SEMICONDUCTOR PACKAGE WITH UNDER BUMP METALLIZATION ALIGNED WITH OPEN VIAS
CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This application claims priority from U.S.
Provisional Application No. 60/913,671 filed on April 24, 2007, the disclosure of which is incorporated
herein by reference. FIELD OF THE INVENTION [0002]Apparatuses and methods consistent with the
D I EREIR A6 B PARRAIOWEHCOR IR HEATIRI AT SDR PGS HER PR
metalliza Jotra msStsuftaceanta stuosStrat : hed to
the semiconductor chip with the UBMs in aligitpgnt pitR g 09en vias. An encapsulant surrounds the
semiconductor chip and the substrate and a conductor Tills the open vias to form external package

connections. DESCR'PT'Oﬂﬁﬁg_ﬁ%ﬁ%ﬁ@ﬂéﬂgeﬁ]ﬁg'}ﬁq&%ﬁdﬂﬁhOdS of forming a

semiconductor package comprising a tlip chi

[0001] This application claims priority from U.S. Provisional Application No. 60/913,671

filed on April 24, 2007, the disclosure of which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] Apparatuses and methods consistent with the present invention relate to a

semiconductor package with a semiconductor chip having under bump metallizations (UBMs) on

a first surface and a substrate having open vias. The substrate is attached to the semiconductor

chip with the UBMs in alignment with the open vias. An encapsulant surrounds the

semiconductor chip and the substrate and a conductor fills the open vias to form external

package connections.

DESCRIPTION OF THE RELATED ART

[0003] Conventional methods of forming a semiconductor package comprising a flip chip

and a substrate involves mounting a chip 10 with solder bumps 12 onto a top surface of the

substrate 14. When mounted, the solder bumps 12 of the chip 10 are in contact with the substrate

14 and gaps are formed between the chip 10 and the substrate 14 due to the solder bumps 12

present therebetween. The gaps between the chip 10 and the substrate 14 would typically be

underfilled with an underfill resin 16 to encapsulate and to protect the solder bumps 12. The

chip 10 and top surface of the substrate 14 are then encapsulated with a mold resin 18 to protect
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and a substrate involves mounting a chip 10 with solder bumps 12 onto a top surface of the substrate
14. When mounted, the solder bumps 12 of the chip 10 are in contact with the substrate 14 and gaps
are formed between the chip 10 and the substrate 14 due to the solder bumps 12 present
therebetween. The gaps between the chip 10 and the substrate 14 would typically be underfilled with
an underfill resin 16 to encapsulate and to protect the solder bumps 12. The chip 10 and top surface of
the substiaetehig Hre Exémnrren papksagatechndtii enmiol theeSimi 8f teo stotbatlsthe ofeipubSedixtgimal package
connections in the form of solder balls 20 are subsequently formed on a bottom surface of the
substrate. 14. An ex lary fli fI ack ge is SQ wn in F e dra In the conventional
oackage HHEHet DU COEeH SO P BSOS hP TR AR PSS Bsuiting
from differential thermal expansions of the various components of the package under application of
heat dU”F%ﬁ?@W'tﬁé"alt‘@&lﬁgéfvhﬁfm@@cﬁhﬂ&t%t{hppﬁ@ tﬂ@@@ﬂ?%épfﬁi%ﬂ@@ld@r@ahé@d a
carrier substrate with apertures is provided on a semlconductor device such that bond pads are
aligned with apertures. Semiconductor device is a flip-chip device that has bond pads disposed over
active surfagdc\araliscéidiie mpelraniesl ahasaiedin s dridccontiabthitmal espensconeahtirerial. Solder
material is provided at the opening of the apertures to result in the solder material filling the coated
apertures b caprlla actron d for er bumps. Ho er in thi method there m b
reliability |slglues resﬁ}ﬁlng tfgrom maPéleq %e Conta Ltb vaele%flé hrl ﬁgr&%rlr&fc |v coatg%(g glnd the
solder material within the apertures. [0005]In U.S. Patent No. 6,022,761, a substrate is provided with
aperturesgliipwhigpbeagpenings on underside covered with conductive metal pads. An interposer with
an array of conductive bumps is mounted onto the substrate such that the adhesive bumps resides in
the apertures. A semiconductor device with an array of conductive bumps is pressed into contact with
the interd88&#lsuchindtihBatandrtilé Hutpsireeeuplbawiand thomgtivireaareadzd Bimps to form
the package as shown below. However, in this method, the conductive bumps and active circuitry of
the semigapiGiRL S i helneiesnad e seniaslii e plerRangt, ARR JaLE;Ay be
reliability issues resulting from voids formed within the apertures s ould hesrve bumps not fill the
apertures adequately. Another problem may also be that the adhesive bumps may not adequately
contact tfigmbipldeaits thafidias boteliabis dlgaisichbeonmestosur 006Vl bSthP atentuipplichtien No.
2006/0057833, a substrate is provided with screen

bond pads are coated with a conductive material. Solder material is provided at the opening of
the apertures to result in the solder material filling the coated apertures by capillary action and
forming solder bumps. However, in this method, there may be reliability issues resulting from
inadequate contact between bond pad, the conductive coating and the solder material within the
apertures.

