BUMP ON VIA - PACKAGING AND METHODOLOGIES
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 ddddHReBNNWHAth&AtSE&E INEAND MIETEHO B edhltdhdictor
package with a semiconductor chip having under bump metallizations
(UBMs) on a fj r %ﬁ@ ﬁ r llﬁ ing open Vi %Be substrate
is attached to&ﬁé %%E%E &'Sé; %%ﬁrt ﬁﬁ?@é@rﬁéﬁh %ﬂ with the
open vias. An encapsulant surrounds the semiconductor chip and the
[0001PuUbstrRis A @GSN EIG fHisriRerARf UAP IOIRIOA A A8 pIREABAHIE50/913,671
connections. DESCRIPTION OF THE RELATED ART [0003]Conventional
methods of forming a semiconductor package comprising a flip chip and a
filed osuMBEHRY4 iR0BKdBaRiRGHIFNGEPEMPI D iviEABIRIBasUMRIEMDY daterentsp
surface of the substrate 14. When mounted, the solder bumps 12 of the
chip 10 are in contact witF %’L plgsﬁr 4 zlt__qg.lq are formed between
the chip 10 and the subs r!i ee?s dueﬁ?tlhke solde%ﬁmps 12 present
therebetween. The gaps between the chip 10 and the substrate 14 would
[0002]ypicalhphatupstesfitletevntdeeonsisterilviesithd prigepndapsitiaterelatd to a
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 o
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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the chip 10. External package connections in the form of solder balls 20
are subsequently formed on a bottom surface of the substrate 14. An
exemplary flip chip package is shown in Figure 8 of the drawings. In the
conventional package, the solder bumps 12 and solder balls 20 may be
subjected to mechanical stress resulting from differential thermal
the chigxpan&ixtesnef plackzgrd cosrestipsnorits ddtineop ackirg baltscdRer aipslibatigurenily
heat during thermal cycling or when the chip is in operation. [0004]In U.S.
Paten . 7,271,491, a carrier substrate with apertyres is provided on .
forme{, iR ORI RGRCE BRI ol SR ST WL ITA ERsaras shown in
Semiconductor device is a flip-chip device that has bond pads disposed
FigureOy©f ?f@idﬁa\%ﬁ@%?q’n\fﬁ@'tsoﬁf/éhﬁcﬁ\ﬁﬁM@@,ﬂ%é@@lb@%ﬁﬁﬁ%@%é@@l@& balls 20
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
may begphiapjeddadneghanierhfitiess sedeltingrfios) Fibireendal ithenrahraprngiapeas the

may be reliability issues resulting from inadequate contact between bond

: h ductive ] solder [al withi pertures
varto B e e B B A A s hnen e
in which the openings on underside covered with conductive metal pads.
chip i bperrser 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
[0004 L ontdBtvrnFFENTHIR pbLer 49 3IPAT ISR SRR E I RIRRPY TSP dSIGyidaden &

the conductive adhesive bumps to form the package as shown below.
semic&%&%?%é@ié@'%l% Eﬁqﬁl gﬁﬂ@%\'@ﬁﬁgrﬁﬂm AP AV eSEHGHIRY R dP Bevice is a

semiconductor device while being presSed into contact with the interposer.

Also, there may be reliability issues resulting from voids formed within the
flip-chap edvieestisitdasi Hhedgutide siisp dsethpegenat tillether tioerthivedsaafaeiapelfures and the

Another problem may also be that the adhesive bumps may not

adequately contact the metal pads to form a reliable electrical connection. .
Do B 2 P AR ARG H00BIGBE TR 4 GBS Et e Opening of
provided with screen mask such that the wire ball bumps on the substrate
the apBHREdesARGH e SRR PaRIEATIMASKhS B PARURSBIEAH KRY Hifion and
mask to embed the wire ball bumps. The screen mask is then removed
and the solder paste reflowed to form solder ball connections. However,
formingisoldetHuinies fodagey esnifolitismaethaes ierp avkabe rebinbididyidsrsien tegulting from
form of solder balls rather than forming an improved electrical interconnect

