20 NOV 2003 1 WAFER LEVEL PACKAG NG TECHNI CAL FI ELD OF THE | NVENTI ON Thi s
invention relates generally to the field of integrated circui pp@ﬂ??g2163
and nore particularly to wafer |evel packagi ng of integrated r sk 0
NOV 2003 2 BACKGROUND OF THE | NVENTI ON The processes involved in the
fabrication and packaging of circuit chips are well known. Typically, an
array of identical circuits is patterned onto a circular 'sem conductor
waf er using well known mcrolithographic techniques. The wafer is then
sawed into many rectangular pieces to separate the individual circuits
fromone another, so that each circuit occupies its own circuit chip. The
chips are individually nounted onto | ead franes, where they are held in
pl ace by neans of an epoxy. A wire bonder is then used to establish
el ectrical connections between the die pads on the chip and the respective
| eads of the lead frame. Wth the chip physically and electrically
attached to the lead frame, the chip and lead frane are placed into a
nol d equi pment, where plastic is transfer nolded to surround the assenbly.
This plastic packaging serves to protect the chip exposure to |light,
nmoi sture and

WAFER LEVEL PACKAGING

TECHNICAL FIELD OF THE INVENTION

This invention relates generally to the field of
integrated circuit packaging, and more particularly to

wafer level rackaging of integrated circuits.



contam nation, which could damage the circuit conponents, as well as
maki ng the entire assenbly nechanically rigid and durable. Th I

plastic is then cured by neans of heating in an oven for seveﬂ%ﬁPhﬂﬂﬁgzgﬂa
The | eads of the lead frame are then trimed and formed into the desired
shape. For exanple, the leads may be fornmed into a "gull w ng" shape for
surface-nounted chips. At this stage, various electrical and nechanical
tests are perfornmed to determ ne whether the chip will function for its

i nt ended purpose. The circuit chip industry is very cost-conpetitive. It
is therefore desirable to shorten, streamline or elimnate packaging steps
to shorten production tinme and reduce production costs for the chips. 2 0
NOV 2003 3 SUMNERKGBRUNBEOF NVENTINONNACERT di ngly, a need has arisen in the
art for an inproveghgnt QE@EEQ circurt packagi ng. The present invention
provi des a nethod of packaging T nt egt R EF cidfeuithe atfabrécabier |avel .

Addi tional |y, tRRCK30E86nPE Ehvemtt emipsovirdese Al Chidws zeypackage. 4
accordance W thasd RreeseRt t ni. | . .inteqrated circuit package may
include an inte ;g?%d ci?%ﬁ??ggh%%ggﬁiﬁgéf foame “HEy BELOppoSt¥eikate
circuit side o?%“PFFSnPH‘EE@? at@deEi risiing chebl Knewhead droatehsgyapiiRc! ude
at | east one | ezgheligeds . cahkywsospl £0 @t N ircuit by a
connector. The J;ead may b Sewel NHAGS Y SLLeMidul:

EEseparate the individual circuits from one
another, so that each circuit occupies its own circuit
chip.

‘The chips are individually mounted onto lead frames,
where they are held in place by means of an epoxy. A wire
bonder is then used to establish electrical connections
between the die pads on the chip and the respective leads
of the lead frame.

With the chip physically and electrically attached to
the lead frame, the chip and lead frame are placed into a
nold equipment, where plastic is transfer molded *o
surround the assembly. This plastic packaging serves to
protect the chip exposure to light, moisture and
contamination, which could damage the circuit components,
as well as making the entire assembly mechanically rigid
and durable. The molded plastic is then cured by means of
heating in an oven for several hours.

The leads of the lead frame are then trimmed and
formed into the desired shape. For example, the leads may
be formed into a “gull wing” shape for surface~mounted
chips. At this stage, various electrical and mechanical
tests are performed to determine whether the chip will
function for its intended purpose.

The circuit chip industry is very cost-competitive.
It is therefore desirable to shorten, streamline or
eliminate packaging steps to shorten production time and
reduce production costs for the chips.



entirely within the periphery of the integrated circuit chip. An

encapsul ate may cover the integrated circuit, the connector ?Mﬂ ortion
of the lead frame. A remaining portion of the | ead frame nmay db ‘
from the encapsulant. More specifically, in accordance with one enbodi nent
of the present invention, an integrated circuit may be packaged at the
wafer level. In this enbodinent, a sheet of |ead franmes nay be opposite a
plurality of integrated circuit chipsy The encapsul ate may cover the
integrated circuits and a portion of each lead frane. Each encapsul ated

i nt egrated cirswmANGroppesingeiersk frame may forma discrete integrated
circuit package. Inport nt chnl cal q?dl?anta es of .the presentf I nvention

