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Sons are known. Each package type 5




and enabl es interconnections between the die and a printed circuit board.
[0003] Fig. | shows a conventional non-|eaded nolded integrated circuit
package,W%d’éWé%a?ly at 10. Alead frame 30 is the supporting structure of
the nolded integrated circuit package .0 to which the‘goqhﬁm ?b@mnts are
attached. The lead frane 30 is made froma thin 10 nmetal strip by etching
or stanping to form a. patRIASTIC SEMEONIRUSTORRACGKAGE attach paddle 34. A
die 40 is nounted upon an "upper" die support surface 35 of the die paddle
34 using a die attach material S5BACKGROUND typically an epoxy resin. The
die 40 has a |lower" surface 42 in contact with the die attach material 50
and an #pptisi nghis investicn eiatémimesemicondletot chip phclagimgect i ons bet ween the die
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convent'ﬂgﬁlr - ed packages are less reliable than are other package
‘types. %ﬁ a%nﬁ'?bgg?:‘#@ﬁ% reduci ng package thickness is to elimnate a central
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of . fr arrﬁ)pg; éljrfaﬂgé 52, ﬁﬁg Lé?ffx'ea % a die support surface 35 on the die paddle 34 using a die

attach material 50. Fine gold wires 60 are bonded fo die bond pads 46 at the upper die

surface 44 and to wire bond surfaces on the leads 32 by wire bonding. In this configuration,
25 elecirical connections between the die circuitry and the die paddle 34 are additionally provided
by fine gold wire down bonds 62, which are bonded fo die bond pads 46 at the upper die
- - surface 44 and to down bond surfaces 38 near the margin 37 of the die paddie 34. The lead
| frame 30, die 40 and wires 60 and 62 are covered with a thermoset plastic casing.
[0005] The integrated circuit packaging industry is always driving toward more reliable
30 - packages, and smaller, thinner and more lightweight packages. The lead frame thickness of
conventional non-leaded packages limits reduction of package thickness, and conventional
non-leaded packages are less reliable than are other package types. One approach to
reducing package thickness is to eliminate a central die attach paddle, as is shown for
example in Mostafazadeh ef al. U.S..5,894,108. An approach to improving structural refiability
36  isto add lips on the die pad edge, as is shown for example in Glenn U.S. 6,143,981.
Reduction of lead frame thickness results in an undesirabie loss of frame stiffness. Reduction



2. 24 August 2005 of the thickness of the plastic encapsul ation can result
I n reduced package reliability. Formation of |lips on the die pad edge can
result in sharp edged |ips that can act as initiation points for
propagation of cracks in the encapsul ation or of delam natjon of

encapsul ation fromthe |ead frame, which can disrupt the %‘?éewﬁtéﬁﬁf’
connection (particularly at the down bond or wire bond attachnent sites)

and deterj orat ackage reliability. .To reduce overall package thickness,
the t i B BioEpORn s Bk AEels Bhodntinug® ot e Tt dedtispd FRERERS rolb e Taae
t hi nnerFormatian bhiipsarthd diagatireaige canyedutt ireshdrp veged ligsabataiah et 84 infadd@ge

t hi ckness cgnvent I 0 ent ai ]

1al | ki .eit in the,.
ot adl S BT PoaT et FERa b e TREPIHERAR PLIS A TalEt 3T B cbfrsiBHen i 1 i ¢y
of t E_e fmﬁa%tﬁad_f@mnmm?ii¢ryd/c?radishjpnmw etébtaif:'hia@npectroar(paﬁi_s?lfatlyalalt:fhet oo\ﬁi edl
i ng. JAnd .t hi nne ea I anes ner are m ifficu o handl e.
SR Ve e i of i ana oBRRSH edobS dRbEuy 11 are
conf i gugI at ![ (0] £+ {qﬂuo?'io_déu?g p‘a@!{(adeeﬁnbkh?wtﬁhg litliiul‘:larees :mf)lﬂgﬁ lepmpis_ ; agten ey Hirgt
r,uc al,.integri nd. el ectri reliability. Accordin 0 a
sy TR o e Plef e adBoiTiaf or a.dfoner Rab dtima iy P a5,
a 3 ulr f am:lumtbmmt hbf a@:rkbgﬂtldclﬁbss cg::mernﬁmlkaayﬁaillscmmg sd:rpgomisiiseemge_tran hl:qst)adﬂl e
e e _a c a e Vi ng a r ,surf.ac ie attac
Sndal o ezt ity eRbaRaaoRE it Fafialing sof) Bty or e Pafily,
paddl e Generaily, dowmnbodié it a@d_amerésisiérz]ﬁoestoguéi? a:nackmdg;pﬁmd_stumhacmahaivamﬁ of the
ddl h I f the pa e, an aving a enera
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paddl e. According to a second asp&tiMNARYie present invention, there is