R SEAHY HEAER B b U A SR SHA LNl BLA By e

or at least ameliorate one or more of the disadvantages of the prior art.
apertuf28€ 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. ) _ ) ) _
[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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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 overcome the disadvantages described above, and an

exemplary embodiment of the present invention may not overcome any of
bumpstie forob lbmpadkageibtshanovee (000 Nweytirstrdbireae thaskelis poodidéareabumps

method of forming a semiconductor package having external package

o g o S B e
surface of the semiconductor chip to a substrate, the UBMs of the

interpS&MIXABEIUBERE G BeE bl dbi RHDREMEDMITRI AP Bd VI AD il MAeFAdA Waghin the apertures
substrate; encapsulating the semiconductor chip and the substrate; and

filling with open vias with a conductor to form the external package
shoulctBierrstipshve. hoome et idone aerstureatanips wRte lyp &nother PP lsrotiayealso be that

outside the open vias to form external package connections in the form of
ductiy T emicon r.chip m t ed 1o .
e RS OBl A SNBSS RS AT A, g
one of the first surface of the chip or the substrate. The adhesive can be a
conne&tistage adhesive or solder mask. [0011]The semiconductor chip may

have conductive protrusions extending below the UBMs. The conductive

rotrusions can be solder bumps, metallic pillars with a solder cap or
[0006}hetalidbf P #HaR 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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[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. [0013]In a second aspect, there is provided a
overcapeiteditadianaek agecintddibgye ahacexamplarychimbhdinrapiefdee present

bump metallizations (UBMSs) on a first surface; substrate having open vias,

. the substr?te beinﬁﬁ?ttachf%éo tgﬁ sem%fondgcior chip and the UBMs
invention {8y NGTNHSAMTRTHRL Bl5e RLELOS ACSHUARL ARYYE surrounding the
semiconductor chip and the substrate; and a conductor which fills the

[0009PPeN Yiggife: ERpECeXtRIRaS PAokAsE £AtaesdionfolPMHs i IRmrANEUEIS package

may protrude outside the open vias to form external package connections

~in the form of conductive bumps. The semiconductor package may further
having extgsfsbrackadnesesiianfe e hhtheeirad inchste iy ighng asentieonductor chip
substrate. [0015]The semiconductor chip may have conductive

neving A e e e S e S YR ot e

[0016]The walls of the open vias may be plated with a conductive metallic
semiconateyied chipereandustive eta) BMyatetial saraichredgotor @i BEing in alignment with

DESCRIPTION OF THE DRAWINGS
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.



[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. [0019]FIG
[0013P illubtratescnd aspboditiratiopthe dedentirei perckater apckagnetblodio: a
making the package. [0020]FIG 3 illustrates an embodiment of the

semicq GG S AR er DUt e e SO L b Substrte

making the package. [0022]FIG 5 illustrates an embodlment of the
havindbitivieaskaan @aie sefgthedfdtaiiedemiconductor 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. [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
[0019DF THE. ANNEIaISNTeORB tHmEihaftthe xwentplanackabeditenstiiothef making

present invention will be described with reference to the accompanying

h drawings. [0027]FIGs. |A to 1F illustrate an embodiment of the inventive
€ paﬁlé%qgage and a method of making the package. FIG |IA shows a

semiconductor chip 100, with under bump metallizations (UBMs) 110. In
[0020fhis RAticIAnSrARSGMEAOBRNENCHV P TAVRHIOBDAHAge 4sl amatlegTof making

umps

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 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 particular embodiment, conductive protrusions 120, such as solder bumps
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or copper pillars with solder caps, protrude below the UBMs 110. An
enlargement of a portion of FIG |A is shown in FIG 1B. The chip 100, the
UBMs 110, and the conductive protrusions 120 form a flip chip 130.
[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

or copanatimbiarp it saidercaps guctard@iotishothe ) Blh 146 .gblnl §Malgarhentiafsa portion
160 are kept open. [0029]As shown in FIG 1C, as the flip chip 130 is being

of FIG AR e G APl (I g S RN e rusions

Each of the conductive protrusions 120 are embedded within their
120 foipsRaRivERPEIDVias 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
[0028by moRishesith 117 B G He e eRgiitatithheam  fatee Briiple, apeachibesiyeys0 on the

transfer molding. Then, as shown in FIG 1E, the vias 160 are filled with a

top su@% 9”9 s}§8a gof é&?fi pro a%e694(f)a 8 (iatgd I% HHH&I&I (not

frlls e V|as s outsi V|as
external package connections 190 in the form of solder balls 190a. In this

showrf)astichi@ gritberlinentie thiasctstinet@eg@shim 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,
[0029} an 1S RAMALITHFAG dSaratdherdipatin 130 (sAsineciRansthdbe HiRMs are aligned
[0031]An alternate land grid array (LGA) package is shown in FIG 1F, in

over tHEUEBANEEXEYARY 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.

