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(57) ABSTRACT 

According to an embodiment of the invention, a chip package 
is provided, which includes: a substrate having an upper 
surface and a lower surface; a hole extending from the upper 
surface toward the lower surface; an insulating layer located 
overlying a sidewall of the hole; and a material layer located 
overlying the sidewall of the hole, wherein the material layer 
is separated from the upper surface of the substrate by a 
distance and a thickness of the material layer decreases along 
a direction toward the lower surface. 
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CHIP PACKAGE AND METHOD FOR 
FORMING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This Application claims the benefit of U.S. Provi­
sional Application No. 61/302,848, filed on Feb. 9, 2010, the 
entirety of which is incorporated by reference herein. This 
Application claims the benefit of U.S. Provisional Applica­
tion No. 61/331,642, filed on May 5, 2010, the entirety of 
which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a chip package and 
formation method thereof, and in particular relates to a chip 
package having a through substrate hole and formation 
method thereof. 
[0004] 2. Description of the Related Art 
[0005] Recently, conducting structures ( such as TSV s) per­
pendicular to a surface of a package substrate are commonly 
being formed in chip packages to form a conducting path 
along a vertical direction. As a result, space may be employed 
more effectively, such that the size of the chip package is 
further shrunk, which helps to improve performance of the 
chip package. 
[0006] Typically, a conducting layer is formed on a sidewall 
of a hole perpendicular to a surface of a package substrate. 
However, the formed conducting layer may suffer from prob­
lems such as cracking or high stress at a bottom comer in the 
hole, such that the performance of the chip package is 
affected. In addition, in the conventional chip packaging tech­
nique, a complex patterning process needs to be applied, such 
that a plurality of photoresist application processes, pattern­
ing processes, and photoresist stripping processes need to be 
performed, increasing fabrication cost and time. 
[0007] In addition, the conducting structure perpendicular 
to the surface of the package substrate is typically formed in 
a through substrate hole. The through substrate hole may not 
only be filled with a conducting material, but many other 
material stacking layers may also be formed therein. How­
ever, during the deposition process of these material stacking 
layers, these layers are usually also formed on the surface of 
the substrate outside of the hole. Thus, a following patterning 
process (usually including an etching process) often needs to 
be performed to remove undesired material stacking layers on 
the surface of the substrate. Not only is fabrication cost and 
time increased, but also, due to the additional patterning 
process, the elements or structures already formed on the 
surface of the substrate are at risk of being damaged. 
[0008] Therefore, a chip packaging technique capable of 
reducing or resolving the problems mentioned above is 
desired. 

