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(57) ABSTRACT 

A Wafer level package that incorporates dual stress buffer 
layers for achieving I/O pad redistribution and a method for 
forming the package are disclosed. In the package, a ?rst 
stress buffer layer and a second stress buffer layer are 
sequentially deposited on top of an IC die by a method such 
as spin coating, larninating, screen printing or stencil print 
ing of an elastic material Which has a Young’s modulus of 
less than 10 MPa. A suitable thickness for the ?rst and the 
second stress buffer layer is betWeen about 10 pm and about 
70 pm. Metal traces are formed on top of the ?rst and the 
second stress buffer layer for connecting a ?rst plurality of 
I/O pads and a second plurality of I/O pads to achieve I/O 
redistribution. 
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WAFER LEVEL PACKAGE INCORPORATING 
DUAL STRESS BUFFER LAYERS FOR I/O 

REDISTRIBUTION 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to a Wafer 
level package having a multiplicity of IC dies formed 
thereon and a method for fabrication and more particularly, 
relates to a Wafer level package having a multiplicity of IC 
dies thereon each incorporating dual stress buffer layers for 
I/O redistribution and a method for such fabrication. 

BACKGROUND OF THE INVENTION 

[0002] In the fabrication of modern semiconductor 
devices, the ever increasing device density and decreasing 
device dimensions demand more stringent requirements in 
the packaging or interconnecting techniques in such high 
density devices. Conventionally, a ?ip-chip attachment 
method has been used in packaging of semiconductor chips. 
In the ?ip-chip attachment method, instead of attaching a 
semiconductor die to a lead frame in a package, an array of 
solder bumps is formed on the surface of the die. The 
formation of the solder bumps may be carried out in an 
evaporation method by using a composite material of tin and 
lead through a mask for producing a desired pattern of solder 
bumps. The technique of electrodeposition has been more 
recently developed to produce solder bumps in ?ip-chip 
packaging process. 

[0003] Other techniques that are capable of solder-bump 
ing a variety of substrates to form solder balls have also been 
proposed. The techniques generally Work Well in bumping 
semiconductor substrates that contain solder structures over 
a minimal siZe. For instance, one of such Widely used 
techniques is a solder paste screening method Which has 
been used to cover the entire area of an eight inch Wafer. 
HoWever, With recent trend in the miniaturiZation of device 
dimensions and the necessary reduction in bump-to-bump 
spacing (or pitch), the use of the solder paste screening 
technique has become more dif?cult. 

[0004] Other techniques for forming solder bumps such as 
the controlled collapse chip connection (C4) technique and 
the thin ?lm electrodeposition technique have also been used 
in recent years in the semiconductor fabrication industry. 
The C4 technique is generally limited by the resolution 
achievable by a molybdenum mask Which is necessary for 
the process. Fine-pitched solder bumps are therefore dif?cult 
to be fabricated by the C4 technique. Similarly, the thin ?lm 
electrodeposition technique Which also requires a ball lim 
iting metallurgy layer to be deposited and de?ned by an 
etching process Which has the same limitations as the C4 
technique. For instance, a conventional thin ?lm elec 
trodeposition process for depositing solder bumps is shoWn 
in FIGS. 1A~1F. 

[0005] A conventional semiconductor structure 10 is 
shoWn in FIG. 1A. The semiconductor structure 10 is built 
on a silicon substrate 12 With active devices built therein. A 
bond pad 14 is formed on a top surface 16 of the substrate 
12 for making electrical connections to the outside circuits. 
The bond pad 14 is normally formed of a conductive metal 
such as aluminum. The bond pad 14 is passivated by a ?nal 
passivation layer 20 With a WindoW 22 opened by a photo 
lithography process to alloW electrical connection to be 
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made to the bond pad 14. The passivation layer 20 may be 
formed of any one of various insulating materials such as 
oxide, nitride or organic materials. The passivation layer 20 
is applied on top of the semiconductor device 10 to provide 
both planariZation and physical protection of the circuits 
formed on the device 10. 

[0006] Onto the top surface 24 of the passivation layer 20 
and the eXposed top surface 18 of the bond pad 14, is then 
deposited an under-bump metallurgy layer 26. This is shoWn 
in FIG. 1B. The under bump metallurgy (UBM) layer 26 
normally consists of an adhesion/diffusion barrier layer 30 
and a Wetting layer 28. The adhesion/diffusion barrier layer 
30 may be formed of Ti, TiN or other metal such as Cr. The 
Wetting layer 28 is normally formed of a Cu layer or a Ni 
layer. The UBM layer 26 improves bonding betWeen a 
solder ball to be formed and the top surface 18 of the bond 
pad 14. 

