METHOD OFASSEMBLINGA SILICON STACKED SEMICONDUCTOR
PACKAGE CROSS-REFERENCE TO RELATED APPLICATIONS [01]
This application claims priority from U.S. Provisional Application No.
60/924,585 filed on May 22, 2007, the disclosure of which is incorporated

herein by refeméﬁ%ﬂ#&%ﬁ%ﬁ%ﬁ%ﬁ%@gﬁé toa

Invention [02] Methods consisten
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relates to a one time reflow proce on vias (TSV)
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technique involves stacking chips/dies vertically in a package andthen
6oreatipgscanestionsbevesy the.betiom Qfdhe 1o ahin RIS LeR Aerein by
the bottom chip. [04] Conventional TSV packages contain interposers,
reSpagets and/or gap control structures between the stacked dies and
substrate. Reflow processes are performed to solidify solder bumps
between the dies and susTHSROANGIOF e EAMARINCOSt- curing is
required to completely harden the interposers, spacers and/or gap control
strudtuigisidoddprattiem with multiple reflows is that it may cause
reliability issues with the solder bumps. Another problem is that multiple
[02kflows inNdedasts thensrrenifarithritigs tmeeerit invention relate to a silicon stacked

semiconductor package. More particularly, the method relates to a one time reflow
process for through-silicon vias (TSV) interconnect 3-D packages. The method uses phase
change materials for support pins that either vaporize or cure.
2. Background and Description of the Related Art
[03] The relatively new through-silicon vias, or TYSV, technique involves stacking
chips/dies vertically in a package and then creating connections between the bottom of
the top chip and the top of the bottom chip.
[04] Conventional TSV packages contain interposers, spacers and/or gap control
structures between the stacked dies and substrate. Reflow processes are performed to
solidify solder bumps between the dies and substrate. In addition, often times, post-
curing is required to completely harden the interposers, spacers and/or gap control
structures. One problem with multiple reflows is that it may cause reliability issues with
the solder bumps. Another problem is that multiple reflows increase the manufacturing

time.



[05] One convention method is disclosed in U.S. Patent No. 7,160,757. In

this patent, you position the interposer, first solder bumps and gap control
structure on the substrate and then reflow to solidify the first solder

bumps and the gap control structure. Next, you attach the die and second
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epoxy support pins to stack chips on the substrate. ituses a
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structures to stack the chip onto substrate. In addition, It not use a
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interposer to substrate and to couple flip chip onto interposer. [06] Another
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patent, spacers are provided on an active surface of a semiconductor
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epoxy. During reflow, the spacers maintain uniform distance between

teubsitathipndiseivicabtigtor Hewee, whilecthe seldisihndirlls JTomd tQtthoser with
contact pads on the substrate. Post-curing completely hardens the
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onto substrate, but does not use spacers to stack chip on chip. Also, it
ddeeseiotsse pontitimecfaflovprprese ssithastegdretowiomy cagsiesi to couple
_solder ball attachment. In addition, post curing required to completely
IrigreRsar tivesspsivdesi(d 19 Anpthdlipohirentionniepoeet.is disclosed in U.S.
Patent Publication No. 2006/0270104A1. In this publication, interposers
[k providagtberaeeientian disthod isstisdesethia $UBshatenaNd. didsoTI881. In this
interposer can be made of an adhesive material. Heating cures the
PABRIBSE PSS (GBS detharetindy e seesoridingntirondis dicdetogethemgaolder
- bumps. The spacers can be made of partially cured epoxy. During reflow, the spacers
maintain uniform distance between substrate and semiconductor device while the solder
balls bond to the contact pads on the substrate. Post-curing completely hardens the
spacers. However, the method uses spacers (support pins) to stack chip onto substrate,
but does not use spacers to stack chip on chip. Also, it does not use a one-time reflow
process. Instead reflow only causes solder ball attachment. In addition, post curing
required to completely harden the spacers.
[07] Another convention method is disclosed in U.S. Patent Publication No.
2006/0270104A1. In this publication, interposers are provided between two dies or

between the substrate and die. The interposer can be made of an adhesive material.

Heating cures the interposers (adhesive material), thereby coupling the two dies together.