BRIEF SUMMARY OF THE INVENTION 

[0009] According to an embodiment of the invention, a chip 
package is provided, which includes: a substrate having an 
upper surface and a lower surface; a hole extending from the 
upper surface toward the lower surface; an insulating layer 
located overlying a sidewall of the hole; and a material layer 
located overlying the sidewall of the hole, wherein the mate­
rial layer is separated from the upper surface of the substrate 
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by a distance and a thickness of the material layer decreases 
along a direction toward the lower surface. 
[0010] According to an embodiment of the invention, a 
method for forming a chip package is provided, which 
includes: providing a substrate having an upper surface and a 
lower surface; removing a portion of the substrate to form a 
hole in the substrate, wherein the hole extends from the upper 
surface towards the lower surface of the substrate; forming an 
insulating layer on a sidewall of the hole; and performing a 
deposition process to form a material layer on the sidewall of 
the hole, wherein the material layer is separated from the 
upper surface of the substrate by a distance, and a thickness of 
the material layer decreases along a direction towards the 
lower surface. 
[0011] A detailed description is given in the following 
embodiments with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The present invention can be more fully understood 
by reading the subsequent detailed description and examples 
with references made to the accompanying drawings, 
wherein: 
[0013] FIGS. lA-lE are cross-sectional views showing the 
steps of forming a chip package according to an embodiment 
of the present invention; 
[0014] FIGS. 2A-2D are cross-sectional views showing the 
steps of forming a chip package according to another embodi­
ment of the present invention; 
[0015] FIGS. 3A-3C are cross-sectional views showing the 
steps of forming a chip package according to yet another 
embodiment of the present invention; and 
[0016] FIGS. 4A-4H are cross-sectional views showing the 
steps of forming a chip package according to an embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] The following description is of the best-contem­
plated mode of carrying out the invention. This description is 
made for the purpose of illustrating the general principles of 
the invention and should not be taken in a limiting sense. The 
scope of the invention is best determined by reference to the 
appended claims. 
[0018] It is understood, that the following disclosure pro­
vides many different embodiments, or examples, for imple­
menting different features of the invention. Specific examples 
of components and arrangements are described below to sim­
plify the present disclosure. These are, of course, merely 
examples and are not intended to be limiting. In addition, the 
present disclosure may repeat reference numbers and/or let­
ters in the various examples. This repetition is for the purpose 
of simplicity and clarity and does not in itself dictate a rela­
tionship between the various embodiments and/or configura­
tions discussed. Furthermore, descriptions of a first layer 
"on," "overlying," (and like descriptions) a second layer, 
include embodiments where the first and second layers are in 
direct contact and those where one or more layers are inter­
posing the first and second layers. 
[0019] The chip package of the embodiments of the inven­
tion may be applied to active or passive devices, or electronic 
components with digital or analog circuits, such as opto elec­
tronic devices, micro electro mechanical systems (MEMS), 
micro fluidic systems, and physical sensors for detecting heat, 
light, or pressure. Particularly, a wafer scale package (WSP) 
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process may be applied to package semiconductor chips, such 
as image sensor devices, light-emitting diodes (LEDs), solar 
cells, RF circuits, accelerators, gyroscopes, micro actuators, 
surface acoustic wave devices, pressure sensors, ink printer 
heads, or power IC chips. 
[0020] The wafer scale package process mentioned above 
mainly means that after the package process is accomplished 
during the wafer stage, the wafer with chips is cut to obtain 
separate independent packages. However, in a specific 
embodiment, separate independent chips may be redistrib­
uted overlying a supporting wafer and then be packaged, 
which may also be referred to as a wafer scale package pro­
cess. In addition, the above mentioned wafer scale package 
process may also be adapted to form chip packages of multi­
layer integrated circuit devices by stacking a plurality of 
wafers having integrated circuits. 
[0021] FIGS. 4A-4H are cross-sectional views showing the 
steps of forming a chip package according to an embodiment 
of the present invention. As shown in FIG. 4A, a substrate 406 
is provided, which includes an upper surface 406a and a lower 
surface 406b. A material of the substrate 406 may include, for 
example, (but is not limited to) a semiconductor material, 
ceramic material, or polymer material. In one embodiment, 
the substrate 406 is a silicon substrate. In another embodi­
ment, the substrate 406 is a silicon wafer, and it is preferable 
to simultaneously form a plurality of chip packages by using 
a wafer-level packaging process along with a dicing process. 
[0022] As shown in FIG. 4A, the chip package may include 
a conducting pad 402. For example, the conducting pad 402 
may be electrically connected to another conducting wire 
and/or a chip (not shown). In one embodiment, the conduct­
