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blade used to make the first set of saw cuts.

The packaging of flip-chip semiconductor packages is known
from Johnson et al IEEE Electronic Components and Technology
Conference 1999 page 950 to 954 to be complex and time-

consuming.

It is one object of the invention to provide a chip-sized
flip-chip semiconductor package and a method to produce such a

package simply and economically.
This object of the invention is solved by the subject matter
of the independent claims. Further improvements arise from the

subject matter of the dependent claims.

The present invention provides a chip-sized flip-chip semicon-

ductor package comprising a semiconductor die with a plurality
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on its active surface. An electrically con- ductive
woungs/0087830l der ball is connected to each cont aCtT/1B2004€000047
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conductive bumps. Thus the reliability of the package is im-

proved.

The plastic housing of the semiconductor package according to
the invention preferably substantially fills the area between
the electrically conductive bumps and the active surface of
the die. Preferably the external ends of the electrically con-
ductive bumps have a substantially flat surface and form a
substantially flat surface adjacent to the outer substantially
flat surface of the plastic housing of the package. The elec-
trically conducting bumps preferably comprise solder, solder

paste, electrically conductive paste or solder balls.

The substantially flat outer surface of the package including

the substantially flat electrical connection areas is advanta-
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eliminated. This means that the problems associated with un-

derfilling the mounted die during the encapsulation process

are avoided. This leads to a much improved reliability of the

package.

In one embodiment of the invention, the passive rear side of
the die is not covered by mold material. This is advantageous
if, for example, a heat spreading or heat dissipating device
is to be attached to the package. The direct attachment of the
heat spreader to the passive surface of the die leads to im-
proved thermal contact and therefore improved heat dissipa-

tion.

Alternatively, the dies are completely encapsulated by the
mold mass. This has the advantage of providing improved pro-
tection of the package from environmental effects. In this em-

bodiment of the invention, an encapsulated chip-sized £flip-



Alternatively, the dies are conpletely encapsul ated by
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A first adhesive folil 1s then attached to the passive back

side of the dies. A substrate including a plurality of elec-
trically conductive bumps is provided. The electrically con-
ducting bumps are deposited on the substrate by conventional

processes.

The first adhesive foil including the dies and the substrate
including the electrically conductive bumps are laterally
aligned so that the electrically conductive bumps face, and
are essentlally vertically aligned with, the contact areas on
the active surfaces of the dies. The first adhesive foil and
the substrate are pressed together and heated to form connec-
tions between the contact areas on the die and the substrate.
The pressure and heat are then removed and the first adhesive

foll is removed from the passive surface of the dies.



tions between the contact areas on the die and the
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The semiconductor packages are tested, removed from the adhe-

sive foil and mounted in packaging tape.

During the molding process according to the invention, the
mold material of the mold mass preferably fills the areas be-
tween the solder balls, the active surface of the die and the
upper surface of the substrate. In an alternative embodiment
the mold mass additionally encapsulates the passive surface of
the dies so that the die is completely encapsulated in the

mold mass.

The connection of the electrically conductive bumps between
the contact areas of the dies and the substrate is preferably
formed by positioning the adhesive foil containing the dies
over the substrate including the electrically conductive

bumps. This arrangement is advantageous if the electrically
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The substrate is preferably chemically removed from the mold
mass containing the plurality of embedded dies with electri-
cally conductive bumps by, for example, an etching process.
This is advantageous as mechanical stress on the electrically
conductive bumps and mold mass is largely avoided. Alterna-
tively, the substrate may be mechanically removed by, for ex-
ample, a grinding process. This is advantageous i1f a thick

substrate is used.

Alternatively, the first adhesive foil may be laterally
stretched to increase the distance between the dies. This en-
ables a thicker plastic coating on the sides of the packages

and after they are separated from the mold mass. This enables
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pl astic coating on the sides of the packages and

after they are separated fromthe nold nass. This
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roductivity is significantly increased.
package.