provided a lead, franme for a surface nount sem conductor chi ackage,
conpri si ng a NG desgtiRedembrimerts A%, d"‘?‘éﬁ‘gé‘? 'e?ﬂérameec%‘&'g‘éréﬂo'ﬁd&ﬁ@'rﬁafgf ng a

| ower seid @eme bliacBnhbie pawBEess HEYiAG mbRIVBI dRRRIFA! ihiegrify amPlelectrdtal di e
attachrg@g‘g_l e having down bond attachnent sites on an upper surface having

of the % near a peri pheral margin of the paddle, and having a central

die attach AceeidHy @ fidt HHRRE ofthel AESorbinvehforD anstk8s pidRichenkall ke ,
of Trecesses in the upper surface of the die
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paddl e the Ry gitdchvVgaddic Revisl & 1elvérslfdcedinendic tdack @a88IE96wer surface being
entirely generally planar, the die attach paddle having down bond attachment si.tes on an
upper surface having of the paddle near a peripheral margin of the paddle, and having a
generally planar recessed central die attach region on an upper surface of the paddle.

According to a second aspect of the present invention, there is provided a lead

frame for a surface mount semiconductor chip package, comprising a die attach paddle and
leads, the die attach paddle having a lower surface, the entire lower surface being generally
planar, the die attach paddle having down bond attachment sites on an upper surface
having of the paddle near a peripheral margin of the paddle, and having a central die attach
region on an upper surface of the paddle, the lead frame further comprising a plurality of
recesses in the upper surface of the die paddle and extending from near the peripheral
margin of the die attach paddle inward toward the die attach region, the recesses
extending from near the margin alternating with nonrecessed portions of the surface, each
said nonrecessed portion having one or more down bond attachment sites on an upper
surface thereof, said nonrecessed portions of the surface extending outwardly beyond a
base margin of the paddle to form cantilever portions. '




extending fromnear the margin alternating wi th nonrecessed portions of the
surface, each said nonrecessed portion having one or nore down bond
attachnment sites on an upper surface thereof, said nonrecessed portions of
the surface extending outwardly beyond a base margin of the padd| 5%0 form
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near the paddle margin, or on the leads, are sculptured in various configurations to provide

- improved interlock between the encapsulation and the lead frame. The configurations which

may for example include grooves, slots, scallops, and recesses, are designed so as to

avoid formation of sharp edges (that is, to avoid formation of acute edges), which may

serve as initiation sites for propagation of cracks in the encapsulation or delamination of the

encapsulation from the lead frame. These various features according to the invention

provide various mechanical functions such as mold locking, prevention of die attach epoxy

resin bleed and delamination propagation. Encapsulation material can be injected into the

sculptured features during package assembly, and serve to hold the lead frame and

package body together and to provide resistance from package cracking and delaminating.

Certain of the various sculptured features can additionally serve as a dam or moat to

prevent overflow of die attach into the down bonds attachment sites during the die attach

process.




provi de various nechani cal functions such as nold | ocking, prevention of
die attach epoxy resin bleed and del am nation propagation. Encapsul ation
material can be injected into the sculptured features during package
assenbly, and serve to hold the |lead frame and package bo er and
to provide resistance from package cracking and del am nati @ n of
the various scul ptured features can additionally serve as a danlor noat to
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sites on an upper surface of the paddle near the margin, and having a
cent r al®'- at t ach region on an upper surface of the paddl e. In one
gener al aspégt aferhbsdimBng Nthief,is apeidbd 08 Wadt Famépder = usurfaee alouhhe

A N A g

r egi on phoyemds ameriphefah@at@yhaledown bond attachment sites on an upper surface of
the paddie near the margin, and having a central die attach region on an upper surface of
the paddle. In one general aspect of the invention, a portion of the upper surface of the
paddle is recessed to provide a site for accumulation of any die attach material that may
during a die attach process flow from the die attach region toward any of the down bond
attachment sites.

