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| NTEGRATED Cl RCUI T PACKAGE AND LEADFRAMVE FOR MAKI NG THE PACKAGE
5 FI ELD OF WQRY4TRMENTI ON The p m&m ion is to direct FNEHANP6AN

i nproved pl astic package for ted circuit die, and a nethod of
maki ng such a package. 10 BACKGRCU THE I NVENTION I ntegrated circuit
die are conventionally enclosed in plastic packages that provide protection
fromhostile environnents and enabl e electrical 15 interconnection between
the integrated circuit die and printed circuit boards. The el ements of such
a package include a netal |leadframe, an integrated circuit die, bonding
material to attach the integrated circuit die to the | eadfrane, bond wres
whi ch el ectri cal | PIGOTTEr tI NACGRATE DT TR It BRI KAGE! END cMETHODE to

i ndi vidual | eads of the | eadfrane, and a hard pl astic encapsul ant materi al
whi ch covers the ot her ARDNpPEAPRREMBNHOROMAE IR TEX! enicgkaGyf the package.
The leadfrane is the central supporting structure 25 of such a package. A
portion of the leadframe is Z JUG 2002 WD 99/ 67821 PCT/ US99/ 13364 2

FIELD OF THE INVENTION

The present invention is to directed toward an
improved plastic package for an integrated circuit die,
and a method of making such a package.

10

BACKGROUND OF THE INVENTION

Integrated circuit die are conventionally enclosed
in plastic packages that provide protection from
hostile environments and enable electrical

15 interconnection between the integrated circuit die and
printed circuit boards. The elements of such a package
include a metal leadframe, an integrated circuit die,
bonding material to attach the integrated circuit die
to the leadframe, bond wires which electrically connect

20 pads on the integrated circuit die to individual leads
of the leadframe, and a hard plastic encapsulant
material which covers the other components and forms
the exterior of the package.

The leadframe is the central supporting structure

25 of such a package. A portion of the leadframe is

LT
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internal to the package, i.e., conpletely surrounded by * the an?lPLi_c‘ZOUZ
encapsul ant. Portions of the |eads of the |eadfrane extend eternally from
t he packag®@6782le used t o connect the package external | y. BECTHUS9N8364
background infornation concerning conyentional plastic integrated circuit
packages and | eadfranes is contained in chapter 8 of the book

M croel ectroni cs Packagi ng Handbook (1989), which was edited by R Tunmal a

and E. Rymaszawekhalamnd ichel@auMdddeshead dy, \lsmdoste BpdsiRei seds @515 Fifth
Avenue, New York, New York. A problemw th conventional plastic packages is

that their igherpakskeadbhamsdlant. r eduedidns ot tdhee sigsaofot henpackages.
Practitioners have attenpted to 15 reduce the size of packages by

elininating iakafpramel exdenAmserdslily SHOM tHe Ybazk Al ediq Nore 4, 530, 152
to Roche et al and U S. Patent No. 5,172,219 to stro, but these packages

have nunerougsdisadvabhages. tHe exdedifr Package shown by Roche in
the '152 20 patent have orthogonal side surfaces. ‘Accordingly, the packages

are belieyved to be,uphell 3Rl&RRANS S AMNE AN AFt St g gasi |y be pul led
fromthe encapsul a‘rJllt mat eri al . The package shown by Castrlﬁ@i n the '219

patent has 'gef!@e)gghtsﬂaqqu%%tii@ q&@%% 6812%%%\2/%58@;%% ftr{a)m a | over

external surtace e package to )

PCT/ US9911 33 f die. .Th e and h
conpl ex bendgéaﬁﬁgﬁﬁl&gggsgﬁgﬁrﬁ%eg;&? il-rll-j g%%fcﬁlgﬁ \?\Jbﬁlﬂﬁ %%?%]gge e

package. By Csefpelettipnide peF R Sy BHN | MR esent
invention arg,stogl 8% rI0TURMANAY & & DR AN 2! | 90 T
10 published by Van Nostrand Reinhold, 115 Fifth Avenue,
New York, New York.

A problem with conventional plastic packages is
that their internal leadframes limit reduction of the
size of the packages. Practitioners have attempted to

15 reduce the size of packages by eliminating internal
leadframes, as is shown in U.S. Patent No. 4,530,152 to
Roche et al and U.S. Patent No. 5,172,214 to Castro,
but these packageé have numerous disadvantages. The
contacts of the package shown by Roche in the '152

20 patent have orthogonal side surfaces. Accordingly, the
packages are believed to be unreliable because the
contacts could easily be pulled from the encapsulant
material. The package shown by Castro in the '214

patent has leads which extend into the body of the

25 package from a lower external surface of the package to



packages of smaller lateral size. SUMVARY OF THE | NVENTI ON The BrkHerf002
invention is to directed toward 10 i nproved plastic packages for housing an
i nt egr at ed wiorouhg21di e, and to | eadfranes and net hods for nalpicrgrseesedles
packages. The packages of the presentg nvention are easier and | ess
expensi ve to nmake than conventional plTastic packages, and are nore reliable
and 15 efficiently-sized than conventi onal packages. 3a 2 JULY 2002

Accordi ng to +9ne 2P Qe LdEe Pr ePRBEe| DHEALI QPe lB%@g,iﬁnHrHMQQ?d a

package for an integrated circuit die conprising: 5 a die pad having a

substanti al | ko?déﬂgéé{ bl . SUA@EEd: QQEHshésﬁuﬁt Q”Eéékhée%éﬁf second
sur face, and a side surface bet ween t he |rsp surfape a t second
surface, whergld Le SRGANGL SUGTARE Obstbeaflier PRdL! 5oYROS6ASAl 3 i st

external surface of the package; ntegrated circuli e nounted on the

fi f f | , I ' f dj
per i phor al S idgs ‘G aRe phags oher bt acaldy Bl REE S L BeS hncTal 1y

I figst f , ' t i al , d
D oide suri R B B o SFadi e EERMA LePRRREENSTRRORNPENCET) 00

has a bond w_re cann ctedéheretoh and sa%d segond Sérf?ge I s _exposed at
the first externa B hFacs v The %%%k%ﬁ%, Bﬁa 15 AHEr8rn°Yhe°%i de surfaces
of the die pad and contacts jphclugde a central peak; and an encapsul ant
material whi mcgcg\;;&ss Otﬁesr?#t%élfa %‘beﬁ?fcﬁ?'?edi e and the central peak of
the side surfaces of the die ﬁad and the contacts. According to another
aspect of the pre Ealis L provi ded a package for an
integrated circuit die conprisjng: 20 a die pad, having a substantially
planar first surfadc€ BEFSbost? e%ﬁb%?ah?iﬁglglﬁ?ﬁﬁﬁg E%EGH% surface, and
a side surface between the first surface and the second surface, wherein
the secohd sdmMPIoYes H%ﬂ??ﬁ?&E%ﬁk?%e%xgﬂgeaoﬁ?lagfFPS%“E??E?E%@ surface of
t he package; an integrated circuit diie nounted on the first surface of the
die pad; 25 &IFW GNP ofaRbtEP %%fh"t‘gﬁ?’geadfaéemet{ledﬁe??ﬁh%?5}“%i des of

t he package, wherein each contact has a substantially planar first surface,
an opposite S5t BRGKAI]E pl e ReTEHECSuPE atRe BRASENE| §BVERFEARe bet ween

said first and second surfaces, said first surface has a bond wre
connect ed t hé&¥&t £254fF SNY LRXDFREPFAEe Fe BRpBsER2Ar cppgentional

plastic packages, and are more reliable and

15 efficiently-sized than conventional packages.



first external surface of the package, and 30 wherein the side surfaces of
the die pad and contacts include a central depression; and an encapsul ant
mat eri al which covers the integrated circuit die and the central peak of
the side surfaces of the die pad and the contacts. 3b 2 JULY 2002
According to further aspect of the present invention, there is provided a
package for an integrated circuit die conprising: 5 a die pad having a
substantially planar first surface, an opposite substantial | y2pUav@008econd
surface, and a side surface between the3airst surface and the second
surface, wherein the second surface is exposed at a first external surface
of the package; an integrated circuit die nmounted on the first surface of
the die pad; a phetording tp oné aspéchbf the ptesentinvamtion, eindre isoprodidédh packageifstes of
t he package an% éﬁgﬁxtengjng tqward the die pad, wherein each contact has a
subst ant i al NG ciicuif die COMPAYIAE * an opposite substantial |y planar second

surfaces and a sd die pad hhviag asabsi@tiallysplanhrfirst strfaedars ospvsile substatialy sai d
first surfa(ie has a bo&d W r((f conne&t eg? H‘pere 0 gnd sai d ,second gurface S
exposed at RGTEr FPGAU sUgaes Aaf a SHPRYHaceetweRn lbs@% guface 9d pR589PRd t he si de
sur f aces ofsuiface, Whergitheaatoristifacd 6f thédiewdd isedpopedia firetdxtdrpalishfadd fir st
surface of t?gerf(ejic?%gad and contacts, respectively, and a recessed vertical
portion adeO{ a %aid |ip; and an encapsul ant material which covers the
i ntegrated circuringpeateaigkcuindiemiountedl dnitre filspsurface bthdidie pat] and t he

A s i st W
di e packagesachpntastinaga sabétartially planafi fiestisadacs, ah oppasitd sabstardiatieplabar t he
e By Gl et BT AT and B 8% ¢ 5 pa
wi t hout corsuefate imas & benddivire qomdected theesto, and shidtsebondsuriade & expesatbatshe f ace,
Accordi ng 16 RETR B RER S Bk aeest. 1 s coent “Tnvention. there | o provi ded
a | eadfibame for whekein theesidecsuriapesidfatesdie ipad agd aordacts inchide | aghtealpaak;cmnd
conmpri sing. an encapsulant material which covers the integrated circuit die and the central
peak of the side surfaces of the die pad and the contacts.

According to another aspect of the present invention, there is provided a package
for an integrated circuit die comprising:

20 a die pad having a substantially planar first surface, an opposite substantially
planar second surface, and a side surface between the first surface and the second
surface, wherein the second surface of the die pad is exposed at a first external surface
of the package;

an integrated circuit die mounted on the first surface of the die pad;

25 a plurality of metal contacts adjacent to peripheral sides of the package, wherein
each contact has a substantially planar first surface, an opposite substantially planar
second surface, and a side surface between said first and second surfaces, said first
surface has a bond wire connected thereto, and said second surface is exposed at the
first external surface of the package, and

30 wherein the side surfaces of the die pad and contacts include a central
depression; and

. an encapsulant material which covers the integrated circuit die and the central
peak of the side surfaces of the die pad and the contacts.



a frame; 30 a die pad wthin and connected to the frame, wherein said die
pad has a side surface; and a plurality of substantially planar tabs which
extend fromthe frame toward the die pad wi thout contacting the die pad)
wherein each tab includes a side surface, wherein the side surfaces of the
die pad and tabs include a central depression. 3c 2 J ULY 2002 According
to still another aspect of the present invention, there is provided a

| eadf rane for making an encapsul ated integrated circuit die pagkhye002
conprising: 5 a frame; a die pad within3bnd connected to the frame, wherein
said die pad has a side surface; and a plurality of substantially planar
tabs which extend fromthe frame toward the die pad w thout contacting the

di e pad, wherei nAceeding tolfurthes bisskas ofthe priehtinention, tAdle Wrodied 4 packdge pad
and tabs hay i rst. o sur and. the side surfaces of the die pad and

e a { fgce |
tabs i ncl ud® ' ntegraied SiECUR A8 @MANSING; st surface, and a recessed vertical
por ti on5adj acenta die padihgvihg p substantiatly planardirstisuifacex anoppdsita spisstantiafly t he

D e L5 BBl Bl hRES Bl SR Bl 1Y
di e pads, vdueface, wheeshithaisecoratisuniase B expdsedsatrdf firstextePnad burfiof theQfackage;
T coneet e Rt Sl e e 1 B G 3 1
pl anar tabs whi chplavalityof nfetad borstacts atijaoent té psviphdral Sides26X the padkage whd hi n t he
Do U g e 58 PSP 5y P s GG Rt L 20 e
include a cotrfacelanpppdsitesabstantially planarssecbhd surfich candesside Surfrice bbveehesent
Ivent! o0, s B P, SIS Rt Ay Bgabd e, ane
said second surface is exposed at the first external surface of the package, and
wherein the side surfaces of the die pad and contacts include a lip adjacent to the
156 first surface of the die pad and contacts, respectively, and a recessed vertical portion
adjacent to said lip; and
an encapsulant material which covers the integrated circuit die and underfills the
lip of the die pad and the contacts.
According to again another aspect of the present invention, there is provided a
20 leadframe for making an encapsulated integrated circuit die package comprising:
a frame;
a die pad within and connected to the frame, wherein said die pad has a side
surface; and
a plurality of substantially planar tabs which extend from the frame toward the die
25 pad without contacting the die pad, wherein each tab includes a side surface, wherein
the side surfaces of the die pad and tabs include a central peak.
According to yet another aspect of the present invention, there is provided a
leadframe for making an encapsulated integrated circuit die package comprising:
a frame;
30 a die pad within and connected to the frame, wherein said die pad has a side
surface; and
a plurality of substantially planar tabs which extend from the frame toward the die
pad without contacting the die pad, wherein each tab includes a side surface,
| wherein the side surfaces of the die pad and tabs include a central depression.



a plurality of die pads, wherein each die pad has a side surface; a
plurality of interconnected franes in a matrix, wherein one of said die
pads is within and connected to each of the franes; and a plurality of
substantially planar tabs which extend fromeach frame toward the die pad
within the particular frame without 30 contacting the die pad, wherein each
said tab has a side surface, and wherein the side surfaces of the die pads
and tabs include a central depression. According to still anothgyLyasgect of
the present invention, there is providedig | eadfrane for making a plurality
of encapsul ated integrated circuit die packages conpri sing: 3d 2 JULY
2002 a plurality of die pads, wherein each die pad has a side surface; a

plurality of intatesBIRGE &l anbMERaspebt of thEbrebent iINVRALGH, theRSIR prévided 41 di e
pads is 5 wthin and connected to each of frames; and a plurality of

t he
subst ant i al |eadisane far maling apancAPiatedptegraled ekl diey RacKageSRMRIISINGe di e pad
wi thin tde parti gadfe;frane without contacting the die pad, wherein each
said tab has a side surface, and wherein the die pads and tabs have a first
surface, and the2&ieRaduifingndcapnestpdtiofthe fame wherelnaid digpad Res agidea |ip
adj acent toggfdcd: 4dd St surface, and a recessed vertical portion adjacent to
said lip. According to sti anot her aspect, of th@ I nvention, there

( | S . resent X
i s provided a mefRBHAIEY °frﬁ9l2$tﬁ©t' ¥ Pleperdgbsvligh extep frgmdh%ﬁﬂaewwd the die
conpri si ng: pad Withalit Behtacting iitsd die badkWhérdih 8aeH taBWicideb aaite sifface,sai d _
5 frame; wherein subst anti al | anar die pad is

| eadfra i ncludi pg a ly,

wi t hi n ghd connelﬁ’f‘g’&"‘c%egﬁd’apra&ﬁéa,bsmeé HRRGC P thmsg:{%aqurfpg%of digd
from the frpaPakdians tchide atibadjasént'td tHadwst saPaieatihd 8 sedebsediertiddpgorticnd
wherein the di engad and tabs each have a first surface, an opposite second

20 surface, 3RCP t“_ﬁa('.f%"psurface between the first surface and the second
surface, and theAsddiding t dtil@Aothér dspectdf thelliesdnt RvetRp, theld ip ppdvideda i r st

sai d 1 pi - pleUTGE o akPe By of SncapeatpE PR S Sle R of L he di
pad; el®ctrésmprisingconnecting the integrated circuit die to the first
surface of the t 3 l;%Fu-i‘ality of die pads, wherein each die pad has a side surface;

a plurality of interconnected frames in a matrix, wherein one of said die pads is
within and connected to each of the frames; and

a plurality of substantially planar tabs which extend from each frame toward the

20 die pad within the particular frame without contacting the die pad, wherein each said tab
has a side surface, and

wherein the side surfaces of the die pads and tabs include a central peak.

