METHOD OF ASSEMBLI NG A STACKED DI E SEM CONDUCTOR
PACKAGE CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 01]
This application clains priority fromU.S. Provisiona
Application No. 60/939,574 filed on May 22, 2007, the
di scl osure of which is incorporated herein by

r ef eMETRODBAEASSEMBLING ANIMICKKED DIE BEMICONDUCTOR
I nvention [02] Methods consistent with the present
invention relate to a stapkegksdog sem conductor
package. More particularly, the nmethod relates to
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2. Background and Description of the Related Art
[03] The relatively new through-silicon vias, or TSV, techhique involves stacking
chips vertically in a package and then creating connections between the bottom of the top
chip and the top of the bottom chip. Major challenges in TSV interconnect 3-D
packaging include: (1) how to handle thin wafers; (2) new equipment to handle wafer
level operations; and (3) testing TSV wafers. Other concemns include reliability and
“void” and “pop-corn” issues, which typically arise due to vapdr trapped within the
package. In addition, each wafer of the stack is subjected to a plating process which is
long and time consuming, which hémpers production capacity.
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[ 04] Conventional TSV packages are handl ed using
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[06] There is therefore a need to provide a method that can prevent or at least
ameliorate on or more of the disadvantages of the prior art. One objective of the present
invention is to have a simpler assembly process that leads to a better interconnect
- reliability package. The package will also have better electrical and mechanical

performance.

SUMMARY OF THE INVENTION

[07] 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



reliability package. The package will al so have better
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chi p-to-wafer bonding is also an advantage of the
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attaching a bottom surface of a second silicon wafer to a top surface of a first
silicon wafer, wherein the second silicon wafer has a plurality of open vias and a layer of
bonding material at the bottom surface;
attaching a bottom surface of a third silicon wafer to a top surface of the second
silicon wafer, wherein the third silicon wafer has a plurality of open vias and a layer of .
bonding material at the bottom surface, and the open vias of the second and third silicon
wafers are aligned with one another;
etching the bonding material from the aligned open vias;
filling the aligned open vias with a conductor;
forming conductive bumps at open ends of the aligned open vias;

back grinding a bottom surface of the first silicon wafer;

- separating the stacked semiconductor dies from each other;



silicon wafer, wherein the third silicon wafer has a
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[11] FIG 1 illustrates an embodiment of the inventive package.
[12] FIG. 2-12 illustrate an embodiment of the inventive method.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE

INVENTION
[13] Hereinafter, exemplary embodiments of the present invention will be
described with reference to the accompanying drawings.
[14] A novel feature of this invention is the one time plating of the silicon stack
and single bumping the interconnect for the whole 3D stack. As a result, one time reflow,
standard assembly processes like flip chip attach, under-fill, molding, ball mount and
singulation can be used. The package results in better interconnect reliability and
electrical and mechanical performance.
[15] Figure 1 shows an embodiment of a 3-D TSV package manufactured by the
new method shown in more detail in ﬁgures. 2-12.

[16] Figure 2 show a first silicon wafer 1. A passivation layer 2 is formed on top of



[13] Hereinafter, exenplary enbodi nents of the present
invention will be described with reference to the
acconpanying draw ngs. [14] A novel feature of this
invention is the one tine plating of the silicon stack
and single bunping the interconnect for the whole 3D
siligtawkfer Ascraatirgshidles 10rtRatt witk be €h | Diwhmest #0H aslh@seqfuently formed
assenbly processes like flip chip attach, under
throfighdiiftg, bal |l rmount and singul ation can be used. The
package results in better interconnect rellablllty and
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wafer 5 is back ground to create through vias 3a and
baclg grougd gwifaden Fi gure 4, a bonding nmaterial 6, such as
an adhesive tape, is |aminated to the back ground
[19ksur f ablext, as shown in Figure 5, silicon wafer 5 is placed over silicon wafer 1 such

that the through vias 3a are aligned with the holes 17 in silicon wafer 1. Silicon wafer 5
is then hot laminated to silicon wafer 1. Other methods suitable for bonding the wafers
may also be used.

201 . F igﬁre 6 shows the package after additional third and fourth silicon wafers 7
and 8 have been assembled. Like silicon wafer 5, prior to being assembled, each of
silicon wafers 7 and 8 are blind etched to form holes 3 and have an insulating layer .(such
as silicon dioxide) and metal seed layer deposited on the walls of the holes 3. The
surfaces of the wafers where the holes are formed are also plated with an RDL and
passivated. The bottoms of silicon wafers 7 and 8 are back ground to create through vias
and a bonding material is laminated to the back ground surfaces.

[21] Next, silicon wafer 7 is aligned over silieon wafer 5 and hot laminated to



[19] Next, as shown in Figure 5 silicon wafer 5 is

pl aced over silicon wafer 1 such that the through

vias 3a are aligned with the holes 17 in silicon wafer
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is aligned over silicon wafer 5 and hot |lam nated to
Theh, gielphowiesafiestripped bfEN silicon wafer 8 is aligned

over silicon wafer 7 and hot l[am nated to silicon
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in Figure 8, the vias 11 are plated wth a conductor,
UVsayehl 2abr samoperAftanticibgnps dit2d araéerfsorcke dreaixpbdtd t6 ks light for
of the vias. Silicon wafer 1 is then back
easy release of the individual diced units from the UV tape.
[25] The diced units are then flip chip attached on a substrate, with the bump end
on the substrate, and underfilled 15, as shown in Figure 11. Next a standard molding
operation is performed to encapsulate the individual diced units, as shown in Figure 12.
[26] Finally, the units are singulated into individual packages and ball mounted
with solder balls 17, as shown in Figure 1.
[27] Although the embodiment shown in Figure 1 has four silicon wafers, the
invention is not limited to packages with four wafers. Packages with fewer or more
wafers can also be manufacture with the inventive method.