[0007] In the neXt step of the process, as shoWn in FIG. 
1C, a photoresist layer 34 is deposited on top of the UBM 
layer 26 and then patterned to de?ne a WindoW opening 38 
for the solder ball to be subsequently formed. In the fol 
loWing electrodeposition process, a solder ball 40 is elec 
trodeposited into the WindoW opening 38 forming a structure 
protruded from the top surface 42 of the photoresist layer 34. 
The use of the photoresist layer 34 must be carefully 
controlled such that its thickness is in the range betWeen 
about 30 pm and about 40 pm, preferably at a thickness of 
about 35 pm. The reason for the tight control on the 
thickness of the photoresist layer 34 is that, for achieving a 
?ne-pitched solder bump formation, a photoresist layer of a 
reasonably small thickness must be used such that a high 
imaging resolution can be achieved. It is knoWn that, during 
a photolithography process, the thicker the photoresist layer, 
the poorer is the imaging process. To maintain a reasonable 
accuracy in the imaging process on the photoresist layer 34, 
a reasonably thin photoresist layer 34 must be used Which 
results in a mushroom con?guration of the solder bump 40 
deposited therein. The mushroom con?guration of the solder 
bump 40 contributes greatly to the inability of a conven 
tional process in producing ?ne-pitched solder bumps. 

[0008] Referring noW to FIG. 1E, Wherein the conven 
tional semiconductor structure 10 is shoWn With the photo 
resist layer 34 removed in a Wet stripping process. The 
mushroom-shaped solder bump 40 remains While the under 
bump metallurgy layer 26 is also intact. In the neXt step of 
the process, as shoWn in FIG. 1F, the UBM layer 26 is 
etched aWay by using the solder bump 40 as a mask in an Wet 
etching process. The solder bump 40 is then heated in a 
re?oW process to form solder ball 42. The re?oW process is 
conducted at a temperature that is at least the re?oW tem 
perature of the solder material. 

[0009] In recent years, chip scale packages (CSP) have 
been developed as a neW loW cost packaging technique for 
high volume production of IC chips. One of such chip scale 
packaging techniques has been developed by the Tessera 
Company for making a so-called micro-BGA package. The 
micro-BGA package can be utiliZed in an environment 
Where several of the packages are arranged in close proX 
imity on a circuit board or a substrate much like the 
arrangement of individual tiles. Major bene?ts achieved by 
a micro-BGA package are the combined advantages of a ?ip 
chip assembly and a surface mount package. The chip scale 
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packages can be formed in a physical size comparable to that 
of an IC chip even though, unlike a conventional IC chip 
such as a ?ip chip, the chip scale package does not require 
a special bonding process for forming solder balls. Further 
more, a chip scale package may provide larger number of 
input/output terminals than that possible from a conven 
tional quad ?at package, even though a typical quad ?at 
package is better protected mechanically from the environ 
ment. 

[0010] In a typical micro-BGA package, a ?exible inter 
poser layer (Which may contain circuit) is used to intercon 
nect bond pads on an IC chip to an array of solder bump 
connections located on a ?exible circuit. The ?exible circuit, 
normally of a thickness of approximately 25 nm, is formed 
of a polymeric material such as polyimide Which is lami 
nated to a silicon elastomer layer of approximately 150 nm 
thick. The silicon elastomeric layer provides ?exibility and 
compliance in all three directions for relief of stresses and 
thermal expansion mismatches. To further reduce the fabri 
cation cost of IC devices, it is desirable that if a Whole Wafer 
can be passivated to seal the IC dies on the Wafer, and then 
be severed into individual IC dies from the Wafer such that 
not only the bene?ts of a chip scale package can be realiZed, 
the packaging cost for the IC dies may further be reduced. 

[0011] The conventional ?ip-chip bonding process 
requires multiple preparation steps for IC chips, ie the 
formation of aluminum bond pads on the chip, the under 
bump-metallurgy process on the bond pads and the deposi 
tion of solder required in the bumping process. The substrate 
that the IC chip is bonded to requires a ?ux coating in order 
to ensure an acceptable bond strength is formed betWeen the 
solder bumps and the conductive elements on the substrate 
surface. The ?ip chip bonding process further requires a 
re?oW process for the bumps, a ?ux cleaning process to 
eliminate excess ?ux material from the surface of the bump, 
a drying process after the cleaning process, an under?ll 
process for dispensing an under?ll material, and an under?ll 
curing process to minimiZe thermal stresses in the under?ll 
and in the joint formed. 

[0012] The conventional method for depositing solder 
bumps described above presents a number of processing 
dif?culties. For instance, in modern high-density semicon 
ductor devices, the distance between 1/0 pads in a peripheral 
array continuously being reduced. In order to maintain a 
minimal required distance betWeen the I/O pads, an I/O pad 
redistribution process must be conducted such that the pads 
can be transformed from a peripheral array to an area array. 
During the pad redistribution process, a plurality of metal 
traces must be formed to extend the I/O pads from the 
periphery of an IC die to the center of the IC die. It is 
desirable that, in order to assure the reliability of the die, a 
stress buffer layer is provided under the plurality of metal 
traces to buffer, or absorb, the stress incurred during the 
fabrication processes and to avoid stress cracking or fracture 
of the metal traces. The application of the stress buffering 
layers has been dif?cult in that if too thin a layer is applied, 
the stress buffering effect is insuf?cient to ensure the reli 
ability of the IC die. HoWever, When too thicker a layer of 
the stress buffering material is applied, numerous processing 
dif?culties are incurred in the application process. Even 
though commercial stress buffering materials have been 
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available in the marketplace, the fabrication technology for 
applying such materials to a satisfactory thickness has not 
been developed. 

[0013] It is therefore an object of the present invention to 
provide a Wafer level package that incorporates a stress 
buffer layer for I/O redistribution that does not have the 
draWbacks or shortcomings of the conventional Wafer level 
packages. 
[0014] It is another object of the present invention to 
provide a Wafer level package that incorporates dual stress 
buffer layers for I/O redistribution that does not present any 
fabrication problems. 