[0005] In U.S. Patent No. 6,022,761, a substrate is provided with apertures in which the
openings on underside covered with conductive metal pads. An interposer with an array of
conductive bumps is mounted onto the substrate such that the adhesive bumps resides in the

apertures. A semiconductor device with an array of conductive bumps is pressed into contact

with the interposer such that the conductive bumps are coupled to the conductive adhesive
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mask such that the wire ball bumps on the substrate fits into the apertures of the screen mask. Solder
paste is spread over the mask to embed the wire ball bumps. The screen mask is then removed and
the solder paste reflowed to form solder ball connections. However, this method is focused on forming
external package connections in the form of solder balls rather than forming an improved electrical
interconnect between the flip chip and the external package connections. 100071There is therefore a
need to proviget@fpardheses ey psethods bebivcahlpreventioitlas lmagiahdiorand whie obungre of the
disadvantages of the prior art. One objective of the present invention is to reduce the stress on the

bumps of fli Another cﬁ tive.is t I|m ate un f|| which results in a saving.of material
coste. ORI Gt EE oM REHEN L OBOLEE S LRy RS U SH e 51 TRB e EAh v ention
overcome the above disadvantages and other dlsadvantages not described above. Also, the present

'nVent'Oﬁﬁ%ﬂ%s@QW[ﬁﬁ EHerQ‘&ﬁﬁ?%’@@eﬂ%ﬂi%@@é@&%ﬁtﬁ@ﬁﬂﬂ?@oﬁﬁ%@n@ﬂ%ﬂﬁ%ﬁ Sfttires
embodiment of the present invention may not overcome any of the problems described above.

100091In a first aspect, there is provided a method of forming a semiconductor package having
external pakddbecisthesawdnsnmheotieliibd apeitieies ageaviiiy dhsethitandblsorretipaisaiadghander

bump metallizations (UBMSs) on a first surface; attaching the first surface of the semiconductor chip to

a substra% e, tgﬁ UBNg? s of the SeIItT(])L[Cg) edlﬁc Chlgta(%ﬂ% arl‘gient %Ith op pa\()l[a qln the
substrate; encapsu? |ng micondtc orc ip an & su e e an |ﬁ|ng {nth Op open V|as with a

conductor to form the external package connections. 100101 The conductor that fills the open vias may
protrude @ymisédedhe open vias to form

[0006] In U.S. Patent Application No. 2006/0057833, a substrate is provided with screen
mask such that the wire ball bumps on the substrate fits into the apertures of the screen mask.
Solder paste is spread over the mask to embed the wire ball bumps. The screen mask is then
removed and the solder paste reflowed to form solder ball connections. However, this method is
focused on forming external package connections in the form of solder balls rather than forming
an improved electrical interconnect between the flip chip and the external package connections.
[0007] There is therefore a need to provide apparatuses and methods that can prevent or at
least ameliorate one or more of the disadvantages of the prior art. One objective of the present
invention is to reduce the stress on the bumps of flip chip. Another objective is to eliminate
underfilling, which results in a saving of material costs.

SUMMARY OF THE INVENTION
[0008] Exemplary embodiments of the present invention overcome the above disadvantages

and other disadvantages not described above. Also, the present invention is not required to
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external package connections in the form of conductive bumps. The semiconductor chip may be
attached to the substrate by thermo-compression or by an adhesive applied on at least one of the first
surface of the chip or the substrate. The adhesive can be a B-stage adhesive or solder mask.
100111The semiconductor chip may have conductive protrusions extending below the UBMs. The
conductive protrusions can be solder bumps, metallic pillars with a solder cap or metallic stud bumps.
100121 Thewaits: dfichibsofemingss mevg e plabedendtinl ac oncluptary enabatlicemtefidik Presemetallic
material may be gold. The open vias of the substrate may be formed after the semiconductor chip is

attached.to the substrate. The filling of the vias wjth the conductor can be achieved by ball dropping or
paate prlHRGSTORES i SXSSEOHE HEpBLIT Y B oA S S Eonductor package mcluing. a

semiconductor chip having under bump metallizations (UBMs) on a first surface; substrate having

open viagypg subsitateReinpRttarheddpiharemispasietarshinand dhaitBMz Reipsiaglignment
with the open vias; an encapsulant surrounding the semiconductor chip and the substrate; and a
conductor which fills the open vias to form external package connections. 100141 The conductor may
protrude lyisigiexteenepparckies rotoaetionterhhe parikagd enctisscrisnsdmegnestomsarfdsetdsdtive bumps.
The semiconductor package may further comprise an adhesive between the first surface of the chip

f‘h“ed JéeMﬁg%Q?ﬁiga&%a%PQ&n%ﬁ‘&ﬁﬁ%‘%&&d TSR AR SN RIS QR0 below
semiconductor chip to a substrate, the UBMs of the semiconductor chip being in alignment with
open vias formed in the substrate; encapsulating the semiconductor chip and the substrate; and
filling with open vias with a conductor to form the external package connections.
[0010] The conductor that fills the open vias may protrude outside the open vias to form
external package connections in the form of conductive bumps. The semiconductor chip may be
attached to the substrate by thermo-compression or by an adhesive applied on at least one of the
first surface of the chip or the substrate. The adhesive can be a B-stage adhesive or solder mask.
[0011] The semiconductor chip may have conductive protrusions extending below the UBMs.
The conductive protrusions can be solder bumps, metallic pillars with a solder cap or metallic
stud bumps.
[0012] The walls of the open vias may be plated with a conductive metallic material. The
metallic material may be gold. The open vias of the substrate may be formed after the

semiconductor chip is attached to the substrate. The filling of the vias with the conductor can be

achieved by ball dropping or paste printing.