According to still another aspect of the present invention, there is provided a
leadframe for making a plurality of encapsulated integrated circuit die packages

25 comprising:

a plurality of die pads, wherein each die pad has a side surface;

a plurality of interconnected frames in a matrix, wherein one of said die pads is
within and connected to each of the frames; and a plurality of substantially planar tabs
which extend from each frame toward the die pad within the particular frame without

30 contacting the die pad, wherein each said tab has a side surface, and

wherein the side surfaces of the die pads and tabs include a central depression.

According to still another aspect of the present invention, there is provided a
leadframe for making a plurality of encapsulated integrated circuit die packages

comprising:



25 applying an encapsul ant material so that the integrated circuit die, the
first surfaces of the die pad and tabs, and the side surfaces of the die
pad and tabs are covered with the encapsul ant material, but the second
surfaces of the tabs are not covered; hardening the encapsul ant material;
and cutting so that the die pad and tabs are 30 severed fromthe frane, a
conpl eted package including a die, a die pad and severed tabs is detached
fromthe | eadframe, and said severed tabs are adjacent to periqhgaryadooi des
of the package. According to still anothgd aspect of the present invention,
there is provided a nethod of making a plurality of integrated circuit
packages conpri sing: 3e 2 JULY 2002 providing a substantially planar

met al | eadf rane, aphirality éfail padsewherelnsichaiiepdd hisal dide/suface;nt er connect ed
frames in a matrix;

wherelin a supstantjally planar die pad i.s within and
connected to eacfiP aﬁ%ﬂ@‘%ﬁ%ﬁ@%ﬁ%ﬂﬁ@@?%"é ngtuf,an]e@n gre gf?&éd(%{ﬁf’?daq By
pl anar tmbswiihih and coninettedas Badh 6fitke frands;éantihe die pad within the frame
wi t hout contacting,the die pad. wherein the die s and tabs each have
o surrace. andERBodsHbagianK BEng' Gos which eXishifom sarn Was sward tne
surface; ange\nagwithin thé parfibular feinid @itifoub Eoriticting it diegad, whetdsleachasaid abat t he
first surface of the_die r?cgd fully around the die pad and a recessed

vertical poPdd®#dasiTReEn®"Said |ip; placing an integrated circuit die on

the first surfacehekinghé biediads BAd tabelhaoé hifitst blifacePartRthé sidg s@dgdes iohthegr at ed
i ch, extend toward the

par ¢ 1 oG b Badeiind (bR lnolide abBofietnls sHlit Alfate ST Ateor TR VAR ot od
circuit di eportidrnadjddentto ssiflfipaces of the die pads and the tabs, and the side
surlaces of LN AhendRR HLnhBRages AR R eSS BEAB e deni ng
t he encapsumathbd wtinekinglah irdegratedtcirculigdie padkage comprisihge pads and tabs are
e s RSB Gt M ol SoBl o PR e e
second tbur ffemes of the severed tabs of each package are adjacent to
wherein a substantially planar die pad is within and connected to the frame, and
substantially planar tabs extend from the frame toward the die pad without contacting the
die pad; and
wherein the die pad and tabs each have a first surface, an opposite second
20 surface, and a side surface between the first surface and the second surface, and the
side surface of the die pad includes a lip at the first surface fully around the die pad with a
recessed vertical portion adjacent said lip;
placing an integrated circuit die on the first surface of the die pad;
electrically connecting the integrated circuit die to the first surface of the tabs;
25 applying an encapsulant material so that the integrated circuit die, the first
surfaces of the die pad and tabs, and the side surfaces of the die pad and tabs are
covered with the encapsulant material, but the second surfaces of the tabs are not
covered;
hardening the encapsulant material; and cutting so that the die pad and tabs are
30 severed from the frame, a completed package including a die, a die pad and severed
tabs is detached from the leadframe, and said severed tabs are adjacent to peripheral
sides of the package.
According to still another aspect of the present invention, there is provided a
. method of making a p-lurality of integratéd circuit packages comprising:



peri pheral sides of the package. 25 Finally, according to yet still another
aspect of the present invention, there is provided a package for an
integrated circuit die conprising: a netal die pad and a plurality of netal
contacts, wherein said die pad has a first surface, a second surface
opposite the first surface, and a peripheral side surface around the die
pad between the first surface and 30 the second surface, and the peripheral
side surface of the die pad includes a lip at the first surfaQeinfy2doe die
pad fully around the die pad and a recesdd vertical portion adjacent said
lip, and the contacts each have a first surface, an opposite second
surface, and a side surface between the first and second surfaces; an

i ntegrated circupioviding arsubkstatidlly pinasmefariadidmé, Raiddeadfiaamd includiig 8 JULY
2002 a plur allt.llail&(:?f conduct grs each el ectrically connected between the die
and the firBlprality,of nterconnegted franiesin B3 e of the contacts: and 5 a package

body forgred of awhereirdsubstuntiallydlsiar die.padad WittimardesHnatied té4h dithecover i ng
the die and_the first and side surfaces of the die pad and contacts,

wherei n t hef@B8¥nd surface of each said contact is exposed at a horizontal
first exterior swhéeinea plliralityef passicgalynahar tdbs extedd rohostichdainetbwarnd the

assenbly method for. ckage, wi,thin th resent 10 invention, Step 1

provi des a @@P&P"\1"5@3‘?‘?&?@‘?%H%Uﬁceeﬁa?tmﬁagﬁ'ﬁaaaues a rectangul ar frane,

e.g., a square fwhéamein the Sielpatiaand &bk yath R firstisarfasd ahé oppdsié Secdnd

connected to the frane urallid*%ﬁ_of finger-like rectangul ar tabs extend
fr

fromth CR. AN PR e'}é‘ ey 13t contacting the die pad. The
nunber and | ocat whérelpfthé bidle safaceaf Hendle bads inclades alipyat s st slifacslbfthgad and
e e one S 8T M B 48 o3 TS el Vel APAS Sdol SR 2 0
positions) and aplpeing bh itegratd Biccitidieorcthie fiest burtateaf ehdredidpad;pad and tabs to
e ot e Bsthehl MRl L R aRorRlESE R PRSI S e car 1,
connectts a whiollextencttoovardthegqrticulat diat conduct or between each bonding pad of
on a frat surt ace b i EiipRediia i o el B8 inad Bl ol BFF e 88,1 SS0us ™™
encapsul antsunfates ofthe dietpads hed thetabs ahdithiersiplef surfacessof ttieedie peds ariitabgarf r ane.
The oo Bl T Bhed D50 B0 R B o TR ADRRRT BB R S0y 208
of the di e guweredt he si de surfaces of the
20 hardening the encapsulant material; and
cutting so that the die pads and tabs are severed from their respective frames, a
plurality of completed packages each including a die, a die pad, and severed tabs are
formed, and the second surfaces of the severed tabs of each package are adjacent to
peripheral sides of the package.
25 Finally, according to yet still another aspect of the present invention, there is
provided a package for an integrated circuit die comprising:
a metal die pad and a plurality of metal contacts,
wherein said die pad has a first surface, a second surface opposite the first
_surface, and a peripheral side surface around the die pad between the first surface and
30 the second surface, and the peripheral side surface of the die pad includes a lip at the
first surface of the die pad fully around the die pad and a recessed vertical portion
adjacent said lip, and the contacts each have a first surface, an opposite second surface,
and a side surface between the first and second surfaces;
an integrated circuit die on the first surface of the die pad;



die pad and tabs, and all or part of the frames around the die pad. A | ower
second surface of the |eadfrane, including a | ower second surface of the
die pad and tabs, is not covered with encapsulant. 20 Step 5 plates the
exposed surfaces of the |leadframe, including the exposed second surfaces of
the die pad and tabs with a netal, such as copper, gold, |lead-tin solder,
tin, nickel, palladium or any sol derable netal. 2 JULY 2002 r WO

99/ 67821 S Step 6 cuts the encapsul ated portions | eadframe w t2yuLYs2002 | n
particular, step obliterates the disposaBi e portions of the or severs the
di sposabl e portions of the 1~ PCTNS99/13364 of the 6 either |eadfrane,

| eadf rame from5 ot her conponents of the | eadfrane, such as the die pad and
tabs, which are u@lrslity ofcordedtors eaémaeaﬁcéﬂggenne‘ateameﬁu@érﬁﬁeﬂreimthélﬁrst

encapsul ant terial and. there t he, peri pheral sides of the package.
A feature ofUfase 9ha reSpgEve e K‘l?f' Etse¥¥le 10 described nethod is that

thekdl e pad iand tﬁ(pabl@gb%oélyfoﬁnedb::&l ér?éﬁélﬂ?'ltménapfsatd%cb mm%énaof t[]e
package are |oca r first _sur acka e firs
sur f aces an@vﬁﬂ%ﬁ"?ﬁ‘? Q'Z‘E@egfs\{\gﬂ%s'ﬂ?éu'fﬁﬁsg etdé?o%a%"go whereln the e
package, i . secondsufdteastedcty¢didcerad RSexposdd Hral iedizonmtal fipstlexiehier SpRGESf the
surfaces of t he dhﬁ@Pad and tabs are not covered by encapsul ant materi al .

The die padb%ﬁﬁ % are isolated fromeach other by encapsul ant material.
In a conpl eted pﬂndmgambo@mﬁentbha\ m&mwhembdﬂﬁarmbmgeahmnoﬂhd:préd&at di e pad

the di ol achusriionosieRd P Es ameb By n e eediBheinOpis ¢ Beiarotng
asperities foéméleg.sadquaefrbmecs wbstahtﬂallyl planpedle pa«ﬂ lswﬁmmandsconﬁbﬁed mhe rant

2002 b 90/ 69891 A PhEciy tiEBef ittt alin 67 B bR alnednbaetf el 7

fasteners ownhcﬂ:mdontactlng the die pad. The number and location of the tabs around the frame

may vary. The die pad and the tabs have peripheral side surfaces which include a
15  reentrant



| ocks. Nunerous variations of the |eadfranme, package, and asseﬁbUULnngod
descri bed above al so are described in 5 this application. In one

alternati v&Q8¥&8Bl y nethod, a leadframe is provided whi ch HGGUEIIE3364
plurality of packages to be constructged sinultaneously. A leadframe for
constructing a plurality of packages simultaneously includes, for exanple,
a matrix 10 of interconnected rectangular frames. A die pad is within and
connect ed t opeathoof( st handnespesnndetsed Thanesensrseit gfostidhireddlend from
each franme toward the sides of the enclosed die pad w thout contacting the
di e pad. A sabdegaprtitnespsuohanicentéeegonnelcides DT appl wirg pedd
encapsul ant material onto the surface of the |leadfrane to which the dies
are attachedandhtabst ¢p tbeepldashdcdieasapsdliheng datsurifadces of the die
pads and tabs within a single block of encapsulant material. The
encapsul ant nat er sakpi 8 phenebBandenadtazbeA aut tintggiiaaeds efiaratias

i ndi vi dual packages from each other and fromthe di sposable portions of the
| eadf rams. The suftiireg Stefgaaksefsewer siikh@aeiqnnecti on between each of the
i nterconnected franes and the die pad and tabs within each frane. WO

99167821 7 BRI EF PDESERBPENLEN O cBRAW Nohn2ctldl a2@RAPGE/ dSYY k3364 Figure 1

is a flowchart of a nmethod of naking a
equivalent conductor between each bonding pad of the

die and a first surface of one of the tabs.
Step 4 places the leadframe on a flat surface,

10 with the die facing upwards, and applies a viscous
encapsulant material onto the upward facing first
surface of the leadframe. The encapsulant material 1is
then hardened. The encapsulant material covers the
die, the bond wires, a first surface of the tabs, the

15 first surface of the die pad, the side surfaces of the
die pad and tabs, and all or part of the frames around
the die pad. A lower second surface of the leadframe,
including a lower second surface of the die pad and
tabs, is not covered with encapsulant.

