SEMICONDUCTOR PACKAGE AND METHOD OF MAKING THE SAME CROSS-REFERENCE TO
RELATED PATENT APPLICATION [0001]The present application claims priority from U.S. Provisional
Application No. 61/048,644, which was filed on April 29, 2008, and is incorporated herein by reference
in its entirety. BACKGROUND OF THE INVENTION 1. Field of the Invention [0002]The present

invention relateSEMITEONS OGTSIREMRCIK AGKI PSR IVIEATHIOCIaD Havicgst NGDRser paenof the
Related Art [0003]One major challenge in semiconductor packaging, for example thru silicon via
interconnect 3D packaging, embedded wafer level packaging and other semiconductor packaging
involving handling of tt%&%%ﬂﬁ%ﬁ@l%&%@p%g%ﬁig@ gfﬂ_lféﬂﬁép grle@ﬁsﬂgﬂﬂble to warpage after
a molding process. This warpage results due to Coefficient of Thermal Expansion (CTE) mismatch
between [} old ddbpRgsRNhriPRHEaTHR of 3iBfe R BN dhiJETO0d HOREMTNH ARHENIRALINDthe
problem is to bond a temporary support carrier to the wafer or chips before continuing with assembly
processe3 Q&0 ipsrikingSaHE oy i 208BoANEalTiEICRHRR REKMRIBIN M RTBEANGRdAItS
strength to the structure to render the structure less susceptible to warpage. The support carrier is
removed®8HE Ynolding.

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0002] The present invention relates to the use of a stiffener in making semiconductor
devices.
2. Description of the Related Art
[0003] One major challenge in semiconductor packaging, for example thru silicon via
interconnect 3D packaging, embedded wafer level packaging and other semiconductor packaging
involving handling of thin wafer or chips, is warpage, as the structures are susceptible to
warpage after a molding process. This warpage results due to Coefficient of Thermal Expansion
(CTE) mismatch between the mold compound and the Silicon wafers or chips.
[0004] One method of ameliorating the problem is to bond a temporary support carrier to
the wafer or chips before continuing with assembly processes such chip stacking and molding.
The support carrier adds thickness and mechanical strength to the structure to render the structure
less susceptible to warpage. The support carrier is removed after molding.
[0005] Whilst the support carrier is capable of ameliorating the warpage, there is still a
desire to further improve the degree of warpage.
[0006] An alternative method that can avoid the use of the temporary support carrier is also
desired, as the carrier can have the following drawbacks:

- The cost of the wafer carrier support system is usually very high.



[0005]Whilst the support carrier is capable of ameliorating the warpage, there is still a desire to further
improve the degree of warpage. [0006]An alternative method that can avoid the use of the temporary
support carrier is also desired, as the carrier can have the following drawbacks: The cost of the wafer
carrier support system is usually very high. The wafer carrier support system's adhesive may not

be compatible with sormeeoytfer pepaessesy Gt chstentheaahiliivéamaiissabel defpatistonatrasoreevgien
stacking the chips with through silicon interconnects. De-bonding the support carrier from the chips

after molding mgne gesoegesiiacthieshiQMIly bevatissthedetdlenatoepdrtoupsavide stsskingamnscioiey
package and method of making the package, that can address one or more of the problems outlined
above. SUMMARih @iroligtEsI NodR MEeEabh¥e@8] The present invention provides a sacrificial stiffener to
prevent or reduce warpage of
- De-bonding the support carrier from the chips after molding may damage the
chips.
[0007] There is therefore a need to provide a semiconductor package and method of making
the package, that can address one or more of the problems outlined above.
SUMMARY OF THE INVENTION
[0008] The present invention provides a sacrificial stiffener to prevent or reduce warpage of
a semiconductor package during the assembly process. More particularly, the stiffener functions
to prevent or reduce the warpage occurring during molding of an assembly of wafers and/or dies.
[0009] According to an aspect of the invention, a method for forming semiconductor
packages is provided, the method comprising: disposing one or more semiconductor chips on a
top side of a wafer; disposing a stiffening layer above the semiconductor chips; and molding the
semiconductor chips with a molding material between the stiffening layer and the wafer.
[0010] The method may further comprise: curing the molding material; wherein the
stiffening layer provides support to the package during the curing.
[0011] The method may be provided wherein the stiffening layer is silicon or glass.
[0012] The method may be provided wherein the stiffening layer directly contacts the
semiconductor chips.
[0013] The method may be provided wherein a thermally conductive layer is provided
between the stiffening layer and the top surface of the semiconductor chips.
[0014] The method may be provided wherein a temporary adhesive is provided on the
surface of the stiffening layer facing the semiconductor chips.

[0015] The method may be provided wherein the stiffening layer is completely removed

from the molding material.



a semiconductor package during the assembly process. More particularly, the stiffener functions to
prevent or reduce the warpage occurring during molding of an assembly of wafers and/or dies.
[0009]According to an aspect of the invention, a method for forming semiconductor packages is
provided, the method comprising: disposing one or more semiconductor chips on a top side of a wafer;
disposingoa Biffeningriay efcalhay endie e produdd clor aiinsharshipolin the pemédondustonatitas with
a molding material between the stiffening layer and the wafer. [0010]The method may further

comprisgjrintfing thetmaidingtomigrial, wherein the stiffening layer provides support to the package
during the curing. [0011]The method may be provided wherein the stiffening layer is silicon or glass.

[0012] Thmeihod nTRiyehagaiouinRg Bdprelidtuendidfeininig: sytfecingdtyecinpactmliyatsansgonductor
chips. [0013]The method may be provided wherein a thermally conductive layer is provided between
the stiffefdogdpyer amhéhedtpsurfacdofghwisethwdprbictaiectiimifR0isd penfoimethog mayHaaical
provided wherein a temporary adhesive is provided on the surface of the stiffening layer facing the
semicondieidinghipshdfiddl]dibrimgethod may be provided wherein the stiffening layer is completely
removed[0019] The method may be provided wherein the stiffening layer covers a top side of the

molding material only on a periphery of the wafer in the shape of a ring.

[0020] The method may be provided wherein the stiffening layer is in the shape of a ring.

[0021] The method may be provided wherein the stiffening layer is in the shape of a square

or a rectangle.

[0022] The method may be provided wherein the stiffening layer substantially covers a top

side of the molding material.

[0023] According to a further aspect of the invention, a semiconductor package is formed

according to the method(s) described above.

[0024] The method may further be provided wherein the stiffening layer is removed by

singulating semiconductor die packages on the wafer.

[0025] According to a further aspect of the invention, a method for forming semiconductor

packages is provided, comprising: disposing one or more semiconductor chips on a top side of a

wafer; disposing a stiffening layer in contact with the top side of the wafer only on the periphery

of the wafer; and molding the semiconductor chips with a molding material, the molding

material being bounded by an inside-facing surface of the stiffening layer at the periphery of the

wafer.

[0026] The method may further comprise: curing the molding material; wherein the

stiffening layer provides support to the package during the curing.

[0027] The method may be provided wherein the stiffening layer is silicon or glass.

[0028] The method may be provided wherein the stiffening layer is in the shape of a ring.
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from the molding material. [0016]The method may be provided wherein the removing is performed by
mechanical grinding or chemical etching. [0017]The method may be provided wherein the stiffening
layer is partially thinned. [0018]The method may be provided wherein the thinning is performed by
mechanical grinding or chemical etching. [0019]The method may be provided wherein the stiffening

layer cofpa]top sideehibgduotdingapateitlonhemiratmestifienngflidperwaietto shepshapasgiading.
[0020]The method may be provided wherein the stiffening layer is in the shape of a ring. [0021]The
method ey feetaigldded wherein the stiffening layer is in the shape of a square or a rectangle.
[0022]The method may be provided wherein the stiffening layer substantially covers a top side of the

molding [0as®jal.  According to a further aspect of the invention, a semiconductor package is
provided, comprising: a semiconductor chip disposed on a top side of a portion of a wafer; and a
molding material encapsulating at least the sides of the semiconductor chip, the molding material
having been molded between the portion of the wafer and a stiffening layer disposed over the
molding material.
[0031] The described stiffening layer may be one which substantially covers the molding
material, or which directly contacts the surface of the semiconductor chips. The stiffening layer
may also have been completely removed from the semiconductor package.
[0032] The semiconductor package may be provided such that the molding material
completely encapsulates the semiconductor chip, the molding material having been molded
between the portion of the wafer and a stiffening layer disposed over the molding material only
at the periphery of the wafer.
[0033] The described stiffening layer may have been completely removed by singulation of
the semiconductor package.
[0034] According to a further aspect of the invention, a semiconductor package is
provided, comprising: a semiconductor chip disposed on a top side of a portion of a wafer; and a
molding material encapsulating at least the sides of the semiconductor chip, the molding material
having been molded in an area above the portion of the wafer bounded by an inside surface of a
stiffening layer disposed over the molding material.
[0035] The described stiffening layer may have been completely removed by singulation of

the semiconductor package.