ing pad 402 is located on the lower surface 406b of the 
substrate 406. In another embodiment, the conducting pad 
402 may be located in the substrate 406. In the embodiment 
shown in FIG. 4A, the conducting pad 402 is located on the 
dielectric layer 404 on the lower surface 406b of the substrate 
406. In one embodiment, a covering layer 400 is further 
included to cover the conducting pad 402 and the dielectric 
layer 404. The covering layer 400 is, for example, (but is not 
limited to) an insulating layer. 
[0023] In addition, although FIG. 4A merely shows a 
single-layered conducting pad 402, embodiments of the 
invention are not limited thereto. A plurality of conducting 
pads may be stacked and/or arranged on the substrate 406. For 
example, in one embodiment, the conducting pad structure 
402 may be a plurality of stacked conducting pads, at least a 
conducting pad, or a conducting pad structure constructed by 
at least a conducting pad and at least an interconnection 
structure. 
[0024] Next, as shown in FIG. 4A, a portion of the substrate 
406 is removed to form a hole 408 in the substrate 406. The 
hole 408 extends from the upper surface 406a towards the 
lower surface 406b of the substrate 406. In one embodiment, 
a width of a lower opening of the hole 408 near the lower 
surface 406b is larger than a width of an upper opening of the 
hole 408 near the upper surface 406a, having an "inverted 
angle" structure. Thus, a sidewall of the hole 408 inclines 
towards the surface of the substrate 406. For example, in the 
embodiment shown in FIG. 4A, there is an angle 8 between 
the sidewall of the hole 408 and the lower surface 406b of the 
substrate 406, wherein the angle 8 is larger than 90° and less 
than 180°. For example, the angle 8 may be larger than 90° 
and less than 92°. It should be appreciated that embodiments 
of the invention are not limited to have the "inverted angle" 
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structure. In another embodiment, the width of the lower 
opening of the hole 408 near the lower surface 406b may be, 
for example, smaller than the width of the upper opening of 
the hole 408 near the upper surface 406a, depending on 
requirements. 
[0025] Further, it should be appreciated that the hole 408 
may include openings having rectangular, elliptic, or like 
shapes. In one embodiment, the hole 408 may be a trench. 
[0026] The forming of the hole 408 includes removing the 
substrate 406 by a dry etching process. For example, the 
substrate may be first removed by a main etching process, 
followed by an over-etching process by changing factors of 
the etching process. For example, process factors of the etch­
ing process, such as power, pressure, and concentration of the 
etching reaction gas, may be tuned to obtain the hole having 
the "inverted angle" structure. 
[0027] Next, as shown in FIG. 4A, an insulating layer 410 
is formed on the sidewall and a bottom of the hole 408. A 
material of the insulating layer 410 may be, for example, an 
epoxy resin, solder mask material, or other suitable insulating 
material, such as inorganic materials including silicon oxide, 
silicon nitride, silicon oxynitride, metal oxide, or combina­
tions thereof, or organic polymer materials including polyim­
ide, butylcyclobutene (BCB, Dow Chemical Co.), parylene, 
polynaphthalenes, fluorocarbons, or acrylates and so on. The 
method for forming the insulating layer 410 may include a 
coating method, such as a spin coating, spray coating, or 
curtain coating method, or other suitable deposition methods, 
such as a liquid phase deposition, physical vapor deposition, 
chemical vapor deposition, low pressure chemical vapor 
deposition, plasma enhanced chemical vapor deposition, 
rapid thermal chemical vapor deposition, or atmospheric 
pressure vapor deposition method. In one embodiment, the 
substrate 406 is a silicon substrate and the insulating layer 410 
may be a silicon oxide layero btained by performing a thermal 
oxidation process to the silicon substrate. In this embodiment, 
the insulating layer 410 covers the conducting pad 402 and is 
further extended to overly the upper surface 406a of the 
substrate 406. 
[0028] Next, as shown in FIG. 4B, a temporary blocking 
layer 420 is attached or disposed on the upper surface 406a of 
the substrate 406. The temporary blocking layer 420 has at 
least an opening exposing the hole 408. In one embodiment, 
the temporary blocking layer 420 preferably covers a portion 
of the hole 408. In this case, a portion of the temporary 
blocking layer 420 is suspended on the hole 408. A material of 
the temporary blocking layer 420 is preferably a material 
which can be removed easily. In one embodiment, the tem­
porary blocking layer 420 is a photoresist material, such as a 
dry film. In one embodiment, a dry film may be attached on 
the substrate 406, and is then patterned to form a plurality of 
openings 422 in the temporary blocking layer 420. A width of 
the opening 422 may be smaller than a width of the upper 
opening of the hole 408 near the upper surface 406a. In 
another embodiment, before the temporary blocking layer 
420 is attached or disposed on the substrate 406, the tempo­
rary blocking layer 420 is patterned according to the required 
opening pattern. 
[0029] As shown in FIG. 4C, a deposition process is per­
formed to at least a material layer 424 on the sidewall and the 
bottom of the hole 408. In one embodiment, when the mate­
rial layer 424 is deposited in the hole 408, a portion of the 
material layer 424 will also be deposited on the temporary 
blocking layer 420. In the following process step, the tempo-