i ncl ude providing NP SI2 acI?adéese aslﬁ &9F%t 88 diFc ik, f9n an
particular, a Ihmadovﬁarreint@@mrem oresi randi tengapswlgamty .do Thet pxésadtbeiond
a peri pher o] Si gr at u r ackage
Vol une 5. i ni i el oo e e ray e sed rn I den ead Shhrrtage
extrenmely smal FLERFHSS NﬁoFH@r Wlaééﬁn|l@éflelad\?’§lﬁt1§g@néilffhetb?e@éﬁﬁeﬂhvent i on
i ncl udes provi ghnehtaiciebhodi@és packag Bgzé rﬁ@g{a@@ﬁd circui ll:) chi ES at the
wafer level. In particular Nt egrat, rcuit chips ma packa
concurrently whi Ioe is?l 19 PRI et 4 6F 89 e%P)GE@%&P& nggi?
packagi ng procésseapytdd cdarcpisd mkaax amgyntimuiatdeonanf itheowafed

fabrication circuit chip. A lead frame may be opposite the circuit

side of the integrated circuit chip. The lead frame may
include at least one lead electrically coupled to the
integrated circuit by a connector. The lead may be
entirely within the periphery of the integrated circuit
chip. An encapsulate may cover the integrated circuit,
the connector and a portion of the lead frame. A
remaining portion of the lead frame may be exposed from
the encapsulant.

More specifically, in accordance with one embodiment
of the present invention, an integrated circuit may be
packaged at the wafer level. In this embodiment, a sheet
of lead frames may be opposite a plurality of integrated
circuit chips. The encapsulate may cover the integrated
circuits and a portion of each lead frame. Each
encapsulated integrated circuit and opposing lead frame may
form a discrete integrated circuit package.

Important technical advantages of the present
invention include providing chip size packages for
integrated circuits. In particular, a lead frame,
connectors and encapsulant do not extend beyond a periphery
of an opposing integrated circuit chip. Accordingly,
package volume is minimized and the chip may be used in
devices requiring extremely small chips.

Another technical advantage of the present invention
includes providing a method of packaging integrated circuit
chips at the wafer level. In particular, integrated

circuit chips may be packaged concurrently while still part



process. This serves to streanline and shorten the assenbly and packagi ng
process. O her technical advantages will be readily apparent tg

skilled in the art fromthe follow ng figures, descriptions, &%M 03
20 NOV 2003 5 BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conpl ete
understanding of the present invention and its advantages thereof,
references now nade to the follow ng description taken in conj uncti on with
the acconpanyi ng drawi ngs, wherein |like reference nunerals represent like
parts, in which: FIGJRES 1A-E are a series of schematic cross-sectional
diagrans illustrating wafer |evel packdaging of an integrated circuit in
accordance with_one enbodi nent of the present invention. 2 0 NOV 2003 6
DETAI LED DESCRPETPONYETFHE APEENILNONYTheher afemkegdnenpediaent fapf bkhe
present inventcaprfdd outs agdvwantages aneohe LE}H;er Jeferring now
in nore detalégg HaU 1A- E of théﬁgﬁg\%%tf V\%qﬂ? NdftBral s
refer to |ike "I hr ougﬂbﬁt FH&eSeve? aIStﬂeé%%lne Fla@QREShqmt@| lthest r at e

a net hod of paéka@lbﬂg{ |am1tdegaakeqlln@|§rei¢letss at the wafer |evel. Wafer |evel

packagi ng may be |nuat| of th waf er fabrication
process to streamine ang &E%rctaa agcel?aallgg kber&?@ 1y apparent to

one skilled in the art from the follow1ng figures,
descriptions, and claims.



FI GURE 1A shows a patterned wafer 10. The patterned wafer 10 'may conprise
a substrate 12 and a plurality of integrated circuits 14 fgr I

surface 16 of the substrate 12. The substrate 12 may i ncl uﬁeﬂﬁﬁg‘\grﬂ}%e

| ayers of sem conductor nmaterial. For exanple, the substrate 12 may
include an epitaxial layer grown on a wafer. The integrated circuits 14
may each include a plurality of bond pads 18 electrically coupled to the
integrated circuit 14. As described in nore detail below, the bond pads 18
provi de el ectrical contacts through which the integrated circuit 14 may be
connected to external conponents. |In Bne enbodi nent, the bond pads 18 may
be disposed al ong a center I|ne 20 of t he |ntegrated circuit 14. In this
enbodi ment, t heSHESCRART SO { @Ry THE AWEAGS t he bond pads 18 may vary

dependi ng on the apd cat |n@,& Tt l@ﬁ@rrmrgi A8 nlhh ir 14 may
i ncl ude one or, Jor.e sta gd or 5 aral | el erowsno h% o? dg %ggs?li‘t

be under st ood %?kﬁnRﬁﬁg 8 HdRTE: qﬁﬁfsbé 8F§BSSeﬁﬁf%ﬂ%ﬂgﬁﬁepewomadme
i nt egr at ed C|rtmuﬁhe140ML¢Wung1dm3c3¢pﬁ£omﬁtamé&elﬂreéﬁﬁﬁndﬂﬁe%nhhgﬂ gfach

integrated cir in sectlon th substrate 12 may
define a di scr%%ae&rllpr]#lgg?gt e%[ar:“ﬁ?lg’gi't A “2211 ﬁf“éﬁ?‘é“f edUBLFeLi t chips

