
2005-0754WO MICS:0178PCT SEMICONDUCTOR DEVICE HAVING
BACKSIDE REDISTRIBUTION LAYERS AND METHOD FOR
FABRICATING THE SAME BACKGROUND 1. Field Of The
Invention [0001] Embodiments of the present invention
relate generally to the field of semiconductor
devices. More particularly, embodiments of the present
invention relate to the production of semiconductor
devices with a backside redistribution layer. 2.
Description Of The Related Art [0002]
Microprocessor-controlled circuits are used in a wide
variety of applications. Such applications include
personal computers, cellular phones, digital cameras,
control systems, and a host of other consumer
products. A personal computer, digital camera, or the
like, generally includes various components, such as
microprocessors, that handle different functions for
the system. By combining these components, various
consumer products and systems may be designed to meet
specific needs. Microprocessors are essentially
generic devices that perform specific functions under
the control of software programs. These software
programs are generally stored in one or more memory
devices that are coupled to the 



microprocessor and/or other peripherals. [0003]
Electronic components such as microprocessors and
memory devices often include numerous integrated
circuits manufactured on a semiconductor substrate.
The various structures2005-0754WO MICS:0178PCT or
features of these integrated circuits may be
fabricated on a substrate through a variety of
manufacturing processes known in the art, including
layering, doping, and patterning. Obviously, the size
of each feature directly impacts the number of
features that may be formed on a substrate of a given
size. Accordingly, it is generally desirable to reduce
the size of such features in order to increase the
number of elements that may be formed in a given area
of the substrate. Similarly, it is desirable to
efficiently utilize available space on the substrate
by, for example, utilizing the backside of the
substrate. BRIEF DESCRIPTION OF DRAWINGS [0004] FIG. 1
illustrates a block diagram of a processor-based
device in accordance with one embodiment of the
present invention. [0005] FIG. 2 is a flow diagram of
a method related to the manufacture of a device in
accordance with one embodiment of the present
invention. [0006] FIG. 3 is a cross-sectional view of
a device having, among other things, a via formed in a
substrate in accordance with one embodiment of the
present invention. [0007] FIG. 4 is a cross-sectional
view of a portion of the device of FIG. 3, depicting
in 



greater detail the substrate and via of the device in
accordance with one embodiment of the present
invention.2005-0754WO MICS:0178PCT [0008] FIG. 5 is a
cross-sectional view of the device of FIG. 4 following
etching of an alignment mark, thinning of the
substrate, and addition of a passivation layer in
accordance with one embodiment of the present
invention. [0009] FIG. 6 is cross-sectional view of
the device of FIG. 5, illustrating the removal of
portions of the passivation layer in accordance with
one embodiment of the present invention. [0010] FIG. 7
is a cross-sectional view illustrating trenches formed
in the backside of the device of FIG. 6 in accordance
with one embodiment of the present invention. [0011]
FIG. 8 is a cross-sectional view depicting an
insulation layer disposed in the trenches and along
the backside of the device of FIG. 7 in accordance
with one embodiment of the present invention. [0012]
FIG. 9 is a cross-sectional view illustrating the
device of FIG. 8 wherein portions of the insulation
layer outside of the trenches have been removed in
accordance with one embodiment of the present
invention. [0013] FIG. 10 is a cross-sectional view
generally illustrating the addition of one or more
metal layers to the device of FIG. 9 in accordance
with one embodiment of the present
invention.2005-0754WO MICS:0178PCT 



[0014] FIG. 11 is a cross-sectional view generally
illustrating traces formed from the metal layers
disposed on the device in FIG. 10 in accordance with
one embodiment of the present invention. [0015] FIG.
12 is a cross-sectional view depicting an additional
passivation layer formed on the device of FIG. 11 in
accordance with one embodiment of the present
invention. [0016] FIG. 13 is a partial cross-sectional
view depicting the formation of under-bumpmetallurgy
(UBM) features on the device of FIG. 12 in accordance
with one embodiment of the present invention. DETAILED
DESCRIPTION OF SPECIFIC EMBODIMENTS [0017] FIG. 1 is a
block diagram of an electronic system containing
integrated circuit devices that may employ embodiments
of the present invention. The electronic device or
system, which is generally indicated by the reference
numeral 10, may be any of a variety of types, such as
a computer, digital camera, cellular phone, personal
organizer, or the like. In a typical processorbased
device, a processor 12, such as a microprocessor,
controls the operation of system functions and
requests.2005-0754WO MICS:0178PCT [0018] Various
devices may be coupled to the processor 12 depending
on the functions that the system 10 performs. For
example, an input device 14 may be coupled to the
processor 12 to receive input from a user. The input
device 14 may comprise a user interface and may
include 



