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 prent, where plastic is transfer nolded to
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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.



surround the assenbly. This plastic packaging serves to protect the chip
exposure to light, noisture and contam nation, which could da

circuit conponents, as well as naking the entire assenbly necﬁggrbuﬁﬁ§2003
rigid and durable. The nol ded plastic is then cured by nmeans of heating
in an oven for several hours. The |leads of the lead franme are then trinmed
and forned into the desired shape. For exanple, the | eads may be forned
into a "gull wing" shape for surface-nmounted chips. At this stage, various
el ectrical and nechanical tests are perforned to determ ne whether the

chip will function for its intended puypose. The circuit chip industry is
very cost-conpetitive. It is therefore desirable to shorten, streamine or
elimnate packdﬁﬂﬁ@mQUEDsoramﬁhqmeNTp@pduction time and reduce production
costs for the chipsT P@N 03 3, SUVVARY OF THE | NVENTI ON Accordingly, a
need has arisen in th FoEh  TRPHORSY it edPst edabirieat topackabi ng.

The present irRRQKQQ§ﬁgpP§vccm§uxtrunlbedaﬁé patkagidig i ntggraked, gh{CUItS

at the wafer | emelay AddiitdegralL aresent__.invention rOV|d chip
si ze package. lLn accor dance Wi t% lr{'fl'j&lressel Ralr&fergnon |ﬁ%%‘§%laﬁred

circuit package SRTOPHEF e &Hfﬁﬁtégﬂéﬁkdwell known microlithographic
techniques. The wafer is then sawed into many rectangular

pPieces to separate 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.



circuit chip. Alead franme may be opposite the circuit side of the
integrated circuit chip. The lead frame may include at |east %?%“I ad -
electrically coupled to the integrated circuit by a connect 02. @(2‘162@03
may be entirely within the periphery of the integrated circuit chip. An
encapsul ate may cover the integrated circuit, the connector and a portion
of the lead frane. A remaining portion of the |ead frame may be exposed
from the encapsulant. Mre specificallky, in accordance with one enbodi nent
of the present invention, an integrated circuit nmay be packaged at the

waf er |evel. |sumimesy evbodenenvpnergheet of |[ead frames nmay be oppﬁsite a
plurality of integrated ..circuit chips.. The encapsul ate may cover the
integrated circui t& SAEIEISEF t Porl BT AT PEATE réﬂeﬁ%ﬁaéﬁﬁ:e ‘¢apéll at ed

integrated ciréuptound opposgrgtédad:frane nmpckagrimga dirber epeesabegrated
circuit packagenvifposhant-Jdachiy cal advanf ages ﬁgc Cfm%‘lr&{ e%ﬁgégfﬁgggnt on

i ncl ude providing chip size packages for_ 1ntegrated circuits.
particul ar, a FEEE¥randt tBeniHééEsr 4 aRd - eACdasdPaAl 1Mo Rbe exeerdtbeyond
a periphery pipaﬂnﬁmpp@kagia@gegkﬁﬁgdsﬁtéQﬂhﬂm@bbp-_ACCO;giB?L?h package
Zglrgﬁeii SLQ:r1éﬁ?%gh%ﬁ%%ﬁﬁéghg%gﬁ%ﬂggl%%%ga%9355%§%CgﬁgeBgéggntgPHvention
i ncl udes provi dhhgyrahed hod robipackagfiane | neggriatddide rewi tintegrated
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



chips at the wafer level. In particular, integrated circuit chips may be
packaged concurrently while still part 2 0 Nov 2003 4 of a waf

Accordi ngly, the packagi ng process may be carried out as a CCZIG NHM gggf
the wafer fabrication process. This serves to streanmine and shorten t
assenbly and packagi ng process. Qther technical advantages will be readily
apparent to one skilled in the art fromthe follow ng figures,
descriptions, and clainms. 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

advant ages thereof, references now made to the follow ng description taken

in conjunction wt h t he accorrpac%_l ng draw ngs, wherein |ike reference
nuneral s repr88edt 1356& -pardecordingiive h:thil @URESy1Ag Epabeess SRaY €BeOf

schematic crossasecédosat a@i @rmlddalﬁatjhatolfn%‘bhv@fﬁgférevfik%xﬁ_acl%agl ng of

an integr at ed cuit |n cordance with one enbodi ment o 8sent
i nventi on. 2003 6° Aﬁ?EESeBEs‘m PEFeRPOm T HRNONVENTS G the

assembly and packaging process.
Other technical advantages will be readily apparent to