The conductive protrusions may be solder bumps, metallic pillars with a solder cap, or metallic stud
bumps. 100161The walls of the open vias may be plated with a conductive metallic material. The
conductive metallic material may be gold. BRIEF DESCRIPTION OF THE DRAWINGS 100171The
above and/or other aspects of the present invention will become apparent and more readily
appreciated from the following description of the exemplary embodiments, taken in conjunction with
the accoffadlying brawaegsdimspdeicihctO BFiGed alkestiates aricepbddignentlofliihg iaventive
package and a method of making the package. 100191FIG 2 illustrates an embodiment of the

inventive package and thod of m
semiconductor ¢ 1p avmg unde

rli) glp metallizations (UBMs) on a first surface; substrate
having open vias, the substrate being attached to the semiconductor chip and the UBMs being in
alignment with the open vias; an encapsulant surrounding the semiconductor chip and the
substrate; and a conductor which fills the open vias to form external package connections.
[0014] The conductor may protrude outside the open vias to form external package
connections in the form of conductive bumps. The semiconductor package may further comprise
an adhesive between the first surface of the chip and the substrate.
[0015] The semiconductor chip may have conductive protrusions extending below the UBMs.
The conductive protrusions may be solder bumps, metallic pillars with a solder cap, or metallic
stud bumps.
[0016] The walls of the open vias may be plated with a conductive metallic material. The
conductive metallic material may be gold.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The above and/or other aspects of the present invention will become apparent and
more readily appreciated from the following description of the exemplary embodiments, taken in
conjunction with the accompanying drawings, in which:

[0018] FIG. 1 illustrates an embodiment of the inventive package and a method of making

the package.



the package. 100201FIG 3 illustrates an embodiment of the inventive package and a method of
making the package. 100211FIG 4 illustrates an embodiment of the inventive package and a method
of making the package. 100221FIG 5 illustrates an embodiment of the inventive package and a
method of making the package. 100231FIG 6 illustrates an embodiment of the inventive package and
a method of making the package. 100241FIG 7 illustrates an embodiment of the inventive package
and a mdtld@Jof mBkinhg illustrates an embodiment of the inventive package and a method of making

the package.

[0020] FIG. 3 illustrates an embodiment of the inventive package and a method of making

the package.

[0021] FIG. 4 illustrates an embodiment of the inventive package and a method of making

the package.

[0022] FIG. 5 illustrates an embodiment of the inventive package and a method of making

the package.

[0023] FIG. 6 illustrates an embodiment of the inventive package and a method of making

the package.

[0024] FIG. 7 illustrates an embodiment of the inventive package and a method of making

the package.

[0025] FIG. 8 illustrates an exemplary prior art semiconductor package.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE INVENTION

[0026] Hereinafter, exemplary embodiments of the present invention will be described with

reference to the accompanying drawings.

[0027] FIGs. 1A to IF illustrate an embodiment of the inventive package and a method of

making the package. FIG. 1A shows a semiconductor chip 100, with under bump metallizations

(UBMs) 110. In this particular embodiment, conductive protrusions 120, such as solder bumps
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the package. 100251FIG 8 illustrates an exemplary prior art semiconductor package. DETAILED
DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE INVENTION 100261Hereinafter,
exemplary embodiments of the present invention will be described with reference to the accompanying
drawings. 100271FIGs. IA to 1F illustrate an embodiment of the inventive package and a method of
making the package. FIG 1A shows a semiconductor chip 100, with under bump metallizations (UBMs)
110. In this arcyldkembdd ridat, @paderctinel p helagidresd 20 ssUéh as soldesememps’ ©padpper
pillars with solder caps, protrude below the UBMs 110. An enlargement of a portion of FIG 1A is

150, 1003BIAS Sk I HIE A S8 246 1 St e T ERIBEIOS ot o
surface. Vias 160 are formed in the substrate 140 and are plated with a conductor (not shown), such
as gold (A (T ¥iap 46 atw kept open.
[0028] As shown in FIG. 1A, substrate 140 has printed B-stage epoxy adhesive 150 on the
top surface. Vias 160 are formed in the substrate 140 and are plated with a conductor (not
shown), such as gold (Au). The vias 160 are kept open.
[0029] As shown in FIG. 1C, as the flip chip 130 is being attached, the UBMs are aligned
over the open vias 160 and the chip 100 is attached to the substrate 140 through the adhesive 150
therebetween. Each of the conductive protrusions 120 are embedded within their respective open
vias 160. The bonding of the chip 100 to the substrate 140 can, for example, be achieved by
thermo-compression.
[0030] Next, as shown in FIG. 1D, the chip 100 and the substrate 140 are encapsulated by
mold resin 170. The encapsulation can, for example, be achieved by transfer molding. Then, as
shown in FIG. 1E, the vias 160 are filled with a conductor 180. The filling of the vias 160 can be
such that the conductor 180 fills the vias 160 until it protrudes outside of the vias 160 to form
external package connections 190 in the form of solder balls 190a. In this particular embodiment,
the conductor 180 is solder. Ball drop or solder paste printing can be used to fill the vias 160

with the conductor 180. Alternatively, the external package connections 190 or solder balls 190a,

can be formed in a separate step after the vias 160 have been filled.
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[0029]As shown in FIG 1C, as the flip chip 130 is being attached, the UBMs are aligned over the open
vias 160 and the chip 100 is attached to the substrate 140 through the adhesive 150 therebetween.
Each of the conductive protrusions 120 are embedded within their respective open vias 160. The
bonding of the chip 100 to the substrate 140 can, for example, be achieved by thermo-compression.
[0030]Next, as shown in FIG 1D, the chip 100 and the substrate 140 are encapsulated by mold resin
170. The|@9kHpsuldtioal ttamtédnrdamp keTde( bt vadkagdrarnsfer molditg.| Fhenybslsovwaxterilc 1E,
the vias 160 are filled with a conductor 180. The filling of the vias 160 can be such that the conductor
180 fills the vias 160 until it protrudes outside of the vijas 160 to f external package connections
190 in thERHRT RIS A8 P B RSBt ot th B ICRSY Y  G510D. B
drop or solder paste printing can be used to fill the vias 160 with the conductor 180. Alternatively, the

external pagkage sanpRalipns 2R eiaRlden halig.130a danhaiforneddp sogpparate step after the vias
160 have been filled. 100311An alternate land grid array (LGA) package is shown in FIG 1F, in which

the external package connections 190 do not protrude out of the vias 160. The exposed end of the
vias 160 32 bxtedrl&rpadkiyetcdhseationsceondinrthe donenobp hthena wid vy RackaomnicosRipiGs. 2A

to 2F illustrate a second embodiment of the inventive package and a method of making the package.