[0015] It is a further object of the present invention to 
provide a Wafer level package that incorporates dual stress 
buffer layers for I/O redistribution Wherein the layers are 
applied by a spin coating, a screen printing or a stencil 
printing technique. 

[0016] It is another further object of the present invention 
to provide a Wafer level package that incorporates dual stress 
buffer layers for I/O redistribution Wherein a stress buffering 
material having a Young’s modulus of less than 6 MPa is 
utiliZed. 

[0017] It is still another object of the present invention to 
provide a Wafer level package that incorporates dual stress 
buffer layers for I/O redistribution Wherein tWo separate 
stress buffer layers are ?rst formed prior to the formation of 
a plurality of metal traces on top of the stress buffer layers. 

[0018] It is yet another object of the present invention to 
provide a Wafer level package that incorporates dual stress 
buffer layers for I/O redistribution Wherein a ?rst stress 
buffer layer and a second stress buffer layer are sequentially 
deposited onto an IC die each to a thickness betWeen about 
10 pm and about 70 pm. 

[0019] It is still another further object of the present 
invention to provide a method for forming a Wafer level 
package Which can be carried out by depositing a ?rst stress 
buffer layer and a second stress buffer layer sequentially by 
a technique selected from spin coating, screen printing, 
laminating, and stencil printing. 

[0020] It is yet another further object of the present 
invention to provide a method for forming a Wafer level 
package by incorporating dual stress buffer layers for I/O 
pad redistribution by forming a plurality of metal traces on 
top of tWo separate layers of stress buffer materials each 
having a Young’s modulus of less than 10 MPa. 

SUMMARY OF THE INVENTION 

[0021] In accordance With the present invention, a Wafer 
level package incorporating dual stress buffer layers for I/O 
redistribution and a method for fabricating such Wafer level 
package are disclosed. 

[0022] In a preferred embodiment, a Wafer level package 
that incorporates dual stress buffer layers for I/O redistribu 
tion is provided Which includes a Wafer that has a multi 
plicity of IC dies formed on an active surface; each of the 
multiplicity of IC dies further includes: a plurality of ?rst I/O 
pads formed on a top surface insulated by a ?rst dielectric 
layer deposited therein betWeen; a plurality of interconnects 
formed on the plurality of I/O pads for providing electrical 
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communication With the pads; a ?rst stress buffer layer 
formed of an elastic material embedding the plurality of 
interconnects While exposing top surfaces of the plurality of 
interconnects; a second stress buffer layer formed of an 
elastic material on top of the ?rst stress buffer layer Without 
covering the exposed top surfaces of the plurality of inter 
connects; a plurality of metal traces formed on top of the ?rst 
and second stress buffer layers each in electrical communi 
cation With one of the plurality of interconnects at a ?rst end 
While a second end extends toWards a center of the IC die; 
a second dielectric layer formed on top of the plurality of 
metal traces insulating the latter from each other While 
exposing a plurality of second I/O pads on each of the 
plurality of metal traces; and a plurality of solder balls 
formed on the plurality of second I/O pads arranged in an 
area array. 

[0023] In the Wafer level package that incorporates dual 
stress buffer layers for I/O redistribution, the ?rst I/O pads 
are arranged in a periphery array and the second I/O pads are 
arrange in an area array. The ?rst and second I/O pads are 
fabricated of a material that is selected from the group 
consisting of Cu, Al, Cu alloys and Al alloys. The ?rst stress 
buffer layer may be formed of an elastic material that has a 
Young’s modulus of less than 10 MPa, the second stress 
buffer layer may be formed of an elastic material similar to 
that used in forming the ?rst stress buffer layer. The ?rst 
stress buffer layer and the second stress buffer layer may be 
formed to a thickness betWeen about 10 pm and about 70 
pm, or preferably to a thickness betWeen about 30 pm and 
about 50 pm. The package may further include a UBM 
(under-bump-metallurgy) layer in-betWeen the plurality of 
solder balls and the plurality of second I/O pads. The second 
stress buffer layer may be formed of a single protruded layer 
on top of the ?rst stress buffer layer, or formed of a plurality 
of protruded layers on top of the ?rst stress buffer layer. 

[0024] The present invention is further directed to a 
method for forming a Wafer level package by incorporating 
dual stress buffer layers for I/O pad redistribution that can be 
carried out by the operating steps of ?rst providing a Wafer 
that has a multiplicity of IC dies formed on an active surface; 
forming a plurality of ?rst I/O pads on the plurality of IC 
dies insulated by a ?rst dielectric layer deposited therein 
betWeen; forming a plurality of interconnects on the plural 
ity of I/O pads in electrical communication With the pads; 
depositing a ?rst stress buffer layer of a ?rst elastic material 
embedding the plurality of interconnects While exposing a 
top surface of the plurality of interconnects; depositing a 
second stress buffer layer of a second elastic material on top 
of the ?rst stress buffer layer Without covering the exposed 
top surfaces of the plurality of interconnects; forming a 
plurality of metal traces on top of the ?rst and second stress 
buffer layers each having a ?rst end in electrical communi 
cation With one of the plurality of interconnects and a second 
end extending toWard a center of the IC die; depositing a 
second dielectric layer on top of the plurality of metal traces 
insulating the latter from each other; exposing a plurality of 
second I/O pads each on one of the plurality of metal traces; 
and forming a plurality of solder balls on the plurality of 
second I/O pads. 