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



The preferred enbodi nents of the present invention and its advantages are
best understood by referring nowin nore detail to Fl GURE -

drawings, in which like nunerals refer to |ike parts throﬁZﬁﬁU&UﬁLéﬁﬂ%
several views. FIGURES 1A-E illustrate a nmethod of packagi ng integrated
circuits at the wafer level. Wafer |evel packaging may be carried out as a
continuation of the wafer fabrication process to streamnmine and shorten

t he packagi ng process. FI GURE 1A shows a patterned wafer 10. The patterned
wafer 10 'may conprise a substrate 12 and a plurality of integrated
circuits 14 forned in a surface 16 of 8he substrate 12. The substrate 12
may include one_ or mor e | ayers of senlconductor material. For exanple, the
substrate 12 n&y S48 1RE , A BYENGHrown on a wafer. The
integrated circui tS?o]:4 arakho%cfbdnqglquge Bhdd¥s\#; gh&hg e bond ggggent
electrically co % to tg integrated circuit ; descri - nore
detail bel ow, 6’ﬁ‘d b détisag ac?é’—SeFBEF?PEm r%&ﬁ%:@w fharongdte whi ch
the i ntegratedt@luheufblldwrng/dm3c®mpﬂe@ﬁemhﬁeh th@bﬂ?ﬁncﬁ%BEpQ@%Htéhe| n one
enbodi nent, th i S osed center line 20 of the
i nt egrat ed C|r§ﬁ|t n%%ﬂ? %ﬁﬁ %g%bodﬂl %ﬁg?rQWHECBHF?ﬁﬁ%%Ilon of
the bond pads ﬁ%??ﬁﬁﬁniaﬂykﬁeﬁﬁﬁﬁﬁrngnowhth@ appllcatlon For exanple, the

integrated circuit Fidurmy i@ Wde PNRQLs JPr&hagger &g, Rarallel rows
of bond pads %? graﬁgll

illustrating wafer level packaging of an

1ntegrgted circuit in accordance with one embodiment of the
present invention.



be understood that the bond pads 18 nay be di sposed el sewhere on the
integrated circuit 14 within the scope of the present invention. Each
integrated circuit 14 and surroundi ng section of the substr

define a discrete integrated circuit chip 22. The integrat e? Bi mVE?GQBps
22 may each be packaged to provide connections to external conponents and
to provide protection fromenvironnental factors. 2 0 NOV 2003 7 Typically,
patterned wafers are sawed into individual integrated circuit chips for
packagi ng. The integrated circuit chips are each separately nounted and
coupled to a |ead frame, and then encapsulated with that |ead frame. A
problemwi th this nmethod is that the separate packagi ng of integrated
circuit chips PEIAEER PEASREBTEINTONY THRAINWENTRON Additionally, it prevents

packagi ng from bei R§Caf&4 u , nt i ti.on-of the wafer
fabrication process. T%eégfgﬁgh%m?ﬁégﬁFﬁgnégo %bgg?ﬁﬁ%F[ﬁggﬁggﬁ?ﬁyaﬂﬁoviding
a method of patiaGhrgiesyraeeaes vaderstinddyarefewr inaf @ow ipvedre As
described in nsenidet | Fhebrys theri Breqial 6d-abidGul ty Ch&}fﬁcrgz aLe
packaged concq&&&&%&é y@%{g sti.l.l part, of the patterned wafer 1b.
Accordingly, the packaginyg rdcsEsPHEYS fHro4PPPRE BhR seyesadoniewmiati on of
the wafer fabFi@WESoiATE0dédestihis senvend oStgakEling andeshorden the

packagi ng processuiMer £ovle A%l $o,descrhihed .Qngrpeackaging may be
carried out as a continuation of the wafer fabrication

process to 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.