In some embodiments the recessed portion of the upper surface of the paddle
includes the die attach region. In some embodiments the recessed portion of the upper
surface of the paddie includes a groove or slot situated at least in part between at least one

~.of the down bond attachment sites and the die attach region; in some such embodiments
the recessed portion includes a groove arranged substantially parallel to the peripheral
margin of the paddle; in other such embodiments the recessed portion includes a groove at
feast partly surrounding at least one of the down bond attachment sites. In some
embodiments the recessed portion of the upper surface of the paddle includes a plurality of
recesses extending from near the peripheral margin of the die attach paddle inward toward

the die attach region; in some such embodiments the recesses extending from near the




attachnment sites. In sone enbodi nents the recessed portion of the upper
surface of the paddle includes the die attach region. In sone enbodi nents
the recessed portion of the upper }trlrface of the paddl e includes a groove
or slot situated at least in part bethe

en at | east one down bond

attachment sites and the die attach region; in some such e%%éagwﬁﬁng t he
recessed portion includes a groove arranged substantially parallel to the
peripheral . rgi,n of the padd]e t uch e di.ments the recessed
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passi ngrantie. dnigbme kenbediments & Bpadenestish ab d diicopapdte®, islinteqoetdbetweshats ment ,
there i.s_.prov d a _nonl.eaded ded package having a second die stacked
over W?t gf@e %Eﬂ@ﬁ'b egpnke attach region of a surface of a | ead
frane. In sone enbodi nents a spacer, such as a silicon spacer, is

interp %ﬁqﬁé&$ﬁ TB&& LI %%ég H@gﬁ the second die in the stack. BRI EF
DESCRI%%? % 6@%&%@ W tion will now be described in further
detail by rélffﬁhﬁﬂﬁﬁoh avill hﬁwd:readusﬁnged inWartbér dethilby Fefb@nad te theadriawhgs,
enbodi nent s. he i nventi o The dr, 9S4 e ammati c show
Feat ur GO GRS UL G BRETREe o A21 BFFRIo 310 AHer hPLate Siag tptc:
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illustrating embodiments of the invention, elements corresponding to elements shown in
-other drawings are not all particularly renumbered, although they are all readily identifiable
in all the Figures. For easy reference, similar or analogous features identified in the various
embodiments shown in the drawings are identified by similar numbers; thus, for example, a
feature identified by reference numeral 340 in FIG. 3A is similar to or analogous to the
feature identified by reference numeral 440 in FIG. 4A, for example, and is similar or
analogous to the feature identified by reference numeral 840 in FiG. 8; and so on. Also for
improved clarity of presentation, many and various conventional details of the illustrations,
not necessary to an understanding of the invention, are omitted from the drawings.
FIG. 1 is a diagrammatic sketch in a sectional view showing a conventional non-
_Ieaded package.
FIG. 2 is a diagrammatic sketch in a sectional view showing a conventional non-
leaded package having down bonds.




oiher.dramﬁngs are not all particularly renunbered, although they are al
‘readily identifiable in all the Figures. For easy reference, simlar or
anal ogous features identified in the various enbodinents shown in the
drawings are identified by simlar nunbers; thus, for exa a ture
identified by reference numeral 340 jn FIG 3Ais sinilarng%ﬁggm%ﬁéﬁggous
to the feature identified by referefite nuneral 440 in FIG 4A, for
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pr esentat embodimentyofahel invaniicn,n whickané idiznialmelette o8 aatcdssed ipbhiontofatié ons,
not ne espary to an understanding of the invention, are omtted fromthe
dramﬁnag FIG 1 is a diagrammatic sketch in a sectional view show ng a
conventional non- | eaded package. FIG 2 is a diagrammatic sketch in a
sectional view showi ng a conventional non- | eaded package havi ng down
bonds. 4b 24 August 2005 FIG 3A is a diagranmmatic sketch in a sectional

vi ew showi ng a package accordi ng an enbodi nent of the invention, in which
~the die is mounted on a recessed portion of the lead 2 4 AUG 2005 WO

02/ 069400 -5 frame, and down bonds are attached at down bond attachnent
sites on a nonrecessed portion of the paddle on the lead frane. [0021]

Fig. 3Bis a diagrammatic sketch in a plan view showi ng a die paddl e
according to an enbodi nent of the invention as in Fig. 3A. 5 [0022] Fig.
3Cis a diagrammtic sketch in a sectional viewthru a die paddle at  CGCin
Fig. 313. [0023] Fig. 4A is a diagranmatic sketch in a sectional view
showi ng a package according to another enbodi nent of the invention, having
a groove between the die attach region and the down bonds attachnent

sites. 10 [0024] Fig. 4B is a diagrammtic sketch in a plan view show ng a
di e paddl e according to an enbodi nent of the invention as in Fig. 4A