Wafer—-sized processing is advantageous as the speed of the
bonding process is significantly increased over a one die at a
time methodology. Wafer-sized processing also reduces produc-
tion costs, material wastage and a greater throughput in the
manufacturing process can be achieved. A large guantity of
dies, 100,000 or more is possible, can be bonded at the same

time and productivity is significantly increased.

An embodiment of the invention will now be described by way of

example with reference to the drawings.

Figure 1 shows a cross-sectional view of a semiconductor
package assembled according to the method of the in-

vention,



An enbodi nent of the invention will now be descri bed

by way of exanple with reference to the draw ngs.
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sem conduct or package assenbl ed according to the
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Figure 1 shows an encapsulated semiconductor package 10 assem-
bled using the method of the invention. The package 10 in-
cludes a semiconductor die 2 with a plurality of contact areas
4 on its active surface. A solder ball 7 is mounted on each
contact area 4. The die 2 and solder balls 7 are encapsulated
in a plastic housing 11. The plastic housing 11 encapsulates
the die 2 and the space 13 between the solder balls 7. The end
surfaces of the solder balls 7 form a flat surface adjacent to
the flat outer surface of the plastic housing 11. The flat ex-
ternal surfaces of the solder balls 7 form the external con-

tacts of the package.

Figure 2 shows a semiconductor wafer 1 comprising a plurality
of dies 2 arranged in a two~dimensional square grid array, de-
fined by sawing grooves 3. For improved clarity, only one of

the plurality of dies 2 and sawing grooves 3 are indicated by

a reference number. Each die 2 includes one or more semicon-



the flat outer surface of the plastic housing 11. The
flat ex- ternal surfaces of the solder balls 7 form
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a sem conductor wafer 1 conprising a plurality of

dies 2 arranged in a two-dinmensional square grid
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stantially a mirror image of the lateral arrangement of the

contact areas 4. The substrate 6 including the solder balls 7
is positioned beneath the first adhesive foil 5 including the
semiconductor dies 2 so that the contact areas 4 of the dies 2

face and are positioned directly above the solder balls 7.

Figure 4 shows that in the next step of the process the first
adhesive foil 5 including the dies 2 and substrate 6 including
the solder balls 7 are brought together so that the upper sur-
face of the solder balls 7 are in contact with the surface of
the corresponding contact areas 4 and the substrate 6. Heat
and a compressive force i1s applied so that the solder ball 7
is bonded to the contact area 4. This process or solder reflow
is illustrated by a plurality of arrows 12 in Figure 4. The

heat and force are removed, then the first adhesive foil 5 is



face and are positioned directly above the sol der
balls 7. Figure 4 shows that in the next step of the
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2 and substrate 6 including the solder balls 7 are

brought together so that thegyupper sur- face of the

solder balls 7 are in contact with the surface of the
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o s et s (FRT AT he LheSe - Spdchoten &b 8o7t BiEeetnd
siddy dmlgbrasernal1s o7 foren ensebeulassd. 8Te bpatet b8 between
passi ve surface and sides of each die 2 and sides of

the gslgiar aalss 77 aracehcapsur h2eds ThetBpacécs32pebtedpper
surfggésg%dﬁﬁ b@&%é?ga @Cé'%g §95£ag§§18& Eg Fgéeﬁogdaﬂgterlal

pper surface e substrate is als
of ﬂH&ammﬂdimm&sr8aLAlbfofhEhﬁDhUtﬁHhSdelAbl20&ndhehe upper

ttached dies 2 and th f f_th
SuriRiRtht 9'® AROLHVET e By-aCSTROFE MY 0 AUGSISgRot] mass

g. the next step, shown in Figure 6, the substrate 6 is
re- moved fromthe nold mass 8, which includes the
encapsul ated dies 2 and solder balls 7, by an etching

n {HOGESR: Jbe b%ﬂag@ :%Hriﬂi‘gﬁz?eo% t@ﬁesghgg&rge 18 {s re-

Were previo tatt wt e substrate
movéﬂ EW@neKm@Sﬁdldnmaﬁe dpt ¥hhchulhatedesf thheenobdsnhsksed
dles aéglgoféggeggllsh$ eégoggde%ghggge%rggess. The bottom
surfaces of the solder balls 7, which were previously in con-
tact with the substrate 6, are exposed in the bottom surface
of the mold mass 8 by this process. The exposed surfaces of
the solder balls 7 and the bottom surface of the mold mass 8

form a common essentially flat surface.