detail bel ow,

package. As a result, the packaged integrated
in applications which require '
| arger than individual chips. Referring to FIGURE 1B, a pol yrrzcﬂa Nw
24 may be applied to the surface 16 of the substrate 12. The

the nethod of the present invention produces a chip s

coating 24 may provide better adhesion for encapsulating nmaterial t
will cover and protect the integrated circuits 14. Conventional pattern
etching techniques may be used to prevent the polym de coating 24

covering the bonding pads 18. . It will be understood that other or
coatings may be used within the scope of the present invention. A sheet of

| ead frames 26THRYCHe Wi spaseernsshovafers haresusdane 16tef ihgsubsirate

12. The sheet ohté@estdd alBsni4b dBYsi NGl %daagkgralit o;hggg%%%gg
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lead frames 28-dByPe; ALl gy: 42 | ocall | ated with silver.
under stood that a var ﬁjéﬁb 1%?’150 éﬁoﬁaf%rﬁ'éﬁts SpRArgsePIHiaging béad
frames 28 wit htHaIFated opierantitt bleipr ésehbth time consuming and costly.

Additionally, it prevents packaging from being carried out
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.

| ead



i nvention. The |ead franmes 28 may each include a plurality of [|eads 30

within a periphery 32 of an opposing integrated circuit chi 62
Accordingly, the | eads 30 do not overlap other. integrated % N@Vcﬂﬂgg
22. As described in nore detail below, the |eads 30 nay be electricall
coupled to the bonding pads 18 and extend fromthe encapsul ant for
connection to external conponents. In one enbodinent, the | eads 30 nay be
in a dual level <configuration. In this configuration, as shown by FI GURE
1B, an upper set of |eads 30 may be disposed on a | ower set of |eads 30.
Accordingly, the dual level configuratison provides a greater nunber of

| eads 30 for the integrated circuit chips 22. The |ead franmes 28 nmay al so
i ncl ude an el ongat BtF $hepp ¢hoteshdmesonfietd  ng Qﬂ&n@taﬁprﬁlé&a@§ 30.

The strip may heteﬁpépyed IﬁS cgl grach up ta nductor. It wll
be under st ood %hat gg Frane Zlglgggnf ?éér&a% gfra bg Gsd@24i t hi n
the scope of tHhe*™pFesent?Y Mredtiley. 43htosaklos R@@tﬁdywe’almmiﬂaxm a dist al

end 34 for cowhbkticomntioraro®RXttarBa) xﬁiﬁ*ib%? of TH1Re ﬁgPQP'iif vaR ShOW“
by FI GURE 1B, EQé’ddﬂo%I ﬂ?d?fr ar e %{1 supstantial [y “one ane‘and ma
extend the periphery 3 e TAFEYrat &FtALhr R tsceﬁppoézthe’ Presest
enbodi nent , thénv%@anarres 28 may be cut fromthe lead franme sheet 26 by
the post packagi NOriavi igs PFOGESS ek G LhgRattered yater 10
leads 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 configgrations may be used within the scope of the
present invention.

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.
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| integrated circuit chips 22. As shown by FI GURE 1B, each
may be substantially parallel to the integrated circuit chip
22. In one enbodinent, the distal end 34 nmay include palladium 20 NOV

| adi um pre-plating allows the distal end 34 to D N’g\PZUOB
i 11 " De

d to aprinted circuit board and the Ilike. It w

t the distal end 34 nmay include other or no pre-plating
pe of the present invention. For exanple, the distal end 34
may be solder pre-plated. The |ead frames 28 nmay each be nounted to an

grated circuit chip 22. bBn one enbodi nent, an adhesive

t ape

to mount the lead frames 28 to the opposing integrated
circuit chip 23heppafépdbiy pramplagdheskiowapthelQlissanoradonduebi bg to

hoae esBOTY i shackhe adhesiye dape AQ R ggkgggggo%ggt Ihea ;
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The lead frames 28 may each be mounted to an opposing
integrated circuit chip 22. 1In 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