7



package connections 190 do not protrude out of the vias 160. The

exposed end of the vias 160 form external package connections 190 in

the form of a land grid array 190b. [0032]FIGs. 2A to 2F illustrate a

second embodiment of the inventive package and a method of making the

package. FIG 2A shows a semiconductor chip 200 with UBMs 210. In this
[0031partiAnaaliembiedane gridandydliveA)rpanksigmis 22QysucHr KS $6)diemiuchpgle external

or copper pillars with solder caps, protrude below the UBMs 210. The chip

packadps O EIE o e 960 LMoLt O GPBBEBI (e vies 160

surface of the chip 200 either at the wafer level or chip level. An

form EXRARERHACKARY @ RUEOEHS T BIG2Ne SoTRPYA IR GriFaridpg st 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

[0032Lhip BEesiZBeingraithustiaty, arreaompsnias imghicef Svcintraibyepagiagesnd a method
and the chip 200 is attached to substrate 240 through the adhesive 250

of mal ot T A SR IR S o0 SRR R n e

substrate 240 can, for example, be achieved by thermocompression.

partic(R03Hbeximast stewadnve IF Asities cl2p, 20¢h asddfierselapate 2sipargillars with
encapsulated by mold resin 270. The encapsulation can, for example, be
achieved by transfer molding. Then, as shown in FIG 2E, a conductor 280

soldergippsnRrolEde e lov BRI #8-vitke 56iP 240 o EMAZd Qnand the conductive

conductor 280 fills the vias 260 until it protrudes outside of the V|as 260 to

o R SR 2R 0 Bl el PR e o

the vias 260 by a ball drop or solder paste printing method. AIternativer,
bottonthsedate rofaihpantip @O T etimrcitdhs Rafe olesel de cbgllkvehién proangdment of a
outside the vias, can be formed in a separate step after the vias 260 have
n fllled OOSS\&An alternate LGA cka iS's |n FIG 2F, in whi

po”'ofh ElarranpIey Bé%ﬁlﬁ&ﬁuo?@aﬁ %r %‘PS %E‘t*%ﬁ'i*ﬂé G%aﬁé&re plated

The exposed end of the vias 260 form external package connections 290

with alBdhGuEREM RER RBRIa A Tahe U 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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[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.

the cojoDBWR2BEHMNSiHA ViES Z50, Ui dhjp@Balés attsitecef thetvias 2bSttattodrexternal
by, for example thermo-compression. [0038]Next, as shown in FIG 3D

packed AR A A LR L e DRl B el Sy R nagient, the

[0039]Next, as shown in FIG 3E, vias 360 are formed by laser drilling

conduBisP8b ihsorursiiaieg 34A11ddin trevliss iped ey M $HP of tofiBipastiPprinting
330 becoming exposed. Then, as shown in figures 3F and 30 (FIG 30 is

an enlargement of a portion of FIG 3F), vias 360 are plated witha
methogortRiAtivel, SiRpXies TRl IBackage [OUUBTLINER 239 shewfeindells Bhidherotrude
vias 360 are filled with a conductor 380. The filling

outside the vias, can be formed in a separate 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 form
external package connections 290 in the form of a land grid array 290b.

[0036] FIGs. 3Ato 3l 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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of the vias 360 can be such that the conductor 380 fills the vias 360 until it
protrudes outside of the vias 360 to form external package 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
conductarirdéstionch3s@oldg@dgr balls 390a, can be formed in a separate step
after the vias 360 have been filled. [0041]An alternate LGA package is

h in FIG 31, in.which i ich.the ext I k ti 3 -
A A P R SR e T
external package connections 390 in the form of a land grid array 390b.

of the {484 3B0l & KehstriHAd ustr@dpddeirtsempodiimgd sddhminveptbiRides outside of

package and a method of making the package. FIG 4A shows a
semiconductor chip 400 with UBMs 410. An enlargement of a portion of

the vigs| 852 0ifosmawteinat BCkroeTtNBeRH B aRintine Eommefapddrspalis hg0a. In this
chip 430. [0043]As shown in FIG 4A, B stage epoxy adhesive 450 is

et e S O e AR s B SRRl B e o

UBMs are aligned over the open vias 460 and the chip 400 is attached to

ball diibye sruosterteade(tinong methoesivetddatielie e weemal padkagel tigeddtiens 390 or
chip 400 to the substrate 440 can, for example, be achieved by

thermo-compression. ] ]
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. 3I, 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. 4Ato 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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[0045]Next, as shown in FIG 4D, the chip 400 and the substrate 440 are
encapsulated by mold resin 470. The encapsulation can, for example, be
achieved by transfer molding. Then, as 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 40, a
thermemochyressid80 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