22 may each beIeRﬁﬁﬁéﬁéeélF% Qﬁﬁﬁﬁrdencwhnehtlons to external conponents and
to provide protectiraguReomen ey 3ksf At QN 8ma2i 0 é\gés‘aggétlonal

diagrams illustrating wafer level packaging of an

integrgted circuit in accordance with one embodiment of the
present invention.



Typically, patterned wafers are sawed into individual integrated circuit
chi ps for packaging. The integrated circuit chips are each separately
nmounted and coupled to a l|ead frame, and then encapsul at ed Dhydvt zhﬁgd
frame. A problemw th this nethod is that the separate pack%
integrated circuit chips is both tinme consum ng and costly. Additionally,
It prevents packaging frombeing carried out as a continuation-of the
waf er fabrication process. The present invention solves this problem by
providing a method of packaging integrated circuit chips at the wafer
| evel . As described in nore detail belgw, the integrated circuit chips 22
are packaged concurrently while still part of the patterned wafer 10.
Accordingly, tREIAH4ERaGEAGRIPFEREDS FHR DevEarmiNed out as a continuation of
the wafer fabri catin@n,pLALES e ne an shorten the
@npPe 2 e&FB 5EE g}lfz)etfi?1 % S & gI’“"E)e"l”&ﬁ’zv

packagi ng process. Mbr eover escrl Y € t he
met hod of the Jp’i'seééiﬁ?nﬁﬁﬁénlairénb%?%d’@éégst@%ﬂ?NprszJerlp‘az:kl@gelnAsoﬁe resul t,

t he packaged |dﬁtaeglr1ated FCIZGUEEESt 1ﬁhtp%f23:h@>’d:.k}§u'ﬁ%%d i1y axPrPJhd i°at] pns whi ch
require mniat fg de |c &op{sum an area not [arger than I'hidi vi dual
chi ps. Referr| ng to a“pob %é;hEB&HPﬂﬁtzﬁhwvﬁéalaﬁbW%d to the
surface 16 of THERESHSA-Et ellﬁstifdnee POohyrhce d:ﬁ)agiad)@gaﬁgff&}it%ﬁélﬁgg better
adhesion for @encapsyl ati [ at protect the

i ntegrated circui ts%lif{Jé %%vg%:flg(%ng Vég'tté‘?er‘?eét c g‘fﬁ%f‘&u‘@%‘l’rﬁ%/ be
used to preverffPFHeD AW @ éoéioinﬁgnzaltldrr Otnfc(gherwagerhéabﬂmdatlgarpads 18.

It will be ynielesiso®d streamline and shorten the packaging process.

FIGURE 1A shows a patterned wafer 10. The patterned
wafer 10 may comprise a substrate 12 and a plurality of
integrated circuits 14 formed in a surface 16 of the
substrate 12. The substrate 12 may include one or more
layers of semiconductor material. For example, the
substrate 12 may include an epitaxial layer grown on a
wafer.

The integrated circuits 14 may each include a
plurality of bond pads 18 electrically coupled to the
integrated circuit 14. As described in more detail below,
the bond pads 18 provide electrical contacts through which
the integrated circuit 14 may be connected to external
components. In one embodiment, the bond pads 18 may be
disposed along a center line 20 of the integrated circuit
14. In this embodiment, the number and configuration of
the bond pads 18 may vary depending on the application.
For example, the integrated circuit 14 may include one or
more staggered or parallel rows of bond pads 18. It will
be understood that the bond pads 18 may be disposed
elsewhere on the integrated circuit 14 within the scope of
the present invention.

Each integrated circuit 14 and surrounding section of
the substrate 12 may define a discrete integrated circuit
chip 22. The integrated circuit chips 22 may each be
packaged to provide connections to external components and

to provide protection frem environmental factors.



that other or no coatings may be used within the scope of the present
I nvention. A sheet of |lead franes 26 may be di sposed opposite the surface
16 of the substrate 12. The sheet of lead frames 26 may include a

plurality of individual |ead franes 28 that each provide el ec2r0 q%gv 2&03
connections for one of the integrated circuit chips 22. 20 NOV 20 8 e

sheet of lead franes 26 may be a unitary sheet of material. In one :
enbodi ment, the nmaterial of the lead franes 28 may be Alloy 42 locally
plated with silver. It wll be understood that a variety of other
materials may be wused for the lead frames 28 within the scope of the
present invention. The lead frames 28 may each include a plurality of

| eads 30 wit hi YRR ihhePytBornsd anabeposiare | sdwgl atiado clirr&bbiihusfﬂiﬁ 22.
Accordi ngly, thetégatsed0 4o N6t I t .l.ntegrated circuit chips
22. As describgd in, mre det aiQI Cgl\é?%w%trh%al@% 3790 rra'l%aoe”ﬁ:le&'ﬁaltfeéal ly
coupled to the BoHdi RGPRRT S & 25hdSeR2 B e ¥ Swintiedentdpsulmnid for a

connection to Esacrfrahe compd aRhS enkip SRE @HQdAERL s+ t NS4 egds 30 gay be
[ By FI GURE