mounting the leads 30, it will be understood that the |ead franes 28 may
be ot herwi se nounted to the opposing integrated circuit chip 22.
Simlarly, the upper |leads nay be otherw se nounted to the | r | eads.
For exanple, the leads 30 and/or |lead frame 28 nay be rrechaaoﬁeaNIO'chaed
by an epoxy or the like. Referring to FIGURE 1C, a connector 42 may
electrically couple the leads 30 to the bondi ng pads 18 of the opposing
integrated circuit chip 22. In one enbodinent, the connectors 42 may each
conprise a wwre bonded to a lead 30 and to a bonding pad 18. In this
enbodi ment, the wire may be any thin, igurable conductive netal. In a
particul ar enbodi nent, the wire may be gold wre having a dianeter of
about 1.0 to Ithe Hanglinghpads res. neln beewedbedihett, ahesiwiirkabbydabended to

the | eads 30 2@ sNeM, 2003 . bondi .pads, 18. 1n qne enbodj ment, the
wi re bondi ng qggbqegs &%g,usg¥9F%g§§%¥hgfﬂg%§ iﬁglg%fgﬁu'géuFPsai 5 1 ow
| oopi ng profi I'€CAHRIWPTILHE -undér st bbdba Waderhsoedntiedt ¢he 4@nneytde ot her

than a wre w4himayt be sgepetRin thaipLesetin itﬁ!é%é&;?é‘-of%?ne%?é@é& the
connect or 42 gﬁ%ﬁ%&iﬁ §o| er %%gﬁ-QO'Q ball, or alternately wre and ball.
Referring to Byt h&%i HiBYar e 4761 FRUPECTH & ™82, PEoAneeidR®s 42 and
at | east a pordy @ngefldt hall ead falapesat@By naircbanansapsyul at ed. The
encapsul ant 44 sery@$elPing to FIGURE 1D, the integrated circuit chips

22, connectors 42 and at least a portion of the 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 molding 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



t the integrated circuit chi'ps 22 from exposure to environnental
F;gt g(r:s t hat coulgd damage the circuit conponents. The encapsul ant 44 al so
serves to nake the entire assenbly nechanically rigid alnd du%llalf Wach 3
encapsul ated integrated circuit, connectors and opposing l e ZBB
forma discrete integrated circuit package 50. In one enbodinent, the
encapsul ant 44 may be applied to only the side of the wafer 10 i ncl uding
the integrated circuits 14, connectors 42 and lead frames 28. The
encapsul ant 44 may be applied as a liquid by a syringe. In this o
enbodi ment, the liquid may be at firstilow viscosity and quickly solidify.
It will be understood that the encapsulant 44 may be otherw se applied
within the scoffe of2s tbreyproasdnt diiwea'sé?n.tlE@Ldi_maamI@%dg rt?ioeﬁwjl if;\n|Q§5uI ant 44

be appli US T Sk ti r in r o
Foohnol gy & poLa aovity o PaTRs el B BB SR Oy BacfPrd e w11 be
further under $t"38 efcihﬁfr t hoag@sorokhe Welkgaf er 10 may be encapsul at ed

wi thin the scope oﬂ?héhaism:‘%@g{s?)iﬁ\r/rgda&rir gﬁé%ﬁﬁt i%ﬂ??le%gﬁlc%%nﬁat o
The . exposed Hort OB tn e BRER Y0 S APL EONFoCH NS 6y 1€ ho For
integrated ci rdgi ereddime2® o EXEEREAID,Caponebiuse &iiGtheasncapPiidiited
circuit boardaangalngel ike. ahd.ONG £HRQLTRRL. ¢; 1 e, &poged portion of the
leads 30 may he e Ot 0% s 34. 1n this embodiment, 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