[0023]According to a further aspect of the invention, a semiconductor package is formed according to
the method(s) described above. [0024]The method may further be provided wherein the stiffening
layer is removed by singulating semiconductor die packages on the wafer. [0025]According to a further
aspect of the invention, a method for forming semiconductor packages is provided, comprising:

disposing one or more semicongR¢EF DIHBS RIPA ORI SHETH R DRW INSp®SINg a stiffening layer in
contact with the top side of the wafer only on the periphery of the wafer; and molding the
semicongiog3e] chiprhwibovanidioghénféatiabstbe thropdisgnminiasiridpeivitl becsirednoyeaappasiteigcing
surface of the stiffening layer at the periphery of the wafer. [0026]The method may further comprise:
curing theeseeibing imakesidlexéngskiry theisidfering tayaopraitdesfewwppertiotththetfaahéageadinggithe

curing. [0027]The method may be provided wherein the stiffening layer is silicon or glass. [0028]The
method majche provided wherein the stiffening layer is in the shape of a ring. 3 [0029]The method
may be provided wherein the stiffening layer is in the shape of a square
[0037] FIGS. 1(A)-1(P) illustrate a process of making semiconductor device according to
exemplary embodiments of the invention;
[0038] FIGS. 2(A)-2(J) show exemplary embodiments of semiconductor packages.
[0039] FIGS. 3(A)-3(D) show processes using a stiffener according to various exemplary
embodiments.
[0040] FIGS. 4(A)-4(J) show exemplary embodiments of semiconductor packages which
can be formed from the process as described in Figures 3(A) to 3(D).
[0041] FIGS. 5(A)-5(F) show a further exemplary embodiment of a semiconductor device
having a stiffener in ring form.
[0042] FIGS. 6(A)-6(F) show yet another exemplary embodiment of a semiconductor
device having a stiffener in ring form.
DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS
FIGURES 1(A) TO 1(P)
[0043] A process of making a semiconductor device is described with reference to Figures
1(A) to 1(P).
[0044] "Wafer Etching” Step 1:- As shown in Figure 1(A), a wafer 100 is etched to create
one or more vias 110 in the wafer 100. The wafer can be an inactive silicon wafer without active
circuitry embedded therein, or an active silicon wafer with active circuitry embedded therein.
Where the wafer is an active wafer, it would result in a functional die in the resulting
semiconductor package. Where the wafer is an inactive wafer, it would function as an interposer

between the chip stacked above and the substrate below. For example, the interposer can

distribute finer pitch connections of the chip stacked above to larger pitch connections of the
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or a rectangle. [0030]According to a further aspect of the invention, a semiconductor package is
provided, comprising: a semiconductor chip disposed on a top side of a portion of a wafer; and a
molding material encapsulating at least the sides of the semiconductor chip, the molding material
having been molded between the portion of the wafer and a stiffening layer disposed over the molding

material. 38k} el owsCTibe etatifigring dayehimay by patewinighasulskdntedhooavessit e iroalding
material, or which directly contacts the surface of the semiconductor chips. The stiffening layer may

also havedgeest aampese0oe moeetalio ax joscsemionitiietiro pesika dO0KOBRE Wafse n0Covitie the
package may be provided such that the molding material completely encapsulates the semiconductor

chip, thevimldimanate talfoavistpdneanveniderel leatuirizig Ureasoriamniobifevextengioddeciiftathg layer
disposed over the molding material only at the periphery of the wafer. [0033]The described stiffening
layer majohastehbheg iR Eplatetiigepefechiey smdoratiomne ofitselaoOmircoind wetfer pitkadehe mask is

[0034]According to a further aspect of the invention, a semiconductor package is provided, comprising:
a semicomrehsted ehip thspaseogas eotnplsict: Mg atthingtechvider motldesiolding fmirdab laser
encapsulating at least the sides of the semiconductor chip, the molding material having been molded
in an aredriinye The piadivtoahHiteedvaten teuindecsbisfave Idektidasefaf EOSttaaiiglesersdispased
over the molding material. [0035]The described stiffening layer may have been completely removed by
singulatid0gif shehsbatithenderctpop@akag®0a reside partially in the wafer 100.
[0045] "Dielectric, Barrier & Seed Layer Deposition™ Step 2:- The etched wafer 100 from
Step 1 is plated with a dielectric layer, followed by a barrier metal layer over the dielectric layer,
and followed by a seed layer over the barrier metal layer, as shown in Figure 1(B). The
dielectric layer is usually silicon dioxide. The barrier metal layer may be Titanium, Titanium
Nitride (TiN) or tantalum silicon nitride. The seed layer may be copper or any other metal. For
ease of illustration, the dielectric layer, the barrier metal layer and the seed layer are collectively
given the numeral 120 in the drawings.
[0046] "Via Filling" Step 3:- Referring to Figure 1(C), the wafer 100 from Step 2 is further
plated with a metallic material 130 to fill the vias 110 with the metallic material 130 and hence
form through silicon interconnects 140. Accordingly, the end portions 110a of the vias 110 will
now be referred to as end portions 140a of the through silicon interconnects 140. The metallic
material may, for example, be copper, tungsten or polysilicon.
[0047] "Front Side Polishing™” Step 4:- As depicted in Figure 1(D), the wafers 100 from
Step 3 may undergo a polishing process such as chemical mechanical polishing to remove any
residual metallic material 130 (e.g., copper) on the front side 100a of the wafer 100 where the
vias 110 are formed.
[0048] "Front Side Metallization/Passivation” Step 5:- Front side metallization and

passivation are carried out on the wafers 100 from Step 4 as shown in Figure 1(E). As used

herein, the "front side" refers to the surface of the wafer 100 where the vias 110 are formed and
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BRIEF DESCRIPTION OF THE DRAWINGS [0036]The above and other features of the present
invention will become more apparent by describing in detail exemplary embodiments thereof with
reference to the attached drawings in which: [0037]FIGS. 1(A)-1(P) illustrate a process of making
semiconductor device according to exemplary embodiments of the invention; [0038]FIGS. 2(A)-2(J)

show exefiaptangiersidedirefmistof senigpouitectorfagckees WARIEUBS. Bhe) ra¢R)IERGoNDPeeS3es
using a stiffener according to various exemplary embodiments. [0040]FIGS. 4(A)-4(J) show exemplary

embodinientdvet patbntngustel packages/wohdpadbeiavped fromo dite povaasfsies wigfeerioedhir