20 Step 5 plates the exposed surfaces of the
leadframe, including the exposed second surfaces of the
die pad and tabs with a metal, such as copper, gold,
lead-tin solder, tin, nickel, palladium, or any

solderable metal.



package. Ffbure 2is atop view of |eadframe used for 5 naklng a package
Figures 3 is an enlarged cross-sectional side view of a circled gQﬁhlg@dy
Figure 2. Flgures 3 shows an enbodi ment of a side surface of a die pa
tab. Figure 9 is a first alternative enbodi nent of a 10 SI% surface of a
die pad af® P432Fi gure 5 is a second alternative enbodi nedf
surface of a die pad and tab. Figuré 6 is a third alternative enbodlnent of
a side surface of a die pad and tab. 15 Figure 7 is a top view of the
| eadfrane of Figure 1 after encapsul ati on., The dashed Ilnes are cutting
paths for a sub§@ﬁﬂ% M S et Capﬁﬁﬁﬁéeﬁ Perhiepgsefsédei onal side view
of/ a conpl ete ackage. 20 Figure 9 is a cross-sectional side view of the
package of #ﬁ KA i ithed ?%%1udI%gpéﬁFHEPlPﬁteFEéﬁnéc?#@ﬁeﬁunps on the
package contacts. Flgure 10 is a flow chart of a nethod for nmaking a
plurality cfbbegeafess sivuldisresalPie poptionms cborheplegssrane.
PCT/ US99/ 13364 8 Figure 11 is a top view of a | eadfranme used for nmaking a
plurality off pir¥ifestid rdi IRmevube ypor DEIASLED DESCREPTLORMEI duom 1 shows
an exenplary nethod of assenbling a 5 package in accordance with the
pr esent 5i nvaite preonpenent 8 shovike al eadpremed package. tBeegit phdFigure 1
provides a netal l|leadframe. Figure 2 is a top view of a first enbodi nent of
a nmetal | eadfd drab20 whiclcoorelaneebe ihclhdedr ésenhei paekbigen. 10 For ease
of view, shading is used in Figure 2 to distinguish the netal portions of
| eadf r ame Axdp omalnpt \tsipee eshdeeneapsthanvamabesiel eandt shefrebgadf r ane'
20. Leadfrane 20 of Figure 2 is planar or 25 substantially planar and is
de of a cowenttlonglerigatdralres ddsl of stbd psckapeer or copper alloys,
| at ed copper or plated copper alloys, Alloy 42 (420 nickel, 580 iron), er
copper pl ated stredeatdependt ntheorpddieaggplbwiatt dry tHee alpp@si ng upper and
| oner surfaces 20 of |eadframe 20 may be plated with different netals. For
exanpl BQ t hiedahivokD nastdiodri ot ttedt potié | dhs pad| eadf canea2@swhi ch
ultimately are enclosed within the package may be plated with silver, gold,
ni ckel pall@diewy tite ceppared Suxhs pb At ting, Léadf exmapl ef Ry 25 enhance
attachnment of bond wires to tabs 30. 2 JULY 2002 5782 PCT/ US99/ 13364 9
Figure 2 i ndakdes dash lddesed\-atA thk - Bowér - i randsbxfdbesefathel i nes whi ch
i ndicate where leadframe is cut in Step 6 of Figure 1. Step 6 is described
~W. Fi gure pacdare.i n@hgeli mstcisut Bacws sladhetldéi serfaces of the

die pad and tabs are internal to the package, i.e.,
15 covered with encapsulant ﬁaterial, but the second
surfaces of the die pad and tabs are not covered by
19 _ encapsulant material. The die pad and tabs are
isolated from each other by encapsulant material.
In a completed package, only the encapsulant
20 material holds the die pad and contacts to the package.
The connection of the encapsulant material to the die
pad and contacts is enhanced by the reentrant
portion(s) and asperities of the side surfaces of the
-die pad and contacts. The reentrant portions and

25 asperities of the side surfaces of the die pad and



J which indicate the view of Figure 3. Leadfranme 20 of Figure 2 jU{gIZﬂ&Z}s a
peri pheral rectangular frame 21. Franme 21 consists of four i rectilinear
menbers. Tivo dogrgiint ersecting pairs of parallel nenbers of framesdiswase
denoted as nenbers 22 10 and 22A and 23 and 23A. Artisans shoul d understand
that the terns "rectangular” or "rectangle" as used herein include a
square, which is a rectangle with four equival ent sides. A rectangular die

pad 29 is w tBhbadbd ¢anreGlad akd dixdganmrdl. rdd e mads 29 hasa@ pl anar or
substantially planar upper first surface 25 and, although it is not shown

in Figure 2, 18Rkgpposite planar or substantially planar |ower second
surface 25. Die pad 24 also has peripheral side surfaces 27 between upper

first surface 20 RmandusovelriseaMd ¥ fare BaaA 400N cappect s
two parallel side sﬁlrfagée’s Z%lof die pad 24 to nenbers’ ggég%ad&%'ZA of frane

21 of Figure tor i %qﬁ, r g&g]e hor 29,

al t hough ot h%%sgﬁgggsﬁﬁﬁ%&%&gﬁ%ﬁ anc oérle 29&0@}& u:g"ea%gg WO

99/ 67871 PC f] US9 LQ._Thr fi AN 30 are
connect ec?Pt orcgﬁg gbgjieﬁ%%ﬁ[%rrﬁ'm%‘erogg?lgéﬁ%?%%%%l%iﬁ%%%on(%’ si de
surface 27 of die 24 .wi thout. cont acti.n I de surfaces. 27. a result
of this 5 cofif gaa?ggg%, ltshé)r(?g’r}ﬁjl%éfé" Cip%]c%al;leovﬁ 19 %g %a]alzts)f nogse row of
three contacts g% t wo gagal | el %i de?‘r of t.he package., Tabs 30 ultimately are
severed fronPRAERBEFS 53 Bfd S23RTANSHS L e Y %nd D--D of Figure 2,
and becone the contacts,of th ackage. 1Q .The nunber,. ] ocatjion, and shape
of tabs 30 may vagyieﬁglfré.%? Iogr, qoﬁ%t%eré{fotolfn%a?/i 13 BPhnly on menbers
23 and 23A of frame 21 .of .l eadfra 20, .as,in Figure 2, Jfsets of tabs 30 may

be placed onPaifef5ar SHEMIEAD SN a s Hdemy & O 1Rt BRI Ment

woul d 15 result in the formatjon of kage. E f Figure 2
has a pllé)nar of, interconnecte rectanacl;u uaard fofaa?mgg.e Aaglhe tp?a?d 3ioso 'gure

within and connected to each of the interconnected
frames. A set of tabs extend from each frame toward
the sides of the enclosed die pad without contacting
the die pad. A subsequent encapsulation step includes
15 applying an encapsulant material onto the surface of
the leadframe to which the dies are attached. This
step covers the dies and the side surfaces of the die
pads and tabs within a single block of encapsulant
material. The encapsulant material is then hardened.
20 A cutting step separates individual packages from each
other and from the disposable portions of the
leadframe. The cutting step also severs the connection
between each of the interconnected frames and the die

pad and tabs within each frame.



substantially planar upper first surface 31 and, although it\isZnhﬂ.ng%n
in Figure 2, an opposite planar or substantially planar |ower second
surface 32.wdQoka@h tab 30 al so has three peripheral side supé&poes/33ss

bet ween upper first surface 31 and | oyer second surface 32. Figures 3-6
show an enl arged cross-sectional side’view of the circled portion of Figure
2 along line 3-3. 25 In particular, Figures 3-6 show, in accordance with

t he 2 ~~I1 364 11 present invention, a side
surface 27 o#ﬁﬁggféﬁggé sl le fhé ace 33 of a tab 30 of |eadfrane
20 of Figure 2. Sidg, I IAce 2 ologi enppd 52 anflephdl SErRAgend3,5 of tab
30 of Figure 3 have gent t ant portrons. Tn particular, the upper and | ower
portions of sidq{sqgfaces 27 and 33 are reentrant such that there is a
central peakgif\ﬂﬁch extends outward from side surfaces 27 and 33 of die
pad 29 and tab 30,..10 respectiyve Encapsul [ I into the
reent r ant portiomgaﬁu%ﬁzg %%r?a%é% E?g§n§y3g$£eg%%§élg%%ékggg extends into
t he encapsul ant material. The reentrant portions of side surfaces 27 of die
pad 24 and s FRREC'AIBt tabs 30 of Figure 3 have 15 the function, in
a conpl eted packag;d of enhancin thg congection betﬁeen ihe.gncagsulating
material, on the onMWHR, > aht A eSPad-29°ahtCtRe Eoht 8Bfs 59t hé! Phckage

i.e., severed tabs 30), on the other_hand. )
( of a circfed portion o% F?gure 2. Figures 3 shows an

embodiment of a side surface of a die pad and tab.
Figure 4 is a first alternative embodiment of a

10 side surface of a die pad and tab.

Figure 5 is a second alternative embodiment of a
side surface of a die pad and tab.

Figure 6 is a third alternative embodiment of a
side surface of a die pad and tab.

15 Figure 7 is a top view of the leadframe of
Figure 1 after encapsulation. The dashed lines are
cutting paths for a subsequent sawing step.

Figure 8 is a cross-sectional side view of a
completed package.

20 Figure 9 is a cross-sectional side view of the
package of Figure 8 further including solder
interconnection bumps on the package contacts.

Figure 10 is a flow chakt of a method for making a

plurality of packages simultaneously.



In addition to having reentrant portions, side 20 surface 27 of 3@ W@CZQ
and side surface 33 of tab 30 of Figure 3 have a roughl y-textur?e u e
whi ch i ncl udessorsagmr ous asperities. Encapsul ant nmaterial fl owgTiushenisbe
areas of the asperities. The asperitigs al so enhance the connection between
t he encapsul ant 2 ~Ue_ 2002 WD 99/67821 PCT/ US99/ 1336A 12 material and
die pad 24 and the contacts of the package (i.e., the severed tabs 30).

Figure 4 shows a fafgiraliernatd V&s;pr@iéweof% sbdgrsanbaggs 27 ef die pad
29 and side surfaces 33 of 5 tabs 30 of |eadframe 20 of Figure 3" In t he

enbodi ment of iy & 4,1 4L SYrda (o I a central

depr essi on 3§]aar%gwa r ugﬁ%ﬁ%ﬂtur?f%ﬁ?%%es%gﬁgﬁﬁgﬁﬁggé NUer ous
asperities. Wiapdml g5+ fdhy fl ows into central depression 35 and in
the 10 areas —he reentrant portion and asperities of
si de surfaces 27 f Ei e 4 f LQn, ci | et ed
package, of enhan?iqcrlrjgu%%gl c%ﬂn%g%t?%n%mgﬁytrﬁgg}tééﬁga%gu?%%flgﬁgg%?i%I and

di e pad 2§ and the cont act oPJarE@ee ‘p%fa.{gfee(érgséﬁgggﬁg%/gred 15 tabs 30).

S
Figure 5 Zhows C§<a§eecolnd alternative pr o or-sid t88-27 of die pad

24 and side sEurfaces8 3?}‘00‘3;5 taabs SOJCofeI eadfrane 20 of Figure 2. In the

enbodi nent of A e 5 ¥ Ut &' ‘%7?%%’&3%%- i nclude a rounded 20 lip 36
adj acent to upper surface and 31 of die pad 24 an ab .30, respectively.
Lip 30 has a rougr‘ﬁstfﬁ 2]><t Tt a ep’?/\?ﬁjc%g? n%lrﬂ‘a‘éggn&ﬁ@?gﬁgm%peri ties.

Si de surfaces 27 and 33 al so have a rfeentfant .
Figure 1s a top view of a first embodiment of a metal

leadframe 20 in accordance with the present invention.

10 For ease of view, shading is used in Figure 2 to
distinguish the metal portions of leadframe 20 from
empty spaces between the various elements of leadframe
20.

Leadframe 20 of Figure 2 is planar or

15 substanfially planar and is made of a conventional
leadframe metal, such as copper or copper alloys,
plated copper or plated copper alloys, Alloy 42 (42%
nickel, 58% iron), or copper plated steel, depending on
the application. The opposing upper and lower surfaces

20 of leadframe 20 may be plated with different metals.
For example, the tabs 30 and/ or other portions of
leadframe 20 which ultimately are enclosed within the
package may be plated with silver, gold, nickel
palladium, or copper. Such plating, for example, may

25 enhance attachment of bond wires to tabs 30.



ort hogonajff portion 37 beneath lip 36, adjacent to | ower 25 seco%dJ%E§f§662

29 and 3F of die pad 24 and tab 30, 2 .Is. I~ 2002 WD 9916782

PCTNS99/#3364 13 respectively. Encapsu)ant material flows beneath |ip 36

and i nt® {Wispogaé8m of the asperities. Like the enbodi nents dafcTAuspanaxs43 and

4, thefgreentrant portions and asperk}ies of side surface 27 of die pad 24
i , igure 5 have the function, in a

fet ed package, of enhancing the connection between the encapsul ant

ial and di erpgdrd42anficlhdesodhsnt $iakst he~package,(icec, tals 30

r they are severed from nmenbers 23 and 23A). 10 Figure 6 shows a third

‘ernativepfon, sitpesdr haeesinésowhier padiddtandhsirde 1sudifacas 33 of tabs
of leadframe 20 of Figure 1. In this enbodi nent, side surfaces 27 and 33

ach incl udgy a; £ esh@NgH! 8tepi p 88 amlgaeen_&.toSue?ee $dr hager3peand 31 of
ie pad 24 15 and tab 30, respectively. Side surfaces 27 and 33 al so have a

‘reentrant grd fiagonagy Qfé'?naﬁgobﬁﬁéﬁﬁﬁeé'ﬁ 88radkbaggAat ghenkewarn ngecond
surface 29 and 32 of die pad 24 and tab 30, respectively. Encapsul ant

materiab flows beneahhihipc3Be Lhkeyibg sFbedhpats of Figures 20 3-5, the
reentrant portions of side surface 27 of die pad 24 and side surface 33 of

tab 30 of Figurefalaventhsof ysckhgazel 8 ancomplet adnBaskagsy of enhanci ng

t he connection between t he encapsufant naterla an and the
t act f t 200 WO
gg?G?éZi g(ﬁ%%ﬁ%@?ﬁgggeféémg zéfggﬁgggﬁ g oSéﬁsgg%s if % élgure 1 provides
tal | k h d th
oo 3 o CCOTEL AR MehBaLY Porhe K %r£§?e§EQ$ﬁ%h§n€5%8reP%FﬁgurZ'2 's 5

igure 3
Gor med fro?JPAifglsﬁxéhBeP?tgf ?I’Qﬁg ?‘! !’F% é@ﬁ&gél gtﬁglgﬁgr%r gechani cal

st anpi ng usi ng progressive dies. Rem c etc ing (al so

Known i8 Ssgfr[‘é CPon ML 29 )ahd 2 RrO(]:-%?élEQﬁ% YRéd1 28&8&%@?%@“3/ and

nmet al - ng chenlca to e ch ernIn strip. The

phot or esi st 5. exposed; o wtéeexag{fsr*-'g L} Brpughy 2. phgt g mask havi ng a

desired patterh, and |s Subsequently deve ope are & cals are
sprayed or otherMAse i t he sked.stri pos ortions of
the strip 1 Qf%ﬁ% e%c% amgy?&ﬁgﬁglngﬁ% f eS|rP 3?9e?nWl§g @g Y3l so wel
known, pro res§¢g gy Dg uses sets of progressive dies to nechanically
renove neta l11roma ? Strip. Each of a plurality of stanping

A rectangular die pad 24 is within and connected
15 +to frame 21. Die pad 24 has a planar or substantially
planar upper first surface 25 and, although it is not
‘! shown in Fiéure 2, an opposite planar or substantially
planar lower second surface 26. Die pad 24 also has
peripheral side surfaces 27 between upper first surface
20 25 and lower second surface 25..
A connector 28 connects two parallel side surfaces
27 of die pad 24 to members 22 and 22A of frame 21 of
Figure 2. Each connector 28 includes a mushroom-shaped
anchor 29, although other shapes may be used for anchor

25 29,



stations uses one of the dies to punch a distinct small 20 are gﬁgpgmﬂ
fromthe strip as the strip noves through the stations. A |eadf

havi ng si davgws/émees | i ke Figure 3 can be forned by cheni cal bgret®hisag t he
rolled strip netal stock fromboth sigdes using a conventional liquid 25
etchant. The etch process is stopped early so that 2 JUG 2002 WO

99/ 67821 PCT1US99/ 13364 15 there is an underetching of all of the side

surfaces of the cenpesentfgel-headf ram® a2QuildiclipEife surfaces 27 of
die pad 29 and side surfaces 33 of tabs 3 conpared to the tinme it would

take to formygntieak éosaﬁe SUEEAEET r oFN Beis AN shape of &@Jﬁzgfr apeak

34 of Figure 2 is controlled by the amunt of underetchln me 20

having side syrlageschtke; Aboule 3cean el Ay zcdﬂ%m&%dt[y etching the

rolled strip stock fromone side using-a conventional |iquid

etchant. ThecSﬁEQch.ngﬁ éssﬁg%'c@‘ée%t?ey%%d thed e degiid d to form

ort hogonal side sur or t he conponents o I"ea rane he size and

shape of cen&ggki\gﬁ 8h°nt§g E Eilw dgj Ak %%ngﬂr ] %da,\%y ghselréggcanount

of overetching rahe ng si sur aces |ke i gure an be

fornpd inatw S%Egag %ngﬁtac Ehr%bo %@aﬂﬁeﬁu SSI ejgﬁQH%InVO|VeS

formng a | ea@fr3 em-cal “et ching or prdgr ing so that
the 20 side sur aces o nent s .of _| eadframne i ncludin dle pad
24 and tabs B8CKASEe ah*Brt AQURSATBEEAY @reTﬁeevseer&sﬁofrsqném

coi ning the per f t surface o .the |eadfra ap Iy|ng a

hi gh pressurgg ﬁc%gg ?ﬂ%guﬁﬁér fPEs © 5'6% éé‘gjea' t%é’ ll%)aﬁﬁr?;rre 20.
This step deforns the side surfaces of zoaZ WD 99/67821

PCT/ USO0) 1338A° 16°F €AY Fife 20 A6, ScBiit T06 BRE \iRRact ed surface so that the
rounded, asperlty rked rot udln lip 36, of Figure 5.is fornmed. A

| eadf rad 20 havi F3° sTHBPSH f ACEECHPRe BAGUFLAPS Aart RS U1 MY by

progressive stanpin The side suyrfaces of é}e conmponents of |eadframe 20,

i ncl udi ng si Yi%r}éurfgeése’é?mB i 5535 CAnPAHE S ITFP ST KBy #p

members 23 and 23A of frame 21 of leadframe 20, as in

Figure 2, sets of tabs 30 may be placed on all four

members of frame 21. This alternative embodiment would
15 result in the formation of a quad package.