In the next step, shown in Figure 7, a second adhesive foil 9
is placed onto the upper surface of the mold mass 8. The mold
mass i1s cut between the dies 2 to form separate encapsulated
semiconductor packages 10 which are still attached to the sec-
ond adhesive foil 9. In the next step the individual encapsu-
lated chip-sized flip-chip semiconductor packages 10 are
tested, removed from the adhesive foil 9 and packed into a

packing tape. These steps are not illustrated by a Figure.



the solder balls 7 and the bottom surface of the nold
mass 8 forma common essentially flat surface. In the
waenis/ssmsp, shown in Figure 7, a second adhesi veTfiBion4/@0047
is placed onto the upper surface of the nold mass 8.
The nold nass is cut between the dies 2 to form
separ ate encapsul ated sem conductor packages 10 which
. are still attached to.t ec- Qr hesi fail .
riofis Sl bt nE Thar P ichl SEnta0sae TarsE af pilpshfrive
embddinErehipr sens condest Donpaskagesntilcave phekhed, 14 com-—

. renmoved fromthe adhesive foil 9 and_packed into a,
Prigpeid meehpendyrest diepd ' arBifbt Pclysepatedlhyagity of
conQ%éBHW%ﬁgg%2905&QZ§88§r§CE6£B%QQ%%OQQO%%e &1aGralreof its

shows the nethod step of Figure 7 for an alternative
actienbodimfente of At beldavebaiidon’ Senmattadbetoitopaekageonhstact

co ri.ses sem conduct di,e_ 2' .which_includes.a .
azedy rnliAS JPTPROhTERE sOhr BAS ALVRREART4r SPHoP IaRGk PRUSing
11 dheMiragiam cOfditBoraghbkagsuniiacevehsselides bal khé dies

is attached to each contact area. In this enbodi nent

2' td t3ndewenei bf, 7t aedpfadisc theuspage 18 betegen the sol-

5%%? uehgr cKag vels gicdes ob 1t heydi g5 42"
deraﬂ Q%Pg6$£§a?ngggagggfﬁﬁgsgghgﬁgpggg 13 betmegns?%ge rear
sidsobf ter dHakl 3'7iandodictoversdr bagcehef pllhetdice hdusifigell.

passive rear side of t di o ot covered e
The [P HoaePngE 150 THOCBRADE I Fade 00T e Soraer 1y flat
surPd sd4desAtacgsspat kakkythbal y sunhacetad aeeFbckOof the

the essentially flat outer surface of the plastic

plasiowsitmp=ingl hlehis al ternative enbodi ment of the
invention the nethod steps are the sane as those
shown in Figures 2 to 7 except that the passive back
In tstid adeofnbbevdi esbddimennobfent@pinvenatiet hyeameahdd
mass. The second adhesive foil 9 is,attach%d
steps are the same as those shown in Figures to 7 except
that the passive back surface of the dies 2' is not encapsu-
lated by a mold mass. The second adhesive foll 9 is attached
to the passive back surface of the dies 2' and the mold mass
cut between the dies 2' to form a plurality of packages 14

which are attached to the second adhesive foil 9.

The encapsulated or partially encapsulated chip-sized flip-
chip semiconductor packages 10; 14 made by the method of the
invention are then mounted on a conventional printed board or

re-distribution board.



to the passive back surface of the dies 2' and the
nmol d mass cut between the dies 2' to forma plurality
wohopackages 14 which are attached to the secead1B2004/000047

adhesive foil 9. The encapsul ated or partially

encapsul ated chip-sized flifp, chip sem conductor

packages 10; 14 nmade by the nethod of the invention
c1aidLe then rmounted on a conventional printed board or