Figures 3(A) to 3(D). [0041]FIGS. 5(A)-5(F) show a further exemplary embodiment of a semiconductor

device havingsgiifeieom iingrdormects 140. The metallic layer used in patterning the metal traces
and/or bond pads may be copper, aluminum or other metals. The passivation process coats areas
on the front side of the wafer, which are not covered by the metallization layer, with a
passivation layer such as silicon nitride, silicon dioxide, polyimide, benzocyclobutene (BCB) or
a photosensitive epoxy resin (trade names: “WPR-1020", “WPR-1050" or “WPR-1201",
products of JSR Micro, Inc.). For ease of illustration, the front side metallization and passivation
layers are collectively given the numeral 150 in the drawings.
[0049] "Chip-to-Wafer Attachment" Step 6:- Referring to Figure 1(F), one or more
semiconductor chips 160, each provided with a pattern of conductive bumps 170 such as solder
bumps, are positioned over the front surface 100a of the wafer 100 such that the conductive
bumps 170 of the semiconductor chips 160 are aligned and are in contact with the through
silicon interconnects 140 of the wafer 100. The one or more semiconductor chips 160 may be
obtained by dicing a bumped wafer (not shown). The conductive bumps 170 of the
semiconductor chips 160 are then reflowed to result in attachment of the chips 160 to the wafer
100.
[0050] It will be appreciated that the process can be extended to a 3 or more die stack
package by inserting one or more chips with through-silicon interconnects 140 and conductive
bumps 170 between the wafer 100 and the chip 160. Exemplary embodiments of semiconductor
packages with 3 stacked dies are shown in Figures 2(D) to 2(F).
[0051] Likewise, the process can be extended to heterogeneous structures such as the
exemplary embodiment of a final package shown in Figure 2(J). In such a package, the
arrangement of dies can vary along the length of the wafer 100. For example, in the context of
Figure 2(J), a vertical stack comprising a TSI chip and a flip chip is mounted on one part of the

wafer 100 and a single flip chip is mounted adjacent to the vertical stack on the wafer 100.
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[0042]FIGS. 6(A)-6(F) show yet another exemplary embodiment of a semiconductor device having a
stiffener in ring form. DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS
FIGURES 1(A) TO 1(P) [0043]A process of making a semiconductor device is described with
reference to Figures 1(A) to I(P). [0044]"Wafer Etching" Step 1:- As shown in Figure 1(A), a wafer 100
is etched0o3TEate onegmferfidiiayiastebl?:in Wirhwaferehd td FRyurafe(Grnteeyapsinatiivensticenipsafer
without active circuitry embedded therein, or an active silicon wafer with active circuitry embedded

therein. Wt nédhw vdatsivis lamastiveovdatethét fuoldidesi0oanod fhnotidaal oieare thelceSlbdngith an
semiconductor package. Where the wafer is an inactive wafer, it would function as an interposer

betweenheeehilp siagkd alBoveuahdadhesubsisaterbsiowr Fathexanapdalbesinterpogsslgaardistddute
finer pitch connections of the chip stacked above to larger pitch connections of the substrate below.

The etchéngapanl&oachigsealdy patterning a mask (not shown) onto a front side 100a of the wafer
100. The mask exposes areas of the front side 100a of the wafer 100 where the vias 110 are to be

formed ajods3ivers thgvfordinireg Rrelaind®tstep @ fol kxarafgiel 0k endrerctivips A6 Gtehiogy ¢RRR Nwjths
then performed to form the vias 110 in the wafer 100. The mask is removed after the etching is
completedolatheteichiitg Rochragee kptdgesshubnoblimitedéodasacalysililagion mataial1dOskatanthfrom
the front surface 100a of the wafer 100 toward a rear surface 100b such that their end portions 110a
reside paritally i(it)e Befere160.noMdib{ Pietestris, dAaite &t Sestiffeayel 8 sokiibpistioped: adde
etched wafer 100 from Step 1 is plated with a dielectric layer, followed by a barrier metal layer over the
dielectricthayehjpmntofn!lddwathhynsotdiad, |#ye nmidritfatehal ri@0nveilal flayeings thisospace begueenl(B). The
dielectric layer is usually silicon dioxide. The barrier metal layer may be Titanium, Titanium Nitride
(TiN) or tetiffahem 18bcamd rite deni Jsh &6Sedelagams nhaty e abijme L60. ar\s dtiremoldtalateoinkb 8@ odires
illustration, the dielectric layer, the barrier metal layer and the seed layer are collectively given the
numeral Aafermhtae dnawtifémner 185 can prevent the structure from warping resulting from differential
thermal expansions of the various components in the structure. The stiffener 185 may be made
of silicon, glass or other materials suitable for preventing the warpage.
[0054] The stiffener 185 may also be mounted directly on the chips 160 such that it is in
direct contact with the chips 160. An exemplary final package depicting the stiffener in direct
contact with the chip 160 is shown in Figures 2(G) and 2(H). There may also be provided a
thermally conductive layer (not shown) such as thermally conductive epoxies or thermal grease
between the stiffener 185 and the top surface of the chips 160 to improve thermal dissipation.
[0055] "Wafer Thinning" Step 9:- As shown in Figure 1(1), the molded wafer 100 from
Step (8) is ground and polished at its backside 100b to expose end portions 140a of the through
silicon interconnects 140. As will be appreciated, the grinding may be achieved by mechanical
grinding methods or chemical etching methods.
[0056] "Back Side Metallization/Passivation™ Step 10:- Referring to Figure 1(J), back side
metallization and passivation are carried out on the thinned wafers 100 from Step 9. The
metallization process patterns metal traces and/or bond pads over the back side 100b of the wafer

and end portions 140a of the through silicon interconnects 140. The metallic layer used in

patterning the metal traces and/or bond pads may be copper, aluminum or other metals. The
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[0046]"Via Filling" Step 3:- Referring to Figure 1(C), the wafer 100 from Step 2 is further plated with a
metallic material 130 to fill the vias 110 with the metallic material 130 and hence form through silicon
interconnects 140. Accordingly, the end portions 110a of the vias 110 will now be referred to as end
portions 140a of the through silicon interconnects 140. The metallic material may, for example, be
copper, thagiienonrrotesiicoats A0k A3t thentr&islerPolishiog sk pfAhcAsafienisieidhnfeigdte dyépdthe
wafers 100 from Step 3 may undergo a polishing process such as chemical mechanical polishing to
remove dyy tresichegdl atihic laaierialth 3 (agivevppdayen shenfrantsiidenl Ofteidy, thidiveafetidddeyhere
the vias 110 are formed. [0048]"Front Side Metallization/Passivation" Step 5:- Front side metallization
and passgigafiatiderdearost pbumnd(B OBfeisaliidiveensiiep epagystheinitiadei ganeed:.(B)VAR- us2al,
herein, the "front side" refers to the surface of the wafer 100 where the vias 110 are formed and 6 the
"back sidal/retero30 the chuPrRit2eUfapecalitie vfalSRLOicidelme)allizatizagerafedfunmnivas the
patterning metal traces and/or bond pads on top or front side 100a of the wafer 100 and the through
silicon integaidtentstdiatidre ame: thid piayiratisr dayersatier ol i thiooyetml érates mme el Raodipaks may
be copper, aluminum or other metals. The passivation process coats areas on the front side of the
wafer, whirehvargsnot covered by the metallization layer, with a passivation layer such as silicon nitride,
silicon dioxide, polyimide, benzocyclobutene (BCB) or a photosensitive epoxy resin (trade names:
"WPR-1Q2057TWPR-10&dEr dutkigR et ARt qoroSteptd of JBRIbibum pnogtalratiang OBiINM)sheaisdl,the
front side metallization and passivation layers are collectively given the numeral 150 in the drawings.
[0049]"Chip fart\iddfen sdtecthdnanatls Sfeheomdrdfizadnpttdrigufehiéiyafend 00 mareStepioasdiepiotechips
160, each provided with a pattern of conductive bumps 170 such as solder bumps, are positioned over
the front suRmELecl006) of The veléetetiOfrsascmélyalbd e cadiods dioverimumipsy1dEh b chiees bomgusn2RE tior
chips 160 are aligned and are in contact with the through silicon interconnects 140 of the wafer 100.
The one subseqresestepolitiucibe dhigig B0z reaybbeimeatibyofliditiy iasay nApedi Waar, (Gatisiidwn).
The conductive bumps 170 of the semiconductor chips 160 are then reflowed to result in attachment of
the chipsCLeRIitBdhe Wai€rAX10. [ODS0CwiN i{ERPPuEER)ied DICtE y(EErREBE(ERN), be ExXMIGER toom 3 or
more die stack package by inserting one or more chips with through-silicon interconnects 140 and
conductivie/ BuipilZ0 between the wafer 100 and the chip 160. Exemplary embodiments of
semiconductor packages with 3 stacked dies are shown in Figures 2(D) to 2(F).

[0058] "Wafer Bumping" Step 12:- With reference to Figure 1(L), the UBM pads 210 at

the back side 100b of the wafer 100 are provided with conductive bumps 220 such as solder
interconnects. Other non-solder interconnects include but are not limited to Copper pillars, Gold
studs, etc.

[0059] "Complete/Partial Removing of Stiffener” Step 13:- As shown in Figure 1(M), the
stiffener 185 is completely removed from the mold material 190 by methods such as mechanical
grinding or chemical etching.