Each tab 30 of Figure 2 has a planar or
substantially planar upper first surface 31 and,
although it is not shown in Figure 2, an opposite
planar or substantially planar lower second surface 32.

20 Each tab 30 also has three peripheral side surfaces 33
between upper first surface 31 and lower second surface
32.

Figures 3-6 show an enlarged cross-sectional side

view of the circled portion of Figure 2 along line 3-3.

25 In particular, Figures 3-6 show, in accordance with the



of tabs 30, can be provided with a rectangular |ip 38 and a rﬁe rmh
ort hogonal portion 39 by including 10 internedi ate stanping s eqﬂi\- %h do
not fully wm99teMs20ugh the rolled strip nmetal stock before fipoahusyyasss i ng
through the rolled strip sheet. The ﬁﬂterrredi ate stanping steps and the
final cutting steps conbine to formthe rectangular, protruding lips 38 of
15 side surfaces 27 and 33 of Figure 5. Step 2 of Figure 1 places an
integrated girdedént dirvertionpperside séustudace? 26fod die pad 24. The

pl acement and attachnment of the die onto die pad 24 may be perforned using
a conventi op@q & &iald anly fEehiIe 20 anchisonyest | Do £ dhge abbagh adhesi ves.
During Step 2 and the subsequent assenbly steps, |eadframe 20 of Figure 2

i s grounded i@ ¥otect against electrostatic discharge ("ESD'). Step 3 of
Figure 1 electrically connects a 25 conductive netal bond wire between

i ndi vi dual bondi ng o 2 Jrle?09P MID S0 67821 POINSOY 43364 17 pads on the

integrated circuit die and the upper first surface 31 of 1 ndividual tabs 30

on | eadf¢ang 2Q 9f 3y w%ggnur@%s Bt el e Besere, gont aghs in the

conpl eted package, after tabs 30 are severed from5 nenbers and 23A of

f 21. J i I t . d f St
T RIS, 00 e el o oo vl e

3. Leadfra grounded duri'ng this wring step to prevent
darmage to t it § r-cui i due t i i scharge. At

t he conpl et igg]nff%f %t g%oﬁ%,rgﬁoﬂejaécﬂéjb%énel ngar:io{z;)ldse\%)cfeﬁe%}g%1E glhléglrg %%e%t rically
connected t t 0] .r?pe Fi gur , ich. s grounded. Tabs
30 of | eadf (r%z??rletr%g ijreea alélfzﬁglr eae)%%%rg%%eél;g%vﬁ%%hf argigll{igt es ESD
protection. |In _Ste f_Fi e d,,the second suyurface of 15 | eadfrane
20 of Figur esuffi%sce% 212c7g noahgéagfcff;tdls%rf?%ég\gg anc até\f}?sgé)tjs adhesi ve

encapsuj ating nater.i al, is lied onto the u rd facing,_ upper first
surfacei(gf I%g(?fercgr‘}é' eZ]GI Tral%pcearﬁ:salblsau %trrllﬁge‘n%%,\gr?)a?w? s”%b%l ?ﬁﬁ so that the
encapsul atin terial covers: the integrated 20,circuit_die, the bond
wires; any é%ﬁg’z%&mp}erﬁop% T41° po tsijoﬂ% %fr{]‘?)%ee? %?r%‘fas%?fac%e%gr%f di e pad
29 around theag(ieej'4 side surfaces 27 of die ‘gfd 24n;‘ uggerlfi rst surface 31
of tabs 30; P&idfe “SurFHcdEB T tHh FFORAY A (M543 of the width of

menbers 22, 22A, 23, and 25 23A of frame 21.. The encapsul ant erial al so
fills 2 ,~U-, RS AR RO HCARBRS Toie gt faces 27 oftafe

pad 24 and side surfaces 33 of tabs 30 of Figure 3 have
15 the function, in a completed package, of enhancing the
connection between the encapsulating material, on the
one hand, and die pad 24 and the contacts of the
package (i.e., severed tabs 30), on the other hand.
In addition to having reentrant portions, side
20 surface 27 of die pad 24 and side surface 33 of tab 30
of Figure 3 have a roughly-textured surface which
includes numerous asperities. Encapsulant material
flows into the areas of the asperities. The asperities

also enhance the connection between the encapsulant



the enpty spaces between the conponents wthin frane 21 of Ieaaf J3me20fd.
The encapsul ant material does not, however, cover |ower second surface 26
of di e pad wlogsrs2ower second surfaces 32 of tabs 30 of Fi guper/@sodmzan 5
alternative enbodi nent, die pad 24 % be up set during the encapsul ation
step so that a thin |layer of encapsulant material fornms under | ower second
surface 26 of die pad 29. If such a step were used, die pad 24 would be

conpl etely i magfetalalt aridieipackegez 4 Fanal e é&nw@wn@ﬁpewéaﬁ&c@@@rl al is
har dened. There are several methods by which Step 4 of Figure 1 nay be

acconpl i shed, (jdependiHg gm,éf@d apphd cagy on. For exanple, as a first step,
| eadf rame 20 of Figure 2 is placed on a hori zontal surface. As a 15 second

step, a contiguous %ep& o sh&eavent i ppal esive
material, such as SOL 445I epoxy from t%ie@éD%%%ierg hﬁﬂ)yﬁpgﬁg of City of

I ndustry, Calle/g%r@&fa @féopgéﬂ p%?éléicﬁ tséPf%‘& %éfde

menbers 22 23 a 23A o frame 20 rame igure 2,

formng ascl qsed rﬂt&ﬂgta%aj;%@ 2§ @ftﬂggrét %ﬁ tﬁe%eoéﬁlnémf' ed,

such as by heating at 1 or one hour convent i onal

har denabl h t b t k
25 Such ag HYSOL FAD Z’ZLZ%S% ﬁfﬂc@y'*f i ﬁh?eﬁg*?ﬁ% oo pactaoes

99/ b7821 PCTI_US 33 h npl et k thin th
damis cover &\ \?c\ll t‘a‘t]%L d% apsuﬁ a(ﬂ% S%t Tia < Igr}éﬂf |Theg’l‘€‘§][p%% 4 Jfefceé\‘/mce‘hc:augsuI gnt
material is h rde\ned h. as %/ heatin lg or_one, hour, form ng a
single sol i d"845i kS it ericapaut 2Nt ° it ?lfjatfl%%bve AP O 88df rame 20,

| udi t f Al t St 4_of Fi 1 b
heconpl | Shed SR odddnt aﬁﬁi’i%?%“’f% Ir%?e%’ly%%s%‘g hip Zme'gure%cﬂaﬁ °

t hod, df 20. of _Fi 10 d le bl ock
of S0l | dt ol 684 en ool ”ééeeh%%' ; Pher e QeehE Bt SR 253 1 ame 20,

including on its side su ace The encap | an terial

convent i onal aﬁlpzfﬁht&er?olocﬁf pﬁj ?ﬁ %o’h’vcéhf%/ ’ﬁaﬁlave

techni ques. Exanpl e nol din 15 co ounds i ncl ude NI TTO NMP- 8000AN nol di ng
conmpound froﬁlhtehéuf(ﬁctttl(?%??dé 5 Refckde 7361enhanet g n’éf‘%orrpound
fromthe Sum tono Conpany of Japan Conventl onal gates rmay be forned |n

| eadf rane 20 GPNEEHIGD |br‘Ftt"f?ee’P‘rD‘F}b‘? n"g“?ﬁ%%‘e]s%nt JRTAr R e of i R e

t he portions of Ieadfrarre 20 of Figure 2 which are not covered with the
encapsul ant gt éA%Iths rﬁﬂrlfd?ch"ggl%ge? he RIMEPSr fhce: 26tRE wEePRd 24 and

| ower second surfaces 32 of tabs 30, are plated using a conventional
pl ating hetalt® Spatible with printed circuit boards. For exanple, 2

~U .. ~a~ WO 99/ 67821 PC T/ US99/ | 3364 20 exposed second surfaces 26 and 33
of die pad 24 and FLBESBP FRBRA i $RFRd rﬁ’:/)t%’é”?)‘FjaY%dp’r?\ﬁ’?hl%ofﬂr ni ckel
pal | adi um inconel, Iead tin sol der, or tantalum depending on_the

appl i cati on. STHE SuthiargSsteh 95 3¢ K39 i4Atand byl dheserkrees cif of
i nterconnection of the conponents of |eadframe 20. Figure 7 is a top view

of | eadfrane t2Psof30ricfuieadirange et ere of of ISt ey amibodimenure 1.

A rectangul ar bl ock of hardened encapsul ant material 40
of Figure 5, side surfaces 27 and 33 include a rounded

20 lip 36 adjacent to upper surface 25 and 31 of die pad
24 and tab 30, respectively. Lip 30 has a roughly-
textured surface which includes numerous asperitiee.
Side surfaces 27 and 33 also have a reentrant
orthogonal portion 37 beneath lip 36, adjacent to lower

25 second surface 29 and 32 of die pad 24 and tab 30,



10 covers the upper first surface of |eadfrane 20. Although n ]ﬁpo 5
encapsul ant material 90 al so covers side surfaces 27 and 33 o die %m 24
and tabs 3WOJB2cti vely, of |eadframe 20. The bl ock of endgTURIMI364
material 40 in Figure 7 covers a portgon of 15 the width of nmenbers 22,
22A, 23, and 23A of franme 21 of |eadfranme 20. The peripheral portions of
menbers 22, 22A, 23, and 23A of frame 21 remain exposed. Alternatively,
encapsul ant medpectal vdDy couEdcbpsdéposi madeguerd tfhewesnbieneadpparnpfirst
surface of 20 | eadframe 20. As a second alternative, encapsulant materi al
40 coul d be Tepasdt edtoi the nateamef2theoakpatritdes .3014dke edeer ed, but
menbers 22, 22A, 23, and 23A are not covered. Step 6 of Figure 1 cuts

| eadf rane 2Cm¥odHimeies 7oR25Fi guskbu3 Rabeuri nget @eEngutas pozRdons Step 6
severs vy o,y ~0~2 WO 99167821 PCT/ Us599/13364 21 the connection between
tabs 30 and awdarbesse 28t 888 3BAs@hef carBadd off beadfieapd204 Shep 2 al so
severs connectors 28 between die pad 29 and nenbers 22 and 22A of frane 21

of | eadf banes 28 ShePabe abF0o€UtSLO3ONGEPTHLaRE BRhakeaknhd0, form ng
vertical external side surfaces of the package. Finally, Step 6 conpletes

the formationupde 16, paskageckyleuthi gc&ag@rrpbet edhpackage caway fromthe
di sposabl e portions of | eadframe 20. tep may be performed using a saw or

other 10 she@éﬁﬁ@c@paaraéyﬁee;[otﬂsrEﬁempman@ H\%‘t@gl%lséYYd Whe p
encapsul ated leadframe 20 of Figure 7 is inverted and placed on stlcky

film using e, cxnesed-norLkensoel cheadbeatsa2.as.a qubde sgsge-ELour e 27,

a convention saw I's used to saw a conmpl et ed package rom-t

encapsul at edtkg&adgfﬁ %%9’&; 9k§8m%1%_§1§%9 ECTaInLjI haan cuts are made aI ong

dashed |ines C, and i gures and 7 so that the

di sposahhe portloggggie'@agf]a@ge ZthgacgaMga%@@are be18022, 227 23,

and 23A of frane connectors anchors cut away fromthe

package, 'SO%x?fPéjc thyn, “8:%‘85 24”39@ 's%e”'@ur fac%t.%' et %‘3&@’ the

saw. The cutting a h™ of he sa [or the wdth the “saw bl shoul d

be sel ected §(9d$f‘a%%éé‘€ﬁ§r98”§6t 9”%1889&"3?” t30s 39 ;208 TG TRELS 23 and 23A

are severed an

side surfaces 27 and 33 each inclqde a rectangular 1lip
38 adjacent to upper surface 25 and 31 of die pad 24

15 and tab 30, respectively. Side surfaces 27 and 33 also
have a reentrant orthogonal portion 39 beneath lip 38
adjacent to lower second surface 29 and 32 of die pad
24 and tab 30, respectively. Encapsulant material
flows beneath lip 38. Like the embodiments of Figures

20 3-5, the reentrant portions of side surface 27 of die
pad 24 and side surface 33 of tab 30 of Figure 6 have
the function, in a completed package, of enhancing the
connection between the encapsulant material and die pad
24 and the contacts of the package (i.e., severed tabs

25 30).