15, "an upper S AP Bach iy Betal S ey B dePaueFe seackastnizbads 30
Accordingly, tHFegFalefevieicudtnEh i dtsi bath prime dessani@alRl caupper of

! eaflsdso for theiitnbagladed+ ¢rbGihls Cpbé(ﬂéag%%'g g, heagflngf rc%rgsie%%g? y also
I nclhude an as a continuation- of *he wafef fabrication process.

The present invention solves this problem by providing
a method of packaging integrated circuit chips at the wafer
level. As described in more detail below, the integrated
circuit chips 22 are packaged concurrently while still part
of the patterned wafer_lO. Accordingly, the packaging
pbrocess may be carried out as a continuation of the wafer
fabrication process. This serves to streamline and shorten
the packaging process. Moreover, as also described in more
detail below, the method of the present invention produces
& chip size package. &as a result, the packaged integrated
circuit chips 22 may be used in applications which require
miniaturized devices consuming an area not larger than
individual chips.

Referring to FIGURE 1B, a polymide coating 24 may be
applied to the surface 16 of the substrate 12. The
polymide coating 24 may provide better adhesion for
encapsulating material that will cover and protect the
integrated circuits 14. Conventional pattern etching
techniques may be used to prevent the polymide coating 24
from covering the bonding pads 18. It will be understood
that other or no coatings may be used within the scope of
the present invention.

A sheet of lead frames 26 may be disposed opposite the
surface 16 of the substrate 12. The sheet of lead frames
26 may include a plurality of individual lead frames 28
that each provide electrical connections for one of the
integrated circuit chips 22.



d stri not shown) connecting one or nore |leads 30. The strip may
Sgogggfgyed aspa(ground or supply voltage conductor. It wll a bﬂideréhEOd
that other lead frame 28 configurations nay be used mqthln R fer
the present invention. The |eads 30 may each have a distal en . FI%URE
connection to an external device. In one enbodinent, as shown yt are
1B, the distal ends 34 are in substantially one plane and nay ex ?n i
peri phery 32 of the integrated circuit chip 22. In this enbﬁd|nent,
| ead frames 28 may be cut fromthe Ifgg frﬁggrﬁgge;aggrbﬁot angs

I ng sawi n rocess used to cut pa
Pﬁgrsgdugl |ntegrgted circuit chips 22. As shown by FI GURE 1B, each dista

end 34 may be substRhtsheekyopatedd diramest pe mamemat &dlﬁafﬁbﬁk{ee%hb@ 22.

The pal | adi um pres Bl ko a1 1o TRe A STal Sh TRPbbe Chofbecdbery

The pal |l adi um pre-plating allows the

sol dgred to a %r F"F}F%dﬁﬁ ’E% ite Bddry ARdleerlly indetert wmtﬂllsb]eramh:jﬁtrt&';]god
that the dist awlbthE‘BﬂlmﬂBystddtmtude Ltheficely HP dé‘fh%lrg%ngkéf':ga Ef‘
ScﬁggrOfr;hglaF%%§q%& Eﬁgef nﬁggééﬁﬁﬁgghéEh B sronat o8 EQ?EH?E@ppDSlng
?gtegra?ed ci r tRvenkiinp 22. In one enbodi nent, an adhesive tape 40 nay be

hi
used to mount the bﬁﬁg fééﬂ“¥%éﬁ%§(ﬁéfﬁiy-Qﬂﬂﬁ?'fﬁ%luﬁte%rat%%aﬁaggugt chip

22. preferab|y1 ds 30 within a periphery 32 of an opposing integrated

circuit chip 22. Accordingly, the leads 30 do not overlap
other integrated circuit chips 22. As described in more
detail below, the leads 30 may be electrically coupled to
the bonding pads 18 and extend from the encapsulant for
connection to external components.

In one embodiment, the leads 30 may be in a dual level
configuration. 1In this configuration, as shown by FIGURE
1B, an upper set of leads 30 may be disposed on a lower set
of leads 30. Accordingly, the dual level configuration
provides a greater number of leads 30 for the integrated
circuit chips 22. The lead frames 28 may also include an
elongated strip (not shown) connecting one or more leads
30. The strip may be employed as a ground or supply
voltage conductor. It will be understood that other lead
frame 28 confiqurations may be used within the scope of the
present inventién.