buttons, switches, a keyboard, a light pen, a mouse, a
digitizer, a voice recognition system, or any of a
number of other input devices. An audio or video
display 16 may also be coupled to the processor 12 to
provide information to the user. The display 16 may
include an LCD display, a CRT display, or LEDs, for
example. Further, the system 10 may include a power
supply 18, which may comprise a battery or batteries,
a battery receptor, an AC power adapter, or a DC power
adapter, for instance. The power supply 18 may provide
power to one or more components of the system 10.
[0019] An RF sub-system/baseband processor 20 may be
coupled to the processor 12 to provide wireless
communication capability. The RF subsystem/baseband
processor 20 may include an antenna that is coupled to
an RF receiver and to an RF transmitter (not shown).
Furthermore, a communications port 22 may be adapted
to provide a communication interface between the
electronic system 10 and a peripheral device 24. The
peripheral device 24 may include a docking station,
expansion bay, or other external component. [0020] The
processor 12 may be coupled to various types of memory
devices to facilitate its operation. For example, the
processor 12 may be connected to memory 26, which may
include volatile memory, non-volatile memory, or both.
The volatile memory of memory 26 may2005-0754WO
MICS:0178PCT comprise a variety of memory types, such
as static random access memory ("SRAM"), dynamic
random access memory ("DRAM"), first, second, or third
generation Double Data Rate memory 



("DDRl", "DDR2", or "DDR3", respectively), or the
like. The non-volatile memory of the memory 26 may
comprise various types of memory such as electrically
programmable read only memory ("EPROM") or flash
memory, for example. Additionally, the non-volatile
memory may include a high-capacity memory such as a
tape or disk drive memory. [0021] The system 10 may
include multiple semiconductor devices. For example,
in addition to the processor 12 and the memory 26, the
system 10 may also include an image sensor or imager
28 coupled to the processor 12 to provide digital
imaging functionality. The imager 28 may include a
charge coupled device (CCD) sensor or a complementary
metal oxide semiconductor (CMOS) sensor having an
array of photoreceptors or pixel cells configured to
be impacted by photons and to convert such impact into
electrical current via the photoelectric effect. While
the imager 28 may be coupled remotely from the
processor 12, such as by way of a circuit board, the
imager 28 and processor 12 may instead be integrally
formed, such as on a common substrate. [0022] A method
30 for manufacturing a semiconductor device, such as
the processor 12, the memory 26 and/or the imager 28,
is generally provided in FIG. 2 in accordance with one
embodiment of the present invention. Particularly, the
method 30 includes a number of steps 32- 40, which are
described in greater detail below with respect to
FIGS. 3-13. For instance, the method 30 includes a
step 32 of providing a substrate and a step 34 of
forming trenches or2005-0754WO MICS:0178PCT 



recesses in the substrate, as generally discussed
herein with respect to FIGS. 3-7. The method 30 also
includes a step 36 of disposing an insulating material
in the trenches, as generally discussed below with
reference to FIGS. 8 and 9. Additionally, the method
30 includes a step 38 of forming traces over the
trenches filled with the insulating material, as
discussed with respect to FIGS. 10 and 11. Further,
the method 30 includes a step 40 of providing a
passivation layer and/or coupling features over the
traces on the backside of the substrate, as discussed
with respect to FIG. 12-13. As will be appreciated,
one or more of these steps of the method 30 may be
performed in a reactor or processing chamber such that
the environment in which the steps are performed may
be regulated. [0023] Turning now to step 32, a device
50, such as an imager array or processor package, is
illustrated in FIGS. 3 and 4 in accordance with one
embodiment of the present invention. As illustrated in
FIG. 3, the device 50 includes a substrate 52, one or
more through-wafer interconnects (TWI) or vias 54, and
an integrated circuit die 56. The substrate 52
includes a front side 58 and a backside 60. It should
be noted that the front side 58 may be defined as the
front side 58 because it is processed before the
backside 60. The vias 54 are formed in the front side
58 of the substrate 52 and may be processed in the
substrate 52 using any of numerous procedures that are
known in the art. For example, the vias 54 may be
formed using photoresist in a standard etching
procedure. The integrated circuit die 56 is disposed
on the front side 58 of the substrate 52 and,
depending on the function of the device 50, may
include various types of devices (e.g., a 