[0025] The method for forming a Wafer level package by 
incorporating dual stress buffer layers for I/O redistribution 
may further include the step of providing the ?rst elastic 
material and the second elastic material in a material that has 
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a Young’s modulus of less than 10 MPa. The method may 
further include the step of depositing the ?rst and the second 
stress buffer layer to a thickness betWeen about 10 pm and 
about 70 pm; or preferably to a thickness betWeen about 30 
pm and about 50 pm. The method may further include the 
step of depositing a UBM layer on top of the plurality of 
second I/O pads prior to forming the plurality of solder balls 
on top. The method may further include the step of etching 
back a top surface of the ?rst stress buffer layer to expose the 
top surfaces of the plurality of interconnects. The method 
may further include the step of exposing the plurality of 
second I/O pads arranged in an area array. The method may 
further include the step of depositing the second stress buffer 
layer in a plurality of islands of the second elastic material. 
The method may further include the step of exposing the 
plurality of second I/O pads by a photolithographic method. 
The method may further include the steps of exposing the 
plurality of second I/O pads by ?rst depositing a plurality of 
photoresist studs on the plurality of second I/O pads, depos 
iting the second dielectric layer on top and then removing 
the plurality of photoresist studs With the second dielectric 
layer on top exposing the plurality of second I/O pads. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] These and other objects, features and advantages of 
the present invention Will become apparent from the fol 
loWing detailed description and the appended draWings in 
Which: 

[0027] FIG. 1A is an enlarged, cross-sectional vieW of the 
conventional IC chip having a bond pad and an insulating 
material layer formed on top. 

[0028] FIG. 1B is an enlarged, cross-sectional vieW of the 
conventional IC chip of FIG. 1A With UBM layers depos 
ited on top. 

[0029] FIG. 1C is an enlarged, cross-sectional vieW of the 
conventional IC chip of FIG. 1B With a dielectric layer 
deposited and patterned on top. 

[0030] FIG. 1D is an enlarged, cross-sectional vieW of the 
conventional IC chip of FIG. 1C With solder paste deposited 
in an opening forming a solder bump. 

[0031] FIG. IE is an enlarged, cross-sectional vieW of the 
conventional IC chip of FIG. 1D With the dielectric mask 
layer removed. 

[0032] FIG. IE is an enlarged, cross-sectional vieW of the 
conventional IC chip of FIG. 1E With the solder bump 
re?oWn into a solder ball. 

[0033] FIG. 2A is an enlarged, cross-sectional vieW of the 
present invention IC die With a plurality of I/O pads and an 
insulating layer formed on top. 

[0034] FIG. 2B is an enlarged, cross-sectional vieW of the 
present invention IC die of FIG. 2A With a photosensitive 
material layer formed on top. 

[0035] FIG. 2C is an enlarged, cross-sectional vieW of the 
present invention IC die of FIG. 2B With the photosensitive 
layer patterned to expose the plurality of I/O pads. 

[0036] FIG. 2D is an enlarged, cross-sectional vieW of 
FIG. 2C With a plurality of metal studs electroplated on top 
of the plurality of I/O pads. 
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[0037] FIG. 2E is an enlarged, cross-sectional vieW of the 
present invention IC die of FIG. 2D With the photosensitive 
material layer removed. 

[0038] FIG. 2F is an enlarged, cross-sectional vieW of the 
present invention IC die of FIG. 2E With the ?rst stress 
buffer layer deposited on top. 

[0039] FIG. 2G is an enlarged, cross-sectional vieW of the 
present invention IC die of FIG. 2F With the ?rst stress 
buffer layer etched back to eXpose the plurality of metal 
studs. 

[0040] FIG. 2H is an enlarged, cross-sectional vieW of the 
present invention IC die of FIG. 2G With a second stress 
buffer layer deposited on top. 

[0041] FIG. 2I is an enlarged, cross-sectional vieW of the 
present invention IC die of FIG. 2H With a metal trace layer 
deposited on top. 

[0042] FIG. 2J is an enlarged, cross-sectional vieW of the 
present invention IC die of FIG. 2I With the metal trace layer 
patterned for I/O pad redistribution. 

[0043] FIG. 2K is an enlarged, cross-sectional vieW of the 
present invention IC die of FIG. 2J With a dielectric layer 
deposited on top of and insulating the metal trace layer. 

[0044] FIG. 2L is an enlarged, cross-sectional vieW of the 
present invention IC die of FIG. 2K With under-bump 
metallurgy layers formed on the second I/O pads. 

[0045] FIG. 2M is an enlarged, cross-sectional vieW of the 
present invention IC die of FIG. 2L With solder balls formed 
on the second I/O pads. 

[0046] FIG. 3A is an enlarged, cross-sectional vieW of a 
second preferred embodiment of the present invention IC die 
Wherein the second stress buffer layer is deposited in a 
plurality of islands. 

[0047] FIG. 3B is an enlarged, cross-sectional vieW of the 
present invention IC die of FIG. 3A having a metal trace 
layer deposited on top. 