The leads 30 may each have a distal end 34 for
connection to an external device. In one embodiment, as
shown by FIGURE 1B, the distal ends 34 are in substantially
one plane and may extend the periphery 32 of the integrated
circuit chip 22. In this embodiment, the lead frames 28
may be cut from the lead frame sheet 26 by the post
packaging sawing process used to cut the patterned wafer 10
into individual integrated circuit chips 22.

As shown 'by FIGURE 1B, each distal end 34 may be
substantlally parallel to the integrated circuit chip 22.
In one embodiment, the distal end 34 may include palladium.



adhesive tape 40 is non-conducting to prevent electrical shorting. The
adhesi ve tape 40 may be tacky on both sides to adhere to the polym de

| ayer 24 and to the leads 30 of the lead frame 28. The adheséve t ape 40
may be attached to the lead frame 28 in a variety of ways an f
t hi cknesses. Such nmet hods are well known and will not be furth%r"gv 62003)
descri bed. Additionally, the upper set of |eads 30 may be nounted to the
| ower set of |eads 30 by the adhesive tape 40. Although the use of
adhesi ve tape 40 has been discussed for nmounting the leads 30, it will be
understood that the lead franes 28 mag be otherw se nounted to the
opposing integrated circuit chip 22. Simlarly, the upper |eads my be
ot herwi se nountBf Paliadlymiseirdagsng Fatlexanie distel kedds43@oand/ or

| ead frame 28 fiayebeaserhagh cald ; - e_|lLk
Referring to F# %E ig% g.ggngeé%%?gﬂglﬁ%ﬂjnfﬁgg?%?gg¥lggg%gpﬁgdtﬁgeleads
%ggpad 18+

30 to the bond B BRSPSy hdte gt ddsertcane @A pag2. In
one enbodi mentnclinde cotrtrect@r snd2p répleadhgC @RhL S +Ae WsEkEpe PQRAEH .t 0 a

|l ead 30 and to,a.b ¥ 8. Ln.this .enbodinent, the w.re may %e any
thin, durable %o%d%g?i%&%g?ér. %%r ae}baénﬂlie(ful%g?n‘gh%%ﬂi it 3% ReYwbee may
be gold wire RaVie¢% nRredivdatedr of about 1.0 to 1.2 nils. The wire nay be

wedge, bal |l or sinitmarhkaBopdgdd o5t Rgy! & 0 003,19, 5he
bondi ng pads 1§htéé}a ng embodi nment , t he m??glﬁ%ﬁgpﬂsgg DMLY Posing

clrcuit chip 22. In one embodiment, an adhesive
tape 40 ‘may be used to mount the lead frames 28 to the
opposing integrated circuit chip 22. Preferably, the
adhesive tape 40 is non-conducting te prevent electrical
shorting. The adhesive tape 40 may be tacky on both sides
to adhere to the polymide layer 24 and to the leads 30 of
the lead frame 28. The adhesive tape 40 may be attached to
the lead frame 28 in a variety of ways and a variety of
thicknesses. Such methods are well known and will not be
further described.

Additicnally, the upper set of leads 30 may be mounted
to the lower set of leads 30 by the adhesive tape 40,
Although the use of adhesive tape 40 has been discussed for
mounting the leads 30, it will be understood that the lead
frames 28 may be otherwise mounted to the opposing
integrated circuit chip 22. Similarly, the upper leads may
be otherwise mounted to the lower leads. For example, the
leads 30 and/or lead frame 28 may be mechanically coupled
by an epoxy or the like.

Referring to FIGURE 1C, a connector 42 may
electrically couple the leads 30 to the bonding pads 18 of
the opposing integrated circuit chip 22. In one
embodiment, the connectors 42 may each comprise a wire
bonded to a lead 30 and to a bonding pad 18. In this
embodiment, the wire may be any thin, durable conductive
metal. In a particular embodiment, the wire may be gold
wire having a diameter of about 1.0 to 1.2 mils. The wire

may be wedge, ball or similarly bonded to the leads 30 and



process may use trapezoi dal |ooping which results in a low | ooping

profile. It will be understood that the connector 42 may be other than a
wire within the scope of the present invention. For exanpl e he connector
42 may be a solder or a gold ball, or alternately wire and %@.Bng
to FIGURE 1D, the integrated circuit chips 22, connectors 42 and at ast

a portion of the lead franes 28 may be encapsul ated. The encapsul ant 44
serves to protect the integrated circuit chips 22 from exposure to
environmental factors that could damage the circuit conponents. The
encapsul ant 44 al so serves to make thao entire assenbly nmechanically rigid
and durable. Each encapsulated integrated circuit, connectors and

opposi ng' | edds repmslimgypéds m & dllscroabeemhbegmatte,d e eiick paskage 50. In

one _embodi mentprddigseRsaR a0koddo IRy %ogaglg' Slicl - QOhY L 08 218, of “ihe

fer 10 incl ng the 1ntegra connec
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will be further understood t
encapsul at ed A& hCANEREEAEAR @td taﬁeleﬁﬁ”és%mortm@mf drhe lead frames

28 may be encapsulated. The encapsulant 44 serves to
protect the integrated circuit chips 22 from gxposure to
environmental factors that could damage the circuit
components. The encapsulant 44 also serves to make the
entire assembly mechanically rigid and durable. Each
encapsulated integrated circuit, connectors and opposing -
-lead frame may form a discrete integrated circuit package
50.