FIG 2A shows a semiconducto in 200 with UBMs 210. In this icu [[%T}/?Og ent, conductive
oo B oo R A R S B B R o e Uvie
210. The chip 200, the UBMs 210, and the conductive protrusions 220 form a flip chip 230. B stage

epoxy adghesiigaz sthis appliad denthe @edipeoaihiolon suirEe Of h Chipnge @ itieaptheryaiar level
or chip level. An enlargement of a portion of FIG 2A is shown in FIG 2B. Vias 260 are formed in the

substrate 240 and are plated with a conductor, such as gold (Au). The vias 260 are kept open.
solder caps, protrude below the UBMs 210. The chip 200, the UBMs 210, and the conductive

protrusions 220 form a flip chip 230. B stage epoxy adhesive 250 is applied to the active or
bottom surface of the chip 200 either at the wafer level or chip level. An enlargement of a
portion of FIG. 2A is shown in FIG. 2B. Vias 260 are formed in the substrate 240 and are plated
with a conductor, such as gold (Au). The vias 260 are kept open.

[0033] As shown in FIG. 2C, as the flip chip 230 is being attached, the UBMs are aligned
over the open vias 260 and the chip 200 is attached to substrate 240 through the adhesive 250
therebetween. Each of the conductive protrusions 220 are embedded within their respective vias
260. The bonding of the chip 200 to the substrate 240 can, for example, be achieved by thermo-
compression.

[0034] Next, as shown in FIG. 2D, the chip 200 and the substrate 240 are encapsulated by
mold resin 270. The encapsulation can, for example, be achieved by transfer molding. Then, as

shown in FIG. 2E, a conductor 280 fills the vias 260. The filling of the vias 260 can be such that
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100331As shown in FIG 2C, as the flip chip 230 is being attached, the UBMs are aligned over the
open vias 260 and the chip 200 is attached to substrate 240 through the adhesive 250 therebetween.
Each of the conductive protrusions 220 are embedded within their respective vias 260. The bonding of
the chip 200 to the substrate 240 can, for example, be achieved by thermocompression. 100341 Next,
as shown in FIG 2D, the chip 200 and the substrate 240 are encapsulated by mold resin 270. The
encapsukatieomchrtdo28Qdriiplbe yeaalhikved] bypramsdes moidingf Tiewaa 2 6howioim Ex@2&, a
conductor 280 fills the vias 260. The filling of the vias 260 can be such that the conductor 280 fills the

vias 260 until it protrudes outside of the vias 260.to fo ternal package connections 290 in the form
O oo HATREA e TR AL A SRR ottty Do g B P At i e
vias 260 by a ball drop or solder paste printing method. Alternatively, the external package

connectigpsdR Py SPIdLb PRIy IENGE RIRUYdeneuisideshsviasaiEarnpofQuRerRa $eRasale step
after the vias 260 have been filled. [0035]An alternate LGA package is shown in FIG 2F, in which the

external package connections 290 do not protrude out of the vias 260. The exposed end of the vias
260 formesttmmal\pstkattee bo Hivettiona Dovkagh e Fonaebins Ry ridlderdyp 2o ovhifdossruds. 3A to 31

illustrate a third embodiment of the inventive package and a method of making the package. FIG 3A

shows a semiconductor chip 300 with.UBMs 310. The ¢chip,300. a% UBMs form a flip chip 330.
2 stage ST Al e R T YT S Bt 08 B e 2 porton of FiG
3Ais shown in FIG 3B. [0037]As shown in FIG 3C, flip chip 330 is attached to the substrate 340 by, for

example[0035] An alternate LGA package is shown in FIG. 2F, in which the external package
connections 290 do not protrude out of the vias 260. The exposed end of the vias 260 form
external package connections 290 in the form of a land grid array 290b.
[0036] FIGs. 3A to 31 illustrate a third embodiment of the inventive package and a method of
making the package. FIG. 3A shows a semiconductor chip 300 with UBMs 310 . The chip 300
and the UBMs 310 form a flip chip 330. B stage epoxy adhesive 350 is applied to the top of
substrate 340. An enlargement of a portion of FIG. 3A is shown in FIG. 3B.
[0037] As shown in FIG. 3C, flip chip 330 is attached to the substrate 340 by, for example,
thermo-compression.
[0038] Next, as shown in FIG. 3D, the chip 330 and the substrate 340 are encapsulated by
mold resin 370. The encapsulation can, for example, be achieved by transfer molding.
[0039] Next, as shown in FIG. 3E, vias 360 are formed by laser drilling through the substrate
340. This results in the UBMs 310 of the flip chip 330 becoming exposed. Then, as shown in

figures 3F and 3G (FIG. 3G is an enlargement of a portion of FIG. 3F), vias 360 are plated with a
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thermo-compression. [0038]Next, as shown in FIG 3D, the chip 330 and the substrate 340 are
encapsulated by mold resin 370. The encapsulation can, for example, be achieved by transfer
molding. [0039]Next, as shown in FIG 3E, vias 360 are formed by laser drilling through the substrate
340. This results in the UBMs 310 of the flip chip 330 becoming exposed. Then, as shown in figures
3F and 3G (FIG 3G is an enlargement of a portion of FIG 3F), vias 360 are plated with a conductor
365, suchoadgiat 3A6,) siob48]dddiAas. shown in FIG 3H, the vias 360 are filled with a conductor 380.
The filling of the vias 360 can be such that the conductor 380 fills the vias 360 until it protrudes outside

of the vi to form exterpal package connections 390 in.the, form of solder balls 390a. In.this
particulod WABcim b TNGb LG Sttt GO LU SEG A R EHAHA U ARG bat
drop or solder paste printing method. Alternatively, the external package connections 390 or solder

balls 390 @R 12§ 38006H 1R uSERRIAIR-XIERIBER): i vias BRQ havr basnlfillpebiA84LinRalieNate
LGA package is shown in FIG 31, in which in which the external package connections 390 do not

protrude out of the vias 360. The exposed end of the vias 360 form external package connections 390
in the fortheofias|3p@ tgridraretiegadimackage connections 390 in the form of solder balls 390a. In this

particular embodiment, the conductor 380 is solder. The vias 360 can, for example, be filled by a
ball drop or solder paste printing method. Alternatively, the external package connections 390 or
solder balls 390a, can be formed in a separate step after the vias 360 have been filled.