2 ~1'... 2002 WD 99167821 PCTNS99I 13364 22 22, 22A, 23, and %fA ari 3ut
away or obliterated, but all or nost of each tab 30 remains i dut. &ﬂ-gure
8 i s a crod¥ogwetizbnal side view of an exenplary package 50 PeTigS$¥IcBG4

| eadframe 20 of Figure 2 5 according j40 Steps 1-6 of Figure 1. Package 50
has a planar or substantially planar external upper first surface 51, and
an opposite planar or substantially planar external |ower second surface
52. Orthogonal extray nils pesdeapeaisowes Sepre af Fheuperi pbecyieés1d package
50 between upper first surface 51 and | ower second surface 52. Sides 57

were forned giriang 1SR tamavhedy ang afsatd wird s et jes i o anewh abs 30 were
cut. Lower second surface 52 of package 50 of Figure 8 consists of die pad

24, a plural itiguafe perdmhesialndid® egiacts, 58, @nd,pag deped encapsul ant
material 40. De pad 24 and each contact 53 are like islands at the | ower

external secqngd iSWfRGS ShfePackage dh-arddieyo a€ Piysicabl ysseparated
fromeach ot her by encapsul ant material 40. 20 Die pad 24 and contacts 53

of Figures8 ?B"rm\é‘?ﬁs"fir%?r? W1 I RAU L AT o0 OF H QU eoyZ];wé'w’@f é'{‘%a%ﬁe':i gures

2 and 8, contacts 53 package 50 of Figure 8 were forne e

connecti ons t : : ed. t he saw
during 25 St leég:kgﬁ% %@L%}‘Z%%%%%%%ﬁ%%@ég%%ﬁygé lge’é’{'pad 24 of

Figure 8 is rectan mi% iyﬂeg]dlui 5 clvﬂ?“(ﬁ%ﬂ?i%if”%{gl?%ﬁf?%f%&f?r?gwézagf

package 50. Die pa s a ‘planar or s pl'anar upper

first surfac%h i %lesﬂgﬁgdpﬂsargarppgcé%sé@&i@é y o pl anar second

surface 26, and peripher e surfaces ond surface 26 of die pad
24 is in the -pl.ane econd surface. 52 of package 50 in Figure
5 although PRORCCerIRE TP Lhsoi JErel -G 4 SEh & A offs09%es s o
encapsul gnt nat %rbi_al 4Q. t100 aAlnge oaulghstno.t fu'”l.LSl¥ sl‘}?vxg in Figure 8,

rectangut ar & &35ad 24 HEs fodiT s de” surtaces 27 (o5 it at® shown). Each
side surface 27 of die p 24 h a reentrant rtion(s as _exenplified by
Fi gures 3-6. elxl’?o&&ﬂdt 'Oonu,aldtsl?a elogltsﬁtf a](r:legek% %é’ﬂ/o‘ﬁ% € & %%t'f‘%%lf as 15

exenplified Figures, 3-5: In Fiqure 8 integrated circuit die 56 iis on
a)ridm;t ![ ai:hed%é’l:ﬁ%gélr q‘qsrlslieilﬁaf% : 5 dcﬂé &%g% Wérﬁéﬂ( p‘ﬁ%+%}°%%$ti ons
of upper first dsurfac 25 . are cavered b enc%psul ant, materi al 9]?. (?i de

surfaces 27 28%FYHiSE padBEHIES A% ¢ BY. encpett She et £9Fal 40,

Lower second surface 26 o ie pad 24 is not covered b ncapsul ant
materi al 40, tl?utthreaﬂ?esrq“?i % e ?We%xﬁf%%‘?n§ﬁ?$a@ég5§t6%p package

50 o R ALLernal e prbodi Mt (000 SNl e pad 24,y be  ZIW
| As 1s also well known, progressive stamping uses
sets of progressive dies to mechanically remove metal
from a metal strip. Each of a plurality of stamping
stations uses one of the dies to punch a distinct small
20 area of metal from the strip as the strip moves through
the stations.
A leadframe 20 having side surfaces like Figure 3
can be formed by chemically etching the rolled strip
metal stock from both sides using a conventional liquid

25 etchant. The etch process is stopped early so that



entirely internal to encapsulant material 90 of package 50. onpFct s 53
are shown in package 50 of Figure 8, but since package 50 mas structed
from5 | eadVPAKE782D of Figure 2, it should be understood thaRCHHEIRAYIB450
has a set of three contacts 53 on twgssides 57 of package 50. In
alternative enbodi nents, package 50 could be fornmed with a different nunber
or arrangenent of contacts, depending on the application. ZO Each contact
53 of Fi guretBebhasia ambshaetrieslchy noectfardul @f peki FEider sandadced ogat ed at
the | ower second surface 52 of package 50. Each contact 53 includes a

pl anar or subkéasbinpbhgnplsandr leppEr afer 20 ,Sunhlcacdidl, sadeoRPeTial@spl anar
or substantially planar 25 second surface 32, three internal side surfaces

33 (only one2soghawe padFi2guia@dS)s ilavishg flagert RANL PekLisony, and one
external orthogonal side surface 55. Second surface 32 of contact 53 is in

the sanE_plaa@mgsréaweb gaeordmeuliftacRuld ehkRaekade ralves@ ilganst surface
31 and side surfaces 33 of contacts 53 are covered wth an encapsul ant

material 5 Segpnd surkaees32 and @xberRaly %h@%eS%&f%%%t%%loke%qn%acts 53 are
not covered with encapsulant material. Othogonal external side surfaces 55

of contacts 2p B340keFhOYLe Bn\eha 1kar tfer apQunkeRsd of Figure 1 2
,11~L 2002 WD 99/%7821 PCT/ US99/ 13364 25 when the saw cut the connections

bet ween tabsugﬁegggcﬂgggers 23 and 23A of l|eadframe 20 of Figure 2.
Accordi ngly, e exter si de surface 55 of each contact 53 has a vertical

profile which is hhe.58%ame 20 having side surfaces like Figure 4

can be formed by chemically etching the rolled strip

10 metal stock from one side using a conventional liquid
etchant. The etch process is continued beyond the time
required to form orthogonal side surfaces for the
components of leadframe 20. The size and shape of
central depression 35 of Figure 3 1s controlled by the

15 amount of overetching.

A leadframe 20 having side surfaces like Figure 5
can be formed in a two step process. The first step of
such a process i1nvolves forming a leadframe 20 by
chemical etching or progressive stamping so that the

20 side surfaces of the components of leadframe 20,
including die pad 24 and tabs 30, have an orthogonal
profile. The second step involves coining the upper
first surface of the leadframe 20, that is, applying a
high pressure impact to the upper first surface of the

25 leadframe 20. This step deforms the side surfaces of



5 plane as the corresponding vertical side 57 of package 50. AﬂthhgﬂmZot
shown in Figure 8, the three internal side surfaces 33 (only one is shown)
of each cofY@®8¥6782! have reentrant portions, as exenplified ORCTUSANIBIE3-6.
10 In addition side surfaces 33 nmay hgve asperities, as exenplified by
Figures 3-5. Both the reentrant portions) and asperities of contacts 53
enhance the connection between contacts 53 and encapsul ant material 40 of
package 50 olekidfunme8401ladTheeper itpetde dinpaerdeattsirFhdeesh ndtatbe
substantially rectangul ar in shape. For exanple, if tabs 30 of |eadfranme 20
of Figure 2 bhd @ochtedl aasperingt-rerkikeproentating 33 pvwad chave a largely
circular perinmeter with a rectilinear portion formed 20 during the cutting
of tab 30 fremylhieadbragetd@mea.Step 6. A bond wire 58 is connected between
each bondi ng pad 56a of die 56 and the upper first surface 31 of each

contact 53. Bond wifeaagramechbbi aakhingCeRBRChr faves) Yl OG2 PR HY 67821
PCT/ US99/ 13364 26 i ndi vi dual bondi ng pads 56a of die 56 to individual

contacts s53. c§ﬁcgedf@yméacsy3§r@5rgga&§%t%téa%qungF.i guiR &y be directly
connected to an external printed'circuit 5 board,” as in an LCC package.

Al ternativel y, a,8e5dek iALCLEABBAEHEAN BUMR B R ey, med, On, &Y act's 53
for physically and electrically connecting package 50 to a printed circuit

board. Fi gur ;9. Sugysaes0ben ! Al gr £aanoal ol By Ud U il Ipyer

second surface 10 32 and externa e surfa each cont act

package 50 obsFhaHcesd, LBnaReabteraablG: el ALy Aacand gurdgce 26 of

die pad 24 also nay be connecte such as by sol to'‘the printed

circui t board,ho,f aghhitahe b8cRBGKALE £BYLIRK 1%,FAQld ek Aegurs by

a
t hermal conducfi on.

10 intermediate stamping steps which do not fully cut
through the rolled strip metal stock before finally
cutting through the rolled strip sheet. The
intermediate stamping steps and the final cutting steps
combine to form the rectangular, protruding lips 38 of

15 side surfaces 27 and 33 of Figure 5.

Step 2 of Figure 1 places an integrated circuit
die onto upper first surface 25 of die pad 24. The
placement and attachment of the die onto die pad 24 may
be performed using a conventional die attach machine

20 and conventional die attach adhesives. During Step 2
and the subsequent assembly steps, leadframe 20 of
Figure 2 is grounded to protect against electrostatic
discharge ("ESD").

Step 3 of Figure 1 electrically connects a

25 conductive metal bond wire between individual bonding



Figure 10 is a flow chart for an alternative assenbly method, Znllcd88Bance
with the present invention, for constructing a package |like that of 20
Figure 8. YR%®4B2het hod of Figure 10, a plurality of packagBETAS/13364
constructed sinultaneously. The basigysteps of the Figure 10 process are
the sane as the Figure 1 process. Step 1 of Figure 10 provides a thin netal
25 | eadframe which includes a plurality of interconnected 2 ~u~ zooz WO
99/ 67821 PCPAUOS99T133@4 imtegaatady fidrcYitardie iand Hee ripeA Hiespad is
provided within each frame. Figure 11 shows an exenplary netal |eadfrane
70, in accosgaresenwth athd ngrigdeinali madrs i3dh, o uieadf vafior2® Sfep 1 of
Figure 10. Shading is used in Figure 11 to distinguish netal portions of

| eadf ranme 7@ifguom enpt Tabsacd hdttipmat alhe lompumertst att $ eadf tlmere 70.
Leadfranme 70 of Figure 11 is planar or substantially planar and is forned
of netal. Thkenmplemetalps ckadenetafoesy usdds A aonsdewetedgtt@adf rame 70 are
the sanme as those descri bed above for |eadframe 20 of Figure 2. Leadfrane
70 of Figur eelbeirsclidasda 2QiAs pds dlama eXit.angidrarerotd ©fia f risema Adi rOut er
frame 71 consists of 15 four intersecting nenbers, denoted as nenbers

72-75. Menber tad2hinenpakajdigmene mebere Thedntbyredthes I3 iSepdfsdhel to
menber 75. Wthin outer franme 71 of Figure 11 are four interconnected

rectangul ar 2fr aFegiighira WA shyyriomn 2 rairing thesesf r angss e for med by
the intersection of three disposable strips 76 and three di sposable strips
77. Each of prk&eh@udaimalees connert ahddgrmedfcircuit dies due to
electrostatic discharge. At the completion of Step 3,
10 each bonding pad of each die is electrically connected
to a tab 30 of leadframe 20 of Figure 1, which is
grounded. Tabs 30 of leadframe 20 are all shorted
together, which facilitates ESD protection.
In Step 4 of Figure 1, the lower second surface of
15 leadframe 20 of Figure 2 is placed on a flat surface,
and a viscous adhesive encapsulating material is
applied onto the upward facing upper first surface of
leadframe 20. The encapsulating material is applied so
that the encapsulating material covers: the integrated
20 circuit die: the bond wires; any exposed peripheral
portions of upper first surface 25 of die pad 24 around
the die; side surfaces 27 of die pad 24; upper first
surface 31 of tabs 30; side surfaces 33 of tabs 33; and

part or all of the width of members 22, 22A, 23, and

25 23A of frame 21. The encapsulant material also fills



Figure 11 has the sane basic features as frane 21 of Figure 2. ?@ggr?mggly,
the sane reference nunbers wll WO 99167821 28 2 JUL 2002 P 64

be used, wW089/61821i cabl e, and associ ated di scussion w || berPeybsevizadsed. A
rectangular die pad 24 is within and gpnnected to each of the four frames
formed by strips 76 and 77 5 of Figure 11. As in Figure 2, each die pad 29
of Figure 11 has four side surfaces 27. Each side surface 27 has a
reentrant pothéoBfply Spaleas bdtdie @ramiaapdfenftisguwriehidr Eranicdesur faces
27 also may include asperities, such as those shown in Figures 3-5. 10

Three paral | gf staiipgam® 206 WTH RrsaghcaARREChed rq Jfir s’ hatf, Figure 11,
Afirst strip 76 is adjacent to, parallel to, and connected to nenber 72 of

frane 71. A §6689drst EoRefd lioweddjsreMd tsurFalcdl el dJdfo qiandernedded to
menber 74 of frame 71. Athird strip 76 is 15 located in the center of

frame 71 betyggarj Yxtapased Faides a2 dre s 304 ofFaghy sty iop 76pfy i gure
11 is connected to each of the die pads 24 which are adjacent to that

parti cul ar Sgﬂﬁnz@tieedg%%agme%trruweomh%_e%a%n%orupZ%e%OWuerCi each

strip 76 to each 20 adjacent die pad 24. "Two di sposabl e connectors 78

t nmb 7 ' ' t I R HLG, : rs 78 t
Tenber 74 {0012 s 0 BERRE TOET! T8, Phe PRuBer A FUSA Cins of connector s
76 . 0 1,67 P 99/ 6 T, Il el

Y VArY. oncBodthop00R. V0996 a0 POHUSOYLIEI04 20, s Al | e

strips 77 also are w n and connect e rame are One strip

77 is adjace , rall.el,  to, connecl [ mhgrs 73 75 of
frame 71. A g%s%gsgggegggn%éétoH%Q%uggkghﬁgggg&%%%ﬁg§§ﬂ$3CgﬁhFﬁgj?%ptheir

respective adjacent strip.7Z7. A t.hird strip 77 is_|qocated in t center of
frame 71 betVé%%gj%§t§88§é§%6%9?5n5€5ﬂ%é pads 4Paﬁ%§qeﬁteggéggﬁﬁ@ ends of
t he perﬁﬁher strigs 7§g%ndm£769raFigg;§§%4 azgiconnected to the inner
corners 10 ofBut&robPri rimag d&t& éﬁﬁ% dt approxinmately a 45
degree angle fro ach of the four, inner corners .of framne 71 and connects
to the interconng@ggaeeﬁﬁg 5@“§3Fﬂpﬁ?& © lqyp§%?§haﬁﬁef7ﬁ éﬁ?e 79 is

useful for the introduction of noldi,ng conmpound j.nto a | d, where 15
mol di ng is theIehGsen™Adt 8dQﬁCQQﬁihﬁhﬂQHJQﬁP?qﬁéﬁﬁrQ“ p 76 of Figure
11 intersects central strip 77 at the center of Ieadfran% 70, The ends of
central striPEP¥8CaR4CR7 i ALE SKFRYfe Fer ifpHerat StePs PR Te™Rs,
respectively, 20 In Figure 11, a plurality of straight, evenly spaced,
finger-like, Z?eEFaﬁgﬁPgF gaB? I 3SER AR i hé’étlszoﬁftaai VO AGReadtt &rip 77
toward the sides of each of the die pa?§ 29 3gjacent that particular strip
77. Tabd%30 88CABE E6RPact oS tIAROUSg Pepdh odedt CANVENSIP™ 77 that is

bet ween j uxt aposed gairs_of die pads 24 has ~ ~uL zgo2 WD 99| 67821
PCTN89911336Qa§@ena le viscous adhesive material, such as HYSOL