[0025] Fig. 4Cis a diagrammtic sketch in a sectional vfelwm P0ps die
paddle at CGCin Fig. 4B. [0026] Fig. 5Ais a diagrammatic sketch in a
pl an vi &XOSHB¥My a di e paddl e according to 15 another enbodi nent- of the
i nvention, having grooves forned in ang.generally perpendicularly to the
upper die paddl e edge to reduce stresses and to provide interlock of the

di e padﬁ‘}érﬁe aenﬂ do wﬂﬁarawbnédh@a aBbwh betd attRArmaht Sifed ontbhdfedesdbdpb@bRBL i C
sket ch W tional ?\évthruadle paddle at B-Bin Fig. 5A. 20 [0028]
Fig. 5 EeB %BPQW d¥a8et ch in a sectional viewthru a die paddle at

C-Cin [ob219. SAg. $®&?e%|a§ﬂaﬁ\m§tla dktch irtlh pEanBwREHdwisK 8 didpadiiPadtofding fee W
show ng a di accordin ot her enbodi nent of the invention,

add|
havi ng Yt b‘é@;‘ﬁ)’ ot ¢f he-jnyention '"%@ ending inwardly to near the

perg phe[ovzaqaf tiFig. 30 & Abiageinratt skdtchd® alsOAb! ik thrl @ dis Eaddié ageammat i c
sketch sectional viewthru a die paddle at E-E in ig. 5D. [0031]

Fig. 5 9 di agrammatic sketch in a sectional viewthru a die paddle. at

F-F in [ob23y. SExy. 4/0@?a?dlla§rlaﬂ1m£ti% sketch Wh@@ét@ﬁﬁﬁﬁé\@sﬁdﬁﬁhﬁ@ ;da'&kayhel%o%ﬂrdfﬂgew
shovmn a dje gwgdle a of the invention,

havi ng I"F'é'0 ek Bgfm?" fgif’ Iéi'b’gﬂt‘qrb hggagg%trgqev’ra@gg&)e?\;tﬂg th A5 GegioRarbt t er
reI [ ablthewywa%ﬁggmems}ése package. [0033] Fig. 6B i s a di agramrat iC
Fi 8 7 Aot .° e e beumilsheloh v BBER viaw thoiaine flectr BiecAronging @ o
paddl e arﬁénb@dlmegt cﬁltﬁ@rnneﬁﬂdn@sqﬁm:@ garations for isolati on gr ooves near
2005 VBT 06gaeatC B 4 Baamy Rl Skohind SegPag ARYY & UkBrdle FHOE Boct i onal
vi ew t IFig. 4B.di e paddl eat B-Bin Fig. 7A [0036] Fig. 7Cis a d| agrammatic
sketch [IO&GT1 S lg QA isa llager\.’envn}ntl]atlc sﬂetcl'\ ?n g %I%ﬂlvﬁawaéhogvmg a gle paddie according to
16 another embodiment of the invention, having grooves formed in and generally perpendicularly
fo the upper die paddle edge to reduce siresses and to provide interlock of the die paddle and
the encapsuiation material. ‘
[0027] Fig. 5B is a diagrammatic sketch in a sectional view thru a die paddie at B-B in
Fig. bA.
- 20 [0028] Fig. 5C is a diagrammatic sketch in a sectional view thru a die paddle at C-C in
Fig. 5A. :
[0029] Fig. 5D is a diagrammatic sketch in a plan view showing a die paddle according to

another embodiment of the invention, having grooves as in Figs. S5A - 5C extending inwardly
to near the periphery of the die attach region.
25 - [0030] Fig. 8E is a diagrammatic sketch in a sectional view thru a die paddle at E-E in
Fig. bD.
[0031] Fig. 5F is a diagrammatic sketch in a sectional view thru a die paddle at F-F in
Fig. 5D.
[0032] Fig. 6A is a diagrammatic sketch in a plan view showing a die paddle according to
30 another embodiment of the invention, having the die paddfe scalloped to reduce stresses and
{o provide better reliability performance of the package.
[0033] Fig.6Bis a diagrammatic sketch in a sectional view thru a die paddie at B-B in
Fig. 6A. _
[0034] Fig. 7A is a diagrammatic composite sketch in a plan view showing a dié paddle
35  having alternative configurations for isolation grooves near down bond sites according to
further embodiments of the invention. |