[0041] An alternate LGA package is shown in FIG. 31, in which in which the external
package connections 390 do not protrude out of the vias 360. The exposed end of the vias 360
form external package connections 390 in the form of a land grid array 390b.

[0042] FIGs. 4A to 4H illustrate a fourth embodiment of the inventive package and a method
of making the package. FIG. 4A shows a semiconductor chip 400 with UBMs 410. An
enlargement of a portion of FIG. 4A is shown in FIG. 4B. The chip 400 and the UBMs 410 form
a flip chip 430.

[0043] As shown in FIG. 4A, B stage epoxy adhesive 450 is applied to the top of substrate
440. The substrate 440 has unplated vias 460.

[0044] As shown in FIG. 4C, as the flip chip 430 is being attached, the UBMs are aligned
over the open vias 460 and the chip 400 is attached to the substrate 440 through adhesive 450

therebetween. The bonding of the chip 400 to the substrate 440 can, for example, be achieved by
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[0042]FIGs. 4A to 4H illustrate a fourth embodiment of the inventive package and a method of making
the package. FIG 4A shows a semiconductor chip 400 with UBMs 410. An enlargement of a portion of
FIG 4A is shown in FIG 4B. The chip 400 and the UBMs 410 form a flip chip 430. [0043]As shown in
FIG 4A, B stage epoxy adhesive 450 is applied to the top of substrate 440. The substrate 440 has
unplated vias 460. [0044]As shown in FIG 4C, as the flip chip 430 is being attached, the UBMs are
aligned ahermioecoppmesiasnd 60 and the chip 400 is attached to the substrate 440 through adhesive
450 therebetween. The bonding of the chip 400 to the substrate 440 can, for example, be achieved by

thermo-c essi 0045 Next,.a G 4D, the c 0 and the substrate 440
ercapou B by R IESE G RS S T B SR bk A e B AL
molding. Then, as shown in figures 4E and 4F (FIG 4F is an enlargement of a portion of FIG 4E), vias

460 are %ﬁa%yﬂfua@omﬂyemgﬁﬁaﬁwba@ﬁ ©elek biiple| PRARHTBEN By hiau Idrdfad CrircoRductor
480 is filled in the vias 460. The filling of the

shown in figures 4E and 4F (FIG. 4F is an enlargement of a portion of FIG. 4E), vias 460 are
plated with a conductor 465, such as gold (Au).

[0046] Then, as shown in FIG. 4G, a conductor 480 is filled in the vias 460. The filling of the
vias 460 can be such that the conductor 480 fills the vias 460 until it protrudes outside of the vias
460 to form external package connections 490 in the form of solder balls 490a. In this particular
embodiment, the conductor is solder. Ball drop or solder paste printing can be used to fill the
vias 460 with conductor 480. Alternatively, the external package connections 490 or solder balls
490a, can be formed in a separate step after the vias 460 have been filled.

[0047] An alternate LGA package is shown in FIG. 4H, in which the external package
connections 490 do not protrude out of the vias 460. The exposed end of the vias 460 form
external package connections 490 in the form of a land grid array 490b.

[0048] FIGs. 5A to 5H illustrate a fifth embodiment of the inventive package and a method
of making the package. FIG. 5A shows a semiconductor chip 500 with UBMs 510. An
enlargement of a portion of FIG. 5A is shown in FIG. 5B. The chip 500 and the UBMs form a
flip chip 530.

[0049] FIG. 5A also shows a substrate 540 with unplated vias 560. The substrate 540 has a
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vias 460 can be such that the conductor 480 fills the vias 460 until it protrudes outside of the vias 460
to form external package connections 490 in the form of solder balls 490a. In this particular
embodiment, the conductor is solder. Ball drop or solder paste printing can be used to fill the vias 460
with conductor 480. Alternatively, the external package connections 490 or solder balls 490a, can be
formed in a separate step after the vias 460 have been filled. [0047]An alternate LGA package is
shown in&IG diHoidervhiekktfreestiemal packapessedacections 490 do not protrude out of the vias 460.
The exposed end of the vias 460 form external package connections 490 in the form of a land grid

array 49 48]FIGs. 5A to illustrate a fifth embodiment of the inventiv kage and a method
of makin D backAse eIt B Biovts B SU LB AR R BB STORE CRb A S Sment of a
portion of FIG 5A is shown in FIG 5B. The chip 500 and the UBMs form a flip chip 530. [0049]FIG 5A

also Sh0W§eﬁt§@Wéﬁtﬁmmﬁﬂd&ﬂ@|é‘ﬁﬁ9|5\d@$s5§£&cﬂ'$@t§lm§§ﬁ%@té€e05h@%9 tir%)‘ﬁ{on&ﬁfﬂ@sfsmﬁ.Sk (not
shown) at its top surface. [0050]As shown in FIG 5C, as the flip chip 530 is being attached, the UBMs

are aligned over the open vias 560 and the chip 500 is attached to the substrate 540 by
thermo-corpta $eemopatiy asreompreessip the siddroesk avitheosisil endrims Rewilhssiwsrpeiveeiet as

adhesive between chip 500 and substrate 540 interface.
chip 500 and substrate 540 interface.

[0051] Next, as shown in FIG. 5D, the chip 500 and the substrate 540 are encapsulated by
mold resin 570. The encapsulation can, for example, be achieved by transfer molding. Then, as
shown in figures SE and 5F (FIG. 5F is an enlargement of a portion of FIG. 5E), vias 560 are
plated with a conductor 565, such as gold (Au).