US 2011/0193241 Al 

rary blocking layer 420 may be removed. Meanwhile, the 
material layer 424 formed on the temporary blocking layer 
420 is also simultaneously removed to ensure the material 
layer 424 is only formed in the hole 408 without extending on 
the upper surface 406a of the substrate 406. In one embodi­
ment, the formation method of the material layer 424 may 
include (but is not limited to) a physical vapor deposition, 
chemical vapor deposition, electro less plating, electroplating 
method, or combinations thereof. 
[0030] In addition, in one embodiment, because of the 
blocking of the temporary blocking layer 420, there will be no 
material layer 424 formed on a portion of the sidewall of the 
hole 408 near the upper surface 406a, as shown in FIG. 4C. 
That is, the material layer 424 will be separated from the 
upper surface 406a of the substrate by a distance, such that a 
portion of the insulating layer 410 on the sidewall of the hole 
408 is exposed. Thus, when the temporary blocking layer 420 
is removed in the following process step, the material layer 
424 will be maintained in the hole 408 without being removed 
with the temporary blocking layer 420 because the material 
layer 424 in the hole 408 is not connected with the material 
layer 424 deposited on the temporary blocking layer 420. In 
one embodiment, a thickness of the material layer 424 
decreases along the sidewall of the hole 408 in a direction 
from top to bottom. For example, in FIG. 4C, the thickness of 
the material layer 424 near the upper surface 406a decreases 
along the sidewall of the hole 408 in a direction from the 
upper surface towards the bottom of the hole ( or towards the 
lower surface 406b ). 
[0031] In one embodiment, the material layer 424 may be 
an insulating layer, and the material and formation method 
thereof may be similar to those of the insulating layer 410. 
When the material layer 424 is an insulating layer, it may be 
used to, for example, increase the thickness of the overall 
insulating layers on the sidewall of the hole 408, increase the 
adhesion between the material layer between a subsequently 
formed material layer on the sidewall of the hole 408, repair 
defects or voids possibly present in the insulating layer 410, 
or modify the surface profile of the insulating layer. 
[0032] For example, in one embodiment, the material layer 
424 may be a patterned photoresist layer which not only can 
modify the sidewall profile of the hole 408 to facilitate the 
deposition of a following material layer, but can also serve as 
a mask when an opening exposing the conducting pad 402 
needs to be formed in a following process step. 
[0033] In addition, although only a single-layered material 
layer 424 is shown in FIG. 4C, embodiments of the invention 
are not limited thereto. In another embodiment, the material 
layer 424 may be a multilayered structure. For example, a 
plurality of insulating layers may be repeatedly deposited on 
the insulating layer 410 by a similar method. When the mate­
rial layer 424 is a multilayered structure, the materials and/or 
the thicknesses of each individual material layer may be 
completely different, completely the same, or partially the 
same. 
[0034] As shown in FIG. 4D, in one embodiment, a mate­
rial layer 426 may be optionally formed in the hole by a 
similar method. In one embodiment, the previously formed 
temporary blocking layer 420 is kept and a deposition process 
is performed to form the material layer 426. Meanwhile, 
when the material layer 426 is deposited in the hole 408, a 
portion of the material layer 426 will also be deposited on the 
temporary blocking layer 420. After the material layer 426 is 
formed in the hole, the temporary blocking layer 420 may 
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then be removed to form the structure shown in FIG. 4D. 
When the temporary blocking layer 420 is removed, the mate­
rial layers 424 and 426 are removed together. 
[0035] In addition, in another embodiment, the temporary 
blocking layer 420 may be first removed, followed by the 
forming of another temporary blocking layer (not shown) and 
the following process step of the material layer 426. It should 
be appreciated that different temporary blocking layers may 
have different opening patterns. Sizes, shapes, and distribu­
tions of the openings in the temporary blocking layers may be 
tuned according to requirements to correspondingly form the 
required material layer. 
[0036] As shown in FIG. 4D, in one embodiment, because 
of the blocking of the temporary blocking layer, there will be 
no material layer 426 formed on a portion of the sidewall of 
the hole 408 near the upper surface 406a. That is, the material 
layer 426 will be separated from the upper surface 406a of the 
substrate by a distance, such that a portion of the insulating 
layer 410 on the sidewall of the hole 408 is exposed. In one 
embodiment, a thickness of the material layer 426 decreases 
along the sidewall of the hole 408 in a direction from top to 
bottom. For example, in FIG. 4D, the thickness of the material 
layer 426 near the upper surface 406a decreases along the 
sidewall of the hole 408 in a direction from the upper surface 
towards the bottom of the hole ( or towards the lower surface 
406b). 
[0037] The material layer 426 may be another insulating 
layer. Alternatively, the material layer 426 may be a seed 
layer. When the material layer 426 is a seed layer, its material 
may be, for example, copper or a copper alloy, and its forma­
tion method may be, for example, a physical vapor deposition 
method. Further, the material layer 426 may also be a diffu­
sion barrier layer which may be formed between a seed layer 
and the substrate 406. The material of the diffusion barrier 
layer may be, for example, a TiW or Ti Cu, which may prevent 
a subsequent, possibly deposited, seed layer or conducting 
layer (formed of copper, for example) from diffusion into the 
substrate 406 and improve the adhesion between the follow­
ing possibly deposited, seed layer and the substrate 406. 
Similarly, the material layer 426 may also be a multilayered 
structure. For example, the material layer 426 may include a 
stacked layer of a seed layer and/or a diffusion barrier layer, 
wherein both the seed layer and/or the diffusion barrier layer 
may be a multilayered structure, respectively. 
[0038] As shown in FIG. 4E, an etching process may be 
performed to the substrate 406 to form an opening 450 expos­
ing the conducting pad 402. Then, as shown in FIG. 4F, a 