[0048] FIG. 3C is an enlarged, cross-sectional vieW of the 
present invention IC die of FIG. 3B With the metal trace 
layer patterned. 
[0049] FIG. 3D is an enlarged, cross-sectional vieW of the 
present invention IC die of FIG. 3C With a dielectric 
insulating layer deposited and patterned on top exposing a 
plurality of second I/O pads. 

[0050] FIG. 3E is an enlarged, cross-sectional vieW of the 
present invention IC die of FIG. 3D With under-bump 
metallurgy layers deposited on top of the plurality of second 
I/O pads. 

[0051] FIG. 3F is an enlarged, cross-sectional vieW of 
FIG. 3E With a plurality of solder balls formed on the 
plurality of second I/O pads arranged in an area array. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0052] The present invention discloses a Wafer level pack 
age that incorporates dual stress buffer layers for I/O pad 
redistribution and a method for forming the Wafer level 
package. The Wafer level package of the present invention 
incorporates a ?rst stress buffer layer and a second stress 
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buffer layer formed of an elastic material that has a Young’s 
Modulus of less than 10 MPa. The present invention Wafer 
level package can be formed to redistribute I/O pads from a 
peripheral array to an area array. 

[0053] The present invention further discloses a method 
for forming a Wafer level package by incorporating tWo 
stress buffer layers for I/O pad distribution Wherein the 
layers are deposited by spin coating, laminating, screen 
printing or stencil printing. The second stress buffer layer is 
formed on top of the ?rst stress buffer layer either in a single 
protrusion or in a plurality of protrusions each formed in an 
island shape. In the method, the ?rst and second stress buffer 
layers are deposited to a thickness betWeen about 10 pm and 
about 70 pm, and preferably betWeen about 30 pm and about 
50 pm. 

[0054] The present invention novel method is applicable 
to either an aluminum process or a copper process in 
forming Wafer level packages. The present invention novel 
method overcomes the problems occurred in a conventional 
method by depositing a thick stress buffer layer in tWo 
separate steps. The present invention novel method further 
provides a standoff of larger dimension such that the reli 
ability of the process can be improved. Furthermore, the 
present invention can be used to meet the requirements of 
electrical properties of a high frequency IC device in addi 
tion to overcoming the fabrication problems caused by the 
thick photoresist layers and the high aspect ratios. The 
present invention novel method further provides the bene?t 
that eXisting bumping equipment can be used to reduce the 
fabrication costs. 

[0055] Referring noW to FIG. 2A, Wherein a present 
invention IC die 50 With a plurality of a ?rst I/O pads 54 
formed on a top surface 52 of a silicon layer 58 is shoWn. 
The plurality of the ?rst I/O pads 54 is insulated by a ?rst 
dielectric layer 56 With the top surfaces 62 of the plurality 
of the ?rst I/O pads 54 eXposed. The plurality of the ?rst I/O 
pads 54 may be advantageously fabricated in an electrically 
conductive metal such as aluminum or copper. The ?rst 
dielectric layer 56 may be deposited on top of the IC die 50 
and then patterned to eXpose the top surfaces 62 of the ?rst 
I/O pads 54 by a standard photolithographic technique. 

[0056] An organic material layer 64, preferably of a photo 
sensitive material such as a photoresist material of polyim 
ide is deposited on top of the IC die 50 to cover the ?rst 
dielectric layer 56 and the plurality of the ?rst I/O pads 54. 

[0057] A suitable thickness of the organic material layer 
64 may be betWeen about 25 pm and about 100 pm, and 
preferably in the range betWeen about 40 pm and about 60 
pm. A thickness of about 50 pm Was utiliZed in the preferred 
embodiment. The Word “about” used in this Writing indi 
cates a range of values that is 110% from the average value 
given. When the organic material layer 64 is formed by a 
photosensitive material, it can be advantageously patterned 
by a photolithographic method, such as that shoWn in FIG. 
2C. The photosensitive material layer 64 is ?rst patterned by 
a photolithographic process, and then etched by either a 
Wet-etch or a dry-etch technique to form a plurality of 
openings 66 such that the top surfaces 62 of the plurality of 
the ?rst I/O pads 54 are eXposed. 

[0058] It should be noted that, optionally, a thin metal seed 
layer (not shoWn) such as Ti may be sputter deposited on top 
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of the structure shown in FIG. 2A. The metal seed layer is 
necessary When the plurality of interconnects 68 is formed 
by an electroplating technique. A suitable thickness of the 
metal seed layer may be betWeen 500 A and about 1500 A, 
and preferably about 1000 The metal seed layer may be 
formed by sputter or any other technique. 

[0059] In the neXt step of the process, as shoWn in FIG. 
2D, the plurality of openings 66 is ?lled With an electrically 
conductive metal by an electroplating method to form a 
plurality of metal studs 68. The plurality of metal studs 68 
provides electrical communication With the plurality of the 
?rst I/O pads 54 and can be advantageously formed of 
aluminum, copper, aluminum alloy or copper alloy. Other 
method for forming the plurality of metal studs 68 other than 
electroplating may further be used, for instance, by a tech 
nique of screen printing, stencil printing or electroless 
plating. After the plurality of metal studs 68 is formed and 
then a top surface is planariZed, the organic material layer 64 
can be removed by a suitable etching method. This is shoWn 
in FIG. 2E. 