[0052] Then, as shown in FIG. 5G, a conductor 580 is filled in the vias 560. The filling of the
vias 560 can be such that the conductor 580 fills the vias 560 until it protrudes outside of the vias
560 to form external package connections 590 in the form of solder balls 590a. In this particular
embodiment, the conductor is solder. Ball drop or solder paste printing can be used to fill the
vias 560 with conductor 580. Alternatively, the external package connections 590 or solder balls
590a, can be formed in a separate step after the vias 560 have been filled.

[0053] An alternate LGA package is shown in FIG. 5H, in which the external package
connections 590 do not protrude out of the vias 560. The exposed end of the vias 560 form
external package connections 590 in the form of a land grid array 590b.

[0054] FIGs. 6A to 6H illustrate a sixth embodiment of the inventive package and a method
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[0051]Next, as shown in FIG 5D, the chip 500 and the substrate 540 are encapsulated by mold resin
570. The encapsulation can, for example, be achieved by transfer molding. Then, as shown in figures
5E and 5F (FIG 5F is an enlargement of a portion of FIG 5E), vias 560 are plated with a conductor
565, such as gold (Au). [0052]Then, as shown in FIG 5G, a conductor 580 is filled in the vias 560. The
filling of the vias 560 can be such that the conductor 580 fills the vias 560 until it protrudes outside of
the vias 56tdifngriihertekagepddkagd sbowe atiens GochunttheligrdOohsoideiBdai$ BBOAnIn this
particular embodiment, the conductor is solder. Ball drop or solder paste printing can be used to fill the

vias 560 with conductor 580, Alte ively, the exter age cqnnections.590 Ider balls 590a,
et e R et ek vl e A T b A
is shown in FIG 5H, in which the external package connections 590 do not protrude out of the vias

560. Theyaxprsed 61 of hsswias 650 HesmnprirnalRaFPRIR GaBNRAIBNGARLFdife e esind
grid array 590b. [0054]FIGs. 6A to 6H illustrate a sixth embodiment of the inventive package and a

method of making the package. FIG 6A shows a semiconductor chip 600 with UBMs 610. An
enlargemeappiicd poHionGHVEIT RS hotien FIE 6@ dine ehipwdols i netyBNEMSL61drm a flip
chip 630. A substrate 640 has unplated vias 660. In addition, B stage epoxy adhesive 650 is applied to
the active surfaé:e or bottom of the flip chip 630 while leaving the UBMs 610 exposed. [0055]As shown
in FIG 6&(%%5 é flip chip 630 is being attached, the UBMs 610 are

[0055] As shown in FIG. 6C, as the flip chip 630 is being attached, the UBMs 610 are
aligned over the open vias 660 and the flip chip 630 is attached to the substrate 640 by, for
example, thermo-compression.

[0056] Next, as shown in FIG. 6D, the chip 600 and the substrate 640 are encapsulated by
mold resin 670. The encapsulation can, for example, be achieved by transfer molding. Then, as
shown in figures 6E and 6F (FIG. 6F is an enlargement of a portion of FIG. 6E), vias 660 are
plated with a conductor 665, such as gold (Au).

[0057] Then, as shown in FIG. 6G, a conductor 680 is filled in the vias 660. The filling of the
vias 660 can be such that the conductor 680 fills the vias 660 until it protrudes outside of the vias
660 to form external package connections 690 in the form of solder balls 690a. In this particular
embodiment, the conductor 680 is solder. Ball drop or solder paste printing can be used to fill
the vias 660 with the conductor 680. Alternatively, the external package connections 690 or
solder balls 690a, can be formed in a separate step after the vias 660 have been filled.

[0058] An alternate LGA package is shown in FIG. 6H, in which the external package
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aligned over the open vias 660 and the flip chip 630 is attached to the substrate 640 by, for example,
thermo-compression. [0056]Next, as shown in FIG 6D, the chip 600 and the substrate 640 are
encapsulated by mold resin 670. The encapsulation can, for example, be achieved by transfer
molding. Then, as shown in figures 6E and 6F (FIG 6F is an enlargement of a portion of FIG 6E), vias
660 are plated with a conductor 665, such as gold (Au). [0057]Then, as shown in FIG 6G, a conductor
680 is filleshire¢hensi&8 G860 ndhprdittinde oluthd thay B O®@anTe supbsthladtthe iChrduact&o680rfills the vias
660 until it protrudes outside of the vias 660 to form external package connections 690 in the form of

solder balls 690a. In this particular e odlme t, the condyctor 680 is solder. Ball drop or solder paste
printing &HF %E%%"i‘geﬂ e %ﬁé&éﬂ}gﬁﬁi ﬂﬁ@(rﬁ’i ely, the external package

connections 690 or solder balls 690a, can be formed in a separate step after the vias 660 have been

filled. [00fpEYY alternale 1430 PAIkRGaIS ShQwRnite dhtel WiEhiRe RKIEHRKRECKAR

connections 690 do not protrude out of the vias 660. The exposed end of the vias 660 form external
package connections 690 in the form of a land grid array 690b. 100591FIGs. 7A to 7J illustrate a
seventh arbodinfentlongdsmashage Jdékadeshaw sarsentoendieteikhiptheOpaithddeMsIG g Alshows a

semiconductor chip 700 with UBMs 710. In this particular embodiment, conductive protrusions, such
iirigjr?sgﬁmg goi%gl,&g\rz; argréki’reﬁlleh?or?%%gvrlvlﬁﬁg(ﬂ} Ig%g?rtllsuéa%&lﬁ%)dlm %Otr%%gnﬁﬁ)%%% eO LIJSBMS
710 and the stud bumps 720 form a flip chip 730.