[0060] Although not shown in the Figure 1(M), the stiffener 185 may also be partially
thinned or be retained. The partial thinning of the stiffener may also be achieved by mechanical
grinding or chemical etching methods.

[0061] If the stiffener 185 is intended to be completely removed, an alternative method
would be to have a temporary adhesive on the surface of the stiffener 185 in contact with the
mold material 190 such that the stiffener 185 can be dislodged or de-bonded in entirety from the

mold material when required.



[0051]Likewise, the process can be extended to heterogeneous structures such as the exemplary
embodiment of a final package shown in Figure 2(J). In such a package, the arrangement of dies can
vary along the length of the wafer 100. For example, in the context of Figure 2(J), a vertical stack
comprising a TSI chip and a flip chip is mounted on one part of the wafer 100 and a single flip chip is
mounted[edg2gent to'diayesiicasiel an:theTwelbohPed (AR dadenfilisglciep FonvVatepeisrence to
Figure 1(0), the gaps between the chips 160, the conductive bumps 170 and the front side 100a of the
wafer 106iayelatvdearfibethwitiiaal waiterbonatgsmalihBOcougirisin@rtepeixyguessn avgiireamiataipalsgssuch
as polymer-based encapsulation materials. [0053]"Wafer Level Molding" Step 8:- The wafer 100 and

the chipssidfraia ciyered (Myh nadidrnasieria) 1RO singblasoanrepoxy ragin digeotyenirdbagesl units
encapsulation material as shown in Figure I(H). Before the molding process is carried out, a stiffener

185 s firgb ppsitienedrahioe dhe sthpsataOnbigriagdroeiicing, the mold material 190 will flow into the
space between the stiffener 185 and the chips 160 to encapsulate the chips 160. As the mold material
190 curef068ler heatCliip-stHEanstrdt8 SAtanprevienhthes stircfilliadromoverping diegpllBigpfriin - As
differential thermal expansions of the various components in the structure. The stiffener 185 may be
made of ddpioteddrabiyareotii®y, rirtsingis stedabliesfaB P ey arttiogethty wahageate[ Q084 tefl stifiem enel 85
may also be mounted directly on the chips 160 such that it is in direct contact with the chips 160. An
exemplasy lfileaipacdompectepiting tbé ik aire 00difeticoatact 00t HTtencbimt 6 Ansts BBWvareokegures
2(0) and 2(H). There may also be provided a thermally conductive layer (not shown) such as thermally
conductiveo&jzolxieitoa theritiabgnesisddb 250 sucth esstiffeapexy Sesima thm kppatintsed ehthpsalapisnl60 to
improve thermal dissipation. [0055] "Wafer Thinning" Step 9:- As shown in Figure HO, the molded
wafer 10thfterialStedtéBhas wpiyitickamndl pivigs hrextieait |t 2 St oksiden d8)ido lteethposei te iR P criohnthdt4iba of
the through silicon interconnects 140. As will be appreciated, the grinding may be achieved by
mechanita guirfiaiaghibthstidfenercfi€ padalbtdhingethetretisn¢@Pb6HBaok Sidace of the chip 160 (if
Metallization/Passivation” Step 10:- Referring to Figure 1(J), back side metallization and passivation
are carri¢icbatifiendhis thioestihiafergosed. fidre stegr&te PH6 matdlt zatianggnmiodess addtenhstnatetal traces
and/or bond pads over the back side 100b of the wafer and end portions 140a of the through silicon
interconrj66:1[L40. Theolhdetzladl|dfeuniseddandodibguiatmpiticSteetdb radhs andéositmodl hadsibabgtbe
copper, aluminum or other metals. The passivation process coats at least the areas on the back side
of the walé®, iwhjobvaredneitbomdrsnab e bt vl tabizadadiohay260 vsitbhags asd iletioal Ikage n Busthates! giicon
nitride, silicon dioxide, polyimide, benzocyclobutene (BCB) or a photosensitive epoxy resin (trade
names: "WiRIR 1(20" Tha/erRire @SSy \MERRR1 204y gdeoldodis mf idSRi Miar e riricon dusta ase kaies.
illustration, the backside metallization and the passivation layers are collectively given the numeral 200
in the drafBYKES 2(A) to 2 (F)

[0065] As mentioned in the description for Step 13, the stiffener 185 may be completely
removed, partially removed or retained.

[0066] Figure 2(A) shows a semiconductor package which can be formed from the above
described process or other suitable processes whereby the stiffener 185 is completely removed.
[0067] Figure 2(B) shows a semiconductor package which can be formed from the above
described process or other suitable processes whereby the stiffener 185 is retained.

[0068] Figure 2(C) shows a semiconductor package which can be formed from the above
described process or other suitable processes whereby the stiffener 185 is partially removed or
partially thinned. An advantage of having the stiffener 185 partially thinned is that the mold
material 250 can be better adhered to the singulated units 230, particularly when the stiffener 185

is made from silicon.
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[0057]"Under bump metallization" Step 11:- Under bump metallization (UBM) pads 210 are formed on
selected areas of the metallized portions of the wafer 100 from Step 10 as depicted in Figure 1(K). The
selected areas may be locations for mounting conductive bumps 220 in subsequent step 12. The UBM
pads 210 may be made of Al/Ni/Au, Al/Ni-V/Cu, Cu/Ni/Au, Cu/Ni/Pd, Cu/Cr/Al, Ti-W/Cu/Ni

(EP)/Cu(EBpoTr/Cu/Cig(&)/NIE R, AN i§hd exdimpiary/ Nevhifdbaattdy aieckaysening” catepel Riadd/ith
reference to Figure 1(L), the UBM pads 210 at the back side 100b of the wafer 100 are provided with

conductivehuipsbdre el Bedsiossindteonadicisatotheab raresoides iteneonndisstmkydekagtare
not limited to Copper pillars, Gold studs, etc. [0059]"Complete/Partial Removing of Stiffener" Step 13:-

As showrdn dtighpaddyeshimsiitie ngrait8hisg dhipodaiply 16ortowad fwafertheomofslursisriel 490361
methods such as mechanical grinding or chemical etching. [0060]Although not shown in the Figure

I(M), the wiiffietreoddibsiiayralseche pastially4hiane d omdvetietatnehsT helparialbhinwngeaf hrecstifiener
may also be achieved by mechanical grinding or chemical etching methods. [0061]If the stiffener 185
is intendedhfer hexpmaplettitar amoveadnahediGhipatos\afethadaslon it Stepltave e teprpwstiedhigsive
on the surface of the stiffener 185 in contact with the mold material 190 such that the stiffener 185 can
be dislodgechizo de-theruhde 16Cewiite t fidurtitrebmalss 1lesalsdniteddo Sigds 40662]"Singulation” Step
14:- The bumped wafer and chip structure from Step 13 is singulated into individual units 230, each
unit compeioy the shigulatedDyakhoasd &hspraissiwioin gagkege 1(N) whliehn gt edsifidreeisingtlaison
may be such that the individual units comprises more than one singulated wafer and chips.

completely removed, Figure 2(E) shows a semiconductor package in which the stiffener 185 is

partially removed or partially thinned, and Figure 2(F) shows a semiconductor package in which

the stiffener 185 is retained.

[0071] Figures 2(G) to 2(1) show further exemplary semiconductor packages that can be

made from the above described process with modifications to mount the stiffener 185 directly on

the top-most chip 160 as previously mentioned in the description for Step 8 "Wafer Level

Molding". For such packages, instead of leaving a space between the top-most chips 160 and the

stiffener 185, the stiffener is in contact with the top surface of the chips 160 (optionally through

a thermally conductive layer) such that the mold material 190 does not encapsulate the top

surface of the chip. The stiffener 185 can therefore function as a heat sink which can conduct

heat generated by the chips 160 during operation. Likewise, should the stiffener 185 be

completely removed to expose to the top surface of the chips 160, the absence of mold material

190 would also enhance the heat dissipating properties of the package.