[0060] The present invention ?rst stress buffer layer 70 
can noW be deposited onto the top of the IC die 50, as shoWn 
in FIG. 2F. The method for deposition includes spin coat 
ing, laminating, screen printing or stencil printing. Asuitable 
thickness of the ?rst stress buffer layer 70 deposited may be 
betWeen about 10 pm and about 70 pm, and preferably 
betWeen about 30 pm and about 70 pM. In a preferred 
embodiment, a thickness of about 60 pm for the ?rst stress 
buffer layer is utiliZed. Asuitable material for the ?rst stress 
buffer layer may be an organic material that has an elasticity 
indicative by a Young’s Modulus of less than 10 MPa, or 
preferably less than 6 Mpa. It Was found that a suitable 
material for the ?rst stress buffer layer 70 may be one that 
is supplied by DoW Corning as HIPECTM Q1-4939, or 
HIPECTM SDA-6501, or a material supplied by Shin Etsu 
SKJR-9050E. After the ?rst stress buffer layer 70 is depos 
ited onto the IC die 50 forming a top surface 72, as shoWn 
in FIG. 2G, an etch back process can be conducted to 
remove partially the stress layer material 70 such that the top 
surfaces of the plurality of metal studs 68 are eXposed. The 
?nal thickness of the ?rst stress buffer layer 70 is therefore 
controlled in the range betWeen about 30 pm and about 50 
pm. 

[0061] The present invention novel method further depos 
its a second stress buffer layer 71 on top of the ?rst stress 
buffer layer 70 to a thickness that is similar to the thickness 
for the ?rst stress buffer layer 70, ie in the range betWeen 
about 30 and about 50 pm. The second stress buffer layer 71 
is deposited in a shape of a protrusion on top of the ?rst 
stress buffer layer 70 by a material that is substantially the 
same as that used in depositing the ?rst stress buffer layer 70. 
As Will be shoWn in a latter step, the location of the second 
stress buffer layer 71 determines the location for the forma 
tion of the second I/O pads. 

[0062] In the neXt step of the present invention novel 
method, as shoWn in FIG. 21, the I/O pad redistribution for 
the IC die 50 is accomplished. The U0 pad redistribution is 
accomplished by a photolithographic method such that the 
plurality of the ?rst I/O pads 54 situated along the periphery 
of the IC die 50 can be extended to a center region of the die, 
i.e. transforming from a peripheral array I/O pad to an area 
array I/O pad through the redistribution process. The redis 
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tribution process is accomplished on top of tWo stress buffer 
layers such that the reliability of the ?nal fabricated device 
can be greatly improved. The redistribution process can be 
accomplished by ?rst depositing a metal trace layer 76 on 
top of the ?rst stress buffer layer 70, the plurality of metal 
studs 68 and the second stress buffer layer 71. The deposi 
tion of the metal trace layer 76 can be carried out by a 
sputtering technique using a high conductivity metal such as 
aluminum or copper. This is shoWn in FIG. 2I. 

[0063] In the neXt step of the process, a photolithography 
method is used to de?ne the metal trace layer 76, as shoWn 
in FIG. 2J to form the plurality of metal traces 78. It is to 
be noted that each of the metal traces 78 connects only to one 
of the plurality of metal studs 68 at the periphery of the IC 
die 50 With an opposite end of the metal traces 78 extending 
toWard a center of the IC die 50 on top of the second stress 
buffer layer 71, ie transforming I/O pads from a peripheral 
array to an area array. 

[0064] After the formation of the plurality of metal traces 
78, a passivation layer 82 is ?rst deposited on top of the 
metal traces 78 and then patterned to eXpose areas of the 
metal traces 78 at locations for the second I/O pads. A 
suitable material for depositing the passivation 82 may be an 
elastomeric material or a material such as polyimide or 
BCB. The passivation layer 82 is ?rst blanket deposited and 
then patterned to form openings 83 for the second I/O pads 
84. One of the methods for forming the second I/O pads 84 
is to ?rst deposit a layer of a photoresist stud at the I/O pad 
opening 83, then depositing on top a passivation layer 82, 
folloWed by a process for removing part of the passivation 
layer 82 that is on top of the photoresist stud and the 
photoresist stud together. Another method for forming the 
second I/O pads 84 is to ?rst deposit the passivation layer 82, 
then utiliZing a photolithographic method to eXpose the 
second I/O pads 84. Still further, the I/O pads 84 can be 
formed by directly removing the passivation material layer 
82 by a laser means to de?ne openings 83. 

[0065] In the ?nal steps of the process, as shoWn in FIGS. 
2L and 2M, a under-bump-metallurgy layer 86 is ?rst 
deposited on top of the passivation layer 82 and then de?ned 
into UBM layers 86 Which only covers the second I/O pads 
84. The UBM layer 86 may be advantageously deposited by 
an electroplating method or by other suitable deposition 
techniques. After the formation of the UBM layers 86, an 
electrodeposition technique or other suitable techniques is 
used to form a solder bump (not shoWn) on top of the UBM 
layers 86. After a re?oW process is conducted on the solder 
bumps, the bumps are formed into solder balls 90, as shoWn 
in FIG. 2M. AWafer level package formed of a multiplicity 
of IC dies 50 on a single silicon Wafer is thus completed and 
ready for singulation of the individual IC packages. 