Fig. 7A. 5 [0037] Fig. 8 is a diagrammtic sketch in @'ge%ﬁjgozmi view thru
a package according to another enbodi nent of the invention; ing a
groove rvgdRMep4dkeneral ly parallel to the edge of the die paddle between
the die attachment region and the dowaghonds attachnent sites generally as
in Fig. 4A, and additionally having recesses in the upper surface of the

| eads. [0h£4p38]Figi 1B ish diagRntth4ti sKEWAN & s6KRNENVIEW ttu $6Hs padid atB-Bvnt hru a
packagéz.a ording to 10 anot her enbodi nent of the invention, having a
recessedddi’s attach region on the paddle generally as in Fig. 3A and

addi tiqueds] y eyl TQista iagRivtmatic skeRhupaeectivnal view tnh aldie phdidlat @@ iki on of
t he Iea,g ffame [0039] Fig. 10 is a diagrammatic sketch 1n a sectional view
thru a d&cl&\ge according to another enbodi nent of the invention having a

sl 356 | t I‘[ogugh E) Fig. 8lisaa maglﬁggnamrykémﬁ e @@ét@hhwieﬁﬁxépaL@bléaje doeoftdirgy tdi e

a e e e, t en,t | e ttachpent regli on and the own nas

Pt achhe oy ob eshiertion, TRl A pragfa alE GebRBRERAIeT I B8 adosna

Vi ew E Mf%@digtgggﬂlegedwelrgt&eldm;cmm@b?g aha ﬁﬁ@dﬁﬂﬂpbﬁﬁdﬁiﬁg@heﬁt{bﬂes .

I nventi on. | | | ramlmatil ¢ sKelC INnN a secC n VI ew ru
e o ey 25k Py A, 95 adufrGI R TBheet i R arEcs ot PRty ont i on.
DETAlj!_I:‘:deESC?Fi@TQ EM diagrégimdtefsketch Irnrga p@clsﬂohgi vidie thrix gqaaclgdﬁegaccdrd&@d? Fig. 2
ar lagranmuatl C .SKetC S.In ecll onal Vi . S ng .t WO es

oI o o BirRo P SRR doeaflon. Foiing B0Bressed i peh febioan I HEUHE 2

[ 0043] deingralld Asiirs Fig. 8Apgridoadditionalsietinga §loove mohe uppelcagfacsaiGhatsdr ding to
an enbog%ipnr‘:eﬁtﬂééf){egh?e I nvention, in which the die 340 is nounted using a

~die at tR® "¥EW- such as an epoxy on a recessed die attach region
370 i n bésa] | eaklg.f10pis® diddramingatip akettie indBgections didwthnd  phcidgemacberding 1862 are

attached gt down  bon t achnment , si.tes 3 on onrecessed peri ral
o £ 1 o GRLPHEAR of e AN LTS HEVAG  SobrIENTan A HEaR IR BPIA50 Shown
| e38li nepdraliel Rate dRSphddinedgy) bbned they/dip bitadHntert Regigrs ahdihe@dowa Bondd he
nonrece?eﬁ lg(]or.tion 372 of the die paddle provides a barrier for outward
creep OB ¥eEt t ach epoxy onto the down bond attachment sites 337

duri ng [piue] di eFigit 11oie ngiadrapietic SReich Middctibhg viehBthns a atadkeddia padidge sket ch
in a plan vle\# show n(g@ma %loz addl e 334 as in Fig. 3A prior to attachnent
of t he 3HCEAINGQ agemboimpt of the 1IYeligly i ¢ sketch in a secti onal

: [0041] Fig. 12 is a diagrammatic skeifch in a sectional view thru a stacked die package

20  according fo another embodiment of the invention.
DETAILED DESCRIPTION

[0042] Referring now to the Figs., Fig. 1 and Fig. 2 are diagrammatic sketches in a
- sectional view showing two types of conventional non-leaded package, as described above in
Background. .
25  [0043] Fig. 3A is a diagrammaitic sketch showing a package 320 according to an
embodiment of the invention, in which the die 340 is mounted using a die attach material 350
such as an epoxy onh a recessed die attach region 370 in the lead frame 330 die paddie 334,
and in which down bonds 362 are attached at down bond attachment sites 337 oh a
nonrecessed peripheral portion 372 of the die paddle 334. Wire bonds 360 are additionally
30 shown leading to leads 332, and enclosed by plastic encapsulation 370. The nonrecessed
portion 372 of the die paddle provides a barrier for outward creep of the die attach epoxy onto
the down bond attachment sites 337 dUring thé die attachment process.
joo44] Fig. 3B is a diagrammatic sketch in a plan view showing a die paddie 334 as in
Fig. 3A, prior to attachment of the die; and Fig. 3C is a diagrammatic skefch in a sectional
35  view at C-Cin Fig. 3B thru a die paddie 334 as in Fig. 3A. The recess 371 in the die paddle
334 can be fon_ned by any of a variety of techniques, including particularly a chemical etch.