[0072] Figure 2(G) shows a semiconductor package in which the stiffener 185 is retained

and is in contact with the chip 160, Figure 2(H) shows a semiconductor package in which the

stiffener 185 is partially removed or partially thinned and is in contact with the chip 160, and

Figure 2(1) shows a semiconductor package in which the stiffener 185 is completely removed to

expose top surface of the chips 160 to mold material 250.
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[0063]"Chip-to-Substrate Attachment and Under-filling or Over-molding" Step 15:- As depicted in
Figure 1(0), the singulated units 230 are attached to a substrate 240 by reflowing the solder
interconnects 220 at the backside 100b of the wafer 100. The mounted units 230 are over-molded with
a molding material 250 such as an epoxy resin or polymer-based encapsulation material. Alternatively,

the moldjog7spterial AgQrena e shensdatetbeplaits 3ticutiuthat paekap nuvaas ofdterstjdiestrss (if
partially thinned or retained) or the top surface of the chip 160 (if the stiffener is removed) is exposed.

The subsiratgurd.0 Asqydvécasl psoiiianinetie pabkiiea0fbddsenlsied Balhllprotdsgasidscribed
Singulation" Step 16:- The underside of the substrate 240 is provided with external electrical

connectiabs\2asy suredngingatdeT Hiadsips ahdstiptenips Fgtiserédlirdcherntadonssernimglyis tahip-to-
singulated to form individual semiconductor packages. FIGURES 2(A) to 2 (F) [0065]As mentioned in
the descrigiifen AataBiteredt3,Steg stiffener 185 may be completely removed, partially removed or
retained. [0066]Figure 2(A) shows a semiconductor package which can be formed from the above
describe# IBORES G(Ajhter3sDiable processes whereby the stiffener 185 is completely removed.
[0067]Figure 2(B) shows a semiconductor package which can be formed from the above described
process f00Hier suitedaldiponcestesabder ebsctitedtiffecesdSints setdovadu o Elgyes, ZH€ushovs a
semiconductor package which can be formed from the above described process or other suitable
processehagtiéfelry the stiffeteendd foiprpactisdtyofenukiegl mackagtisaly othienggped ofativatiege of having
the stiffener 185 partially thinned is that the mold material 250 can be better adhered to the singulated
units 23Jppasjcularlyiges Bia )stofeiDrsh8 isnotaeepimessilicavhich the stiffener can be used.

[0076] Figure 3(A) shows an array of chips 300 mounted with their active side 300a facing

a support carrier 310 and being overmolded with mold material 320. The support carrier 310

can, for example, be an inactive silicon wafer. A stiffener 330 is positioned above the chips 300

prior to molding such that the assembly does not warp during the molding process.

[0077] Although not shown in Figure 3(A), the arrangement of the chips 300 can be in

vertical stacks of one or more chips with Thru-Silicon Interconnects (TSI) or can be in a

heterogeneous manner such as alternating between stacked TSI chips and single flip chips or

alternating between chips of different sizes as shown in Figure 4(J).

[0078] The support carrier 310 is subsequently de-bonded from the array of chips 300 as

shown in Figure 3(B) to expose the active sides 300a of the chips 300.

[0079] Referring to Figure 3(C), metallization, passivation and under bump metallization

are carried out (similar to Steps 10-12 above) on the active side 300a of the chips 300. For ease

of illustration, the metallization, passivation and under bump metallization layers are collective

referred to as numeral 340 in the drawings. Following this, conductive bumps 350 are formed

which can be in a fan-out or fan-in arrangement. In Figure 3(C), a fan-out arrangement is shown

(i.e., conductive bumps spread out beyond the periphery of the chip 300).
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[0069]Figures 2(D) to 2(F) show exemplary semiconductor packages that can be made from the above
described process with modifications to extend to a 3 or more die stack package. For such packages,
instead of attaching flip chips 160 to the wafer 100, a plurality of chips 261 with through-silicon
interconnects 141 and conductive bumps 171 may be mounted onto the wafer 100 in a vertical manner
in the "Clip80LWafemAgtaifierat” 3epié. clthertapmoost digiehietshn acidie/thaishia/ig0oved or
conductive bumps 170 as described in Step 6 above. [0070] Figure 2(D) shows a semiconductor
package ristaiitig rthieesif§empiyl 88ing awthagdely desodved abigure FR)ghhy agaabncndngidited
package in which the stiffener 185 is partially removed or partially thinned, and Figure 2(F) shows a
semiconghtoteihprol@ige360which the stiffener 185 is retained. [0071]Figures 2(0) to 2(0 show further
exemplary semiconductor packages that can be made from the above described process with
modificaia R FSUA the Atffener 185 directly on the top-most chip 160 as previously mentioned in
the description for Step 8 "Wafer Level Molding". For such packages, instead of leaving a space
between [0E819p-me#jbips(A§ AeamCishshfferanpl 8y, shaistfidneoispickaydsiothidthdire bogsnéace of
the chips 160 (optionally through a thermally conductive layer) such that the mold material 190 does
not encafreulate e degs asidestzibédrie Elypreti3¢/)ifte3@®)185 can therefore function as a heat sink
which can conduct heat generated by the chips 160 during operation. Likewise, should the stiffener
185 be cfoopitely rerigured402gxphsedodhsetnjigauttats opdbkaghips 1whidhetadssiiftenof BB is
material 190 would also enhance the heat dissipating properties of the package. [0072]Figure 2(0)
shows a sanpitelgueton pe; keigarn 4(B)cshtves stitfiem eoh8acts r ket anavisich dentaidfaneh38@ iship
160, Figure 2(H) shows a semiconductor package in which the stiffener 185 is partially removed or
partially tetaimed,samd i5igueohi@y shothistheserhipohd0ctangdtikage id(disivhvilseas S Hemeo 88l et qap@akage in
which the stiffener 185 is completely removed to expose top surface of the chips 160 to mold material
250. [OO&Bjbigdrer2(@itisHpw rmeexemplary semiconductor package having a heterogeneous
structure. As previously described, such a package can be assembled by the process as described
above by@088hging thgyUrsd difips tandl A)psbbip ke tndagosered arteictati rackageg) tied ‘6@hipetoksdder
Attachment” Step 6. FIGURES 3(A) to 3(D) [0074]In addition to the above described processes and
semicondiwriothp grkeegsstidesusbaof ith € igtifesn&pAdaio BEDgxiehdeith toquhidmatses wf entkiddgopackarges of
other types of structures.

more die stack package. For such packages, a plurality of chips 301 with through-silicon

interconnects (not shown) may be mounted in vertical stacks onto the support carrier prior to
molding. The top-most chip may be a flip chip without the through silicon interconnects. In
Figures 4(D) to 4(F), the stacked assembly includes a first chip 301 with through silicon
interconnects (not shown) and a second chip 302 with conductive bumps 303. Gaps between the
first and second chips are filled with an underfill resin 304.

[0084] Figure 4(D) shows a semiconductor package in which the stiffener 330 is
completely removed, Figure 4(E) shows a semiconductor package in which the stiffener 330 is
retained, and Figure 4(F) shows a semiconductor package in which the stiffener 330 is partially
removed or partially thinned.

[0085] Figures 4(G) to 4(1) show further exemplary semiconductor packages that can be
made from the process as described in Figures 3(A) to 3(D) but with modifications to mount the
stiffener 330 directly on the top-most chip 300. For such packages, instead of leaving a space

between the top-most chips 300 and the stiffener 330, the stiffener 330 is in contact with the top
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[0075]Figures 3(A) to 3(D) show another process in which the stiffener can be used. [0076]Figure 3(A)
shows an array of chips 300 mounted with their active side 300a facing a support carrier 310 and
being overmolded with mold material 320. The support carrier 310 can, for example, be an inactive
silicon wafer. A stiffener 330 is positioned above the chips 300 prior to molding such that the assembly

does notswidspedufifg: thisi e ddingoptiorasly. (UG haghalgtcieetive Higerp (& tHae tierangement
of the chips 300 can be in vertical stacks of one or more chips with Thru-Silicon Interconnects (TSI) or

can be imateatisREiesusomnmeapssaehrRsiaitenratn o tabrs@n 3gecked TSI chips and single flip chips
or alternating between chips of different sizes as shown in Figure 4(J). [0078]The support carrier 310