memory chip, microprocessor, or management circuit).
For the sake of efficiency, the present technique may
be implemented as a wafer-level process, in which the
substrate 52 is a2005-0754WO MICS:0178PCT
semiconductor wafer having numerous die regions having
various features formed thereon, such as an image
sensor or processor, thus facilitating simultaneous
mass production of such devices 50. In other
embodiments, however, the substrate 52 may be composed
of other structures, such as an individual
semiconductor die, in accordance with the present
technique. [0024] As illustrated in FIG. 4, the via 54
may include a sidewall passivation layer 62 (e.g., a
dielectric material), a barrier 64 (e.g., a conductive
material), bond pads 66, and a conductive via filling
68. The sidewall passivation layer 62 at least
partially isolates the barrier 64 from other portions
of the substrate 52. The sidewall passivation layer 62
and/or the barrier 64 may be formed through a pulsed
deposition layer process, an atmospheric pressure
chemical vapor deposition (APCVD) process, or through
any other suitable process. Further, in some
embodiments, the barrier 64 may comprise a metal, such
as palladium, a copper-nickel alloy, or the like. The
barrier 64 is disposed in contact with the bond pads
66 to facilitate electrical communication between the
barrier 64 and other features of the substrate 52,
such as the integrated circuit 56. Additionally, in
one embodiment, the remainder of the via 54 comprises
the via filling 68, which may be disposed within the
barrier 64. The via filling 68 may include a fill
material such as polymer and/or solder. 



[0025] After formation of the via 54, the backside 60
of the substrate 52 may be modified to include a
backside passivation layer 70 adjacent the via 54, as
illustrated in FIG. 5. This modification may include
etching or grinding away a portion of the substrate 52
and disposing the backside passivation layer 70
thereon. This backside passivation layer 70 may
include the same2005-0754WO MICS:0178PCT material
utilized in the side wall passivation layer 62 and may
be formed through any of various known procedures. The
backside passivation layer 70 includes a window 72
that exposes the associated via 54. As will be
appreciated, although not shown in FIG. 5, the
backside passivation layer 70 may include a number of
such windows 72 to expose a plurality of vias 54. The
backside passivation layer 70 and the window 72 may be
formed through any suitable process. For instance, in
one embodiment, the backside passivation layer 70 is
spun-on to the substrate 52 and patterned to form the
window 72. Further, in one embodiment, patterning the
window 72 may include applying a photoresist layer to
the passivation layer 70, exposing and developing the
photoresist layer, etching the window 72 through the
opening in the photoresist layer, stripping the
photoresist layer, and so forth. In another
embodiment, forming the window 72 may include grinding
and/or polishing the backside passivation layer 70 to
expose the via 54. [0026] In one embodiment, the step
32 also includes providing backside alignment marks 74
to facilitate inclusion of certain features (e.g.,
grooves or traces) on the backside 60 of the substrate
52, as further illustrated in FIG. 5. Specifically,
the relative positioning of the backside 