conducting layer 460 is formed in the hole. The conducting 
layer 460 is electrically connected to the conducting pad 402. 
In the embodiment shown in FIG. 4F, the conducting layer 
460 is further extended on the upper surface 406a of the 
substrate 406. The conducting layer 460 may be used as a 
redistribution layer (RDL) and may be further electrically 
connected to a chip (not shown) disposed on the substrate 
406. A material of the conducting layer 460 may include, for 
example, copper, aluminum, gold, platinum, or combinations 
thereof, and the formation method thereof may be, for 
example, a physical vapor deposition, chemical vapor depo­
sition, electroplating, or electroless plating method. 
[0039] Next, as shown in FIG. 4G, a temporary blocking 
layer 420a may be optionally attached or disposed on the 
substrate 406. Note that for the sake of simplicity and clarity 
of the drawings, the material layers 424 and 426 are not 
shown in the drawings. After the temporary blocking layer 
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420a is attached or disposed, a material layer 428 may be 
optionally formed in the hole 408 by a method similar to that 
used for forming the material layers 424 and 426. 
[0040] As shown in FIG. 4G, in one embodiment, because 
of the blocking of the temporary blocking layer 420a, there 
will be no material layer 428 formed on a portion of the 
sidewall of the hole 408 near the upper surface 406a. That is, 
the material layer 428 will be separated from the upper sur­
face 406a of the substrate by a distance, such that a portion of 
the conducting layer 460 on the sidewall of the hole 408 is 
exposed. In one embodiment, a thickness of the material layer 
428 decreases along the sidewall of the hole 408 in a direction 
from top to bottom. For example, in FIG. 4G, the thickness of 
the material layer 428 near the upper surface 406a decreases 
along the sidewall of the hole 408 in a direction from the 
upper surface towards the bottom of the hole ( or towards the 
lower surface 406b ). 
[0041] In one embodiment, the material layer 428 may be 
another conducting layer which may be used to, for example, 
increase the thickness of the overall conducting layer on the 
sidewall of the hole 408 to improve or tune the electrical 
characteristics, improve the adhesion between the material 
layer and a subsequently formed material layer, repair defects 
or voids possibly present in the conducting layer 460, or 
modify the surface profile of the conducting layer. 
[0042] In addition, in one embodiment, as shown in FIG. 
4G, a material layer 430 may be optionally formed in the hole. 
The material layer 430 may also be separated from the upper 
surface 406a of the substrate by a distance, such that a portion 
of the conducting layer 460 on the sidewall of the hole 408 is 
exposed. In one embodiment, a thickness of the material layer 
430 decreases along the sidewall of the hole 408 in a direction 
from top to bottom. For example, in FIG. 4G, the thickness of 
the material layer 430 near the upper surface 406a decreases 
along the sidewall of the hole 408 in a direction from the 
upper surface 406a towards the bottom of the hole ( or towards 
the lower surface 406b). In one embodiment, the material 
layer 430 may be another conducting layer. In another 
embodiment, the material layer 430 may be a buffer layer 
used for releasing stress of each material layer in the hole 408 
to improve device reliability, wherein a material of the buffer 
layer may be, for example, a polymer material such as poly­
imide, soldermask, oxide, or dielectric, or combinations 
thereof. The buffer layer may be used to strengthen the struc­
ture and reliability of the package. 
[0043] Next, as shown in FIG. 4H, the temporary blocking 
layer 420a is removed, and a filling layer 440 is optionally 
formed in the hole 408. 
[0044] In the embodiments of the present invention, a tem­
porary blocking layer is disposed on a substrate having a hole, 
such that a following deposited material layer is only formed 
in the hole without being formed on a surface of the substrate. 
A following patterning process is therefore not needed. The 
formed material layer is separated from the surface of the 
substrate by a distance without connecting with the tempo­
rary blocking layer. When the temporary blocking layer is 
subsequently removed, the material layer in the hole is not 
dragged out and peeled. By using the method mentioned in 
the embodiments of the present invention, a stacked layer of 
a variety of desired material layers may be formed only in the 
hole, which may include an insulating layer, photoresist layer, 
seed layer, diffusion barrier layer, conducting layer, and/or 
buffer layer. Fabrication cost of patterning processes may be 
reduced. 
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[0045] Although at least a temporary blocking layer is used 
in the embodiments mentioned above, embodiments of the 
invention are not limited thereto. In another embodiment, the 
temporary blocking layer is not used. 
[0046] FIGS. lA-lE are cross-sectional views showing the 
steps of forming a chip package according to an embodiment 
of the present invention. As shown in FIG. lA, a substrate 106 
is provided, which includes an upper surface 106a and a lower 
surface 106b. A material of the substrate 106 may include, for 
example, a semiconductor material, ceramic material, or 
polymer material. In one embodiment, the substrate 106 is a 
silicon substrate. In another embodiment, the substrate 106 is 
a silicon wafer, and it is preferable to simultaneously form a 
plurality of chip packages by using a wafer-level packaging 
process along with a dicing process. 
[0047] As shown in FIG. lA, the chip package includes a 
conducting pad 102. For example, the conducting pad 102 
may be electrically connected to another conducting wire 
and/or a chip (not shown). In one embodiment, the conduct­
ing pad 102 is located on the lower surface 106b of the 
substrate 106. In another embodiment, the conducting pad 
102 may be located in the substrate 106. In the embodiment 
shown in FIG. lA, the conducting pad 102 is located on the 
dielectric layer 104 on the lower surface 106b of the substrate 
106, and a covering layer 100 covers the conducting pad 102 
and the dielectric layer 104. 
[0048] Next, as shown in FIG. lA, a portion of the substrate 
106 is removed to form a hole 108 in the substrate 106. The 
hole 108 extends from the upper surface 106a towards the 
lower surface 106b of the substrate 106 and exposes the 
conducting pad 102. In one embodiment, a width of a lower 