35 viewat CGCin Fig. 3Bthru a die paddle 334 as in Fi'}. & 3G 7085 r ecess
371 in the die paddle 334 can be fornmed by any of a variety of techniques,
i ncl udi n&’%‘&f“ﬁ?‘@&l arly a chenmical etch. 7 4 AU G 2005 WD 02/ 069400 -7 The
recess 371 is nmade sufficiently deep tIfat the nonrecessed portions 372 can
provide a barrier to flow of the die attachnent material up onto the

sur f ace Toaraages Aohisanedseuffigiently deap thedfte incecessébpattons IMenehngiroviddaent

Sites agge il A : rovi 4l i | eed
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t he per jRhgb¥ikAdnitkndsae di e paddl e 434 between the die attach region 471
and the 10 attachnent sites 437 for the down bonds 462. The die attach
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~varilPet yorepve éth sitéated betwesn the dryrpband aftachment sites laptieadic eftath regibine gr oove

474 carr.sastemﬁmwbﬁw?tgarepm@m éﬁ%@:ﬁ%h\\{tﬂgfdié &&m'rgb;gﬁ.; a chem cal etch

process nay be particu y useful. The groove I s-shown by way of
exanpl el0P4pl Fi ofig44B is diagianunalic sfelal innd planlViewhsipydng a disspasidiet 4as intfiigh can

crose ssiropLIBelihe AT & i o, R0 Sbgranifliic el Yf6 bEotbnd vigl 86
ent i r el §-Gieddp4ithal adiededd astin Eig. AdeBrdova 474Inehobthg ldisspaddlespetiphberynay be
_ ][Tgrﬁﬁ g(rji){')?eé\a%% fbﬁpleeé g:? %%%tg\%r}leée;‘igﬂgtﬁ%ch%u@@fiEéIﬁHh&fyaﬁiEﬁEWé QfSmihfetbaul T ed
: The groove 474 can be formed using any of variety of techniques; a chemical etch process
may be particularly useful. The groove 474 is shown by way of example in Fig. 4C as having a
generally U-shaped cross section, which can be readily formed by chemical etch; however,
any of a variety of other cross sectional shapes (triangular, rectangular, for example) can be
25 - entirely acceptable according to the invenfion, although some shapes may be more difficult to
form than others. No particular dimensions are required for groove 474; the groove need only
be sufficiently wide and define a sufficient volume so that it can effectively collect and contain
any creeping die attach material that might otherwise reach and contaminate the down bond
attachment regions 437. In some configurations, by way of example, the grooves may have a
30  width in the range a})out 0.15 to 0.25 mm and a depth about half the thickness of the lead
frame. The groove 474 may, in fact, take the form of a slot passing entirely through the die -
paddle, as described for example with reference to Fig. 10 below. However, because a very
deep groove ora slot passing entirely through the die paddie can contribute to comprising the
megchanical integrity of the die paddie, it may be preferable in some embodiments, depending
35 upon the kinds and degrees of stresses that are likely fo be imposed upon the package, to
limit the dimensions of the groove fo approximately a minimum that would be required fo

contain any escaping die epoxy.




be sufficiently wide and define a sufficient volune so t% g‘b cm
effectively collect and contain any creeping die attach at ﬁa Ehat

m ght otW2/¢eM0¢ ecach and contami nate the down bond attachnent regions
437. I n sone configurations, by way of-8xanple, the grooves may have a 30
width in the range about 0.15 to 0.25 nm and a depth about half the
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odi nent's o
extend further inward toward the die attach region 571, as illustrated for example in Figs. 5D,

5E and 5F. The inwardmost extent of the recessed portions 576 can be formed very close to
the edge of the die attach region, to more effectively trap creeping die attach material. Thus
although, as in the configuration of Figs. 5A, 5B and 5C, the recesses in this configuration are

25 “not situated between the die attach region and the down bond attach sites, and so they
cannot isolate the down bond attach sites, they can effectively protect the sites 537 from
contamination by creeping die attach material, because the sites 537 are located on the

- marginal ends of nonrecessed surface peninsulas between the recesses.

