within corresponding outer edges of the side chip, each side

bar having an upper chip-supporting surface for engaging the lower surface of the
chip.

_ 14.  Alead frame for an integrated circuit chip having a frame engaging
bottom surface comprising:

an apertured frame said frame being generally circular and
defining a circumferential edge and having a contact surface for securing the chip
thereto, said frame edge being disposed within the outer chip edge for minimizing
fillet formation.

15. A lead frame, for an integrated circuit chip having a frame engaging
bottom surface for attachment to the frame by means of a chip attach material, said
chip being formed with outer edges having defined dimensions, said frame



engagi ng the bottom of the surface of the chip with the chip attach
material therebetween, each of said sidebars having an i nper g&g& and an
outer edge, said inner edges defining the central aperture, 3i°d i nner and
out er edges being uniformy spaced apart mefining therebetween a

chi p- suppor comprigingravi ng defi ned di nensi ons, said outer edges of the

si debars being r f t outer edges of the chip,such that the
frane is smaller %t aﬁsgapgﬁgggg%g?ledi Sk ﬁgﬁﬁl g}ﬁo%q?] qq?guiagwsr,elrygcla@ngt 0
avoi d f or matai purality chufifdrineidebBrsodach havingcin upstechigbugpostitignaiifacs fort he out er

edges of t | h LBl S tached. to the frapne. 16, The | ead
frgme of cl %ﬁﬂ%@g&;)th%?%&n&s@%%% i ?&\?p Jﬂ"fvﬁﬂhg"es hfpf%{%@ﬁe%%f%es the bottom
of the chi pikereketiveeati on renpte from hi gher stress regions associ a]t ed
with corners of t ' 17. . The lead.frane of ¢laim 15 wherein at | east
one of said si debegrgrégf]ésﬁd %‘é%%aF%F$‘§)”$ aeinef %g%ef?ncf@] O'I\I]ﬁ'équ@aﬁa'gl'% of claim
15 V\/n](carei n &Egeﬁaa@‘mmmbe?énmmemjrdebar.s Is generally curvi ![i near. 19. The
| ead frame of claim. rther .conpr.i sing. one or nor erture
traversing nerrber%gf,a]'é%réngr@ngéﬁgg%sg%}?%ﬂmg%m i SPRged %ﬁrﬁd%ﬁ&gt ure into a
plurality ofhersitveenr a apiprduppers zorhavieddfinad diniesnef cl ai m éSd furlt her .
conprising: a pl | i f support ers havin roxi m a I.stal ends,
eagﬁ suppgrt ﬁe%@rdu%%ieﬁae%gﬁﬁgépggg%e&g rpg%sg,pggﬁ@ tﬁ?&&%&? %%F%fgrl“?j
proxi mal endhiphseck tfat tilfrarfdis dnesidr fhaarrconkssdraiing dimendion i the &ﬁilpﬂséasﬂgb?_r S
further co LSe. sit.e. .sail d opposite ends .intersectjn o define
cor ners. 22’!P d %‘ﬁ‘@d foéglgﬁf%r {)aftr?ef'lgp gficfhé[f %}kaf}f,'%f}ﬁ??lﬁé?x"@%tﬁﬂ?ﬂﬁ%g‘?r ‘%9198798{ ality of
support nentrer chihamen thepehixismtitbcledodhsfraineends, each support menber being
connected to at |east one sidebar by said proxinmal end thereof,
16. The lead frame of claim. 15, wherein said chip supporting surface
engages the bottom of the chip at a location remote from higher stress regions
associated with corners of the chip.

17. The lead frame of claim 15 wherein at least one of said sidebars is
--generally rectilinear.

18.  The lead frame of claim 15 wherein at least one of said sidebars is
generally curvilinear.

19. The lead frame of claim 15, further comprising: one or more aperture
traversing members, said members serving to divide said aperture into a plurality of
smaller apertures.

20. The lead frame of claim 15, further comprising:
a plurality of support members having proximal and distal ends, each support
member being connected to at least one sidebar by said proximal end thereof.

21, The lead frame of claim 15 wherein said sidebars further comprise:
opposite ends, said opposite ends intersecting to define corners.