[&-di stribution board. WD 2005/ 078789

PCT/ 1 B2004/ 000047 12 dCainms 1. A nethod to assenble

a sem conduct or package (10; 14) com prising th

L. Afmqnh@¢m$@n%ﬁﬁﬁ 19r v emhgORdLeRPEORAGERER ﬁéperléi)com-
I lﬁ%fﬁh & A Qhindty8hsdies (2; 2'), each having a
p ura

ty of contact™ areas (4) on its active surface,
- (pn¢vn@1m@eamaémxc@&ﬁutbotOWﬁfemdMQDduabl@ﬁegg(2 plural-

h
2 )ivaol BESELD, 2ol LRI ¥E S 9 Ly S contact

substaate( 4ﬁ)ohngtydaaalaepbumbbtey of electrically
conductlve bunps (7) on its surface, - laterally

—a| |cghthgngh%h¢| vatexdhési te feirm esl)iwﬁ@ﬂl@& dig§ tlge 2'
égchfP% ang, EQ%.&HR%EE@EG g@h %9'%@'%%h thesive side

rica Conducti ve so 't hat
eleﬁﬁrthalﬁyesomﬁucQPWe bunps (7) face and are essen-
tially verticall ed th t e cont act .areas )
on Prde dtiive slipphraleont) nanglagifh Bhtiaticy s
Pressépgri Be1LyT ébnaaeewéebm@ls ((5) @nd ithe ssiHFsideat e
(6) together and heatln% to forn1connect|ons bet ween

+t helxzbarativareagniny shet hargitegdhesiye) fodid t(ve daslud-
ing the dies (2; 2') and the substrate (6) including

the electrically conductive bumps (7), so that the
electrically conductive bumps (7) face and are essen-
tially vertically aligned with the contact areas (4) on
the active surfaces of the dies (2; 2'),

- pressing the first adhesive foil (5) and the substrate
(6) together and heating to form connections between
the contact areas (4) on the dies (2; 2') and the sub-
strate (6),

- removing the first adhesive foil (5),

- embedding the plurality of dies (2; 2') in a mold mass
(8) so that at least sides of each die (2; 2') and
sides of the electrically conductive bumps (7) are en-
capsulated by the mold mass (8),

- removing the substrate (6) to expose the ends of the
electrically conductive bumps (7) on the surface of the
mold mass (8),

- attaching a second adhesive foil (9) to the side of the

mold mass (8) opposite the surface including the elec-



strate (6), - renoving the first adhesive foil (5), -

enbedding the plurality of dies (2; 2') in a nold nmass
woOayoswasshat at | east sides of each die (2; 2' pCcamB2o04/000047

sides of the electrically conductive bunps (7) are en-

capsul ated by the nold nmass{£8), - renoving the

substrate (6) to expose the ends of the electrically

ALY Py DUTRS. (1) "o ffig coUnf 208 Ofethe, LI B3R aa-

(8) ng a secon sitvef Oi

Si de=oifvé heoi ok d) Na6sth8) pappasit eutrhf%cfeli;rfofc&the dies
i ncl uding the el ec WO 2005/ 078789 PCT/ | B2004/ 000047
13 f%lkally conductive bunps (7) or attaching a second

ﬁd-c@@éief§ Eﬂé'm&% ﬁgsghma%' Y%rﬁu fn%%%%uq ttelaiesemlcon—
dies (2'). - ting the nold nmass
enaﬂp@ubatpdckegesomloduéﬂor packages (10 14) . 2. A

nmet hod according to claim1l, characterised in that

t he sem conduct or packages (10; 14) are tested,

A%@M&Qﬂ s coorseegndoagdhgsinve, foil (9) and nounted in
pac aging tape. 3. A nethod accordlng to claim1l,
¥} sed 1% Ehat the substrate (6) |nclud|ng t he

d
B i
hiZiale)ul 3écdh@9a@bﬂsaneofdnhg(9® ahdlmbmpted in packaglng

tape.

A method according to claim 1,

characterised in that

the substrate (6) including the electrically conductive
bumps (7) is positioned over the first adhesive foil (5)

including the dies (2; 2'").