is subsedqo@gsly de-bpigdes 4{GNstenarsasenficinpaci®i0paskaigevi whidguhe S(B:itere3gmsethainative
sides 300a of the chips 300. [0079]Referring to Figure 3(C), metallization, passivation and under bump
metallizaginh igris caniect outHshmwikipo38E Eidel2 Abaueyvera theniaiiviuside @oRagef ithevbivpsRO0.
For ease of illustration, the metallization, passivation and under bump metallization layers are
collectivati¢feree$30 ds puutiatial840vedtioe pasivingshinabdviing ithis, comaletolive bengs B 300arnd
formed which can be in a fan-out or fan-in arrangement. In Figure 3(C), a fan-out arrangement is

shown (i Eigurentjicsivensumps rpreidtorphekaad ihehieritieesyfedridre3cijs 300)p 1§63 O¢ vy edifiener
330 is either removed completely, partially thinned/removed or retained in the assembly using
methodsexpatesoplsedrateamfehEictlly, A0@ tasaehi iyt mir@R0ated into single units 360. FIGURES 4(A)
040) [0087] Figure 4(J) shows an exemplary semiconductor package having a heterogeneous
structure. As previously described, such a package can be assembled by the process as described
in Figures 3(A) to 3(D) by arranging the chips of different sizes in the required configuration on
the support carrier prior to molding.
FIGURES 5(A) to 5(F)
[0088] Figures 5(A) to 5(F) show an alternative process that can replace Steps 8 to 14 as
shown in Figures 1(H)-1(N). In this alternative process, the stiffener covers only the peripheral
regions of the chip array 160 formed on the wafer 100.
[0089] Following steps 1 to 7 as described for Figures 1(A) to 1(G), is "Wafer Level
Molding™ Step 8 as shown in Figure 5(A). The wafer 100 and the chips 160 are covered with
mold material 190 such as an epoxy resin or polymer-based encapsulation material. Before the
molding process is carried out, a stiffener 185 is first positioned above the chips 160. The
stiffener occupies the peripheral regions of the chip array. Preferably, the stiffener occupies
peripheral regions that do not overlap with the locations of the chips 160 as shown in Figure
5(A). During molding, the mold material 190 will flow into the space between the stiffener 185
and the chips 160 to encapsulate the chips 160. As the mold material 190 cures under heat, the
stiffener 185 can prevent the structure from warping resulting from differential thermal

expansions of the various components in the structure. The stiffener 185 may be made of

silicon, glass or other materials suitable for preventing the warpage.

14



[0081]Figures 4(A) to 4(C) show exemplary semiconductor packages which can be formed from the
process as described in Figures 3(A) to 3(D). [0082]Figure 4(A) shows a semiconductor package in
which the stiffener 330 is completely removed, Figure 4(B) shows a semiconductor package in which
the stiffener 330 is retained, and Figure 4(C) shows a semiconductor package in which the stiffener

330 is pgaEEy] removedheer pritiallghisreed: (0083 Hhtpmnein 4ighite 3(E), shomeidetplaiar 3emitonductor
packages that can be made from the process as described in Figures 3(A) to 3(D) but with

modificai$us (®) éxigodrio @nd poliviue stidtstacksiackaos. tbexsoshapackagiess a ddrafiofabinmh 301
with through-silicon interconnects (not shown) may be mounted in vertical stacks onto the support

carrier pgfiicenrirmédiongnddte 1ap-masighipenpyeeiadtp thbigrividhyhihe Bbragkddysidibgmibtaeedciects.
In Figures 4(D) to 4(F), the stacked assembly includes a first chip 301 with through silicon

interconngridifigahstrdnpacibdiseteortichim@aadsith conductive bumps 303. Gaps between the first
and second chips are filled with an underfill resin 304. [0084]Figure 4(D) shows a semiconductor

package [iooadjich the'Btitlersids 30eiz bizmijyrtedysieatione dstefo ute-4 (R fehomg @ Feguco B30y tdack
package in which the stiffener 330 is retained, and Figure 4(F) shows a semiconductor package in
which theidtffecatliZ3fida padtigdksireniovetearapastiadiyt tmthedhin0ed Wwigerse s 00 dydm KigsBovT igrther
exemplary semiconductor packages that can be made from the process as described in Figures 3(A)
to 3(D) buievatliz atiodi ficadEss pactensunttileratitfeast/ 830odu ety ovetitad bpekssleclPHOthE ovageich
packages, instead of leaving a space between the top-most chips 300 and the stiffener 330, the
stiffener 830 éndh paotitast M40z tbe top through silicon interconnects 140. The metallic layer used in
patterning the metal traces and/or bond pads may be copper, aluminum or other metals. The
passivation process coats at least the areas on the back side of the wafer, which are not covered
by the metallization layer, with a passivation layer such as silicon nitride, silicon dioxide,
polyimide, benzocyclobutene (BCB) or a photosensitive epoxy resin (trade names: “WPR-1020",
“WPR-1050" or “WPR-1201", products of JSR Micro, Inc.). For ease of illustration, the
backside metallization and the passivation layers are collectively given the numeral 200 in the
drawings.
[0092] "Under bump metallization” Step 11:- Under bump metallization (UBM) pads 210
are formed on selected areas of the metallized portions of the wafer 100 from Step 10 as depicted
in Figure 5(D). The selected areas may be locations for mounting conductive bumps in
subsequent step 12. The UBM pads 210 may be made of Al/Ni/Au, Al/Ni-V/Cu, Cu/Ni/Au,
Cu/Ni/Pd,  Cu/Cr/Al,  Ti-W/Cu/Ni(EP)/Cu(EP), Cr/Cu/Cu(EP)/Ni(EP), Ti/Ni(EP) or
Ti/AI/Ti/NiV.
[0093] "Wafer Bumping" Step 12:- With reference to Figure 5(E), the UBM pads 210 at
the back side 100b of the wafer 100 are provided with conductive bumps 220 such as solder

interconnects. Other non-solder interconnects include but are not limited to Copper pillars, Gold

studs, etc.
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surface of the chips 300 (optionally through a thermally conductive layer) such that the mold material
320 does not encapsulate the top surface of the chip 300. [0086]Figure 4(0) shows a semiconductor
package in which the stiffener 330 is retained and is in contact with the chip 300, Figure 4(H) shows a
semiconductor package in which the stiffener 330 is partially removed or partially thinned and is in

contact jiihgdie chip'30tyatbhiggtep():shaws aeapddondietandathpggritivrichdine Stffereis30 is
completely removed to expose top surface of the chips 300 to mold material 320. [0087]Figure 4(J)

shows agigyeltpthiyiteemitonildttonipackagedvhvingtachatprispenenusisulatsdewafeprandottsiy as
described, such a package can be assembled by the process as described in Figures 3(A) to 3(D) by
arranginghberc i frdifgrRnThizesfiortiStersalLirecicIBfig destidbedrabeestup frigueey €O pand IgP)
molding. FIGURES 5(A) to 5(F) [0088]Figures 5(A) to 5(F) show an alternative process that can
replace Stepki8 fiol lbdvasssitamatiire fyioteesiAgtixildh mby thés saltertratiieephodietsudhardtifemapdsaers
only the peripheral regions of the chip array 160 formed on the wafer 100. [0089]Following steps 1 to 7
as describert fiafrigngaing (Agtdd WFpr iant\cafps. Lavel MiatglirgioB ek aspbealreyidrgare ratAgvdhe
wafer 100 and the chips 160 are covered with mold material 190 such as an epoxy resin or
polymer-blasgdvéticaps siffenematadedréiatiye therenisldiognpedcéss' IS oapied/Pattial SRE@oeintSbfis first
positioned above the chips 160. The stiffener occupies the peripheral regions of the chip array.
PreferabBtitfeacstiffiee i ®asshmsnparfibaratl (d)ons that do not overlap with the locations of the chips
160 as shown in Figure 5(A). During molding, the mold material 190 will flow into the space between
the stiffe FGLEBES6(KEeteldifys 160 to encapsulate the chips 160. As the mold material 190 cures
under heat, the stiffener 185 can prevent the structure from warping resulting from differential thermal
expansidiees]the \Fgotes 60A)pne(iy shaheastraltdcnatiVvienpretiésnibiatl 8&nnepldve 1Biade dftsilicoas glass
or other materials suitable for preventing the warpage. [0090]"Wafer Thinning" Step 9:- As shown in
Figure 5@pvihanicilgledsvidier 100 .fromttSiegté®)as\grorodanthp otisfeadratave isaniyitee 1R0ipheraixpose
end portions 140a of the through silicon interconnects 140. As will be appreciated, the grinding may be
achieveddnyiongohtre eedfgrihAingnthistbodsdoiedhe mickl eictpognoh&8fods.