10045 e SO s D SBUEE BN A et by

Ball drop or solder paste printing can be used to fill the vias 460 with

mold _nurtordRQrtissnativalyatheopsiempldackrar GanNpe PR ARPD@INg. Then, as

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
shownyjpitigures éktardAEdikade tormeatanarmend efc moeriies el dde dEar wirs 460 are

vias 460. The exposed end of the vias 460 form external package

ol atedgﬂ%mgc&)%?ﬁ é&p 4185t,h5%(§ﬁr£ églta @t\rﬁ%grid array 490b. [0048]FIGs. 5A to

ustrate a tifth émbodiment o inventive package and a method of
making the package. FIG 5A shows a semiconductor chip 500 with UBMs

[0046p10. Pieeniapement 61@ Ratiocoadkdter 80 shinvdimntid GiaBic0herabifilling of the
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 layer of

vias 460 gt ha surh st SRR aanduEtRs (89 Siklsdbe 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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[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-compression. During thermo-compression
process, the solder mask will soften and act as adhesive between chip
500 and substrate 540 interface. [0051]Next, as shown in FIG 5D, the chip
layer GO0 laadrtiasks(riosshows)at dsstemeaiatdated by mold resin 570. The
encapsulation can, for example, be achieved by transfer molding. Then,

s shown in figures 5E and 5F (FIG 5F is an enlargement of a ion of ..
10050F 3 U480 B3-St e P B RrL LS PG LT (e ARy o atigned
[0052]Then, as shown in FIG 50, a conductor 580 is filled in the vias 560.
over tHEpERINELOEBIEMIPEHBCRIFBOMR SHEEHIRORIR SOPstHEIs 486\ iR spression.

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

During theeamfomptresieariaeess ihesrider Braskival spfeencadsatas peingitye between
can be used to fill the vias 560 with conductor 580. Alternatively, the

chip 586@68%'11?&? gﬁgiﬂ%ﬁ%ggns 590 or solder balls 590a, can be formed in

a separate step a e vias 560 have been filled. [0053]An alternate
LGA package is shown in FIG 5H, in which the external package

[0051FonnRekigrs ShiamPtErepute ohipddbandahdabstirhe sxpaseanengsofated by
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
mold ipgjartie JAEIEAGPSHIEEOMEAROEPT SHATARIRPEREHSYRAJY HABSEA BRklga Then, as

semiconductor chip 600 with UBMs 610. An enlargement of a portion of

shoer llgﬁl I 5 8ROWMY ﬁl"ft@@(ﬁ = 1 @H%ﬁ&ﬁ%f%&ﬁ%ﬁo%@é%%g\é% 560 are

Ip 630. A substrate 640 has unplated vias 660. In addition, B s
epoxy adhesive 650 is applied to the active surface or bottom of the flip
platedahith @3 nduitéolez6bn gutteab) Gt (BL). exposed.

[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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[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
of makichithepablagensiés. G ishngs ErsemiesndhotandhifiGlfes I EELBM SB10-1AN
6F is an enlargement of a portion of FIG 6E), vias 660 are plated with a

enlaro§ARAL 15t R5990 Aled R ALLVAE0) The Fiing b1 EVBARAD 85 g s 610 form
such that the conductor 680 fills the vias 660 until it protrudes outside of

a flip €Rfh\689. BRAUBsTRIIE s PE3Al RASKAASSBBOCAHARRI BA, B K8gOERbRY adhesive 650

solder balls 690a. In this particular embodiment, the conductor 6380 is
solder. Ball drop or solder paste printing can be used to fill the vias 660
is appligthteHaeasibuecioF ssooripmiile e eite 67 yadkrdgry ithileddBids 610
690 or solder balls 690a, can be formed in a separate step after the vias
expos6 0 have been filled. [0058]An alternate LGA package is shown in FIG
1, in which the external package connections 690 do not protrude out of
the vias 660. The exposed end of the vias 660 form external package