UBMs. In this particular embodiment, the stud bump 720 is comprised of gold. An enlargement

of a portion of FIG. 7A is shown in FIG. 7B. The chip 700, the UBMs 710 and the stud bumps

720 form a flip chip 730.

[0060] FIG 7A also shows a substrate 740 with vias 760 plated with a conductor 765. In this

particular embodiment the conductor 765 is gold.

[0061] As shown in FIG. 7C, as the flip chip 730 is being attached, the UBMs 710 are

aligned over the open vias 760 and the chip 700 is attached to the substrate 740 through the

adhesive 750 therebetween. Each of the conductive protrusions or stud bumps 720 are partially

within their respective open vias 760. An inter-metallic (not shown) may be provided at the

interface 766 of the stud bumps 720 and the plated walls of the vias 760 to improve electrical

contact at the interface as shown in Figure 7D.

[0062] As shown in FIG 7E, space between the chip 700 and the substrate 740 is filled with

an underfill resin 775. The underfill resin can be dispensed into the space to encapsulate the gold

stud bumps 720.
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100601FIG 7A also shows a substrate 740 with vias 760 plated with a conductor 765. In this particular
embodiment the conductor 765 is gold. 100611As shown in FIG 7C, as the flip chip 730 is being
attached, the UBMs 710 are aligned over the open vias 760 and the chip 700 is attached to the
substrate 740 through the adhesive 750 therebetween. Each of the conductive protrusions or stud
bumps 720 are partially within their respective open vias 760. An inter-metallic (not shown) may be
provided[8063¢ inteNade daA6b@ithe §lud ButhesTp07a0dheyistat Wallsiod the widsiio-¢oinnplove
electrical contact at the interface as shown in Figure 7D. 100621As shown in FIG 7E, space between

the chip 700 and th rate 740.is % ith an u B(iierflll reS| 775.Th derfill resjin can b
dispense S e GH R A SN AP L P RS DU S2c7 36 SHORREN RS oM TATRIES 77,
the chip 700, the substrate 740 and the underfill resin 775 are encapsulated by mold resin 770. The
encapsulatipnzan, for example, be achieved by transfer molding. 100641Then, as shown in FIGs. 7G

and 7H, the vias 760 are filled with an electrically conductive epoxy 795. An enlargement of a portion

of FIG 7G is shown in FIG 7H.
[0064] Then, as shown in FIGs. 7G and 7H, the vias 760 are filled with an electrically

conductive epoxy 795. An enlargement of a portion of FIG. 7G is shown in FIG. 7H.

[0065] As shown in FIG. 71, a conductor 780 is filled in the vias 760. The filling of the vias
760 can be such that the conductor 780 fills the vias 760 until it protrudes outside of the vias 760
to form external package connections 790 in the form of solder balls 790a. In this particular
embodiment, the conductor 780 is solder. Ball drop or solder paste printing can be used to fill
the vias 760 with the conductor 780. Alternatively, the external package connections 790 or
solder balls 790a, can be formed in a separate step after the vias 760 have been filled.

[0066] An alternate LGA package is shown in FIG. 7J, in which the external package
connections 790 do not protrude out of the vias 760. The exposed end of the vias 760 form
external package connections 790 in the form of a land grid array 790b.

[0067] It will be appreciated that the methods and apparatuses described above can
advantageously result in a direct electrical connection between the UBMs (for non-bumped
chips) or conductive protrusions (for chips with solder bumps, Cu pillars with solder cap or
metallic stud bumps) and the external package connections. The direct electrical connection

comprises the filled vias and the external package connections, both of which may be formed in
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100651As shown in FIG 71, a conductor 780 is filled in the vias 760. The filling of the vias 760 can be
such that the conductor 780 fills the vias 760 until it protrudes outside of the vias 760 to form external
package connections 790 in the form of solder balls 790a. In this particular embodiment, the conductor
780 is solder. Ball drop or solder paste printing can be used to fill the vias 760 with the conductor 780.
Alternatively, the external package connections 790 or solder balls 790a, can be formed in a separate
step aften thegléascpad hveglvdehefiias wi 0066 andakemate LG A/Batkageosdskhovwnpro&EiSof3, in which
the external package connections 790 do not protrude out of the vias 760. The exposed end of the
vias 760 fé)r external kage connections 790 in the form of a land. grid array 790b. . 100671It will be
ppreciallt B1SE HETAREHBAS e AR AR SUMEEABLH SBOVRSEEH MUt AN SSUBRFHBRul in a direct

electrical connection between the UBMs (for non-bumped chips) or conductive protrusions (for chips

with soldgiliaymRse G dHlar st sRIdeESRBaRPRIANC Sty dumishangddbe SxemalRagkagRal

connections. The direct electrical connection comprises the filled vias and the external package
connections, both of which may be formed in a single step of filling of the vias with the conductor. As
the UBMeoonesstriuitithasgranusion ahsriiean/ihe HRYiher exedvell yopiaitsioon né divoAaip,
connected in a single connection, reliability of such an interconnect can be improved. Another

advantage of fosming the elactics! connestion.in, fis manasr i at stress,onyhe UBMS g condyctive
protrusions of the flip chip, an e external package connection, may be reduced. Furthermore, in
the methods described, as the conductive protrusions of the flip chip are embedded partially or entirely

within theyiRs dortbecsubphiatiasihey o fishadliees fakasiybedt anpanaariilingsiapytoyprotastttias in
conductive protrusions with an underfill resin. 100681While the present invention has been particularly

shown and described with reference . ,
the substrate, there is no need to carry out an underfilling step to protect the conductive

protrusions with an underfill resin.

[0068] 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
scope of the present invention as defined by the following claims.