4451 epoxy from the Dexter-Hysol Company of City of
Industry, California, is applied onto the upper first
surface of side members 22, 22A, 23, and 23A of frame
20 21 of leadframe 20 of Figure 2, forming a closed

rectangular dam. As a third step, the dam is
solidified, such as by heating at 150 °C for one hour.
As a fourth step, a conventional hardenable viscous
adhesive material suitable for encapsulating paékages,

25 such as HYSOL 4450 encapsulant, is applied within the



mrror-image sets of five tabs 30 which extend in opposite diréclilor§02
toward each of the juxtaposed die pads 24. Each tab 30 will ultimately form
a contact 3408¥63§3kckage 50 of Figure 8. 5 Each tab 30 of Fi Q§iTAISPY13364
three side surfaces 33 which have a neentrant portion(s), such as shown in
Figures 3-6. Side surfaces 33 of tabs 53 al so may include asperities, such
as those shown in Figures 3-5. The reentrant portions and asperities of

si de surfacedah0s83tohtt dihe IMhacompdrte paekagenedttidm hdteveram drcapsul ant
material 40 and contacts 53 (i.e., severed tabs 30) of a conpleted package
10 of Fi gurec8vebedpw tif ehicgprsalbhtpaces iand arsaghesnadl idileggr at ed
circuit die 56 on upper first surface 25 of 15 each die pad 24 of |eadfrane
70 of Figurethd, easagendtintecthaalzovalf as Shepicheedf, Bugw e@sl.byReferring to
Figures 8 and 11, Step 3 of Figure 10 electrically connects a conductive
metal bond whegt38gbatwasn eachkhordienGhoRd] Foanahgeackiny1egrsatiad circuit
20 die 56 attached to | eadfrane 70 and a tab 30. Bond wire 58 is connected

to the figstpsyekaee 3hcapseachtt aRt3Qialhepieheds for 19RF Qnef Figure 11
are the sane as described above for Step 3 of Figure 1. Step 4 of Figure 10

covers each pbpconpket,aipackana t25 Qfdel aadfrhar®e 70 of Figure 11, including
all of the dies 2 JUL 2002 WO 991 67821 PCTI US99/ 13364 31 56, with a

conventional viscayseradRasiais erncapsul 3t pIRLel al malhgdret hods and
materials used for Step 9 of Figure 10 are the sane as for Step 9 of Figure

|, except thQEcBﬁglﬁ%éﬁs%:sﬁ% '&tn%rein%lioin%lagglais%qco?rf?ﬁéée 1 of the

i nconpl ete packages 50 of l|eadfranme 70 of Figure 11. capsul ant

mat eri al covggghégagggperlgir EZ%;n %%ogﬁ g%%gE&%g% %R’éﬁifwgﬁ%ea§ si de

surfaces 27 an _ di e pads t abs respectiv

encapsulgnt gt %Fégdi 3ot BOMAY dentl of WA SKIAE L3 U fhelcovers

all of the inco éte packages df adfra 0 gure as "wel'l as al

or part of tBg 4L gl Gehsis 1279 00 I A9R.EL 91, Leedi A 10, Agaln.

t he | ower second Surtace of i ncl udi ower surfaces 26 and
gﬁcgf die pagy Zﬁn%ﬁﬂdé%gt ahs 3% LERPEELIFLelY, | §HI0t COVRn8d oY
psul ant material, buf® instead remains exposed.
material may be a conventional plastic molding compound
applied using conventional techniques. Example molding
15 compounds include NITTO MP-8000AN molding compound from
the Nitto Company of Japan, and EME 7351 UT molding
compound from the Sumitomo Company of Japan.
Conventional gates may be formed in leadframe 20 to
assist in the molding process.
20 In Step 5 of Figure 1, the portions of leadframe
20 of Figure 2 which are not covered with the
encapsulant material, including lower second surface 26
of die pad 24 and lower second surfaces 32 of tabs 30,

are plated using a conventional plating metal

25 compatible with printed circuit boards. For example,



Step 5 of Figure 10 plates the exposed | ower surface of Ieadfrgnﬁgzlozggj
Figure 11, including | onwer second surfaces 26 and 32 of die palls d
tabs 30, 2WWO¥#T82Iti vely, with a conventional plating netal PCINiS998338p i S
acconpl i shed as descri bed above for Spep 5 of Figure 1. Step 6 of Figure 10
cuts leadfrane 70 of Figure 11 after the encapsul ation step. Encapsul ated

| eadframe 25 70 is cut in situ, simlar to |leadframe 20 of Figure 7. 2
~UL 2002 WO 39 SsriP 1s RESNEIU A836ds 326 Tined dBSpesabie peat bensnaf | eadframe
70 are either severed fromthe packages, obliterated, or isolated by

encapsul ant tEgLrig) Jé@aé&ﬁ@%ﬁﬁrmwn@@n@éﬁe@fwp@ﬁkgg@dwn%kghgure 8.
The requirenents of and 5 nethods used for Step 6 of Figure 10 are

basi cal |y t hey s @8, dasesnded abgyetinrsSieers of Fhgureuh, except that
nore cuts have to be nade because | eadframe 70 of Figure 11 1s bigger and

has nore compansiisnd om dieadipaec20i o, Fi e ep2at 1Ry Skepp6i0f Figure 10
severs the connection between tabs 30 and strips 77 of |eadframe 70. This

cut forng tf}f‘aéiéﬁfé@éb e dé'f‘éc@?ﬂéé‘ft§n€§ré@9¥‘@c£ﬂﬁﬂ%¥ggﬁe5o of

Figure 8. Step al so severs the connectlon between anchors and strips

76. This cutcoq!{y@{ﬁq@gg yoéslé%@fﬂrﬁé %@Jg pads 29 within the encapsul ant
al's t

material. Step 0 cuts throug e single bl-ock of encapsul ant materi al

f d duri , f . f ,Fi
ormed during St gpolréﬁegj ng{dgnugs QUL PRCKAOSE ?%#ei??ga&égggt&@”?lé&g Fi gure

11. Step 6 may b ihg a saw or © Ing apparafus.

Where a sawail%efjrs%eg ogonﬁ%f&dlgoﬂtgg éﬁ%%%slf@vgg ﬂg‘tr]lggs“i Pg 75 and 77

(See Figure saw Dbl a used Id be W der n“Strips 76 and 77
oL L B RYFLo W L5 SO G AL Bl SEDLERLLSHBLE 77 20,
76 and Zgl covers the upper first surface of leadframe 20.
Although not shown, encapsulant material 40 also covers
side surfaces 27 and 33 of die pad 24 and tabs 30,
respectively, of leadframe 20. The block of
encapsulant material 40 in Figure 7 covers a portion of
15 the width of members 22, 22A, 23, and 232 of frame 21
of leadframe 20. The peripheral portions of members
22, 2237, 23, and 23A of frame 21 remain exposed.
Alternatively, encapsulant material 40 could be
deposited over the entire upper first surface of
20 leadframe 20. As a second alternative, encapsulant
material 40 could be deposited within frame 21 so that
tabs 30 are covered, but members 22, 22A, 23, and 23A
are not covered.

Step 6 of Figure 1 cuts leadframe 20 of Figure 7

25 in situ. Referring to Figures 2 and 7, Step 6 severs



WO 99/678Z1 33 will obliterate strips 76 and 77, but will not UULZBMDZ
PCTI US99/ 13364 obliterate tabs 30. As discussed above, the surface area of
t abs 30 nud¥0 ¥678HI nt ai ned because the severed tabs 30 becorRCTANMAEHS 53
in package 50 of Figure 8. 5 An exempjary nethod of acconplishing Step 6 of
Figure 10 includes a first step of inverting the encapsul ated | eadfranme 70
and placing it on sticky paper. Using the exposed portions of |eadframe 70
of Figure lltles compadteion béreeeparabkeBOcahd membemde 231@neiai3rof which
goes through side nmenbers 73 and 75 and al ong and through the I ength of a
strip 76 of deafifamere? ¥0of Thesefthmee20ut sstepnpt wasef skhefsour ext er nal
side surfaces 57 of package 50 of Figure 8; obliterate strips 76; and sever

t he connect i @drsndet yeen &lilee passn 18i @4pand2st shfsméfibeNext2 tha 22a
encapsul ated |l eadframe 70 is rotated 90 degrees, and three parallel cuts

are made perpenth oid a2l tof t hea@F Fgndap ot hr seeputsalkachuelk these latter
three cuts goes through side nenbers 72 and 74 and al ong and 20 t hrough the

length ob a stddps(VantThesestpdlesof hfeemetSvaksochor Bxkke nz@maigeng two
external side surfaces 57 of package 50 of Figure 8. Since the width of the

saw bl ade i sggef£ed £ octhe YhéERs éhanwhanw 7§téﬁd67zom9qfet@%r kgwer than
t he conbi nati on of central strl % and tabs 30, the latter three cuts

OBI 1 Lor al 6 St i s o Jhhe 2002991 67 7824+ PERLUSI2A3304 o phE il do ot

obliterate the tabs 30 which are a tac
away from the disposable portions of leadframe 20.

Step 6 may be performed using a saw or other

10 shearing apparatus. To perform Step 6 using a saw, the
encapsulated leadframe 20 of Figure 7 is inverted and
placed on sticky film. Using the exposed portions of
leadframe 20 as a guide (see Figure 2), a conventional
wafer saw is used to saw a completed package from the

15 encapsulated leadframe 20. Criss-crossing rectilinear
cuts are made along dashed lines A--A, B--B, C--C, and
D--D of Figures 2 and 7 so that the disposable portions
of leadframe 20, including side members 22, 22A, 23,
and 232 of frame 21, connectors 28 and anchors 29, are

20 cut away from the package, isolated within encapsulant
material 40, or obliterated by the saw. The cutting
path of the saw and/or the width of the saw blade
should be selected so that the connections between tabs

30 and members 23 and 23A are severed and side members



to strips 77. The six cuts described above conplete the fornathnloﬂmqhe
four packages 50 from | eadframe 70 of 5 Figure 11 by separatifg-the

conpl et ed waxdeoxged from one another and fromthe di sposabl e poaViSIOEE60Of

| eadfrane 70. Artisans w |l appreciabg that nunerous variations of the
packages, |eadfranmes, and assenbly nmethods 10 descri bed above are possi ble.
As one exanpl e, changes can be nade to | eadfranme 70 of Figure 11 in order

to change the,sizze, dBpearsdd bunkes scof sheypackepest80afElgupat?) forned
fromleadframe 70. For exanple, instead of sinultaneously form ng four

packages usiand drlmdfadif asdch i kep| eadiemaend0igtafigure 11, the size of
the | eadfrane nay be adjusted so that two, eight, sixteen, forty-eight or

some ot her nunberpiQfuRAGKaGLS, ak £o £ O HBEL &AW t aDgoUSt ¥y £8 gpot her
exanple, one may milti ply the nunber of packages forned sinultaneously 20

by form ng %Q@%ﬁﬂa HHams I ﬁgﬁécﬁﬁgmt9e§§§Paﬂéh§ﬁ g8 §1§h98|§.5tr'p

of rolled stock, &Pproce53|ng all of the leadfranmes 70 on t strip

Si wltar&seouglc\eoxféﬁr@;%wg EFEMPLE: of NP1 HEEL PRET Aba 5paRESs O ngLeaPads 24
be

and tabs 30 ma ange fron1rectangu ar to sone er s ape d JUL

Lgygaxggggé?i% |§PQE#Q§82 pads ﬁﬁ%ﬁgl %&t %Eefégfegégégl§?rggnsbgealtered
(rom e AU S 01 FOMESPeSes LS ASE R aDBELAAEEINRD, O 1 s
24 and planar external lower second surface 52. Orthogonal
external package sides 57 are at the periphery of
10 package 50 between upper first surface 51 and lower
second surface 52. Sides 57 were formed during Step 6,
when encapsulant material 40 and tabs 30 were cut.
Lower second surface 52 of package 50 of Figure 8
consists of die pad 24, a plurality of peripheral
15 contacts 53, and hardened encapsulant material 40. Die
pad 24 and each contact 53 are like islands at the
lower external second surface 52 of package 50. They
are physically separated from each other by encapsulant
material 40.
20 Die pad 24 and contacts 53 of Figure 8 are
vestiges of leadframe 20 of Figure 2. Referring to
Figures 2 and 8, contacts 53 of package 50 of Figure 8
were formed when the connections between tabs 30 and

members 23 and 23A were severed by the saw during

25 Step 6.



ovof packages 50 of Figure 8 is maintained. Leadfrane 70 of

may be nodified in other ways as well. For exanple, 4 H&LY 2002
peri pheffal strips 76 and 77 that are adjacent to nenbers 72-75, nay be 10
omi tt el wor96188h a case, the anchors 29 of Figure 11 woul BChAS133ehed to
72 and 74, and tabs 30 wouXd be attached to nenbers 73 and 75 of
71 of leadfrane 70. As a final exanple, instead of formng a single
ock of encapsulant material over all of the dies and inconplete
pacfages of |eRdernad 2¢ of Figwre B1 isa nesitdrmdiawy andlids dual i zed

Ities for formng a block of encapsul ant materi al above each the four
er connkotcateflr abedocupd decopadsw2fagle [Seadffr e kKL ®E Ay e used. In
ch a case, |ess encapsulant material would be cut in Step 6 of Figure 10.
he abovepdéds2di phcdndes enmpddineentogs clubistiantimddnt ipdrarax iugpnded to be
illustrative and not Iimting. Oher enbodinents of this invention will be
2 JUG ?afiZr¥© 99r6382| 2BCTadSeppb3ite P4 avlat @is subdtmsei fKiy [ ed in the
art in view of the above discl osure. 2 JUL 2002 37 CLAIMS 1. A package
for am i npeghatedeebhduisiirdiaeec @épr iasidn@e rd phedaNad Ry isir maddpst antial |y
pl anar first surface, an opposite substantially planar second surface, and
a side supfacesbebnaesuirffacki P% cFudiacpaand 4 he secam: Sanfeace) wherein

the second surface of the die pad is exposed at a first external surface of

the packageane as lower second surface 52 of package 50 in

’ , Figure 8, although in alternative embodiments, die pad
24 may be set up into encapsulant material 40.

10 Although not fully shown in Figure 8, rectangular
die pad 24 has four side surfaces 27 (only two are
shown). Each side surface 27 of die pad 24 has a
reentrant portion(s), as exemplified by Figures 3-6.

In addition, side surface 27 may have asperities, as

15 exemplified by Figures 3-5.