[0055FonnAstsnos 6RO FGheTodstes fi pactt 68D A By 6§ BttadRéh A | GBMLGHD are
7J illustrate a seventh embodiment of the inventive package and a method
of making the package. FIG 7A shows a semiconductor chip 700 with

alignegh BYAs the @PRR RS SaRiRUAENe MBTAIAERE EoHIRGERI PistEte SAdPYsTor

stud bumps 720, protrude below the UBMSs. In this particular embodiment,

e s YR isccomprised of gold. An enlargement of a portion of
MG A s shoxﬁzrwgl%lFlG 7B. The chip 700, the UBMs 710 and the stud

bumps 720 form a flip chip 730.
[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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[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.
conne@intts 69hdodmtguctivdguotiefsiongies 660d DHhenppaol and pattieNyaa/dhhform

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

ovided at the i terf he st s 720 a plated walls
extern| B R PR S AL Eb AP HATREAEE 2o shown i
Figure 7D. [0062]As shown in FIG 7E, space between the chip 700 and
[0059Fhe spisirata 64 iglfibgateitledBnune@BbiaRIAL 6f ThelOdmileIHANRY and a

can be dispensed into the space to encapsulate the gold stud bumps 720.
[0063]Next, as shown in FIG 7F, the chip 700, the substrate 740 and the
methodreféraiingsthenrsisagee dSpshiahaavby RRENFPEEITE Y ChithE0Brveip ${FdIe{ 10. In

can, for example, be achieved by transfer molding. [0064]Then, as shown

this pa'hcu%ig%% a‘%Z é%ﬁd\ﬁ'gt? 69?0?{ fg%dﬁvﬁ%ﬂ%8$|8%rrﬁﬁ$ Q éj%cﬁ below the

n enldrgement o por Ion o IS'S
[0065]As shown in FIG 71, a conductor 780 is filled in the vias 760. The
uBM{illingias ietidarmr 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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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
[0063]790 dvestldesihals TOBE;.cdmn the ¢himédDirilhe sepsirsie Bte pruftde thadeifidl resin 775
760 have been filled. [0066]An alternate LGA package is shown in FIG 7J,

o R B TS R 30 Foy e

connections 790 in the form of a land grid array 790b. [0067]It will be
moldifgpPreciated 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
[0064bumgddeciaprhawmitidoridiapdorimgiamMias /P Braipledamtinme eleasrisally
package connections. The direct electrical connection comprises the filled
] nd th ternal cQnnections which m ogmed
concu R B A B R RO SR e
conductive protrusions, the filled vias and the external package
[0065FonnastinowAiie FOBITAEGtechitiacsongigodetiretiprthealiabiiien ofrsiadiliamy of the vias
interconnect can be improved. Another advantage of forming the electrical
connection in this manner is that stress on the UBMs or conductive

760 Cai B Serors B RS A eriRy, R Al the daseiPAHPHENRIE SIS CtiRIAe pipe vias 760

be reduced. Furthermore, in the methods described, as the conductive

to forrﬂ_r&f&ﬂ%g?g%égg JHH@&%%@@MH?@F‘F&M%‘@%QI t%ﬂ@ég%ﬁv IR 99articular

viasin't rate, there Is no need to carry out an un Ing step to

protect the conductive protrusions with an underfill resin. [0068]While the
embodgiresenthawentoctdrai8bes sopaaticB il igrshowsolied plssephetngitan be used to fill

reference to exemplary embodiments thereof, it will be understood by

M S C e T

present invention as defined by the following claims. [0069]What is
solder#@i®9908: 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

15



CLAIMS 1. A method of forming a semiconductor package having

external package connections comprising: providing a semiconductor

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

attaching the first surface of the semiconductor chip to a substrate, the

UBMs of the semiconductor chip being in alignment with open vias formed

a single step stibidhizgaféhe xpmsuldtmtherosadunioonda therldB M seidctivel setbatiznetrusions,

and filling with open vias with a conductor to form the external package

nnection?rfbe[Z. he metrkod of claim 1, wherein the Cé)nductor that fills the

the f"f?%e‘ﬂ"’\?ig% RI0%) RRTIAYR EOBPBHIONRAS FOHEEIRE Nl HRBlegunection,

connections in the form of conductive bumps. 3. The method of claim 1,

reIiabmﬂﬁéﬁﬂjéh%ﬁmmﬁf%ﬁwiiﬁ@@@@@.e%ﬁﬁbihé’r%@bﬁﬁt@$ BY forming the electrical
thermo-compression. 4. The method of claim 1, wherein the