alignment marks 74 with respect to other substrate
features (e.g., the vias 54) may be utilized to
accurately position features on the backside 60 of the
substrate 52. For example, the backside alignment
marks 74 may facilitate alignment and exposure of
photoresist on the backside 60 of the substrate 52 to
produce a layer pattern for producing traces that
network the vias 54 to other areas of the substrate
52. The backside alignment marks 74 may include holes
with a specific cross-section shape (e.g., a star or
cross) that are etched into the substrate 52 to the
same depth as the vias 54, as illustrated in FIG. 5.
The shape of the holes forming the backside alignment
marks2005-0754WO MICS:0178PCT 10 74 may make them
readily discernible from other substrate features. In
other embodiments, the backside alignment marks 74 may
include laser marks. In yet other embodiments,
different alignment procedures may be utilized instead
of including the backside alignment marks 74. For
example, a front-to-back looking stepper, illumination
with infrared light, patterning, and the like may be
utilized to properly align the substrate 52 in
preparation for deposits on the substrate 52, etching
of the substrate 52, and so forth. [0027] Turning now
to the step 34 of the method 30, formation of a
backside redistribution layer on the substrate 52 may
begin with forming trenches in the substrate. This
process of trenching the substrate 52 may include
first removing portions of the backside passivation
layer 70. As illustrated in FIG. 6, the lower surface
or backside 60 of the device 50 



may be coated with photoresist 80, which may be
exposed and developed in a pattern such that portions
of the backside passivation layer 70 remain uncovered
for etching. In the embodiment illustrated by FIG. 6,
select portions of the backside passivation layer 70
have been etched away and the photoresist 80 remains
on the protected portions of the backside passivation
layer 70. The etched areas of the passivation layer 70
reveal or expose portions of the substrate 52 for
etching. It should be noted that some embodiments do
not include the backside passivation layer 70. [0028]
As illustrated in FIG. 7, the exposed areas of the
substrate 52 may be removed (e.g., via wet or dry
etching processes) to create trenches 90 in the
backside 60 of the substrate 52. In some embodiments,
the same photoresist 80 used to etch the backside
passivation layer 70 may be utilized to etch the
trenches 90 into the substrate 52. However, if the
chemicals utilized for2005-0754WO MICS:0178PCT 11
etching the substrate 52 are incompatible with the
photoresist 80, the photoresist 80 may be removed.
Indeed, depending on the procedure for forming the
trenches 90, the photoresist 80 may be replaced by a
different photoresist or the remaining portions of the
backside passivation layer (e.g., glass) 70 may serve
to define the size and shape of the trenches 90 for an
etching procedure. In one embodiment, wherein the
substrate 52 is made of silicon, the trenches 90 may
be etched into the substrate 52 with a chemical that
is highly selective to silicon (e.g,. RIE SFG Plasma,
wet KOH or TMAH). For example, in one embodiment,
NH4OH is used to selectively etch the silicon 



substrate 52 to create the trenches 90. As may be
appreciated, however, other materials and/or processes
may also or instead be used to thin the substrate 52
and/or create the trenches 90 in the substrate 52.
[0029] Turning now to the step 36, in accordance with
present embodiments, once the trenches 90 are formed,
an insulating layer 100 may be disposed on the
backside 60 of the substrate 52, as illustrated in
FIG. 8. The insulating layer 100 fills the trenches 90
and coats the backside 60 of the substrate 52. The
insulating layer 100 may be formed from an insulating
polymer (e.g., PBO) and may be applied via any number
of known procedures. For example, the insulating layer
100 may be applied via spin coating, 3D write, screen
printing, dispensing, and so forth. Once the
insulating layer 100 has been disposed over the
backside 60 of the substrate 52 and in the trenches
90, it may be ground and planarized using chemical
and/or mechanical planarization such that
substantially all of the insulating layer 100 is
removed except for that portion filling the trenches
90, as illustrated in FIG. 9.2005-0754WO MICS:0178PCT
12 [0030] The remaining portions of the insulating
layer 100 that fill the trenches 90 may be referred to
as passivation channels 110. Once the passivation
channels 110 have been established, the step 38 of the
method 30 may be initiated wherein conductive traces
are disposed over the passivation channels. The traces
may be disposed over the passivation channels using
various 