[0069] What is claimed is:
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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 scope of the
present invention as defined by the following claims. 100691What is claimed is: CLAIMS 1. A
semiconductor package comprising: a semiconductor chip having under bump metallizations (UBMSs)
on a first surface; a substrate having open vias, the substrate being attached to the semiconductor
chip and the UBMs being in alignment with the opé\WS; an encapsulant surrounding the
semiconductor chip and the substrate; and conductors, in direct contact with the UBMs, which fill
the open vias to form.externaéﬁgaé:é(a%%e connections; wherein the conductors protrude outside the

open via&'to forf% Sg?i‘écr?féqlbcé hRELHERE N the form of conductive bumps.

a semiconductor chip having under bump metallizations (UBMs) on a first surface;

a substrate having open vias, the substrate being attached to the semiconductor chip and
the UBMs being in alignment with the open vias;

an encapsulant surrounding the semiconductor chip and the substrate; and

conductors, in direct contact with the UBMs, which fill the open vias to form external
package connections;

wherein the conductors protrude outside the open vias to form external package

connections in the form of conductive bumps.

2. The semiconductor package of claim 1, further comprising an adhesive between the first

surface of the chip and the substrate.

3. A semiconductor package comprising:
a semiconductor chip having under bump metallizations (UBMs) on a first surface;
conductive protrusions extending below the UBMs;
a substrate having open vias, the substrate being attached to the semiconductor chip and

the UBMs being in alignment with the open vias;
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2. The semiconductor package of claim 1, further comprising an adhesive between the first surface of
the chip and the substrate. 3. A semiconductor package comprising: a semiconductor chip having
under bump metallizations (UBMSs) on a first surface; conductive protrusions extending below the
UBMs; a substrate having open vias, the substrate being attached to the semiconductor chip and
the UBMs being in alignment with the open vias; an encapsulant surrounding the semiconductor chip
and the substrate;cwdpsulago raductospntbiireohcomidattonithtpercbdusctise geotusions, which fill the
open vias to form external package connections; wherein the conductive protrusions extend into the

open vias, wherein the conductors protrude outside the open vias to foym external package
connections in FROTGHIFSY CORISENCR RSN A HR QAL ARSI BRCRALE O LB QR the
conductive protrusions are solder bumps.
form external package connections;
wherein the conductive protrusions extend into the open vias,

wherein the conductors protrude outside the open vias to form external package

connections in the form of conductive bumps.

4. The semiconductor package of claim 3, wherein the conductive protrusions are solder
bumps.
5. The semiconductor package of claim 3, wherein the conductive protrusions are metallic

pillars with a solder cap.

6. The semiconductor package of claim 3, wherein the conductive protrusions are metallic
stud bumps.
7. The semiconductor package of claim 1, wherein walls of the open vias are plated with a

conductive metallic material.
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5. The semiconductor package of claim 3, wherein the conductive protrusions are metallic pillars with a
solder cap. 6. The semiconductor package of claim 3, wherein the conductive protrusions are metallic
stud bumps. 7. The semiconductor package of claim 1, wherein walls of the open vias are plated with
a conductive metallic material. 8. The semiconductor package of claim 7, wherein the conductive
metallic material is gold. 9. The semiconductor package of claim 3, further comprising an adhesive
betweenghe firstisustawe ofdhachpcangethEdubsitateertin Theesadnigorductel packegelof gelidn 3,
wherein walls of the open vias are plated with a conductive metallic material. 11. The semiconductor
package of claim 10, wherein the conductive metallic material is gold. 12. A semiconductor package
comprising:

9. The semiconductor package of claim 3, further comprising an adhesive between the first

surface of the chip and the substrate.

10. The semiconductor package of claim 3, wherein walls of the open vias are plated with a

conductive metallic material.

11.  The semiconductor package of claim 10, wherein the conductive metallic material is gold.

12. A semiconductor package comprising:

a semiconductor chip having under bump metallizations (UBMs) on a first surface;

conductive protrusions extending below the UBMs;

conductive materials extending below the conductive protrusions;

a substrate having open vias, the substrate being attached to the semiconductor chip and
the UBMs being in alignment with the open vias;

an encapsulant surrounding the semiconductor chip and the substrate; and

conductors, in direct contact with the conductive materials, which fill the open vias to

form external package connections;
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a semiconductor chip having under bump metallizations (UBMs) on a first surface; conductive
protrusions extending below the UBMs; conductive materials extending below the conductive
protrusions; a substrate having open vias, the substrate being attached to the semiconductor chip
and the UBMs being in alignment with the open vias; an encapsulant surrounding the semiconductor
chip and the substrate; and conductors, in direct contact with the conductive materials, which fill
the open vias toMemietberoal patiagecomactionsconthereve thetaurlsastinel pratrihsiopsnanids.
conductive materials extend into the open vias. 13. The semiconductor package of claim 12, wherein
the conductors protrude outside the open vias to form external package connections in the form of
conductive bumps. 14. The semiconductor package of claim 12, further comprising an adhensive
between the first surface of the chip and the substrate. 15. The semiconductor package of claim 12,

wherein e conpluctivg ReausionpaepreiAlligastd PUMRSein the conductors protrude outside the

open vias to form external package connections in the form of conductive bumps.

14.  The semiconductor package of claim 12, further comprising an adhensive between the

first surface of the chip and the substrate.

15. The semiconductor package of claim 12, wherein the conductive protrusions are metallic
stud bumps.
16. The semiconductor package of claim 12, wherein walls of the open vias are plated with a

conductive metallic material.

17.  The semiconductor package of claim 16, wherein the conductive metallic material is gold.

18. The semiconductor package of claim 12, wherein an underfill material encapsulates the

conductive protrusions.
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16. The semiconductor package of claim 12, wherein walls of the open vias are plated with a
conductive metallic material. 17. The semiconductor package of claim 16, wherein the conductive
metallic material is gold. 18. The semiconductor package of claim 12, wherein an underfill material

encapsulates the conductive protrusions.

19. The semiconductor package of claim 3, wherein the conductors that fill the open vias are

solder.
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