In Figure 8, integrated circuit die 56 is on and

q’ attached to uﬁper first surface 25 of die pad 24.
éeripheral portions of upper first surface 25 are
covered by encapsulant material 40. Side surfaces 27

20 of die pad 24 also are covered by encapsulant material
40. Lower second surface 26 of die pad 24 is not
covered by encapsulant material 40, but rather is exposed

at lower external surface 52 of package 50. In an

alternative embodiment (not shown), die pad 24 may be



an integrated circuit die nmounted on the first surface of the ai.dUlpaZIJﬂZa
plurality of netal contacts adjacent to peripheral sides of the package,
wherei n eaM® ¥¥A82dct has a substantially planar first surfa®€T/usnvy3posite
substantially planar second surface,,and a side surface between said first
and second surfaces, said first surface has a bond wire connected thereto,
and sai d second surface isexposed at the first external surface of the
package, an@naierediyn iriteermiale wsurdracgsswiathemster pad andocopsiarktgei ncl ude
a central peak; and an encapsul ant material which covers the integrated
circuit diesand the central peak of the side surfaces of the die pad and
the contacts. 2. A package for an integrated circuit die conprising: a die

pad having a substantdaidactd amrafd rstowr {RCacREGOPPYSHEe substantially
pl anar second surface, and a side surface between the first surface and the

second surf ageyuurehey,eigud he wec gk iy d ace wis thensi eupadyi srexposed at a
first external surface of the package; an integrated circuit die nounted on

the first surfagg e the Sk eRAtie & Pl adhdy1 @f poel Bhe £OPLAGT SHAE] aCeNt toO
peri pheral sides of the package, wherein each contact has a substantially

planar firstsyrface %sopaoos%é%ﬁt@?}@@té&héa{c@aé@roﬁe&g&dsf&ééace, and

a side surface between said first and second surfaces, sal first surface

h bond w ' ' d at
the first oneriab e d0r ohe AR AP BEE oFaBH O Poces o
the die pad nd. cani ael Sd.06l4ide & cenifabe dpr esghor: gnd an encapsul ant

mat eri al whi'ch Ccovers e integrated circuit die an he” central peak of

the side surtaces of the die d..and e c cts. 2 Jtlh 2002 38 3. A
package for 4 AEGH At eodéjcclorrg%cttasdi eé o%‘f?#gs?n%r? PR FRAHCRRI R a

substantially pl Lofir urface, .an osite_ substan ia{l | anar second

surface%band a s?ﬁghsuér%nz“{:ae e ?/\l/e%fn tﬁh%l%%?ritﬁ%%r ace Sa’t%%n hgélg%cond

surface, wherein the secaond s%rface (%s. ex external surface
er an

cta uel r erl (S)Saed %t a{irsi
of the packd§e RTU e fiHEF G AN T " BT Pont the' PYF5t surface of
the die pad; a plurali of tal cantacts,adjacent to peripheral sides of
t he package Szfr‘?éapnéﬁtsélr‘]: a?%ge t%%:‘}ﬁ R%Cg(acﬁ% %%d é\lﬁgri’ e‘F?P‘é%BT‘: ggnt act has a
substantially plapar first surface, an opposjte substantially, planar second
surface, andE R QRIS bAMCEP AT ITF S RIPRboRCs Ut ihths, sai d
first surface has aBlﬁgnd W re connected thereto, and sai segfnd surface is

exposed at e HEGSE lextd} PRAPSF TR 32T HeF pRdReNtiatty planar

15 second surface 32, three internal side surfaces 33
(only one is shown in Figure 8) having reentrant
portions, and one external orthogonal side surface 55.
Second surface 32 of contact 53 is in the same plane as
lower second surface 52 of package 50.

20 First surface 31 and side surfaces 33 of contacts
53 are covered with an encapsulant material. Second
surface 32 and external side surface 55 of contacts 53
are not covered with encapsulant material.

Orthogonal external side surfaces 55 of contacts

25 53 of Figqgure 8 were formed during Step 6 of Figure 1



wherein the side surfaces of the die pad and contacts include a h 2002

adj acent to the first surface of the die pad and contacts, respectively,
and a reced@89/4782x i cal portion adjacent to said |lip; and arrcIusgeasdeant
mat eri al which covers the integratedgircuit die and underfills the |lip of
the die pad and the contacts. 4. The package of claiml1l, 2 or 3, wherein
the side surfaces of the die pad and contacts include asperities. 5. The
package of awmigennthefsahecpt eciedi agnséat ishswhetebancaabspaokage has a
rectangul ar perineter and has four peripheral sides, and said contacts are
aligned in ame@peasony &0 DPRPOSEt Bepefipher ab sfdesqoket ke package. 6. The
package of any one of the preceding clains, wherein said contacts are
aligned in aprewralAglypache obxtBenhdusiger spherak skdes ehdhhe package. 7.
A |l eadfranme for maeking an encapsul ated integrated circuit di e package
conprising: achtase;s3 Hhe Pagewtibhn gpdreoBnprted tQ the fhae, wherein
said die pad has a side surface; and a plurality of substantially planar

tabs which exignd fsopnéheofraspohayaydvthesdihe 9§eeW%bh%%thyM§¥§ing the
di e pad, wherein each tab includes a Side surface, ,~. 11y "L002 39
wherein the ghde surfaces of the die pad and tabs include a central peak.
8. A leadfrane for making an encapsulated integrated circuit die package
conprising: a frage;ndughendadshbikfi inandy 9Qn§9t€ﬂet9h&@% f{ [ e her ei n
said die pad has a side surface; and . a plurality of substantlaply pl anar
tabs which e d exkr o] d; th LevP iLt.ho agty ng the
i e pad. whor bin SASEEYED ool el o He SnorEae0e ekl tonidd e
surfaces of dj d incl ude - depr iQn. t-~ 9. A
"eadtram B akennt Gt BaE e PPt e 2ePETLE el B B8 5acite
conpri siyng: f . A dj a i1 Nj d_conpected_to the frane, wherein
sai d diéﬂgad?ﬂaégg?gfgg %ﬁ??a%%¥%énggagglﬂgglES§EO$SESE§F§SFVaFPy pl anar

t abs which eé&%ﬂ81££§Q§t%§.%I?EPeéoﬁ@é? tQStQiQhBage“%%hOUE contacting the
a

di e pad) wheFern eac i ncP udes a 3ide surtace, “wWheéré&f'fit he die pad and

tabs h first dthe, sid f t he. di d tab
nclude a |1 BoRE ARkl Eh AR 1B SR ERnBERRe T pecBbeRE U e Cal
ti dj t to.said lip. 10. The | f f _clal , 8 .9, wh [
P one oL Lty 50 e b Ben Bou T bR R s b B A e e By Mo
| eadf rame for _ ma ing | u Ii%y of encgpsulated integrated circuit die
packages conﬁpig n@.cgag?uégl? yFb?uﬁ?e pads) wherein each die pad has a

id f ; Lit f int d ' trix, wherei
of Sl 0 1 o pads TRCWPTHMEER Cnnettaa: CoodabRent "Dhe Franes. and a |

The di o bad ARCRLARCRE bhy FPELTAPI L bnb WP CABAT  CORFAECHNG LEhe 06 pad.
T ach B0y haBe e gr s AT LR0E GRY YRLS B Lhectidg Surtaces of
perimeter, then contacts 53 would have a largely
circular perimeter with a rectilinear portion formed
20 during the cutting of tab 30 from leadframe 20 in Step
6.
A bond wire 58 is connected between each bonding

pad 56a of die 56 and the upper first surface 31 of

each contact 53. Bond wire 58 electrically connects



2 JUL 2002 40 12. A leadfrane for making a plurality of encapsylmc]_equgz
integrated circuit die packages conprising: a plurality of die pads,

wher ei n eadMO@b/678hd has a side surface; a plurality of intepChus®3sst
frames in a matrix, wherein one of sajg die pads is within and connected to
each of the franes; and a plurality of substantially planar tabs which
extend fromeach frane toward the die pad wthin the particular frane

wi t hout cont agtiRgdube dichdiaty pdes €56b et hasai 5 tab hasi & Gisle surface,
and wherein the side surfaces of the die pads and tabs include a central
depression. &3ntAckeadfrane for nmaking a plurality of encapsul ated
integrated circuit die packages conprising: a plurality of die pads,
wherein each die pagdohas stuiSdie S toCesom M A4 tyr oF s dutereanngect ed
franes in a matri x, wherein one of said die pads is within and connected to

each of the frapesecand coanddad idy M subshantialin o DA AP whi ch

extend fromeach frane"toward the die pad wthin the part rame

w thout epnt ety Lae i axhathc WREldL caoh saldh {aR1AS & sdg surface,

and wherein the die pads and tab ave a first surface,” a e side

surfaces of tRecdbenPads ;3 J RS dd\flduler Sdd &ﬁi@&%g%ﬁ$i5;fi&éirst

surface, and a recessed vertical portion adjacent to sal i~ 14. The

| eadf f i i ' f t.he di d
and tabs. i ncPldS Separt s L D £ e e i grudd i ot ¢
di e package ﬁggﬁ%?hgg;’f&&%}/?’?a‘%a SEUngﬂ] ntd aSIDA s ![a?gs'acg eprltal | eadf r ane,
t
e

said | eadfra g a ne; ‘wher a subs anar die pad is

wi thin and conpect t, tr ) ubst antj al | | anar tabs extend
fromthe frand FSﬁég lgﬁelb%l ebu%{é% 6v$njit OortsJ"t‘ecgoonq aic?"i"?% S[D%%O'bcg & 'Had “%nd
wher ei n .t he die d and tahs each have a fisst.surf.ace, an o site second
surtace,logndgg EF eegﬁlefrggg bc’ej’ta\clx'?eesﬁ1 aecﬁiéitoguﬁﬁ%ec%toaﬁ%gé)ge nd

surface, and thg it r}_ﬁzooZ 41 side surface of the die pad includes a
lip at the fPP§E2EGr PREF UM TS Sind the die pad with a recessed verti cal

portion adjacent said |ip; placi.ng an.integrated circuit die on the first
surtace of die pad” épeéﬂﬁe%é’laltf rﬁ?&?élﬁgﬂitﬁe ??ﬁ%ﬁfa?%facﬁer t°Hie to
the first surface aof .the_tabs; applying an epcapsul ant material so that the
| ntegrated cffEUPRIGRY, S8 FIAAES HIMAS- G (HERI 2 R0 SHdi9Rbs) and ¢ ho
side surfaces of the digl pad .and tabs are covered with the encapsul ant
material, buP2Ph&’ s&Cohdes SR ;tﬁ%a%ﬁ e Nhot2 FVrdE  har deni ng

t he encgpsul ant naterial; and
%% package cooling. The cooling occurs by thermal

conduction.

Figure 10 is a flow chart for an alternative
assembly method, in accordance with the present
invention, for constructing a package like that of

20 Figure 8. In the method of Figure 10, a plurality of
packages are constructed simultaneously. The basic
steps of the Figure 10 process are the same as the
Figure 1 process.

Step 1 of Figure 10 provides a thin metal

25 leadframe which includes a plurality of interconnected



cutting so that the die pad and tabs are severed fromthe franmel JUL 2002
conpl eted package including a die) a die pad, and severed tabs is detached
fromthe | ¥AP¥6IB2] and said severed tabs are adjacent to peRCTUS9aB3@I des
of the package. 16. The nethod of clagym 15, wherein the second surface of
the die pad also is not covered with encapsul ant material. 17. The net hod
of claim16, further including cutting encapsulant material to formthe
peri pheral srelesanfulbe faakageinl8. mBeinet heddik @laal mslprosieieai n t he
cutting is done by sawing. 19. The nethod of claim 16, further conprising
pl ati ng the weecwnd sdehageamefl the die pad and tabs with a netal after
appl ying the encapsul ant nmaterial. 20. The method of claim 15, further
conpri sing conneckiggrehell eadhcann ekemiplelriyi Gl adr 0uads rahe Aonet hod of
making a plurality of integrated circuit packages conprising: providing a
substanti al | yn pA@BatqaBtal wheadthanpresand ligadheamn,i Rokvdiig adpl urality
of interconnected frames in a matrix; wherein a substantially planar die
pad is wist h'@té‘ﬁleceﬁnPQESQetQO@aCBh%Bi'h@e ifs /ERe 1WhenghRed 1al YAl ity of
substantial ly planar tabS extend fromeach frame toward the die pad within
the frame wighouingaRtaAchLRg1t BErdienRads 1eddribne2602 fé%mmﬁg;%gn the die
pads and tabs each™have first surtace, an opposite second surfacé, and a
peripheral side-supfageanaPlceRERBLRHRE $iFdE S gf the die pads
i ncl udes a I%% %t t%e %F?st gur?a?e 3% the dig ggggﬁglly'around the die pad
and a recessed veyfli ryponsadi t jsai; hR..pl acing an integrated
circuit die on th%é%ﬁ?g?ﬂgurpagg g?gggghl iégpgégnggeggrically connecting
each integralof fLLevhi gl B1LRabNEAL ! BYREACE OLLAE tahghi ch ext end
toward the pariicular die; applying an encapsul ant matérial so that the
i ntegrated cj | | 8S [ swifa f.t i and -t.he tabs,
and thelgidéh%€$¥%cg§80?egﬂgd%iégggdgogn%%ﬁgggugggn o§§§§§§ﬁth7bhe
encapsul ant erq al t_th o] I es. of t t abs are_not,.cover ed;
har deni ng th%P%n%%%sﬁ?Q%ta%a?8§?% ?ggngl%%%tﬁﬁﬁvgo ?ﬁa?ePﬁer&FE Egds and
tabs are sev fegi%&9g15heir respective franes, a plurality of conpleted
packages each incfuding'a die, a die pad, and severed tabs are fornmed, and
t he second surfac§5a$% ng S ve%eg.tabs qf eacg §ackag%.are adj,acent to
peripheral sides OF2ThE*Backag8t 529%FRe MethSd 6F ScPalh P53 &r ei n t he
second surtace of the_die pad also is.not covered wth.encapsul ant
mtorial . 23 STREHBLRBASBECEI AFAMS2, Mne ot it REBGt (1ingoTe 136Me i t h by
SaWMNG: 15 four intersecting members, denoted as members 72-75.

Member 72 is parallel to member 74, and member 73 is

parallel to member 75.