known methods. In one embodiment, as illustrated in
FIG. 10, the step 38 may include disposing a
redistribution metal (e.g., metal) over the backside
60 of the substrate 52 to form a conductive layer 120.
For example, this may include applying the
redistribution metal over the backside 60 of the
substrate 52 via sputtering, an atmospheric pressure
chemical vapor deposition (APCVD) process, or other
similar processes. [0031] The conductive layer 120 may
be patterned through various steps, such as resist and
etch steps, to produce a desired configuration.
Specifically, the conductive layer 120 may be
selectively removed to establish traces 130 that are
disposed over the passivation channels 110, as
illustrated in FIG. 11. In some embodiments, a
photoresist may be utilized in an etching process to
define the size and location of the traces 130. For
instance, in some embodiments, a photoresist layer may
be disposed over the conductive layer 120 and
developed to expose certain portions of the conductive
layer 120, which may then be removed via wet and/or
dry etch processes. In one embodiment, the exposed
portions of the conductive layer 120 may be etched
through a wet etch process that utilizes HNO , HF, and
H2O. In some embodiments, the process utilized for
forming the traces 130 may establish a buffer zone 132
between the edges of the passivation channels 110 and
the edges of the traces 130, as shown in FIG. 11, to
provide an additional protective measure. Further, one
or more of the traces 130 may directly contact the via
54.2005-0754WO MICS:0178PCT 13 



[0032] It should be noted that, in some embodiments,
the conductive layer 120 may be composed of different
materials and/or a different number of layers or
sub-layers. Indeed, the conductive layer 120 may be
composed of a single layer of conductive material or a
plurality of sub-layers. For instance, the conductive
layer 120 may comprise one or more layers of copper,
tantalum-nitride, aluminum, titanium, or the like.
Each layer may be separately applied and etched into a
desired pattern to form the traces 130, as described
above. [0033] Arranging the traces 130 over the
passivation channels 110 may prevent the traces 130
from directly contacting the substrate 52. In other
words, the passivation channels 110 may insulate the
conductive material of the traces 130 from the
material (e.g., silicon) forming the substrate 52.
Accordingly, the passivation channels 110 may prevent
current leakage and so forth in a device employing
these features. In traditional front side
applications, these functions served by the
passivation channels 110 may be served by simply
applying a passivation layer of a relatively high
expansion polymer (e.g., PBO) onto the front side 58
without limiting it to defined areas, such as the
passivation channels 110. While this may be a
functional approach, especially for front side
applications, it is now recognized that such a
procedure may not be desirable for backside
applications. [0034] Due to high curing temperatures
and high expansion of the material utilized in
traditional front side applications to form the
insulating passivation layer, stress may be placed on
the substrate 52 as a result of the formation of the
insulating passivation layer. This is
generally2005-0754WO 



MICS:0178PCT 14 not an issue with front side
applications because, in front side applications, the
substrate is generally thick enough to resist warping
due to the stresses. However, because the substrate is
generally thinner in backside applications than in
front side applications, backside applications are
more susceptible than front side applications to
warping from the pressure exerted by an entire layer
of the insulating material. In view of these issues,
among others, present embodiments reduce or
substantially eliminate the stresses that cause
warping by limiting the insulating material to the
areas defined by the trenches 90. In other words, once
the insulating layer 100 is applied, the portion
outside of the passivation channels 90 is
substantially removed. Further, present embodiments
may limit the stress associated with the insulating
material by utilizing a low expansion polymer, such as
HD Microsystems 2611, instead of high expansion
polymers. It should be noted that the substrate 52 may
be supported during the deposition of the insulating
layer 100 on the backside 60 of the substrate 52 and,
thus, the associated stresses are not an issue during
that portion of the process. [0035] Following the
patterning of the conductive layer 120 to provide the
traces 130 over the passivation channels 110, a
passivation layer 140 may be generally disposed over
the backside 60 of the substrate 52, including all of
the features residing thereon, as provided in FIG. 12.
The passivation layer 140 may include a window 142
that exposes a surface 144 of the traces 130. 



Further, the passivation layer 140 and the window 142
may be formed through any suitable processes,
including those discussed above with respect to the
passivation layer 70. Thus, a redistribution layer
formed through the step 40 of the method 30 generally
includes the traces 130 formed from the conductive
layer 120, the passivation layers 70 and 140, and the
passivation2005-0754WO MICS:0178PCT 5 channels 110.
While the redistribution layer of some embodiments may
include additional elements or layers, the
redistribution layer 140 of other embodiments consist
of, or consist essentially of, the traces 130, the
passivation layers 70 and 140, and the passivation
channels 110. [0036] Finally, with respect to step 40
of the method 30, various under-bump-metallurgy (UBM)
features may be formed on the device 50, as generally
illustrated in FIG. 13. In the presently illustrated
embodiment, the exposed surface 144 of the conductive
trace 130 directly couples with a contact bump 150. In
other embodiments, the trace 130 may be plated (e.g.,
via an electroless deposition process or an immersion
plating process) with one or more materials (e.g.,
nickel or gold) before receiving the contact bump 150.
Following any desired plating, the contact bump 150
may be coupled to the surface 144, either directly or
via the one or more plating layers. The contact bump
150 may be formed of any suitable,
electrically-conductive material, such as solder.
Notably, the contact bump 150 facilitates direct
coupling of the device 50 to other circuitry. In some
embodiments, the provision of contact bumps 150 may
allow for the direct 