semiconductor chip is attached to the substrate by an adhesive applied on
connegi a5t IBIseTSNMRS Fr d1adsirasteosr el BBl s rtrenduptufsotrusions of the flip chip,

and on the 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 the vias in
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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5. The method of claim 4, wherein the adhesive is a B-stage adhesive. 6.
The method of claim 4, wherein the adhesive is a solder mask. 7. The
method of claim 1, wherein the semiconductor chip has conductive
protrusions extending below the UBMs. 8. The method of claim 7,
wherein the conductive protrusions are solder bumps. 9. The method of
claim 7, wherein the conductive pr&ikdsibis are metallic pillars with a
solder cap. 10. The method of claim 7, Wherein the conductive
method of claim 1, wherei

t tallic stud b
L D R a8 SR ACK B DAL USRI PHRkEB Fappections

The method of claim 11, wherein the metallic material is gold. 18
compr#§iAgconductor chip is attached to the substrate. 14. The method of claim
1, wherein the conductor that fills the open vias is formed by ball dropping.

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

attaching the first surface of the 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.

2. The method of claim 1, wherein the conductor that fills the open vias protrudes outside

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

3. The method of claim 1, wherein the semiconductor chip is attached to the substrate by

thermo-compression.

4, The method of claim 1, wherein the semiconductor chip is attached to the substrate by an

adhesive applied on at least one of the first surface of the chip or the substrate.

17



15. The method of claim 1, wherein the conductor that fills the open vias is
formed by paste printing. 16. A semiconductor package comprising: a
semiconductor chip having under bump 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;

5  amlencepndadtdaimotindieccthdhsadiesivéustoBestigandhidsivsubstrate;
and a conductor which fills the open vias to form external package
connections. 17. The semiconductor package of claim 16, wherein the
conductor protrudes outside the open vias to form external package
connections in the form of conductive bumps. surface of the chip and the

6.  SunsiFAithod 3¢ EhmpamigridHeH danekrass shwder Afskvherein the
semiconductor chip has conductive protrusions extending below the
UBMs. 20. The semiconductor package of claim 19, wherein the
conductive protrusions are solder bumps.

7. The method of claim 1, wherein the semiconductor chip has conductive protrusions

extending below the UBMs.

8. The method of claim 7, wherein the conductive protrusions are solder bumps.
9. The method of claim 7, wherein the conductive protrusions are metallic pillars with a
solder cap.

10.  The method of claim 7, wherein the conductive protrusions are metallic stud bumps.

11. The method of claim 1, wherein walls of the open vias are plated with a conductive

metallic material.

12.  The method of claim 11, wherein the metallic material is gold.
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21. The semiconductor package of claim 19, wherein the conductive
protrusions are metallic pillars with a solder cap. 22. The semiconductor
package of claim 19, wherein the conductive protrusions are metallic stud
bumps. 23. The semiconductor package of claim 16, wherein walls of the
open vias are plated with a conductive metallic material. 24.The

13. sdimdvoeitiodtof patkagavberduinh@8pemdesinftine cobricateveerfrtatiitafter the
material is gold.

semiconductor chip is attached to the substrate.

14. The method of claim 1, wherein the conductor that fills the open vias is formed by ball

dropping.

15.  The method of claim 1, wherein the conductor that fills the open vias is formed by paste

printing.

16.  Asemiconductor package comprising:
a semiconductor chip having under bump metallizations (UBMSs) 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.

17.  The semiconductor package of claim 16, wherein the conductor protrudes outside the

open vias to form external package connections in the form of conductive bumps.
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18.  The semiconductor package of claim 16, further comprising an adhesive between the first

surface of the chip and the substrate.

19.  The semiconductor package of claim 16, wherein the semiconductor chip has conductive

protrusions extending below the UBMs.

20.  The semiconductor package of claim 19, wherein the conductive protrusions are solder

bumps.

21. The semiconductor package of claim 19, wherein the conductive protrusions are metallic

pillars with a solder cap.

22.  The semiconductor package of claim 19, wherein the conductive protrusions are metallic

stud bumps.

23.  The semiconductor package of claim 16, wherein walls of the open vias are plated with a

conductive metallic material.

24.  The semiconductor package of claim 23, wherein the conductive metallic material is gold.
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