opening of the hole 108 near the lower surface 106b is larger 
than a width of an upper opening of the hole 108 near the 
upper surface 106a, having an "inverted angle" structure. 
Thus, a sidewall of the hole 108 inclines towards the surface 
of the substrate 106. For example, in the embodiment shown 
in FIG. lA, there is an angle 8 between the sidewall of the hole 
108 and the lower surface 106b of the substrate 106, wherein 
the angle 8 is larger than 90° and less than 180°. 
[0049] The forming of the hole 108 includes removing the 
substrate 106 by a dry etching process. For example, the 
substrate may be first removed by a main etching process, 
followed by an over-etching process by changing factors of 
the etching process. For example, process factors of the etch­
ing process, such as power, pressure, and concentration of 
etching reaction gas, may be tuned to obtain the hole having 
the "inverted angle" structure. 
[0050] Next, as shown in FIG. lA, an insulating layer 110 
is formed on the sidewall and a bottom of the hole 108. A 
material of the insulating layer 110 may be, for example, an 
epoxy resin, solder mask material, or other suitable insulating 
material, such as inorganic materials including silicon oxide, 
silicon nitride, silicon oxynitride, metal oxide, or combina­
tions thereof, or organic polymer materials including polyim­
ide, butylcyclobutene (BCB, Dow Chemical Co.), parylene, 
polynaphthalenes, fluorocarbons, or acrylates and so on. The 
method for forming the insulating layer 110 may include a 
coating method, such as a spin coating, spray coating, or 
curtain coating method, or other suitable deposition methods, 
such as a liquid phase deposition, physical vapor deposition, 
chemical vapor deposition, low pressure chemical vapor 
deposition, plasma enhanced chemical vapor deposition, 
rapid thermal chemical vapor deposition, or atmospheric 
pressure vapor deposition method. In one embodiment, the 
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substrate 106 is a silicon substrate and the insulating layer 110 
may be a silicon oxide layerobtained by performing a thermal 
oxidation process to the silicon substrate. In this embodiment, 
the insulating layer 110 covers the conducting pad 102 and is 
further extended overlying the upper surface 106a of the 
substrate 106. 
[0051] Next, as shown in FIG. 1B, at least portions of the 
insulating layer 110 and the dielectric layer 104 are removed 
by, for example, etching to form an opening exposing the a 
portion of the conducting pad 102. Because the hole 108 has 
the "inverted angle" structure such that the width of the hole 
108 near the upper surface 106a is relatively small, when an 
etching method is applied to form the opening exposing the 
conducting pad 102, the etchant may be blocked inherently 
such that the insulating layer 110 on the sidewall of the hole 
108 is not removed because the width of the hole 108 near the 
upper surface 106a is smaller. Thus, it may not be necessary 
to additionally form a mask on the insulating layer 110, and 
the insulating layer 110 may be patterned to form the opening 
exposing the conducting pad 102. That is, no mask is formed 
on the hole 108 between the step of forming the insulating 
layer 110 and the step of at least partially removing the 
insulating layer 110 between the conducting pad 102 and the 
bottom of the hole 108. This is because the width of the hole 
108 near the upper surface 106a is smaller and may inherently 
serve as a mask for blocking the etchant. In one embodiment, 
after the conducting pad 102 is exposed, a thickness of the 
insulating layer 110 located on the upper surface 106a of the 
substrate 106 may be reduced as it is not protected. 
[0052] Next, as shown in FIG. 1 C, an insulating layer 112 is 
formed on the substrate 106. The insulating layer 112 further 
extends overlying the bottom of the hole along the sidewall of 
the hole 108 and covers the conducting pad 102. A material of 
the insulating layer 112 includes an insulating material 
capable ofbeing exposed and developed, such as a photoresist 
material. The insulating layer 112 may include an epoxy 
resin, polyimide, or the like. Compared with the insulating 
layer 110, because the insulating layer 112 needs to be 
capable of being exposed and developed, the material of the 
insulating layer 112 is different from the material of the 
insulating layer 110 in one embodiment. 
[0053] As shown in FIG. lD, a photolithography process is 
directly applied to the insulating layer 112 to perform an 
exposure process and a development process. When the expo­
sure process is performed to the insulating layer 112, a por­
tion of the insulating layer 112 is inherently prevented from 
being irradiated by light because the width of the hole 108 
near the upper surface 106a is smaller. Thus, after the follow­
ing development process, the portion of the insulating layer 
112 that is not irradiated by the light will remain, and a 
patterned insulating layer 112a may thus be formed. Mean­
while, because a portion of the insulating layer 112 on the 
conducting pad 102 is exposed by the light during the expo­
sure process, the exposed insulating layer will be removed to 
expose the conducting layer 102 thereunder after the follow­
ing development process. 
[0054] In one embodiment, a thickness of the patterned 
insulating layer 112a is non-uniform. For example, in the 
embodiment shown in FIG. lD, the thickness of a portion of 
the patterned insulating layer 112a near the lower surface 
106b is larger than the thickness of a portion of the patterned 
insulating layer 112a extending towards the upper surface 
106a. As shown in FIG. lD, the sidewall of the hole 108 near 
the lower surface 106b and the bottom of the hole 108 form a 
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corner portion (i.e., inverted corner portion of the bottom of 
the inverted angle structure). The insulating layer 112a covers 
the comer portion and extends towards the upper surface 106a 
along the sidewall, and the thickness of the insulating layer 
112a decreases along a direction from the corner portion to 
the upper surface 106a. In other words, the thickness of the 
insulating layer 112a gradually decreases from its lower por­
tion to its upper portion. In addition, in one embodiment, the 
insulating layer 112a includes a curved surface 113. When a 
conducting layer is later formed on the curved surface 113, a 
profile of the conducting layer may be smoother, preventing 
the cracking or high stress problems. 