However, although the method uses adhesive interposers (support pins)
to stack chip onto chip/substrate, it does not have a single reflow process
for both solder ball attachment and curing of interposers. [08] Another
convention method is disclosed in U.S. Patent Publication No.
044637A1, In this publication, flip. chips are stacked such that the
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achip onthe chgilé Instead, it use underfill material to hold the chips in
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as no support pins are used. [09] It is an object of the invention to provi
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alignment with each other.. [10] SUMMARY OF THE INVENTION [11]
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disadvantages and other disadvantages not described above. Also, the

rqiiesini iy enien ISR TROHERS LD RVEFSOM&I tHeWIsada RGeS0 mechanically
described above, and an exemplary embodiment of the present invention
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embodiment of the invention, a one-time reflow process is used to both
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In a first aspect, there is provided a method of manufacturing a
plasserhblidditorg the reflow process only causes solder ball attachment, as no support

pins are used.

[09] It is an object of the invention to provide a process to reflow the solder bumps
while keeping the stacked chips in alignment with each other..

[10]

SUMMARY OF THE INVENTION

[11] 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 the problems described
above.

[12] In an embodiment of the invention, a one-time reflow process is used to both
reflow the solder bumps and cure or vaporize the support structures.

[13] In a first aspect, there is provided a method of manufacturing a assembling a



stacked semiconductor package, that includes the following steps: placing
a phase change material, such as expoxy, between a top surface of a
substrate and a bottom surface of a first semiconductor die; placing a
phase change material between a top surface of the first semiconductor

Sga{ gﬁlge?n P%trtﬁl% t%yrfa&e oef gteicopugiserﬂiicg uctor die; wherein the first
and second semiconductor s REVE B prSr ity Bresidictive protrusions

on the P%E om surfaces of the dies: wherein the first semiconductor die
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second semiconductor die; and heating the semiconductor dies an
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interconnected to the first semiconductor die and the first semiconductor
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heating step, in one embodiment, the phase change material cures. In

pastaibien e bibedinienh durngdeatiagiithe phase change material
evaporates. [15] In another aspect of the invention, the diameter of the

conduetiveipraisusionsenscaduced diyingsthe Realined sieRdd@ib QB8 extending
aspect of the invention, the phase change materials are placed at the
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at outer edges of said first and second semiconductor dies. [17] In

tenbthtereaspactuetdhédiévention, the semiconductor dies and substrate can
be 4

wherein the conductive vias of said first semiconductor die are in alignment with
the conductive protrusions of the second semiconductor die; and

heating the semiconductor dies and the substrate to cause the second
semiconductor die to become electrically interconnected to the first semiconductor die
and the first semiconductor die to become electrically connected to the substrate.
[14] During the heating step, in one embodiment, the phase change material cures.
In another embodiment, during heating, the phase change material evaporates.
[15] In another aspect of the invention, the diameter of the conductive protrusions
is reduced during the heating step.
[16] In one aspect of the invention, the phase change materials are placed at the
corners of the dies. In another aspect, phase change materials are placed at outer edges of

said first and second semiconductor dies.

[17] In another aspect of the invention, the semiconductor dies and substrate can be



encapsulated. BRIEF DESCRIPTION OF THE DRAWINGS [18] 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
efBWIRgSin which: [19] FIG 1-2 illustrate an embodiment of the inventive

method. [20] FIGs. 3A and 3B illustrate alternate embodiments of the

inventive methodmgg'ﬁkg CRIP i?qﬂl X@\ﬂe RY

EMBODIMENTSOF THE ”\l?ﬁ\” ON glj negellzﬂgﬁel, e)&x;eér‘nplary
ambodimanis RRDSRSSSANERRNMILDS-descRed i ATRLENGE IBparen

the accompanying drawings. [22] A novel feature of this invention is thatit
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stacked chips in alignment with each other. This can be" achieved throug

eﬁh&mats,swm@ﬁrﬁs@wimeg%mm@mr%eowaﬁﬁﬁghmﬁg@qﬁ%ﬂﬁ%cwvhich
(0]

is adhesive enough to hold the stacked dies in place during stacking and

[reflow. THe phaseshangs Batedahmay BYRNHANY fsal,gvaporate
during or at the end of the reflow process. The method results in better
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invention will be describe in connection with Figures 1-3. First, a phase
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a bottom surface 5b of a first semiconductor die 5. A dispenser 3 can be
used to apply the phase changdNEMENEZL@N example of a phase change
material that can be used is epoxy, tailored to cure or vaporize during
[J&flow tepreraatives. Temphageahizngmensatedfl this pestataltyention will be

dispensed to form a height substantially the same as that of conductive 5
described with reference to the accompanying drawings.