In one embodiment, the encapsulant 44 may be applied
to only the side of the wafer 10 including the integrated
circuits 14, connectors 42 and lead frames 28. The
encapsulant 44 may be applied as a liquid by a syringe. In
this embodiment, the liquid may be at first low viscosity
and quickly solidify. It will be understood that the
encapsulant 44 may be otherwise applied within the scope of
the present invention. For example, the encapsulant 44 may
be applied using conventional transfer malding or 3P
molding technology, a mold cavity as large as the wafer 10
or the like. It will be further understood that both sides
of the wafer 10 may be encapsulated within the scope of the
present invention.

As shown by FIGURE 1D, a remaining portion of each
lead 30 may remain exposed after encapsulation. The
exposed portion of the leads 30 provide connections for the
integrated circuit chip 22 to external components, such as
a printed circuit board and the like. In one embodiment,
the exposed portion of the leads 30 may be the distal ends



As shown by FIGURE 1D, a remnuining portion of each Ilead 30 nay renain
exposed af?er encapsul ati on. The exposed portion of the | eads 30 prOV|de

connections for the integrated circuit chip 22 to external
such as a printed circuit board and the like. In one enbodlngﬂﬁ Rﬁf e2003

exposed portion of the |eads 30 may be the distal ends 2 0 NOvV 2003 11 34.
As previously discussed, the distal ends 34 may be pre-plating wth

pal ladiumto be nore easily soldered to a printed circuit board or the
like. The distal ends 34 may be |eft exposed by regulating the volume of
encapsul ant 44 applied to the wafer 1Q1 For the enbodi ment of FI GURE 1D,
the volune of the encapsulant 44 may be the anount necessary to fill up to
an underside 6 ofA% hereiisugllyendscB4sedn tM¢SdESﬂKKﬂéﬁﬁH .34 heayirsd al

o ow the enospeatantih rery PRFEunEin 8 KB PR eclh FRL T & A1 ends

ghlarﬁhgﬁtegggp Pﬁ@ ﬁir%ﬂhﬁﬂbQ§F§e°H6t%ﬁ Yike .di stal ends 34. The
substantially parahbebisist andnds 34 Wbb'l@fﬁobéﬁdéﬁﬂ EQG ?ggrln%%{Chlp

ted t board_or
tF?GtSJIRtE E:Eattﬁg:%gzggp%m%}ac}fn&%ﬁﬁgéﬁs %‘9 %aPEé\%Eﬂ % H&a@ﬁerhéor ndfod dual
i nt egrat ed ci &g erpediieeges o f50IEVREN Idne tarotrbktme |4F m@ﬁ@aggmﬁ& t he |
present inventy @Ry erthetéﬂééﬁéHL es%ﬂk§ gécgfﬂfzghe may B Fnﬂﬁﬁﬁ% | ete an

r testln stenciling and s cust
Lgagzeﬁo ends 4 %5f thRediptabrends 34- 1In this embodlment, the distal

ends 34 may be substantially parallel to the integrated
circuit chip 22 to allow the encapsulant 44 to £ill up to
the underside 46 of the distal ends 34 without covering an
outer side 46 of the distal ends 34. The substantially
parallel distal ends 34 will also allow the packaged chip
to sit flat against a printed circuit board or the like.
Referring to FIGURE 1E, the encapsulated wafer may be
sawed to detach the individual integrated circuit packages
50 from one another. In accordance with the present
invention, the integrated circuit packages 50 may be
complete and ready for testing, stenciling and shipment to
customers. If desired, however, ends 52 of the integrated
circuit packages 50 and/or the back side 54 of the
substrate 12 may be first sealed. Accordingly, the present
invention provides a method of Packaging integrated
Circuits at the wafer level. The wafer level packaging may
be carried out as a continuation of the wafer fabrication
process to streamline and shorten the packaging process.
As shown by FIGURE 1E, each integrated circuit package
50 may be a chip sized package. Accordingly, neither the
lead frame 28, connectors 42 or encapsulant 44 extend
beyond the periphery 32 of the integrated circuit chip 22.
As a result, package volume is minimized and the chip may
be used in devices requiring extremely small chips.
Although the present invention has been described with
several embodiments, various changes and modifications may
be suggested to one skilled in the ért. It is intended