2 0 NOvV 2003 11 34. As previously discussed, the distal ends 34 may be
pre-plating with palladiumto be nore easily soldered to a printed circuit
board or the like. The distal ends 34 nay be | eft exposed by r InpOY

t he vol une of encapsulant 44 applied to the wafer 10. For th gﬁ@ﬂ@MﬁZﬂDa
of FIGURE 1D, the volunme of the encapsulant 44 may be the anobunt necessary
to fill up to an underside 46 of the distal ends 34. In this enbodi nent,
the distal ends 34 may be substantially parallel to the integrated

circuit chip 22 to allow the encapsulant 44 to fill up to the underside 46
of the distal ends 34 w thout coveringizan outer side 46 of the distal ends
34. The substanti all parallel distal ends 34 will also allow the packaged
chip to sit fFagt aﬁé?nﬁre&eﬁﬂii ninetergiipoui ndeomad sorsudie thieredRefgEring to
FI GURE 1E, themedCepsddiaingd af €171 1may; sayed etach, the indivi dual

i nt egrat ed cir§ig£m§ackages 50 frgﬁyﬁﬁglangﬁﬁe?%g?% 3gc3P8aﬁ€8€RF?% t he
present invenftTon, 'the integrated circuit packages 50 nmay be conplete and
ready for testing, stenciling and shipnment to custonmers. |If desired,
however, ends 52 of the integrated circuit packages 50 and/or the back
side 54 of the substrate 12 may be first seal ed. Accordingly, the present

i nvention provides a nethod of packaging integrated circuits at the wafer

| evel . The wafer |evel packagi ng may



be carried out as a continuation of the wafer fabrication process to
stream i ne and shorten the packagi ng process. As shown by FI GURE 1E, each

integrated circuit package 50 nmay be a chip sized package. I
neither the |ead frame 28, connectors 42 or encapsul ant 44 ﬁ%ggmﬁowgéguﬁﬁ

the periphery 32 of the integrated circuit chip 22. As a result, package
volume is mnimzed and the chip may be used in devices requiring
extrenely small chips. Al though the prgsent invention has been descri bed
with several enbodinments, various cha ges and nodifications may be
suggested to one skilled in the art. It is intended 20 NOV 2003 12 that the
present invention enconpass such changes and nodifications as fall within
t he scop&ldfiMShe appended clains. 20 NOV 2003 13 CLAIMS 1. An integrated
circuit package, conprising: an integrated circuit chip including an
integrated circuit; a lead franme opposite the integrated circuit chip; the
| ead franme indl.udi Ag dhtlkegasteaneilreadt glhekaniesaldoypeduplhed to the
integrated circuit b% a, . . . .
n 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.



connector; the lead entirely within the periphery of the integrated
circuit; an encapsul ant covering the integrated circuit, the connector,

and a portion of the lead franme; and a remaining portion of t
exposed fromthe encapsulant. 2. The integrated circuit packlz;l%eo ng

1, further conprising: a securing agent securing said |eads to said
integrated circuit chip 3. The integrated circuit package of Caim1l,
wherein said securing agent is electrically insulating and spaces said
| eads fromsaid surface. 4. The integrated circuit package of Caim 1,
wherein the connector is a wire bonded éo the lead and to the integrated
circuit. 20 NOV 2003 14 5. The int egrag‘ d circuit package of Caimi1l,
further conprising:sa bongi ngrpad,-st&st rd; Ly coupled to_th j ntegrated
circuit; the b(}ﬁg%ﬂg pad di sposed proxi nﬁLtCrg"luﬁ aga(gkearﬁeer Pifne&ofl‘mt hé’
integrated circuitrandtHe ¢8Anect or being a wire bonded to the | ead and
a bonding pad electrically coupled to 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.



to the bonding pad. 6. The integrated circuit package of Claim1l, wherein
the lead is plated wth palladium 20 NOv 2003 15 7. A packagea wafer, '
conprising: a wafer including a plurality of integrated circugt{cN(Pé;2003
each integrated circuit chip including an integrated circuit; a sheet of

|l ead frames opposite the integrated circuit chips; each lead 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; andia remai ning portion of each_lead
frame exposed fromthe encapsulant. 8. The packaged wafer of Caim7,
wherein the sheet 7of |&ada¢kagmsts wagea, lodmarisislgeet of material. 9. The

packaged wafer of O aim7,,4h8 | ead; f{ s, each further caonprising:
plurality of Ié¥¥¥§itthgi£égds eacﬁ é*é%t%lgal Qnﬁgﬁﬁﬁed°ﬁolgﬁﬁgrat6d
chips;