[0055] Next, as shown in FIG. lE, a conducting layer 114 is 
formed on the sidewall and the bottom of the hole 108. The 
conducting layer 114 is electrically connected to the conduct­
ing pad 102 and covers the insulating layers 110 and 112a. In 
the embodiment shown in FIG. lE, the conducting layer 114 
is further extended on the upper surface 106a of the substrate 
106. A material of the conducting layer 114 may include, for 
example, copper, aluminum, gold, platinum, or combinations 
thereof, and the formation method of the conducting layer 
114 may be, for example, a physical vapor deposition, chemi­
cal vapor deposition, electroplating, or electroless plating 
method. 

[0056] In the embodiment shown in FIG. lE, the insulating 
layer 112a is located between the conducting layer 114 and 
the insulating layer 110. In one embodiment, the conducting 
layer 114 directly contacts with the insulating layer 110 and 
the insulating layer 112a. For example, in the embodiment 
shown in FIG. lE, the conducting layer 114 directly contacts 
with the insulating layer 110 near the upper surface 106a and 
directly contacts with the insulating layer 112a near the lower 
surface 106b. In one embodiment, because of the existence of 
the insulating layer 112a, the profile of the lower structure of 
the conducting layer 114 may be modified. Thus, the forming 
of the conducting layer 114 is smooth, and the cracking or 
high stress problems may be prevented. In addition, reliability 
of the chip package is improved due to the material of the 
insulating layer 112a, including a photoresist material, which 
helps to release or reduce the stress of the conducting layer 
114. 
[0057] FIGS. 2A-2D are cross-sectional views showing the 
steps of forming a chip package according to another embodi­
ment of the present invention, wherein same or similar refer­
ence numbers are used to designate same or similar elements. 
[0058] As shown in FIG. 2A, a similar process is performed 
to provide a structure similar to that shown in FIG. lA. Then, 
as shown in FIG. 2B, a patterned insulating layer 112a is 
formed on the bottom comer of the hole 108. The formation 
method of the insulating layer 112a may be similar to those 
shown in FIGS. lC-lD. For example, a photoresist layer 
covering the sidewall and the bottom of the hole 108 may first 
be formed, and a exposure process and a development process 
are directly performed to the photoresist layer to form the 
patterned insulating layer 112a. It should be appreciated that 
a portion of light may be inherently blocked because the 
width of the hole 108 near the upper surface 106a is smaller. 
Thus, in a situation where no additional mask needs to be 
used, the insulating layer 112a having the profile shown in 
FIG. 2B may be formed. That is, no mask is formed on the 
hole 108 between the step of forming the insulating layer 112 
and the step of forming the insulating layer 112a. This is 
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because the width of the hole 108 near the upper surface 106a 
is smaller and may inherently serve as a mask for blocking the 
etchant. 
[0059] Next, as shown in FIG. 2C, portions of the insulating 
layer 110 and the dielectric layer 104 are removed to expose 
the conducting pad 102. Similarly, because the upper width of 
the hole 108 is smaller, the opening exposing the conducting 
pad 102 may be formed in a situation where no mask needs to 
be used. Fabrication cost and time may be reduced. Then, as 
shown in FIG. 2D, a conducting layer 114 may be formed in 
the hole 108 by a method similar to that shown in FIG. lE to 
accomplish the fabrication of a chip package according to an 
embodiment of the invention. 
[0060] FIGS. 3A-3C are cross-sectional views showing the 
steps of forming a chip package according to yet another 
embodiment of the present invention, wherein same or similar 
reference numbers are used to designate same or similar 
elements. Compared with the embodiments shown in FIGS. 1 
and 2, the insulating layer 112 in the embodiment shown in 
FIG. 3 is formed earlier than formation of the insulating layer 
110. 
[0061] As shown in FIG. 3A, ahole108havingan "inverted 
angle" structure may be formed in the substrate by a similar 
method, wherein the hole 108 corresponds to a conducting 
pad 102 thereunder. Then, an insulating layer 112 capable of 
being exposed and developed is formed on a sidewall and a 
bottom of the hole 108. 
[0062] Next, as shown in FIG. 3B, an exposure process and 
a development process are directly performed to the insulat­
ing layer 112 to form a patterned insulating layer 112a. It 
should be appreciated that because a width of the hole 108 
near the upper surface 106a is smaller, a portion oflight may 
be inherently blocked. Thus, in a situation where no addi­
tional mask needs to be used, the insulating layer 112a having 
the profile shown in FIG. 3B may be formed. 
[0063] Then, an insulating layer 110 is formed on the side­
wall and the bottom of the hole 108. The insulating layer 110 
covers the insulating layer 112a and may extend on the upper 
surface 106a of the substrate 106. Because the insulating 
layer 110 is conformally formed on the insulating layer 112a, 
a profile of the insulating layer 110 may also help the follow­
ing formation of a conducting layer. 
[0064] As shown in FIG. 3C, portions of the insulating 
layer 110 and the dielectric layer 104 are removed to expose 
the conducting pad 102. Similarly, because the upper width of 
the hole 108 is smaller, the opening exposing the conducting 
pad 102 may be formed in a situation where no mask needs to 
be used. Fabrication cost and time may be reduced. Then, a 
conducting layer 114 is formed in the hole 108 to accomplish 
the fabrication of a chip package according to an embodi­
ment. In the embodiment shown in FIG. 3C, the insulating 
layer 110 is located between the conducting layer 114 and the 
insulating layer 112a. Thus, in this embodiment, the conduct­
ing layer 114 does not directly contact with the insulating 
layer 112a under the insulating layer 110. 
[0065] Because a hole having an "inverted angle" structure 
is adopted in a chip package of an embodiment of the inven­
tion, many patterning process steps may thus be reduced. For 
example, both the forming of the opening exposing the con­
ducting pad and the forming of the patterned insulating layer 
112a do not need to additionally use a mask. In addition, in 
the embodiments of the present invention, multiple insulating 
layers, such as the insulating layers 110 and 112a, are formed 
on the sidewall of the hole such that the profile between the 
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sidewall of the hole and the bottom corner may be modified. 
The conducting layer is therefore formed on the insulating 
layer having a smoother profile. The cracking or too much 
stress problems of the conducting layer may be prevented, 
improving reliability of the chip package. 
[0066] While the invention has been described by way of 
example and in terms of the preferred embodiments, it is to be 
understood that the invention is not limited to the disclosed 
embodiments. To the contrary, it is intended to cover various 
modifications and similar arrangements (as would be appar­
ent to those skilled in the art). Therefore, the scope of the 
appended claims should be accorded the broadest interpreta­
tion so as to encompass all such modifications and similar 
arrangements. 