[0049] Protection of the down bond attachment sites by locating the sites away from the

- 30 die attach region on the marginal ends of peninsulas between marginal recesses can
alternatively (or additionally) be provided by a configuration as shown in Figs. 6A and 6B.
Fig. 6A is a diagrammatic sketch in a plan view showing a die paddle 634 according to
another em'bodiment of the invention, and Fig. 6B is a diagrammatic sketch in a sectional view
thru a die paddle at B-B in Fig. 6A. Here marginal recesses, for example 677, are formed

35  alternating with peninsuias in the surface of the die paddle near the margin, and the down

bond attachment sites 637 are located on cantilevers 678 that extend beyond the bulk
margin 677 of the paddie 634. '




Nevert hel ess, they can provide traps for creeping die attagh#natjgrbﬁj,
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and the encapsulation 870.

- [0053] Fig. 9 is a diagrammatic sketch in a sectional view thru a package 920 according to

another embodiment of the invention, having a recessed die attach region 971 on the paddie
934 generally as in Fig. 3A, and additionally having a groove 986 in the upper surface of the

25  lead pbrtion 932 of the lead frame. The groove 986 in this embodiment serves to provide
improved interlock between the leads and the encapsulation 970.
[0054] Fig. 10 is a diagrammatic sketch in a sectional view thru a package 1020 according
to another embodiment of the invention having a slot 1088 through the die paddie 1034
running generally paraliel to the die paddle edge 1072, between the die attachment region

30 1071 and the down bonds attachment sites 1037. The slot serves both as a moat for trapping
die atta(_:h epoxy during the die attach process, and to provide improved interlock between the
die paddle 1034 and the encapsulation 1070,
[0055]  Fig. 11 is a diagrammatic sketch in a sectional view thru a stacked die package

N 1120 according o an embodiment of the invention. In this configuration a first die 1140 Is

35 attached in é recessed die attach region 1171, generally as shown and described for die 340

in Fig. 3A, and a second die 1190 is stacked upon the first die 1140. Both of the dies and their




100511 Figs. 8 - 10 illustrate various further enbodinengshdﬁmbgm@nbled
packages 10 according to the invention, in which various scul ptural

f eat ur esWend0geyi ded on the lead frame (on the die paddle or the |eads or
on both | eads and paddle) to trap die-#tach materials and thereby prevent
contam nation of down bond attachnent sites; or to provide inproved

i nt er | ordspéetivemdne Hondd td thaneads|zpdriotve bands tothe @addip sndrginispaensidsedial - and

‘thereby_i kage integrity; or both for protection and inprovenent
of packga%PFﬁ?gﬁ}Pﬁ@ 15 [0052] Fig. 8 is a diagrammatic sketch in a
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thls enbodlnent serves to provide inproved interlock between the |eads and
the encapsul ation 970. [0054] Fig. 10 is a diagrammatic sketch in a
sectional view thru a package 1020 according to another enbodi nent of the
i nvention having a slot 1088 through the die paddle 1034 running generally
parallel to the die paddl e edge 1072, between the die attachnent region 30
1071 and the down bonds attachnment sites 1037. The sl ot serves both as a
noat for trapping die attach epoxy during the die attach process, and to
provi de inproved interlock between the die paddle 1034 and the

encapsul ation 1070. [0055] Fig. 11 is a diagrammatic sketch in a sectional
view thru a stacked di e package - 1120 accordi ng to an enbodi nent of the
invention. In this configuration a first die 1140 is 35 attached in a
recessed die attach region 1171, generally as shown and described for die-
340 in Fig. 3A, and a second die 1190 is stacked upon the first die 1140.
‘Both of the dies and their 2 i bUG 206 WO 02/059400 - 10




respective wire bonds to the | eads and down bonds to the paddle margin are
enclosed in encapsulation 1170. [0056] Fig. 12 is a diagrammtic sketch in
a sectional view thru a stacked di e package 1220 according to anot her
enbodi ment of the invention. Afirst die 1240 is nounted generally 5 as
shown and described for die 340 in Fig. 3A, and a second di | aced
upon a silicon spacer 1292 i nposed betmeen the first die an§4ﬁﬁéﬂgg§%ﬁd
die. [00571 As will be appreciated, tacked di e arrangenment may be
constructed by stacking a second dle on a first die attached to a die
attachnent surface on any of the va&Lgﬂ@ die paddle configurations
according to the invention, on a 8nt i onal paddl e. 10 10058] O her
enbodi NERLBisaISimEd &I N t he foI | owi ng clains. 24 August 2005 -11 CLAI M5 Wat
is clainmed is: 1. Alead franme for a surface nmount sem conductor chip
package, conprising a die attach paddle and |eads, the die attach paddl e