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.



opposing integrated circuit by a connector; and the | eads each within the
peri phery of the opposing integrated circuit chip. 10. The packaged wafer
of daim7, wherein a distal end of the each |ead is substantd § \' 20[]3
parallel to the opposing integrated circuit chip. 11. The packaged warer
of Claim7, 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
Claim?7, further conprising: a bonding pad electrically coupled to each of
the integrated circuits; the bonding pad di sposed proxinmate to a
centerline of the integrated circuit; apd the connector being a wire bonded
to the lead and to the bonding pad. ' 13. The packaged wafer of Claim7,
wherein the lead i$2pladlled wpabkppdd adivafer 2000V ARQAR 17 14. £ A ¢thod of
packagi ng i nt e%ﬁbggsﬂ({[pui ts, conprising the steps of: disposing a sheet
of |ead franmes opposite a .

a bonding pad electrically coupled to each of the

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.



plurality of integrated circuit chips each including an integrated
circuit, each lead franme including a lead within a periphery

opposing integrated circuit chip; electrically coupling the Ie%dﬁoN[EﬁcZﬂﬂB
|l ead frame to the opposing integrated circuit chip; and encapsulating the
integrated circuits and a portion of each |ead frame, each encapsul ated
integrated circuit and opposing |lead frame formng a discrete integrated
circuit package. 1S. The nethod of O aim 14, wherein the sheet of |ead
frames is a unitary sheet of material. 16. The nmethod of C aim 14, wherein

the step of electrically coupling theiead to an opposing integrated
circuit conprises the step of bonding a wire to the lead and to a bonding

pad of the opposed FAtegtatesthoid cwift . pA¢kadiey methedrate abmdd e d urt her

conpri sing thecoﬁbgpsgﬁgQ§ka%Qng Lhe integrated circuit packages from one
another. 18. The nethod of C aim 14, further conprising the step of

mount i ng each | ead franethStPotsﬁégorﬁpo§Pﬁgt| fegieadd fr@mu:wotppoigte The
net hod of Clal@ﬂh&aliuytber1ﬁ@€@fa§@£9c£fﬁhlﬁﬂéﬁl %y i%éf%dﬁ% yri de
0

Lg)r/rg;I an;htehlaqhgg egi %:J_;ct%;ﬂ]h% eﬁghpg%qﬁ%rﬁgggwﬁeéglaﬁ a lead w:.thlnf urther

a perlphery of an opp051ng integrated circuit chip;

electrically coupllng 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 pqumide layer on the integrated circuit
chips.

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



WAFER LEVEL PACKAG NG ABSTRACT OF THE DI SCLOSURE An.integrated circuit

package (50) may include an integrated circuit chip (22) having an

integrated circuit (14). Alead frame (28) may be opposite tA{JiNOAD

circuit chip (22). The lead frame (28) may include at |east one |ead (30

electrically coupled to the integrated
The lead (30) nay be

chip

(22).

(14),

circuit (14) by a connector (42).
within a periphery (32) of the integrated circuit
An encapsul ant (44) may cover the integrated circuit

t he

connector (42) and a portion of the lead frame (28). A remmining portion
of the lead franme (28) may be exposedgiromthe encapsulant (44). Figure

1c

WAFER LEVEL PACKAGING

ABSTRACT OF THE DISCLOSURE

An integrated circuit package (50) may include an
integrated circuit chip (22) having an integrated circuit
{(14). A lead frame (28) may be opposite the integrated
circuit chip (22}, The lead frame (28) may include at
least one lead (30) electrically coupled to the integrated
circuit (14) by a connector (42). The lead {30) may be
within a periphery (32) of the integrated circuit chip
(22). An encapsulant (44) may cover the integrated circuit
(14), the connector (42) and a portion of the lead frame

(28). A remaining portion of the lead Fframe {28) may be
eXposed from the encapsulant (44). '

Figure lc