[22] A novel feature of this invention is that it uses a reflow process to reflow the
solder bumps while keeping the stacked chips in alignment with each other. This can be
achieved through the use of support structures formed from a phase change material
which is adhesive enough to hold the stacked dies in place during stacking and reflow.
The phase change material may eventually cure or evaporate during or at the end of the
reflow process. The method results in better reliability and reduces manufacturing times.

[23] Embodiments of the invention will be describe in connection with Figures 1-3.
First, a phase change material 4 is placed between a top surface 6a of a substrate 6 and a
bottom surface 5b of a first semiconductor die 5. A dispenser 3 can be used to apply the
phase change material. An example of a phase change material that can be used is €poxy,
tailored to cure or vaporize during reflow temperatures.  The phase change material 4 is

preferably dispensed to form a height substantially the same as that of conductive



protrusions 10. [24] Next, a phase change material is placed between a
top surface 5a of the first semiconductor die 5 and a bottom surface 2b of
a second semiconductor die 2. The first and second semiconductor dies
5, 6 have a plurality of conductive protrusions 10 on the bottom surfaces
ppgtmgoqligﬁo‘These co_nductive proFrusions 10 can be _solder balls or
bumps. The first semiconductor die also has a plurality of conductive vias
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with conductive protrusions 9 in the second semiconductor
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second semiconductor die 2 to become electrically interconnected to the
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electrically connected to the substrate 6. [26] In one embodiment, as
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the phase change material 4 to evaporate. It will be appreciated that
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phase change materials used, and would be the temperature at the which
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appreciated that the phase change material would have adhesive
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reflow, before it vaporizes. In another embodiment, as shown in Figure
(238, the Reettinhestemisoadetiow fesdessantiche cabsestthe pharatehangause the
material 4 to cure. Again, it will be appreciated that suitable temperatures
sqepnhe seafioanprotessligvolldideperchon ¢thetyipelgf phizseotange to the first
materials used, and would be the temperature 6
semiconductor die 5 and the first semiconductor die 5 to become electrically connected to
the substrate 6.
[26] In one embodiment, as shown in Figure 3A, the heating step is a reflow
process which causes the phase change material 4 to evaporate. It will be appreciated
that suitable temperatures for the reflow process would depend on the type of phase
change materials used, and would be the temperature at the which the phase change
material changes into vapor state. It will also be appreciated that the phase change
material would have adhesive properties sufficient to hold the stacked dies in place
during stacking and reflow, before it vaporizes. In another embodiment, as shown in
Figure 3B, the heating step is a reflow process which causes the phase change material 4

to cure. Again, it will be appreciated that suitable temperatures for the reflow process

would depend on the type of phase change materials used, and would be the temperature



at the which the phase change material becomes cured. It will also be
appreciated that the phase change materials would have adhesive
properties sufficient to hold the stacked dies in place during stacking of
the dies and during reflow. [27] Also during the heating step involving

' the phase change material, the diameter of the ‘
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[30] The above description refers to packages with two semiconductor
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more than two semiconductor dies. For example, Fig shown
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has been particula own and described with reference to exemplary

abonpdeiroerstsetisesedihit willkhe nnedessigrd by those of ordinary skill in the
art that various changes in form and details may be made therein without

[2epartinglfrancie spbiandscoRaatlhg BIesent RveRiRNAS KRR vith an
the following claims. 7

encapsulant 11, as shown in Figure 3B. In yet another embodiment, the space between
the first semiconductor die and the substrate, or the space between two semiconductor
dies from the stacked dies, may be underfilled pﬁof to encapsulation to protect the
conductive protrusions.

[30] The above description refers to packages with two semiconductor dies on a
substrate. However, the present inventioﬁ is also applicable to more than two
semiconductor dies. For example, Figures 2 and 3 shown an additional third
semiconductor die 1.