[0066] In a second preferred embodiment, shoWn in FIGS. 
3A-3E, a plurality of the second stress buffer layer 71 is 
formed, instead of a single protruded layer shoWn in the ?rst 
preferred embodiment. This is shoWn in FIG. 3A. The 
plurality of the second stress buffer layer 71 may be advan 
tageously formed in the shape of islands on top of the ?rst 
stress buffer layer 70. Processing steps similar to that used 
in the ?rst preferred embodiment, ie the metal trace depo 
sition, the metal trace patterning, the formation of the 
passivation layer, the patterning of the second I/O pads, the 
deposition of the UBM layer, and the ?nal formation of the 
solder balls are used. This is shoWn in FIGS. 3B-3F. 
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[0067] The present invention novel method achieves I/O 
pad redistribution from a peripheral array to an area array on 
top of an IC die formed on a silicon Wafer. The ?rst stress 
buffer layer and the second stress buffer layer are advanta 
geously used under a metal trace layer to absorb stresses 
incurred during the various fabrication steps. A highly 
reliable chip package can thus be fabricated Which elimi 
nates most fabrication problems caused by stress. 

[0068] The present invention novel device formed With 
tWo separate stress buffer layers can further absorb stress 
incurred due to a mismatch betWeen the coef?cients of 
thermal expansion of the various materials deposited on top 
of the IC die. The stress caused by the contraction or 
expansion of the various materials can be absorbed by the 
dual layers of the stress buffer material Which has suf?cient 
elasticity. 

[0069] The present invention novel method for applying 
tWo separate layers of stress buffer materials further pro 
vides the bene?t that the ?rst stress buffer layer does not 
need to be deposited to a large thickness, contrary to a 
conventional process Wherein a single stress buffer layer is 
deposited. Since the thickness of the stress buffer layer is 
related to the step for forming the metal studs on the ?rst I/O 
pads, a thick stress buffer layer necessarily requires a thick 
photoresist layer to be used Which directly affects the 
photolithographic process causing poor resolution and large 
aspect ratio problem. The present invention novel method 
solves such problems by providing tWo separate layers of the 
stress buffer material such that the ?rst stress buffer layer 
need not be deposited to a large thickness. 

[0070] Furthermore, the present invention novel method 
utiliZes a mechanical method such as spin coating, screen 
printing or stencil printing for applying the ?rst and the 
second stress buffer layers. A more reliable and simpli?ed 
manufacturing process is thus achieved. Furthermore, the 
tWo separate layers of the stress buffer material provide a 
larger standoff such that the reliability of the package can be 
improved. Another added advantage made possible by the 
present invention novel method is that electrical character 
istics necessary for high frequency devices can be satis?ed 
such that, the present invention novel package may be used 
for packaging high frequency elements such as Rambus 
DRAM devices. 

[0071] The present invention novel Wafer level package 
that incorporates dual stress buffer layers for achieving I/O 
pad redistribution and a method for fabricating such package 
has therefore been amply described in the above description 
and in the appended draWings of FIGS. 2A-3F. 

[0072] While the present invention has been described in 
an illustrative manner, it should be understood that the 
terminology used is intended to be in a nature of Words of 
description rather than of limitation. 

[0073] Furthermore, While the present invention has been 
described in terms of tWo preferred embodiments, it is to be 
appreciated that those skilled in the art Will readily apply 
these teachings to other possible variations of the inventions. 

[0074] The embodiment of the invention in Which an 
exclusive property or privilege is claimed are de?ned as 
folloWs. 
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1. A Wafer level package incorporating dual stress buffer 
layers for I/O redistribution comprising: 

a Wafer having a multiplicity of IC dies formed on an 
active surface; each of said multiplicity of IC dies 
further comprises: 

a plurality of ?rst I/O pads formed on a top surface 
insulated by a ?rst dielectric layer deposited therein 
betWeen; 

a plurality of interconnects formed on said plurality of I/O 
pads for providing electrical communication With said 
pads; 

a ?rst stress buffer layer formed of an elastic material 
embedding said plurality of interconnects While expos 
ing a top surface of said plurality of interconnects; 

a second stress buffer layer formed of an elastic material 
on top of said ?rst stress buffer layer Without covering 
said exposed top surfaces of said plurality of intercon 
nects; 

a plurality of metal traces formed on top of said ?rst and 
second stress buffer layers each in electrical commu 
nication With one of said plurality of interconnects at a 
?rst end While a second end extends toWard a center of 
said IC die; 

a second dielectric layer formed on top of said plurality of 
metal traces insulating the latter from each other While 
exposing a plurality of second I/O pads on each of said 
plurality of metal traces; and 

a plurality of solder balls formed on said plurality of 
second I/O pads arranged in an area array. 

2. A Wafer level package incorporating dual stress buffer 
layers for I/O redistribution according to claim 1, Wherein 
said ?rst I/O pads are arranged in a periphery array and said 
second I/O pads are arranged in an area array. 

3. A Wafer level package incorporating dual stress buffer 
layers for I/O redistribution according to claim 1, Wherein 
said ?rst and second I/O pads are fabricated of a material 
selected from the group consisting of Cu, Al, Cu alloys and 
Al alloys. 