[0096] Following steps 1 to 7 as described for Figures 1(A) to 1(G), is "Wafer Level
Molding™ Step 8 as shown in Figure 6(A). The wafer 100 and the chips 160 are covered with
mold material 190 such as an epoxy resin or polymer-based encapsulation material. Before the
molding process is carried out, a stiffener 185 is first positioned on the wafer 100. The stiffener
occupies the peripheral regions of the wafer 100 and encircles the chips 160 as shown in Figure
6(A). During molding, the mold material 190 will encapsulates the chips 160 and the stiffener
185. As the mold material 190 cures under heat, the stiffener 185 can prevent the structure from
warping resulting from differential thermal expansions of the various components in the
structure. The stiffener 185 may be made of silicon, glass or other materials suitable for
preventing the warpage.

[0097] "Wafer Thinning" Step 9:- As shown in Figure 6(B), the molded wafer 100 from
Step (8) is ground and polished at its backside 100b to expose end portions 140a of the through
silicon interconnects 140. As will be appreciated, the grinding may be achieved by mechanical

grinding methods or chemical etching methods.
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[0091]"Back Side Metallization/Passivation" Step 10:- Referring to Figure 5(C), back side metallization
and passivation are carried out on the thinned wafers 100 from Step 9. The metallization process
patterns metal traces and/or bond pads over the back side 100b of the wafer and end portions 140a of
the through silicon interconnects 140. The metallic layer used in patterning the metal traces and/or
bond padeowsly be coBpek, Sienivbtal aadiPasstalsoThe epSHivatiReferangs® doigiraBE@stishekareas
on the back side of the wafer, which are not covered by the metallization layer, with a passivation layer
such as sitieoneitticatisiiant gisxidsti grobrienideideeoaooyaladtirmed BBy o 10000t SiBsilveTRROXY
resin (trade names: "WPR-1020", "WPR-1050" or "WPR-1201", products of JSR Micro, Inc.). For ease

of illustratietal lizetivagheicespatallizatimabnddde passivatio pidy ez atikedeitkatide ly0giver tevafereral
200 in the drawings. [0092]"Under bump metallization" Step 11:- Under bump metallization (UBM)

pads 21Qadectarmpedionsstdoated dreanrofifhesiietallizectaontiens ofthe Wafendt@lifroayestased Oas
depicted in Figure 5(D). The selected areas may be locations for mounting conductive bumps in

subsequeattateipgl Znel hetlBhddqeadm @/b0 boay hadnade dfeAddipén) , AUiRMAC or GthvéditAetalsu/NHEd,
Cu/Cr/Al, Ti-W/Cu/Ni (EP)/Cu(EP), Cr/Cu/Cu(EP)/NI(EP), Ti/Ni(EP) or Ti/Ai/Ti/NiV. [0093]"Wafer
Bumpingisssamatich-phatbssetoaenael task ihararéntiie Ui pdels2he atatiee, baiksitle ddiQiowdrte
wafer 100 are provided with conductive bumps 220 such as solder interconnects. Other non-solder
interconnsctihéenatatid! izatiomel aydr|iniie dopa@sydyesiopillasger Golkh stedsiliete. HR084]"Singuladioridstep
14:- The bumped wafer and chip structure from Step 12 is singulated into individual units 230, each
unit compuokiingitlee Engndptésb utede r( BB bipagsh stusensitive ignoey5@s)n Tinate alirrsStePBRA 6201 16 as
described above for Figures 1(0) and I(P) would follow. Alternatively, the singulation may be such that
the individv@RMRSCompriv¢RRAZE1thaprote s ngfuli8Rd Mafe; dnd )chiper Adtee sifiglilagicaticiethe
peripheral regions are removed along with the stiffener. Accordingly, there is no need for
"CompletetfkartielnRxa atignodrstitfeneasstiaioh I aye share/col detivaly [(MMenRIGUREBS A(2)0dr6 (R
[0095]Figures 6(A) to 6(F) show an alternative process that can replace Steps 8 to 14 as shown in
Figures Hiagh@s). In this alternative process, the stiffener covers only the peripheral regions of the
wafer 100 and is embedded in mold compound 190. [0096]Following steps 1 to 7 as described for
Figures 108%% 1(0), 1@hdéafeurnpweétallization™ Step 11:- Under bump metallization (UBM) pads 210
are formed on selected areas of the metallized portions of the wafer 100 from Step 10 as depicted
in Figure 6(D). The selected areas may be locations for mounting conductive bumps in
subsequent step 12. The UBM pads 210 may be made of Al/Ni/Au, Al/Ni-V/Cu, Cu/Ni/Au,
Cu/Ni/Pd,  Cu/Cr/Al,  Ti-W/Cu/Ni(EP)/Cu(EP), Cr/Cu/Cu(EP)/Ni(EP), TIi/Ni(EP) or
Ti/AI/Ti/NiV.
[0100] "Wafer Bumping" Step 12:- With reference to Figure 6(E), the UBM pads 210 at the
back side 100b of the wafer 100 are provided with conductive bumps 220 such as solder
interconnects. Other non-solder interconnects include but are not limited to Copper pillars, Gold
studs, etc.
[0101] "Singulation” Step 14:- The bumped wafer and chip structure from Step 12 is
singulated into individual units 230, each unit comprising the singulated wafer and chip as
shown in Figure 6(F). Thereafter, Steps 15 and 16 as described above for Figures 1(O) and 1(P)
would follow. Alternatively, the singulation may be such that the individual units comprises

more than one singulated wafer and chips. After singulation, the peripheral regions are removed
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Molding" Step 8 as shown in Figure 6(A). The wafer 100 and the chips 160 are covered with mold
material 190 such as an epoxy resin or polymer-based encapsulation material. Before the molding
process is carried out, a stiffener 185 is first positioned on the wafer 100. The stiffener occupies the
peripheral regions of the wafer 100 and encircles the chips 160 as shown in Figure 6(A). During
molding, dlegnalidhmatesiaféagt wilheroasyliptesdiaeichipsnted aord tbenspéespartiab. Rasndidnyadd
material 190 cures under heat, the stiffener 185 can prevent the structure from warping resulting from
differentigtiffiererabexped s whtheRiguieus ivymponents in the structure. The stiffener 185 may be
made of silicon, glass or other materials suitable for preventing the warpage. [0097]"Wafer Thinning"
Step 9:- fE6ApwWN iNIFigleretity Byrakwnimioldtedivvafrasl edino padien®) isiewnndnandasolivbe dwaitiits
backside 100b to expose end portions 140a of the through silicon interconnects 140. As will be
appreciatefbréhecgionsiog iy becatiieeat heroekianilhbgrindiergtooethgdhsse dferdoadrgtskingn
methods. [0098]"Back Side Metallization/Passivation" Step 10:- Referring to Figure 6(C), back side
metallizatheraartbap aasivasionaage car fietnoaiddethidsthiapdd wiatkerhaRinfronh&iegeParting retalization
process patterns metal traces and/or bond pads over the back side 100b of the wafer and end portions
140a of thmribheodgbapbafnhateesentiecianiidn a3 defineddliahayfetl osdayiolgiatterning the metal traces
and/or bond pads may be copper, aluminum or other metals. The passivation process coats at least
the areas on the back side of the wafer, which are not covered by the metallization layer, with a
passivation layer such as silicon nitride, silicon dioxide, polyimide, benzocyclobutene (BCB) or a
photosensitive epoxy resin (trade names: "WPR-1020", "WPR-1050" or "WPR-1201", products of JSR
Micro, Inc.). For ease of illustration, the backside metallization and the passivation layers are
collectively given the numeral 200 in the drawings. [0099]"Under bump metallization" Step 11:- Under
bump metallization (UBM) pads 210 are formed on selected areas of the metallized portions of the
wafer 100 from Step 10 as depicted in Figure 6(D). The selected areas may be locations for mounting
conductive bumps in subsequent step 12. The UBM pads 210 may be made of Al/Ni/Au, Al/Ni-V/Cu,
Cu/Ni/Au, Cu/Ni/Pd, Cu/Cr/Al, Ti-W/Cu/Ni(EP)/Cu(EP), Cr/Cu/Cu(EP)/Ni(EP), Ti/Ni(EP) or
TiI/AI/TiI/NiIV. [0100]"Wafer Bumping" Step 12:- With reference to Figure 6(E), the UBM pads 210 at the
back side 100b of the wafer 100 are provided with conductive bumps 220 such as solder
interconnects. Other non-solder interconnects include but are not limited to Copper pillars, Gold studs,
etc. [0101]"Singulation" Step 14:- The bumped wafer and chip structure from Step 12 is singulated into
individual units 230, each unit comprising the singulated wafer and chip as shown in Figure 6(F).
Thereatfter, Steps 15 and 16 as described above for Figures 1(0) and I(P) would follow. Alternatively,
the singulation may be such that the individual units comprises more than one singulated wafer and
chips. After singulation, the peripheral regions are removed
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along with the stiffener. Accordingly, there is no need for "Complete/Partial Removing of Stiffener"
Step 13 as shown in Figure I(M). [0102]While the present invention has been particularly shown and
described with reference to exemplary embodiments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may be made therein without departing from the
spirit and/gegyr Ief therprasentgnvention as defined by the following claims. WHAT IS CLAIMED IS:

1. A method for forming semiconductor packages comprising: disposing one or more semiconductor

chips on a top side of Awafndifepasingng séfiertnduieepatiegesibersgririegnductor chips; and
molding the semiconductor chips with a molding material between the stiffening layer and the wafer. 2.

The method of digprosinduriber amrpsisingomiusng drdpnofdingpnidendla whtdiein the stiffening layer
provides support to the package during the curing. 3. The method of claim 1, wherein the stiffening
layer is silicon atiggasisig a stiffening layer above the semiconductor chips; and

molding the semiconductor chips with a molding material between the stiffening layer

and the wafer.

2. The method of claim 1, further comprising:

curing the molding material;

wherein the stiffening layer provides support to the package during the curing.

3. The method of claim 1, wherein the stiffening layer is silicon or glass.

4. The method of claim 1, wherein the stiffening layer directly contacts the

semiconductor chips.

5. The method of claim 1, wherein a thermally conductive layer is provided between

the stiffening layer and the top surface of the semiconductor chips.

6. The method of claim 1, wherein a temporary adhesive is provided on the surface

of the stiffening layer facing the semiconductor chips.

7. The method of claim 1, wherein the stiffening layer is completely removed from

the molding material.
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4. The method of claim 1, wherein the stiffening layer directly contacts the semiconductor chips. 5.
The method of claim 1, wherein a thermally conductive layer is provided between the stiffening layer
and the top surface of the semiconductor chips. 6. The method of claim 1, wherein a temporary
adhesive is provided on the surface of the stiffening layer facing the semiconductor chips. 7. The

method of claingl, whangimistastifeoiginlayanis sanelesalyvien avesHfoomthg melcingicapterial.
8. The method of claim 7, wherein the removing is performed by mechanical grinding or chemical
etching. grinfinjhe ohethiedl@tchiig 1, wherein the stiffening layer is partially thinned. 10. The
method of claim 9, wherein the thinning is performed by mechanical grinding or chemical etching.
11. The method of claim 1, wherein the stiffening layer covers a top side of the molding material only
on a periphery of the wafer. 12. The method of claim 11, wherein the stiffening layer is in the shape
of aring. 130.The méathodthbdlafrldiin Wiveheisithbesttiféming lRyer is pattiaishtapmaf.a square or a
rectangle. 14. The method of claim 1, wherein the stiffening layer substantially covers a top side of
the molding material. 15. The method of claim 11, wherein the stiffening layer is removed by
singulating semiconductor packages on the wafer.

10.  The method of claim 9, wherein the thinning is performed by mechanical grinding

or chemical etching.

11.  The method of claim 1, wherein the stiffening layer covers a top side of the

molding material only on a periphery of the wafer.

12. The method of claim 11, wherein the stiffening layer is in the shape of a ring.

13.  The method of claim 11, wherein the stiffening layer is in the shape of a square or

a rectangle.

14.  The method of claim 1, wherein the stiffening layer substantially covers a top side

of the molding material.

15.  The method of claim 11, wherein the stiffening layer is removed by singulating

semiconductor packages on the wafer.

16. A method for forming semiconductor packages comprising:
disposing one or more semiconductor chips on a top side of a wafer;
disposing a stiffening layer in contact with the top side of the wafer only on the periphery

of the wafer; and
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16. A method for forming semiconductor packages comprising: disposing one or more semiconductor
chips on a top side of a wafer; disposing a stiffening layer in contact with the top side of the wafer
only on the periphery of the wafer; and molding the semiconductor chips with a molding material,
the molding material being bounded by an inside-facing surface of the stiffening layer at the periphery

of the wafer.  mbldihfeneneimecbadietedmchipsfuither morprisingedurinigeth laiatfingiériaterigwherein
the stiffening layer provides support to the package during the curing. 18. The method of claim 16,

wherein dwistidtenyngnlmsiddsSsiling suefagtastintStitleaimethed aftbaperibbewhsrein wadestiffening layer
is in the shape of a ring. 20. The method of claim 16, wherein the stiffening layer is in the shape of
a square or a rectangle. 21. A semiconductor package comprising: a semiconductor chip disposed
on a top side of a portion of a wafer; and a molding material encapsulating at least the sides of the

semiconductor ¢ffip, thehenoietimerropittaial bavingHeeeompeisied:between the portion of the wafer and a
stiffening layer disposed over the molding material.

curing the molding material;

wherein the stiffening layer provides support to the package during the curing.

18. The method of claim 16, wherein the stiffening layer is silicon or glass.

19.  The method of claim 16, wherein the stiffening layer is in the shape of a ring.

20.  The method of claim 16, wherein the stiffening layer is in the shape of a square or

a rectangle.

21. A semiconductor package comprising:

a semiconductor chip disposed on a top side of a portion of a wafer; and

a molding material encapsulating at least the sides of the semiconductor chip, the
molding material having been molded between the portion of the wafer and a stiffening layer

disposed over the molding material.

22.  The semiconductor package of claim 21, wherein:

the stiffening layer substantially covers the molding material.

23.  The semiconductor package of claim 22, wherein:

the stiffening layer directly contacts the surface of the semiconductor chips.
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22. The semiconductor package of claim 21, wherein: the stiffening layer substantially covers the
molding material. 23. The semiconductor package of claim 22, wherein: the stiffening layer directly
contacts the surface of the semiconductor chips. 24. The semiconductor package of claim 22,
wherein: the stiffening layer has been completely removed from the semiconductor package. 25. The

semiconductor packagehefselaigoaducidrergiRage otleimoddinghereiarial completely encapsulates the
semiconductor chip, the molding material having been molded between the portion of the wafer and a

stiffening layer diepoiskohingdayee motdingonajeielprishatsbdmpariphesnitshausmiesackagd he
semiconductor package of claim 25, wherein: the stiffening layer has been completely removed by
singulation of the semiconductor package. 27. A semiconductor package comprising: a semiconductor
chip disposed on a top side of a portion of a wafer; and a molding material encapsulating at least

the sides of the Z;micamduetaicohigydioe packdigofetenad havirgereen molded in an area above the
portion of the wafer bounded by an inside surface of a stiffening layer disposed over the molding
material. 28. Thieesaotiiogchittoiapackpieady elaiapsifated wessamicorithecriiftnpthayeidiag been
completely removed by singulation of the semiconductor package.

material having been molded between the portion of the wafer and a stiffening layer disposed

over the molding material only at the periphery of the wafer.

26.  The semiconductor package of claim 25, wherein:
the stiffening layer has been completely removed by singulation of the semiconductor

package.

27. A semiconductor package comprising:

a semiconductor chip disposed on a top side of a portion of a wafer; and

a molding material encapsulating at least the sides of the semiconductor chip, the
molding material having been molded in an area above the portion of the wafer bounded by an

inside surface of a stiffening layer disposed over the molding material.

28.  The semiconductor package of claim 27, wherein:

the stiffening layer has been completely removed by singulation of the semiconductor

package.
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