[28] While the present invention has been particularly shown and described with

reference to exemplary embodiments thereof, it will be understood by those of ordinary



ground, as shown in figure 9. [24] Next, as shown in
Figure 9, dicing of the stacked wafers is perforned
using a UV tape 13 for support. After dicing, the
di ced wafer stacks are exposed to WV light for easy
rel ease of the individual diced units fromthe W

skilk wpthe 4ro8iat Vasowhi cleagemint forar end dewmilf indy himadathieaeihedlithout
on a substrate, with the bunp end on the substrate,
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standard nol ding operation is perforned

claiggcapsul ate the individual diced units, as shomn in
Figure 12. [26] Finally, the units are singul ated
into individual packages and ball mounted wth sol der
balls 17, as shown in Figure 1. [27] Although the
enbodi nrent shown in Figure 1 has four silicon wafers,
the invention is not limted to packages Wi th four
waf ers. Packages with fewer or nore wafers can al so
be manufacture wth the inventive nethod. [28] Wile
the present invention has been particularly shown and
described with reference to exenplary enbodi nents
thereof, it will be understood by those of ordinary 6
skill in the art that various changes in form and
details may be nmade therein without departing from
the spirit and scope of the present invention as
defined by the followng clainms. 7 WHAT | S CLAI MED
IS 1. A nethod of manufacturing a plurality of
st acked di e sem conductor packages, conprising:



attaching a bottom surface of a second silicon wafer
to a top surface of a first silicon wafer, said
second silicon wafer having a plurality of open vias
and a layer of bonding material at the bottom
surface; attaching a bottom surface of a third silicon
WHAF &8 GIAABMEDISsur f ace of the second silicon wafer,
said third silicon wafer having a plurality of open
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surface, and said open vias of the Second and thlh

[ ol fers are aligned with one another; etching
pacgdge%%ggw&*léﬁé. material fromsaid aligned ogen Vi as;

fillli sai,d aligned open via {th a conductor;
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Sl.hGPPr‘g%fe%iSF"ichc?ﬁOWaﬁlg‘FC;m waEgs diaxinieng phuklity sifaapler dvias and a layer of

sem conductor dies fromeach other; attaching the bunmp
bonding mftersal jatiths dptiomtsedfast, acked semi conduct or di es onto

a substrate; encapsul ating said separated stacked
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[ 1, further conpri sing:
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etching said bonding material from said aligned open vias;

filling said aligned open vias with a conductor;

forming conductive bumps at open ends of said aligned open vias;

back grinding a bottom surface of said first silicon wafer;

separating said stacked semiconductor dies from each other;

attaching the bump end of said separated stacked semiconductor dies onto a
substrate; |

encapsulating said separated stacked semiconductor dies and substrate; and

singuiating said encapsﬁlated assembly into individual stacked die semiconductor
packages.

2. The method of claim 1, further comprising:

back grinding a bottom surface on at least one of said second and third silicon

wafers prior to applying said layer of bonding material.



blind etching a top surface on at |east one of said
second and third silicon wafers prior to applying
said | ayer of bonding material. 4. The nethod of claim
3, further conprising: applying an insulating |ayer to
said blind etched top surface on at | east one of said
sedond &g rhéthodlofsdlainchfumbkdrebmppkings t o appl yi ng said
| ayer of bonding material. 5. The method of claim 4,

f urdiingret 4 topl ShefacHP l.nyleﬁél e 'E?tsﬁh slﬂ:&iﬁ@ e\ffr‘ﬁ'd §1‘ﬁh9n wafers
[ nSUl ati ng | ayer on at | east one of sald second
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of bonding material. 7. The nethod of claim1, further
cofBPYEIE: ingitlatinerryey ta said dliadetshed wpsudhoeor geashone of said
silicon wafer to a top surface of the third silicon

'Secqmdfaed thighsiicdnouafets mior tcapplyiag said heyer nfbandigmatetibly of
open vias and a |ayer of bonding naterial at the

botst om sTefmdtiod eidhifpd, duiRetoripasingf t he second,
third and fourth silicon wafers are al i gned mnth one
an@bP8ing Pdmetal layer over said insulating layer on at least one of said second and
third silicon wafers prior to applying said layer of bonding material.
6. The method of claim 5, further comprising:
passivating at least one of said second and third silicon wafers prior to applying
said layer of bonding material. |
7. The method of claim 1, further comprising:
attaching a bottom surface of a fourth silicon wafer to a top surface of the third
silicon wafer, said fourth silicon wafer having a plurality of open vias and a layer ;)f

bonding material at the bottom surface, and said open vias of the second, third and fourth

silicon wafers are aligned with one another.