[31] 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.
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MCSLLP CLAIMS 1. A method of assembling a stacked semiconductor
package comprising: placing a phase change material between a top

surface of a substrate and a bottom surface of a first semiconductor die;ﬁcsLLFE
placing a phase change material between a top surface of said first
semiconductor die and a bottom surface of a second semiconductor die;

wherein said phase change materials are placed at the corners or outer
edges©f, Sp\ddirst and second semiconductor dies; wherein said first and
second semiconductor dies have a plurality of conductive 10 protrusions

on saigd bottom sidthagesr af saith dies: whnieingaiddisiaeniecageaomngitsing:
has a plurality of conductive vias extending from its conductive

protrugpRmdhrphak thadirshsesispbauctar dieptatieéaT sudeaeatohiitea
first semiconductor die; wherein said conductive vias of said first

SR BiIseuetosfUigiaesimadigniment dis, with the conductive protrusions of
the second semiconductor die; and heating said semiconductor dies and

said syfpsiiage tehasdiSkasidresesiatibasmieandipciorfaie & heddine
electrically interconnected to said first semiconductor die and said first

somicanaieiatidigntoiesamesaténtsiodlys eanected-tmdadtbs dixstrate. 2.
The method of claim 1, wherein said phase change materials evaporate

20 durinbetbin hewtisig séepaded hatartikageqilatatintlthwberstms saidupdiasiges of
change materials cure during the heating step. 4. The method of claim 3,
wihiefesn the diametenit saddaondisstive

wherein said first and second semiconductor dies have a plurality of conductive
protrusions on said bottom surfaces of said dies;

wherein said first semiconductor die has a plurality of conductive vias extending
from its conductive protrusions, through the first semiconductor die, to the top surface
of the first semiconductor die;

wherein said conductive vias of said first semiconductor die are in alignment
with the conductive protrusions of the second semiconductor die; and

heating said semiconductor dies and said substrate to cause said second
semiconductor die to become electrically interconnected to said first semiconductor die
and said first semiconductor die to become electrically connected to said substrate.

2. The method of claim 1, wherein said phase change materials evaporate

during the heating step.

3. The method of claim 1, wherein said phase change materials cure during
the heating step.
4. The method of claim 3, wherein the diameter of said conductive

protrusions is reduced during the heating step.
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protrusions is reduced during the heating step. 8 5. The method of claim
1, wherein said phase change material is epoxy. 6. The method of claim 1,

wherein said heating step is a high reflow temperature process. 7. The MCSLLP

method of claim 1, wherein said conductive protrusions are solder 5
bumps. 8. The method of claim 1, further comprising encapsulating said
first and second semiconductor dies and said substrate. 9. The method of

claim L, furth?ﬁecﬂf&ﬁgéiﬂg'claﬂﬁrlf%fé%iﬁ%%%ﬁh%%%tﬁl?gé%a@eﬁﬁﬁﬁeepoxy
on

change material between a top surface 10 of said sec semiconductor

die ang a botta siHREPLA MM SerRIGANAUCIRAGIR: sWHEEGIRizAIflow

second semiconductor die has a plurality of conductive vias extending
{IAM IR RRNHYGINe protrusions, through the second semiconductor die, to
the top surface of the second semiconductor die; wherein said third

semiconductordig,has GONAIEHVE, IWRLFIAARIQBRIRGIRDrdGuSIGEe solder
which are in alignment with the conductive vias of the second

jgonductor die; and wherein during said heating step said third
semiconductor die becomes electrically interconnected to said second

semicgnductorydiga®@hod of claim 1, further comprising encapsulating said first and
second semiconductor dies and said substrate.

9. The method of claim 1, further comprising:

prior to said heating step, placing a phase change material between a top surface
of said second semiconductor die and a bottom surface of a third semiconductor die;

wherein said second semiconductor die has a plurality of conductive vias
extending from its conductive protrusions, through the second semiconductor die, to the
top surface of the second semiconductor die;

wherein said third semiconductor die has conductive protrusions on a bottom
surface which are in alignment with the conductive vias of the second semiconductor
die; and

wherein during said heating step said third semiconductor die becomes

electrically interconnected to said second semiconductor die.