Within outer frame 71 of Figure 11 are four
interconnected rectangular frames in a two by two
20 matrix. These frames are formed by the intersection of

three disposable strips 76 and three disposable strips

77. Each of the four interconnected frames of

Figure 11 has the same basic features as frame 21 of

Figure 2. Accordingly, the same reference numbers will



24. The nethod of claim 22, further conprising plating the secggi Eﬂpmﬂces
of the diei ~ pads and tabs with a netal after applying the e H ant
mat eri al . 2O IVAB2het hod of claim 21, wherein a single bl ockpofruseaapaul ant
material covers all of the dies, and,gurther including cutting encapsul ant
material to formthe peripheral sides of the packages. 26. The nethod of
claim21l, wherein each die is within a separate unit of encapsul ant
materi al . 27be Theedpthiberof appbaioreBly, f antthessoedpriedi A scagseohi ng t he

| eadf rame to el ectrical ground. ~ ~U~ 2002 43 _ _ 28. A package for an

i ntegrated o4/illilbe dilebrenpatsdng: a netal die pad and a plurality of netal
contacts, wherein said die pad has a first surface, a second surface
opposite the firsig secfaseulanddacppatpberak sidaisunhaceoanewnddt he die
pad between the first surface and the second surface, and the peripheral

side surfacee@fedble &f ecpadrbne! edesed kbPmal bhestiipt gdrhiageof the die
pad fully around the die pad- and a recessed vertical portion adjacent said

lip) andsthe;copi@acts each havenapifnst surbaes 438 pRAOSHt grsecond
surface, and a side surface between the first and second surtaces; an

i nt egrat ed Cﬂ*{%&&é fenon therfiigt syrkacesobythegdip es'zlg'e EuB'TfHE@' ity of
conductors each electrically connected between the die and the first

surface of &7 espect¥eeofiaA bBet£onlar! Ssughdad RACKAGC RN LAl Ted of

an encapsul ant material, said encapsu material covering t e and the

first and side syblacessof. the;dtespagdaand s9nLachsmayneheh fokhe second

surface of each said contact 1s exposed at a horizont I'rst "exterior

surface of t %ffgﬂggabgggh gg.tgggepgﬁggﬁe%ﬁgFﬁbg&g&2§L5mherein t he

second surfac i e pad I's expose Frst - exteérior surface of

h body. | gi . wh i he fi
Lhe packgoe body 0., The. package. ol ol 320 a1 29, e L e 1o

surface of the die %% a hori1zont a ane W ce of

Lhe,contact o ShaflerpackaBea Lo L1 M 20 2, oL 10 ULl secont

surface of the i IS furFy covered w _ 32.
ncl Udes. or (RbgoRar = o or 161 “eeEenbParey B meuRe( §2PRE FPPEE oxteri or
surtace of e PogUEReCY, R0CR SEenSdoEng OC CREN GO ach | 3pgpoer
el A A TSR A PR TEAGK RE"R Ao, A AhiaTagtrip 76 is
15 located in the center of frame 71 between juxtaposed
pairs of die pads 24. Each strip 76 of Figure 11 is
connected to each of the die pads 24 which are adjacent
to that particular strip 76. A disposable mushroom-
shaped anchor 29 connects each strip 76 to each
20 adjacent die pad 24. Two disposable connectors 78
connect member 72 to its adjacent strip 76, and two
connectors 78 connect member 74 to its adjacent strip

76. The number and locations of connectors 76 may

vary.
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The reentrant portions and asperities of side surfaces

10 33 of tabs 30 enhance the connection between
encapsulant material 40 and contacts 53 (i.e., severed
tabs 30) of a completed package 10 of Figure 8.

Step 2 of Figure 10 places and attaches an
integrated circuit die 56 on upper first surface 25 of

15 each die pad 24 of leadframe 70 of Figure 11, as
described above for Step 2 of Figure 1.

Referring to Figures 8 and 11, Step 3 of Figure 10
electrically connects a conductive metal bond wire 58
between each bonding pad 56a on each integrated circuit

20 die 56 attached to leadframe 70 and a tab 30. Bond
wire 58 is connected to the first surface 31 of each
tab 30. The methods for Step 3 of Figure 11 are the
same as described above for Step 3 of Figure 1.

Step 4 of Figure 10 covers each incomplete package

25 of leadframe 70 of Figure 11, including all of the dies
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-10%& () - z$3%¥h& tharl@We&ehkapkhiHht material is applied onto

5 all of the incomplete packages 50 of leadframe 70 of
Figure 11. The encapsulant material covers the upper
first surface of leadframe 70, as well as side surfaces
27 and 33 of die pads 24 and tabs 33, respectively.
The encapsulant material is then hardened into a single

10 block which covers all of the incomplete packages of
leadframe 70 of Figure 11, as well as all or part of
the width of members 72-75 of frame 71 of leadframe 70.
Again, the lower second surface of leadframe 70,
including lower surfaces 26 and 32 of die pads 24 and

15 tabs 30, respectively, is not covered by encapsulant
material, but instead remains exposed.

Step 5 of Figure 10 plates the exposed lower
surface of leadframe 70 of Figure 11, including lower
second surfaces 26 and 32 of die pads 24 and tabs 30,

20 respectively, with a conventional plating metal. This
steb is accomplished as described above for Step 5 of
Figure 1.

Step 6 of Figure 10 cuts leadframe 70 of Figure 11

after the encapsulation step. Encapsulated leadframe

25 70 is cut in situ, similar to leadframe 20 of Figure 7.
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MBBC. C 'SH:Flgure 11 is bigger and has more components than

leadframe 20 of Figure 2.

10 Step 6 of Figure 10 severs the connection between
tabs 30 and strips 77 of leadframe 70. This cut forms
the isolated, individual contacts 53 shown in package
50 of Figure 8. Step 6 also severs the connection
between anchors 29 and strips 76. This cut physically

15 isolates die pads 24 within the encapsulant material.
Step 6 also cuts through the single block of
encapsulant material formed during Step 4 to form four
packages 50 from leadframe 70 of Figure 11.

Step 6 may be performed using a saw or other

20 cutting apparatus. Where a saw is used for Step 6, the
saw is moved along strips 76 and 77 (See Figure 11).
The saw blade used should be wider than strips 76 and
77 of Figure 11, but narrower than the combined width
of central strip 77 and the back-to-back tabs 30. As a

25 result, moving the saw blade along strips 76 and 77
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Figure 11 as a pattern, three parallel cuts are made,
10 each of which goes through side members 73 and 75 and
along and through the length of a strip 76 of leadframe
70. These three cuts form two of the four external
side surfaces 57 of package 50 of Figure 8; obliterate
strips 76; and sever the connections between die pads
15 24 and strips 76.

Next, the encapsulated leadframe 70 is rotated 90
degrees, and three parallel cuts are made perpendicular
to the original three cuts. Each of these latter three
cuts goes through side members 72 and 74 and along and

20 through the length of a strip 77. These latter three
cuts also form the remaining two external side surfaces
57 of package 50 of Figure 8. Since the width of the
saw blade is selected to be wider than strips 76 and
77, but narrower than the combination of central strip

25 77 and tabs 30, the latter three cuts obliterate strips
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can be made to leadframe 70 of Figure 11 in order to
change the size, shape and numbers of the packages 50
(Figure 7) formed from leadframe 70. For example,
instead of simultaneously forming four packages using a

15 leadframe like leadframe 70 of Figure 11, the size of
the leadframe may be adjusted so that two, eight,
sixteen, forty-eight or some other number of packages
are formed simultanecusly. As another example, one may
multiply the number of packages formed simultaneously

20 by forming several leadframes 70 adjacent to each other
on a single stripvof rolled stock, and processing all
of the leadframes 70 on the strip simultaneously. As
another example, the peripheral shapes of die pads 24
and tabs 30 may be changed from rectangular to some

25 other shape.
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and 77 that are adjacent to members 72-75, may be
10 omitted. 1In such a case, the anchors 29 of Figure 11
would be attached to members 72 and 74, and tabs 30
would be attached to members 73 and 75 of frame 71 of
leadframe 70.
As a final example, instead of forming a single
15 Dblock of encapsulant material over all of the dies and
incomplete packages of leadframe 70 of Figure 11, a
mold having individualized cavities for forming a block
of encapsulant material above each the four
interconnected frames and die pads 24 of leadframe 70
20 may be used. 1In such a case, less encapsulant material
would be cut in Step 6 of Figure 10.
The above description of embodiments of this
invention is intended to be illustrative and not

limiting. Other embodiments of this invention will be
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a plurality of metal contacts adjacent to peripheral sides of the package, wherein
each contact has a substantially planar first surface, an opposite substantially planar
(:) second surface, and a side surface between said first and second surfaces, said first
surface has a bond wire connected thereto, and said second surface is exposed at the
first external surface of the package, and
wherein the side surfaces of the die pad and contacts include a central peak; and
an encapsulant material which covers the integrated circuit die and the central

peak of the side surfaces of the die pad and the contacts.

2. A package for an integrated circuit die comprising:

a die pad having a substantially planar first surface, an opposite substantially
planar second surface, and a side surface between the first surface and the second
surface, wherein the second surface of the die pad is exposed at a first external surface
of the package;

/ ) an integrated circuit die mounted on the first surface of the die pad;

a plurality of metal contacts adjacent to peripheral sides of the package, wherein
each contact has a substantially planar first surface, an opposite substantially planar
second surface, and a side surface between said first and second surfaces, said first
surface has a bond wire connected thereto, and said second surface is exposed at the
first external surface of the package, and

wherein the side surfaces of the die pad and contacts include a central
depression; and

an encapsulant material which covers the integrated circuit die and the central
peak of the side surfaces of the die pad and the contacts.
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an integrated circuit die mounted on the first surface of the die pad;

a plurality of metal contacts adjacent to peripheral sides of the package and
extending toward the die pad, wherein each contact has a substantially planar first
surface, an opposite substantially planar second surface, and a side surface between
said first and second surfaces, said first surface has a bond wire connected thereto, and
said second surface is exposed at the first external surface of the package, and

) wherein the side surfaces of the die pad and contacts include a lip adjacent to the

~

first surface of the die pad and contacts, respectively, and a recessed vertical portion
adjacent to said lip; and

an encapsulant material which covers the integrated circuit die and underfills the
lip of the die pad and the contacts.

4. The package of claim 1, 2 or 3, wherein the side surfaces of the die pad and

contacts include asperities.

5. The package of any one of the preceding claims, wherein each package has a
rectangular perimeter and has four peripheral sides, and said contacts are aligned in a
row along two opposite peripheral sides of the package.

6. The package of any one of the preceding claims, wherein said contacts are
aligned in a row along each of the four peripheral sides of the package.

7. A leadframe for making an encapsulated integrated circuit die package
comprising:
a frame;

a die pad within and connected to the frame, wherein said die pad has a side
surface; and

a plurality of substantially planar tabs which extend from the frame toward the die
pad without contacting the die pad, wherein each tab includes a side surface,
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a plurality of substantially planar tabs which extend from the frame toward the die
pad without contacting the die pad, wherein each tab includes a side surface,
wherein the die pad and tabs have a first surface, and the side surfaces of the die

pad and tabs include a lip adjacent to the first surface, and a recessed vertical portion

adjacent to said lip.

10. The leadframe of claim 7, 8 or 9, wherein the side surfaces of the die pad and
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tabs include asperities.

11.  Aleadframe for making a plurality of encapsulated integrated circuit die packages
comprising:

a plurality of die pads, wherein each die pad has a side surface;

a plurality of interconnected frames in a matrix, wherein one of said die pads is
within and connected to each of the frames; and

a plurality of substantially planar tabs which extend from each frame toward the
die pad within the particular frame without contacting the die pad, wherein each said tab
has a side surface, and

wherein the side surfaces of the die pads and tabs include a central peak.
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a plurality of die pads, wherein each die pad has a side surface;
a plurality of interconnected frames in a matrix, wherein one of said die pads is
within and connected to each of the frames; and '
a plurality of substantially planar tabs which extend from each frame toward the
die pad within the particular frame without contacting the die pad, wherein each said tab
has a side surface, and
wherein the die pads and tabs have a first surface, and the side surfaces of the
die pads and tabs include a lip adjacent to said first surface, and a recessed vertical

portion adjacent to said lip.
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14.  The leadframe of claim 11, 12 or 13, wherein the side surfaces of the die pad and
tabs include asperities.

15. A method of making an integrated circuit die package comprising:

providing a substantially planar metal leadframe, said leadframe including a
frame;

wherein a substantially planar die pad is within and connected to the frame, and
substantially planar tabs extend from the frame toward the die pad without contacting the
die pad; and '

wherein the die pad and tabs each have a first surface, an opposite second
surface, and a side surface between the first surface and the second surface, and the
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a recessed vertical portion adjacent said lip;

placing an integrated circuit die on the first surface of die pad,;

electrically connecting the integrated circuit die to the first surface of the tabs;

applying an encapsulant material so that the integrated circuit die, the first
surfaces of the die pad and tabs, and the side surfaces of the die pad and tabs are
covered with the encapsulant material, but the second surfaces of the tabs are not
covered,;

hardening the encapsulant material; and

cutting so that the die pad and tabs are severed from the frame,/ a completed
package including a die, a die pad, and severed tabs is detached from the leadframe,

(j and said severed tabs are adjacent to peripheral sides of the package.

16. The method of claim 15, wherein the second surface of the die pad also is not
covered with encapsulant material.

17. The method of claim 16, further including cutting encapsulant material to form the

peripheral sides of the package.
18. The method of claim 17, wherein the cutting is done by sawing.

19. The method of claim 16, further comprising plating the second surfaces of the die
pad and tabs with a metal after applying the encapsulant material.

20. The method of claim 15, further comprising connecting the leadframe to electrical

ground.

21. A method of making a plurality of integrated circuit packages comprising:
— providing a substantially planar metal leadframe, said leadframe including a
plurality of interconnected frames in a matrix;
wherein a substantially planar die pad is within and connected to each of the
frames;
wherein a plurality of substantially planar tabs extend from each frame toward the

die pad within the frame without contacting the die pad;
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which extend toward the particular die;
applying an encapsulant material so that the integrated circuit dies, the first
surfaces of the die pads and the tabs, and the side surfaces of the die pads and tabs are
covered with the encapsulant material, but the second surfaces of the tabs are not
covered;
O hardening the encapsulant material; and
cutting so that the die pads and tabs are severed from their respective frames, a
plurality of completed packages each including a die, a die pad, and severed tabs are
formed, and the second surfaces of the severed tabs of each package are adjacent to

peripheral sides of the package.

22. The method of claim 21, wherein the second surface of the die pad also is not
covered with encapsulant material.

23. The method of claim 22, wherein the cutting is done with by sawing.

24. The method of claim 22, further comprising plating the second surfaces of the die
) pads and tabs with a metal after applying the encapsulant material.

25.  The method of claim 21, wherein a single block of encapsulant material covers all
of the dies, and further including cutting encapsulant material to form the peripheral sides
of the packages.

26. The method of claim 21, wherein each die is within a separate unit of encapsulant

material.

27. The method of claim 21, further comprising connecting the leadframe to electrical

ground.
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28. A package for an integrated circuit die comprising:

a metal die pad and a plurality of metal contacts,

wherein said die pad has a first surface, a second surface opposﬁe the first
surface, and a peripheral side surface around the die pad between the first surface and
the second surface, and the peripheral side surface of the die pad includes a lip at the
first surface of the die pad fully around the die pad-and a recessed vertical portion
adjacent said lip, and the contacts each have a first surface, an opposite second surface,
and a side surface between the first and second surfaces;

an integrated circuit die on the first surface of the die pad;

a plurality of conductors each electrically connected between the die and the first
surface of a respective one of the contacts; and

a package body formed of an encapsulant material, said encapsulant material
covering the die and the first and side surfaces of the die pad and contacts, wherein the
second surface of each said contact is exposed at a horizontal first exterior surface of

the package body.

29. The package of claim 28, wherein the second surface of the die pad is exposed
at the first exterior surface of the package body.

30. The package of claim 28 or 29, wherein the first surface of the die pad is in a
horizontal plane with the first surface of the contacts.

31. The package of claim 28, 29, or 30, wherein the second surface of the die pad is

fully covered with the encapsulant material.

32. The package of any one of claims 28 to 31, wherein the package body includes
orthogonal exterior side surfaces adjacent to the first exterior surface of the package
body, and a severed end of each contact is exposed in a common plane with one of the
exterior side surfaces of the package body.