22, The lead frame of claim 21, further comprising:
a plurality of support members having proximal and distal ends, each support
member being connected to at least one sidebar by said proximal end thereof,



8 August 2003 defining a connection. 11 23. The lead frane of claim 22,
wherei n each of said connections between each support m"?ﬁﬁguggﬁjost he at

| east one sidebar is in the vicinity of a respective corner. . The | ead
frame of claim 15, further conprising a gnound ring surrounding the chip
in spaced rdefninga comraciabout. 25. The | ead frame of claim 15, further
conprising: a plurality of |eads, said |l eads being electrically isolated
fromsaid sidebars and disposed outside of said aperture, each of said

| eads havi ng a p&8xi mdhe éasad feamb of claiinst2awhereih eschi of spidaxonnedtiorsnd bei ng
proxi mate t j ' faor, connecting.and . supporting
an i ntegrat ggﬁ\geﬂg%kﬁggpﬂ{ogtm%ﬁ\t}?frﬁégrldgtﬁggg%aggﬁeo isbdeg)ab'&m @89&??’&% a frame
i ncl udi ng i respeciveredmeasd si debars having a uniformwi dth defining a
central aperture and an outer frame edge, said franme edge being di sposed
within the outer chip edge, thus having no shoulder, and therefore

m ni m zi ng fill e®4f orlinatléagiirarae df daini Hy fartheo cb@ptisisya heovedfriag securing t he

chip theret QUFf&ZF[%'@[thS%HiaH%%%eag%'ﬁ@% {gnte rated circuit chip having a

frame- engagi ng om’s FW& ol ural | ty of sidebars having a
uni form w dth, each of said sidebars having an inner side and an outer

side, said sidebaks il . perture, .said frame being sized to
be acconmopdat ed g%‘ti @H&vﬂlﬁrﬁ%gﬁﬂé%a%g eﬁﬁorgaﬁlsé?g'edges of the circuit
chi p, each sipledliy ohlaais) gaiddeadsheingdierically roldtédfiom wafdatdetaos aimngagi ng t he
bottom surf I D I [ for_an integrated chip having
a franme engggﬁ?]%gdb%{@%%m és%illjdr aecrtéf?%f(?%%ﬁpifﬁ‘g%ags anes giff g‘re{@laQB 4)r ane
havi ng a cedistahbngdseaid prodmiabemd bejngproxinmete teskie sidebars.

26. A lead frame for connecting and supporting an integrated circuit chip
having an outer chip edge, comprising a frame including interconnected sidebars
having a uniform width defining a central aperture and an outer frame edge, said
frame edge being disposed within the outer chip edge, thus having no shoulder, and
therefore minimizing fillet formation, and having a contact surface for securing the

" chip thereto.

27.  Alead frame for an integrated circuit chip having a frame-engaging
bottom surface, comprising

a plurality of sidebars having a uniform width, each of said sidebars having
an inner side and an outer side, said sidebars defining a central aperture, said frame
being sized to be accommodated entirely within corresponding outer edges of the
cireuit chip, each sidebar having an upper chip-supporting surface for engaging the
bottom surface of the chip.

28. A lead frame for an integrated chip having a frame engaging bottom
surface comprising:

a generally circular frame having a central aperture forming an inner edge
and an outer peripheral edge defining a contact surface having a uniform width for
securing the chip thereto, said edge being disposed within an outer chip edge for
minimizing fillet formation.

29. The lead frame of claim 15, wherein said chip supporting surface
engages the bottom of the chip at a location remote from higher stress regions



and an outer peripheral edge defining a contact surface having a uniform
width for securing the chip thereto, said edge being di Sp?il?dst%(%hi n an
outer chip edge for nininmizing fillet formation. 29. The Te&f frame of
claim 15, wherein said chip supporting sueface engages the bottom of the
chip at a | essudabed witmtiteechip.om hi gher stress regi ons 8 August 2003
associated with the chip. 12 30. Alead frane, for an integrated circuit
chip having a frame-engaging bottom surface for attachment to the frame by
means of a chi p &0t aclA lead fearna) for smintegratbd pirbuet anip havimeslfrainbrengagieg edges

havi def i . , o et o . ! d 1
navi ng & choptetlsHBRe REStach el ol e Far et o Sl s Stk 86T aceof
t he chi p w thiptbetmgdhinmedwitracitenedgesihalint kiefisdidimeasions @bid frahfeame havi ng an

out er edge, P@%gr'sa}ﬁ' .aperture forned with an inner edge defining the through
central apertu &"%ai d inner and outer edges being uniformly spaced apart

defining therebatunttany apertined figmpaningz depBapporthgiairiaee tordingaging ties, sai d
outer edge of..the ertured franme bei recessed fromthe outer edges of
Che chi p subhto 8l PRRLMHAERENE BB vl B <fif GRS Caler elherbpiiret sniha: on o
the chip, femeshavingavmautbriedyepdriden sferrd forhed with af Mrer atig@adtinimitae i al
proxi mate t t&] Qut er %dgees of the chip when the chip is attached to the
apetured fr 9 aperture,
- said inner and outer edges being uniformly spaced apart defining
therebetween a chip support zone having defined dimensions,

said outer edge of the apertured frame being recessed from the outer edges
of the chip such that the frame is smaller than a corresponding dimension of the
chip, so as to avoid formation of a fillet of chip attach material proximate to the outer

edges of the chip when the chip is attached to the apetured frame.