circuit packages 50 and/or the back side 54 of the substrate 12 may be
first sealed. Accordingly, the present invention provides a nethod of
packaging integrated circuits at the wafer level. The wafer | I
packaging may be carried out as a continuation of the wafer fgﬁﬂgv grm]'q
process to streanline and shorten the packagi ng process. As shown by FlI GURE
1E, each integrated circuit package 50 may be a chip sized package.
Accordingly, neither the |lead frane 28, connectors 42 or encapsul ant 44
extend beyond the periphery 32 of the integrated circuit chip 22. As a
result, package volunme is mnimzed arxk the chirp may be used in devices
requiring extrenely small chips. Al though the present invention has been
described wit h®h¥evéRsl Rifseatnemventiani cuscripasgessand sRstddLcathgns may
be suggested twodneiskiildngd 4 e i Lp5e | ed.2Q, NOV 2003 12 that
the present inygntion enconpass sucﬁ&%%hér%egﬁeangégﬁr%dﬁi gﬁ?i GREegded g |
within the scope otf° 't he appended clains. 20 NOV 2003 13 CLAIMS 1. An
integrated circuit package, conprising: an integrated circuit chip
including an integrated circuit; a |ead frame opposite the integrated
circuit chip;



the lead frame including at |east one lead electrically coupled to the
integrated circuit by a connector; the lead entirely within the periphery

of the integrated circuit; an encapsul ant covering the int eg??ggpv m
ti

the connector, and a portion of the lead frame; and a remainin
the |l ead frame exposed fromthe encapsulant. 2. The integrated circuit
package of Caim1l1, further conprising: a securing agent securing said
| eads to said integrated circuit chiq33. The integrated circuit package of
Claim 1, wherein said securing agent “i's electrically insulating and
spaces said |leads fromsaid surface. 4. The integrated circuit package of
Caim1, wherein the connector is a wre bonded to the lead and to the
i ntegrat &AdMBcuit. 20 NOV 2003 14 5. The integrated circuit package of
Claim1, further conprising: a bonding pad electrically coupled to the
integrated circuit; the bonding pad di sposed proximate to a centerline of
the integrated.cirémn tintagoeatke cimaadtopakdiang ,a cwinpe ilzdnded to the | ead
and . : . o .
an integrated circuit chip including an
integrated circuit:
a lead frame opposite the integrated circuit
chip;
the lead frame including at least one Jlead
electrically coupled to the integrated «circuit by a
connector;
the lead entirely within the periphery of the
integrated circuit;
an encapsulant covering the integrated circuit,
the connector, and a portion of the lead frame; and
a remaining portion of the lead frame exposed

from the encapsulant.

2. The integrated circuit package of Claim 1,
further comprising:
a securing agent securing said leads to said

integrated circuit chip

3. The 1integrated circuit package of Claim 1,
wherein said securing agent is electrically insulating and

spaces sald leads from said surface.

4. The 1integrated «circuit package of Claim 1,
wherein the connector is a wire bonded to the lead and to

the integrated circuit.



to the bonding pad. 6. The integrated circuit package of Claim1l, wherein
the lead is plated with palladium 20 NOV 2003 15 7. A packaged wafer," ’
conprising: a wafer including a plurality of integrated circupt k
each integrated circuit chip including an integrated circui t;uzag mgfmoa
| ead frames opposite the integrated circuit chips; each | ead frane
including a lead electrically coupled to an opposing integrated circuit by
a connector; the lead within a periphery of an opposing integrated
circuit; an encapsul ant covering the integrated circuits, the connectors,
and a portion of each lead frane; and flqremai ning portion of each |ead
frame exposed fromthe encapsulant. 87 "The packaged wafer of Caim7,
wherein the sheet of |end friawesrhse@ Yni,Lary sheet of terjal . 9. The
packaged waf er f(af g:leai m 7, the I_gad ?ranegkﬁééchg?%rat%eer g?on%)ii”é‘i nd‘i' a
plurality of |éads et K ddnGach el ectrical Iy coupled to the opposing
integrated circuit by a axornectiay, aad t@pe&@tqq,%l@_§chc%lgm({l the Q.%[ai phery
of the integrated circuit;

the bonding pad disposed proximate to

| a
centerline of the integrated circuit; and

the connector being a wire bonded to the lead and
to the bonding pad.