What is claimed is: 
1. A chip package, comprising: 
a substrate having an upper surface and a lower surface; 
a hole extending from the upper surface towards the lower 

surface of the substrate; 
an insulating layer located on a sidewall of the hole; and 
a material layer located on the sidewall of the hole, wherein 

the material layer is separated from the upper surface of 
the substrate by a distance, and a thickness of the mate­
rial layer decreases along a direction towards the lower 
surface. 

2. The chip package as claimed in claim 1, wherein the 
material layer comprises an insulating layer, a photoresist 
layer, a diffusion barrier layer, a seed layer, a conducting 
layer, a buffer layer, or combinations thereof. 

3. The chip package as claimed in claim 1, wherein a width 
of a lower opening of the hole near the lower surface is larger 
than a width of an upper opening of the hole near the upper 
surface. 

4. The chip package as claimed in claim 1, wherein a width 
of a lower opening of the hole near the lower surface is 
smaller than a width of an upper opening of the hole near the 
upper surface. 

5. The chip package as claimed in claim 1, wherein an 
angle between the sidewall of the hole and the upper surface 
of the substrate is larger than 90° and less than 92°. 

6. The chip package as claimed in claim 1, wherein the 
material layer is completely located in the hole. 

7. The chip package as claimed in claim 1, further com­
prising a second material layer located on the material layer, 
wherein the second material layer is separated from the upper 
surface of the substrate by a distance. 

8. The chip package as claimed in claim 7, wherein a 
thickness of the second material layer decreases along a 
direction towards the lower surface. 

9. The chip package as claimed in claim 7, further com­
prising a conducting layer located in the hole and located 
between the material layer and the second material layer. 

10. The chip package as claimed in claim 1, further com­
prising a conducting layer located in the hole and located on 
the insulating layer. 

11. The chip package as claimed in claim 10, wherein the 
material layer is located between the conducting layer and the 
insulating layer. 

12. The chip package as claimed in claim 10, wherein the 
conducting layer is located between the material layer and the 
insulating layer. 
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13. The chip package as claimed in claim 1, wherein the 
sidewall of the hole near the lower surface and a bottom of the 
hole form a comer portion, and the material layer covers the 
corner portion. 

14. The chip package as claimed in claim 1, wherein the 
material layer comprises a curved surface. 

15. A method for forming a chip package, comprising: 
providing a substrate having an upper surface and a lower 

surface; 
removing a portion of the substrate to form a hole in the 

substrate, wherein the hole extends from the upper sur­
face towards the lower surface of the substrate; 

forming an insulating layer on a sidewall of the hole; and 
performing a deposition process to form a material layer on 

the sidewall of the hole, wherein the material layer is 
separated from the upper surface of the substrate by a 
distance, and a thickness of the material layer decreases 
along a direction towards the lower surface. 

16. The method for forming a chip package as claimed in 
claim 15, further comprising: 

disposing a temporary blocking layer on the upper surface 
of the substrate before the material layer is formed, 
wherein the temporary blocking layer has an opening 
exposing the hole; and 

removing the temporary blocking layer after the material 
layer is formed. 

17. The method for forming a chip package as claimed in 
claim 16, further comprising performing a second deposition 
process to form a second material layer on the sidewall of the 
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hole, wherein the second material layer is separated from the 
upper surface of the substrate by a distance, and a thickness of 
the second material layer decreases along a direction towards 
the lower surface. 

18. The method for forming a chip package as claimed in 
claim 16, further comprising forming a conducting layer in 
the hole, wherein the conducting layer is located on the insu­
lating layer. 

19. The method for forming a chip package as claimed in 
claim 18, wherein the conducting layer is located between the 
material layer and the insulating layer. 

20. The method for forming a chip package as claimed in 
claim 18, wherein the material layer is located between the 
conducting layer and the insulating layer. 

21. The method for forming a chip package as claimed in 
claim 15, wherein a width of a lower opening of the hole near 
the lower surface is larger than a width of an upper opening of 
the hole near the upper surface, and the step of forming the 
material layer comprises: 

forming an original material layer on a sidewall and a 
bottom of the hole; and 

performing an exposure process and a development pro­
cess to the original material layer to pattern the original 
material layer into the material layer. 

22. The method for forming a chip package as claimed in 
claim 21, wherein no mask is formed on the hole between the 
step of forming the original material layer and the step of 
forming the material layer. 

* * * * * 