having @ | Owt?rlea?jufrérﬂ&efor Lh&rdeé rﬁé&rﬁ%‘%nﬁﬁ&g}xﬁor Eﬁﬁ%ﬁqbcg%ﬁdé aé‘o‘?n&?%kgen%ﬂé' rely

general 'y planar die attach pa attac t sites

on an @igen peddle apd lestdst the dimaliach neddle reavma mer aurfangr tierdie pttestepasisiadl e,
and hayy %%@eﬁﬂhé knﬁ@ngénérgﬁﬁ_ﬁ%g Bt §ig! attlcR ;?%d'd%c Hawﬁ@'o%ﬂmoﬁorﬂﬁ

upper surtface of f rame of aiml
conpr i éttaghraen| a}ealomasm Wiper suiéarece the p@%e gped pegpfieralgeargin efhibe geddlpadd| e

and extpRAHNhg d GRAR pidlR raEERD 8R! a! H%raq{a'ah (Pé (%rhSn dh&ipRbt %CSW% e

inward toward the die attach region. rame c alm 2 wherein

t he re®@ddles extending from near the nargln alternate mnth nour ecessed
portions of the surface, each said nonrecessed portion having one or nore
down bond attachnment sites on an upper surface thereof. 4. The | ead franme
of claiZn 3 viherleadh frame eloglaiet ds Bithep spanprisingfa plHelity T resessestinribie upnefar di y

beyond gertFe:‘Sf fﬁ%r%'baeéletéh%e%@bﬁ%fﬁamﬂﬁ& igHRY:A 'maAtgint SORS dl%attgcﬁﬁe | ead

frame o erein th atta Mt sites are on
cant i | ®addlejpyard deward he diejataeh gide surface nount package conprising the
| ead frame of claiml.

3. The lead frame of claim 2 wherein the recesses extending from near the margin
alternate with nourecessed portions of the surface, each said nonrecessed portion having

one or more down bond attachment sites on an upper surface thereof.

4. The lead frame of claim 3 wherein the nonrecessed pardons of the surface extend

outwardly beyond a base margin of the paddle to form cantilever portions.

5. The lead frame of claim 4 wherein the down bond attachment sites are on the
cantilever portions.

6. A lead frame surface mount package comprising the lead frame of claim 1.

7. A nonleaded molded package having a second die stacked over a first die attached
on the die attach region of the lead frame of claim 1.

8. The stacked die package of claim 7 having a spacer interposed between the first die

and the second die.




7. A nonl eaded nol ded package having a second die stacked over a first die
attached on the die attach region of the lead frane of claiml1. 8. The
stacked di e package of claim 7 having a spacer interposed between the first
die and the second die. 24 August 2005 -12 9. Alead franme for a surface
nmount sem conductor chip package, conprising a die attach ‘@ﬂ&£ﬁt%W%

| eads, the die attach paddle having a | ower surface, the entire’lower
surface being generally planar, the dig attach paddl e havi ng down bond
‘attachment sites on an upper surface of the paddl e near a peri pheral

margi n pf t ddl nd having a central ie attach _region on an upper
mur Pacor | thaibiTe B EER Yol SohRhustor s, kel Xorhr8Perr 4 b
r ecessegtach pabddleugpk leadsir thacdie ofttathadile imadidl e lawer surfamad ity ehtireniowear t he
peri pher rgin of the die.attac add i nward towar he die attach
eqi on et Pafle deah etardrtaif Plathdd hAMRLPobd b abatfpiins st
nonr ecessypepeurfacans thed paddie seafaperjphesa Imargiaiod theopaidaite and chapiog ta aemtabvi ng
one or por, own.. bo t h S| on, an . upper, . surf.ace thereof, said
nonr ec AL aledb P8 o dopE" Tiliesce B3, aiah M0 RIS s Rk oha st
nar gi n phirakithef pecksbes frotHeoupper utfate ve thepdiet pariate add extEnding efesin freantheof
g Lf‘t " SeWBﬁérSf HafglfordR¥ Ric” A0 FabaE MR ShiEHhe 4R AhchNEgiSRht Sastles
extending from near the margin alternating with nonrecessed portions of the surface, each
said nonrecessed portion having one or more down bond attachment sites on an upper
surface thereof, said nonrecessed portions of the surface extending outwardly beyond a

base margin of the paddle to form cantilever portions.

10. The lead frame of claim 9 wherein the down bond attachment sites are on the

cantilever portions.