6. The integrated circuit package of Claim 1,
wherein the lead is plated with palladium.



opposing integrated circuit chip. 10. The packaged wafer of Claim?7,
wherein a distal end of the each lead is substantially parallel to the
opposing integrated circuit chip. 11. The packaged wafer of O §|B1NOV 2003
wherein each connector is a wire bonded to the |lead and to the opposing
integrated circuit. 2 0 NOV 2003 16 12. The packaged wafer of Caim7,
further conprising: a bonding pad electrically coupled to each of the
integrated circuits; the bonding pad di sposed proximate to a centerline of
the integrated circuit; and the connector being a wire bonded to the | ead
and to the bonding pad. ' 13. The pagkaged wafer of Caim?7, wherein the
lead is plated with palladium 20 NOV 2003 17 14. A nethod of packagi ng
integrated circuitd, cnpaflsiguyl wadest epsmafisidigsposi ng a sheet of |ead
frames opposite a plurgli k d_circuit .chips.each including an
integrated circuit, eac% I%%fd%rgﬁéﬁ%\%{d?ngplguﬁaelégy i Thi ARt§9peF¢Dhery of
an opposi ng i ft@grdted?éPFcuit chip; electrically coupling the |ead of each

| ead frame each integrated circuit chip including an
integrated circuit;

a sheet of lead frames opposite the integrated
circuit chips;

each lead frame including a lead electrically
coupled to an opposing integrated circuit by a connector;

the lead within a periphery of an opposing
integrated circuit;

an encapsulant covering the integrated circuits,
the connectors, and a portion of each lead frame; and

a remaining portion of each lead Fframe exposed
from the encapsulant.

8. The packaged wafer of Claim 7, wherein the sheet

of lead frames is a unitary sheet of material.

9. The packaged wafer of Claim 7, the lead frames
each further comprising:
a plurality of leads;
the 1leads each electrically coupled to the
Opposing integrated circuit by a connector; and
the leads each within the periphery of the
opposing integrated circuit chip.

10. The packaged wafer of Claim 7, wherein a distal
end of the each lead is substantially parallel to the
opposing integrated circuit chip.

11. The packaged wafer of Claim 7, wherein each

connector is a wire bonded to the lead and to the opposing
integrated circuit.



to the opposing integrated circuit chip; and encapsulating the integrated
circuits and a portion of each lead franme, each encapsul ated integrated
circuit and opposing lead frane formng a discrete integrat e? Kt@\[tzn[]a
package. 1S. The nethod of Claim 14, wherein the sheet of lead franes Is a
unitary sheet of material. 16. The nethod of C aim 14, wherein the step of
electrically coupling the lead to an opposing integrated circuit conprises
the step of bonding a wire to the lead and to a bonding pad of the opposed
integrated circuit. 17. The nmethod of C aim 14, further conprising the

step of detaching the integrated circugg packages fromone another. 18.
The nmethod of Claim 14, further conprising the step of nounting each | ead
frame to the opposi Ag- |rﬂt1EEgrapeclkag)acr cuikifed9. ofhe gmathod of Gaidp.l4,
further conpri %'oﬁgrwfn gsStep of formng a polymide |ayer on the int egrat ed
circuit chips The  nethod of C aim 14, further conprising the step of
plating the | ead with pat Pe8ding Pad)\AER: LA YPACKAENGo ABSTRACERGF THE
DI SCLOSURE integrated circuits;

the ©bonding pad disposed proximate to a
centerline of the integrated circuit; and

the connector being a wire bonded to the lead and
to the bonding pad.

13. The packaged wafer of Claim 7, wherein the lead
is plated with palladium.



An integrated circuit package (50) may include an

integrated circuit chip

(22) having an integrated circuit (14). A lead franme (28) may be oiﬁsséﬁﬁg

the integrated :
| east ong | ead (30) electrically coupled to the integrated

a connector (42). The lead (30) may be wthin a periphery (32) of the

circuit chip (22). The lead frame (28) my ianuﬁeN

circuit (14) by

. : : . t ed
' ated circuit chi (22). An encapsulant (44) may cover the integra
oo t he conﬁector (42) and a portion of the lead frane (28). A
remai ning portion of the lead frame (28) may be exposed fromthe
encapsul ant (44). Figure 1c 17

circuit

(14),

l4. A method of packaging integrated circuits,

comprising the steps of:

disposing a sheet of lead frames opposite a
plurality of integrated circuit chips each including an
integrated circuit, each lead frame including a lead within
a periphery of an opposing integrated circuit chip;

electrically cbupling the lead of each lead frame
to the opposing integrated circuit chip; and

encapsulating the integrated circuits and a
portion of each lead frame, each encapsulated integrated
circuit and opposing lead frame forming a discrete
integrated circuit package.

15. The method of Claim 14, wherein the sheet of lead
frames is a unitary sheet of material.

16. The method of Claim 14, wherein the step of
electrically coupling the lead to an opposing integrated
circuit comprises the step of bonding a wire to the lead

and to a bonding pad of the opposed integrated circuit.

17. The method of Claim 14, further comprising the

step of detaching the integrated circuit packages from one
another.

18. The method of Claim 14, further comprising the

step of mounting each lead frame to the opposing integrated
circuit.

T

19. The method of Claim 14, further comprising the

step of forming a polymide layer on the integrated circuit
chips.

20. The method of Claim 14, further comprising the
step of plating the lead with palladium.