coupling of the substrate 52 to a circuit board
without requiring additional, intervening substrates
or wire bonding. For instance, in one embodiment, the
contact bump 150 may enable the device 50 to be
directly received in a socket of a circuit board,
allowing electrical communication between features of
the substrate 52, such as an image sensor or imager,
and various circuitry and features external to the
device 50. [0037] While the invention may be
susceptible to various modifications and alternative
forms, specific embodiments have been shown by way of
example in the drawings and have been2005-0754WO
MICS:0178PCT 16 described in detail herein. However,
it should be understood that the invention is not
intended to be limited to the particular forms
disclosed. Rather, the invention is to cover all
modifications, equivalents, and alternatives falling
within the spirit and scope of the invention as
defined by the following appended claims.2005-0754WO
MICS:0178PCT 17 CLAIMS 1. A method comprising:
providing a substrate comprising a via formed therein,
wherein the substrate has a front side and a backside;



forming a trench on the backside of the substrate;
disposing an insulating material in the trench; and
forming a trace over the insulating material in the
trench. 2. The method of claim 1, wherein providing
the substrate comprises providing a semiconductor
wafer. 3. The method of claim 1, wherein providing the
substrate comprises providing an image sensor. 4. The
method of claim 1, wherein disposing the insulating
material in the trench comprises forming an insulation
layer and etching away a portion of the insulation
layer not disposed within the trench.2005-0754WO
MICS:0178PCT 18 5. The method of claim 1, wherein
forming the trace comprises disposing a metal layer
over the backside of the substrate and removing a
portion of the metal layer that is not disposed over
the insulation material disposed in the trench. 6. The
method of claim 5, comprising creating a buffer zone
between an edge of the trace and an edge of the
insulation material. 7. The method of claim 1,
comprising removing a portion of the backside of the
substrate to expose one end of the via. 



8. The method of claim 1, comprising attaching an
integrated circuit die to the substrate. 9. The method
of claim 1, comprising disposing a passivation layer
over the trace. 10. The method of claim 1, comprising
forming an under-bump-metallurgy features on the
trace. 11. The method of claim 1, comprising attaching
the substrate to a system board.2005-0754WO
MICS:0178PCT 19 12. An electronic system, comprising:
an integrated circuit disposed on a first side of a
substrate; a via formed through the first side of the
substrate to a backside of the substrate; and
insulating material disposed in a recess in the
backside of the substrate, wherein the insulating
material is at least partially covered by a trace
formed on the backside of the substrate. 13. The
system of claim 12, comprising an image sensor coupled
to the substrate. 14. The system of claim 12,
comprising a buffer zone between an edge of the trace
and an edge of the insulating material. 15. The system
of claim 12, wherein the recess comprises an elongate
path formed in the substrate by removal of material
forming the substrate. 16. The system of claim 15,
wherein the trace comprises a thin piece of conductive
material that follows the elongate path and wherein
the trace is positioned within the boundaries of the 



elongate path.2005-0754WO MICS:0178PCT 20 17. The
system of claim 12, comprising a passivation layer
disposed over the trace opposite the insulating
material. 18. The system of claim 12, wherein the
trace comprises under-bump-metallurgy features
disposed thereon. 19. A semiconductor device,
comprising: a substrate; insulation disposed in an
elongated recess in one side of the substrate; and a
conductive layer disposed over the insulation within
boundaries defined by the elongated recess. 20. The
semiconductor device of claim 19, comprising a via
formed through the substrate. 2 1. The semiconductor
device of claim 19, comprising an integrated circuit
coupled to a side of the substrate opposite the
elongate recess. 