A method according to claim 1,

characterised in that

the first adhesive foil (5) including the dies (2; 2') is
positioned over the substrate (6) including the electri-

cally conductive bumps (7).

A method according to claim 1,
characterised in that
the first (5) or second (9) adhesive foil comprises an ad-

hesive layer on a metal, ceramic or resin foil or sheet.

A method according to claim 1,

characterised in that



10.

characterised in that the first adhesive foil (5)

including the dies (2; 2') is positioned over the
weoeubwstoretse (6) including the electri- cally corRduUaB100€000047

bunps (7). 5. A nethod according to claiml1,

characterised in that the f{fst (5) or second (9)

adhesive foil conprises an ad- hesive |ayer on a

L Ger r fail. : . thad, .y .

SRt Thirs, 1610, 18) 181 8058 ey AgF 2 1

Q@ﬂﬁﬂﬂ%ﬁ98ﬂ>Hﬁﬂét&é@@4l@6@®41 sépatrhe i stf adkesiives

foil (5) including the dies (2; 2') is stretched to

(it dase | ateral separation of the dies (2;2'). 7. A

met hod according to claim1l, characterised In that

the plastic housing (11) fills the area (13) between

. Arnﬁthﬁduaqdqmdiwgcb@d@baimglbunps (7) and the active

urface he d 2;2'). 8. A nethod according to
%fa(%Frls fb%tég?éed in that the passive surface of

tﬂi@ sl £5c {2)hdgs engapsuh afed1by thie arel d 1BSs ®eltlleend the
A sem conduct or package (10; 14b conprising the
¢ br ¢ o Ryl L éé%la%gtlags@mﬂ%nd ¢t GRAgitES BCIVe G ace

p%prga&lléyzofchnt act areas (4) onits active
surface an el'ectrically conductive bunp (7) on each

contact area

A method according to claim 1,

characterised in that

the passive surface of the dies (2) 1is encapsulated by the

mold mass (8).

A semiconductor package (10; 14) comprising the following
features:

a semiconductor die (2; 2') with a plurality of contact
areas (4) on its active surface

an electrically conductive bump (7) on each contact area
(4),

the die (2; 2') and electrically conductive bumps (7) be-
ing encapsulated in a plastic housing (11), the plastic
housing (11) encapsulating at least sides of the die (2;

2') and sides of the electrically conductive bumps (7).

A semiconductor package (10; 14) according to claim 9,
characterised in that

the plastic housing (11) fills the space (13) between the
electrically conducting bumps (7) and the active surface

of the die (2:;2"').



(4), the die (2; 2') and electrically conductive bunps

(7) be- ing encapsulated in a plastic housing (11),
woheospirerspi ¢ housi ng (11) encapsul ating at | eR6T/IB100€600047

of the die (2; 2') and sides of the electrically

conductive bunps (7). 10. A gem conductor package (10;

14) according to claim9, characterised in that the

I Ll h e e
1. B ELENE0 Sadka s bE0hetesPRatab Eb BERNEED BR%claim
yrface of the die (2; 2') . W 2005/078789
PCT/ | B2004/ 000047 . 15 11. A sem conduct or package (10)
i %97ttt or claim 10, characterised in
drfty ééB%vQ@S§ﬁ¥§a§&r$§C€h@fdi@@ ¢2¢S %anb%psulated by the
encapsulated by t nol d mass . . A sem conduct or
myalck agpes  138B) 14) accordlng to one of cIa|nB 9 to 11,
characterised in that the end surface of the
conductive lunmps (7) forms a common substantially
12. X | admiseorfaacer o t hat hegout &0 ; subst aptbaldliyg ftlabne of
surface of the pl astic housing (11). 13. A
FeiOndd@ ot L package (10:; 14) according to one of

A B S itd2inchggacterised in that the electrically
conductive bunps (7) conprise solder balls.
the end surface of the conductive lumps (7) forms a common

substantially flat surface with the outer substantially
flat surface of the plastic housing (11).

13.A semiconductor package (10; 14) according to one of
claims 9 to 12,
characterised in that
the electrically conductive bumps (7) comprise solder
balls.