4. A Wafer level package incorporating dual stress buffer 
layers for I/O redistribution according to claim 1, Wherein 
said ?rst stress buffer layer being formed of an elastic 
material With a Young’s modulus of less than 10 MPa. 

5. A Wafer level package incorporating dual stress buffer 
layers for I/O redistribution according to claim 1, Wherein 
said second stress buffer layer being formed of an elastic 
material With a Young’s modulus of less than 10 MPa. 

6. A Wafer level package incorporating dual stress buffer 
layers for I/O redistribution according to claim 1, Wherein 
said ?rst stress buffer layer and said second stress buffer 
layer being formed to a thickness betWeen about 10 pm and 
about 70 pm. 

7. A Wafer level package incorporating dual stress buffer 
layers for I/O redistribution according to claim 1, Wherein 
said ?rst stress buffer layer and said second stress buffer 
layer being formed preferably to a thickness betWeen about 
30 pm and about 50 pm. 

8. A Wafer level package incorporating dual stress buffer 
layers for I/O redistribution according to claim 1 further 
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comprising a under-burnp-rnetallurgy layer in-betWeen said 
plurality of solder balls and said plurality of second I/O 
pads. 

9. A Wafer level package incorporating dual stress buffer 
layers for I/O redistribution according to claim 1, Wherein 
said second stress buffer layer being formed of a single 
protruded layer on top of said ?rst stress buffer layer. 

10. AWafer level package incorporating dual stress buffer 
layers for I/O redistribution according to claim 1, Wherein 
said second stress buffer layer being formed of a plurality of 
protruded layers on top of said ?rst stress buffer layer. 

11. A method for forming a Wafer level package by 
incorporating dual stress buffer layers for I/O redistribution 
comprising the steps of: 

providing a Wafer having a multiplicity of IC dies formed 
on an active surface; 

forming a plurality of ?rst I/O pads on said multiplicity of 
IC dies insulated by a ?rst dielectric layer deposited 
therein-betWeen; 

forming a plurality of interconnects on said plurality of 
I/O pads in electrical communication with said pads; 

depositing a ?rst stress buffer layer of a ?rst elastic 
material ernbedding said plurality of interconnects 
While exposing a top surface of said plurality of inter 
connects; 

depositing a second stress buffer layer of a second elastic 
material on top of said ?rst stress buffer layer Without 
covering said exposed top surfaces of said plurality of 
interconnects; 

forming a plurality of metal traces on top of said ?rst and 
second stress buffer layers each having a ?rst end in 
electrical communication with one of said plurality of 
interconnects and a second end extending toWard a 
center of said IC die; 

depositing a second dielectric layer on top of said plural 
ity of metal traces insulating the latter from each other; 

exposing a plurality of second I/O pads each on one of 
said plurality of metal traces; and 

forming a plurality of solder balls on said plurality of 
second I/O pads. 

12. A method for forming a Wafer level package by 
incorporating dual stress buffer layers for I/O redistribution 
according to claim 11 further comprising the step of pro 
viding said ?rst elastic material and said second elastic 
material in a material having a Young’s modulus less than 10 
MPa. 
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13. A method for forming a Wafer level package by 
incorporating dual stress buffer layers for I/O redistribution 
according to claim 11 further comprising the step of depos 
iting said ?rst and second stress buffer layers to a thickness 
betWeen about 10 urn and about 70 urn. 

14. A method for forming a Wafer level package by 
incorporating dual stress buffer layers for I/O redistribution 
according to claim 11 further comprising the step of depos 
iting said ?rst and second stress buffer layers to a thickness 
preferably betWeen about 30 urn and about 50 urn. 

15. A method for forming a Wafer level package by 
incorporating dual stress buffer layers for I/O redistribution 
according to claim 11 further comprising the step of depos 
iting a under-burnp-rnetallurgy layer on top of said plurality 
of second I/O pads prior to forrning said plurality of solder 
balls on top. 

16. A method for forming a Wafer level package by 
incorporating dual stress buffer layers for I/O redistribution 
according to claim 11 further comprising the step of etching 
back a top surface of said ?rst stress buffer layer to expose 
said top surfaces of said plurality of interconnects. 

17. A method for forming a Wafer level package by 
incorporating dual stress buffer layers for I/O redistribution 
according to claim 11 further comprising the step of expos 
ing said plurality of second I/O pads arranged in an area 
array. 

18. A method for forming a Wafer level package by 
incorporating dual stress buffer layers for I/O redistribution 
according to claim 11 further comprising the step of depos 
iting said second stress buffer layer in a plurality of islands 
of said second elastic material. 

19. A method for forming a Wafer level package by 
incorporating dual stress buffer layers for I/O redistribution 
according to claim 11 further comprising the step of expos 
ing said plurality of second I/O pads by a photolithographic 
method. 

20. A method for forming a Wafer level package by 
incorporating dual stress buffer layers for I/O redistribution 
according to claim 11 further comprising the step of: 

exposing said plurality of second I/O pads by ?rst depos 
iting a plurality of photoresist studs on said plurality of 
second I/O pads; 

depositing said second dielectric layer on top and then 
rernoving said plurality of photoresist studs With said 
second dielectric layer on top exposing said plurality of 
second I/O pads. 


