
COLOR FILTER-EMBEDDED MSM IMAGE SENSOR  BACKGROUND
100011 An image sensor provides a grid of pixels, such
as photosensitive diodes or  photodiodes, reset
transistors, source follower transistors, pinned layer
photodiodes, and/or  transfer transistors for
recording an intensity or brightness of light. The
pixel responds to  the light by accumulating a
charge-the more Iight, the higher the charge. The
charge can  then be used by another circuit so that a
color and brightness can. be used for a suitable
application, such as a digital camera. Common types
of. pixel grids include a charge- coupled davice
(CCD), complimentary metal oxide semiconductor (CMOS)
image sensor  (CIS), an active-pixel sensor, and a
passive-pixel sensor. 100021. Another type of pixel is
a metal-semiconductor-metal (MSM) photodetector.  This
type is constructed with two Schottky contacts (e.g.,
metallic electrodes) on a  semiconductor material,
instead of a p-n junction as in a photodiode. A
voltage potential is  applied between the electrodes
which creates. an electric field in the semiconductor
material. The light that is absorbed in the
semiconductor material generates electric  carriers
that are collected by the electric field. These
electric carriers contribute to a  photocurrent that
can be measured and recorded. MSM photodetectors have
generally been  used in optical telecommunication
systems due to their high speed and low parasitic
capacitance. However, MSM photodetectors have low
responsivity caused by reflection  from the surface.
metal contacts and semiconductor surface. [0003] In
order to capture color, image sensors employ a color
filter layer that can  support several different color
filters (e.g., red,. green, and blue), and are
positioned such  1 that the incident light is directed
through the filter. This can be done by using a color
filter  array mosaic, on a single sensor or splitting
the. incident light with a prism to multiple  sensors.
Either way, the cost of the color filters used in
image sensors accounts for a large~  



part of the total cost of the, image sensor.
Additionally, the color filter layer adds to the
physical size,of the device. Improvements in color
filter design and fabrication are desired  to redue
the cost and size of image sensors. BRIEF DESCRIPTION
OF THE DRAWINGS [0004] Aspects oil the present
disclosure are best understood from the following
detailed  description when read with the accompanying
figures. It is emphasized that, in accordance with
the standard practice in the industry, various
features are not drawn to scale. In fact, the
dimensions of the various features may be arbitrarily
increased or reduced for clarity or  discussion.
[0005] Fig. I is a top view of a sensor including a
plurality of pixels, according to one or  more
embodiments of the present disclosure. [00061 Fig. 2
is a top view of a pixel having an embedded
metal-semiconductor-metal  (MSM) photodetector,
constructed according to aspects oil the present
disclosure. 100071 Fig. 3 is a sectional view of the
pixel shown in Fig 100081 Fig. 4 is a top view of
another pixel having an embedded MSM photodetector,
constructed according to aspects of the present
disclosure. 100091 Fig. 5 is a sectional view of
another pixel having an embedded MSM color filter,
constructed according to aspects of the present
disclosure. DETAILED DESCRIPTION 100101 It is to be
understood that the following disclosure provides many
different  embodiments, or examples, for implementing
different features of various embodiments.  Specific
examples of components and arrangements are described
below to simplify the present  disclosure. These are,
of course, merely examples and are not intended to be
limiting. In  addition, the present disclosure may
repeat reference numerals and/or letters in the
various  examples. This repetition is for the purpose
of simplicity and clarity and does not in itself
dictate  a relationship between the various
embodiments and/or configurations discussed. Moreover,
the 



2 formation of a first feature over or on a second
feature in the description that follows may  include
embodiments in which the first and second features are
formed in direct contact, and may  also include
embodiments in which additional features may be formed
interposing the first and  second feature!;, such that
the first and second features may not be in direct
contact. [00111 Referring to Fig. 1, an image sensor
50 provides a grid of pixels 100. Additional
circuitry and input/outputs are t:ypically provided
adjacent to the d of pixels 100 for providing  91i an
operation environment for the pixels and for
supporting external communications with the  pixels.
[00121 Referring now to Fig. 2, in the present
embodiment, the pixels 100 are a type of
metal-semiconductor-metal (MSM photodetectors. The
pixel 100 includes a silicon substrate  110.
Alternatively, the substrate 110 may comprise an
elementary semiconductor such as  silicon, germanium,
and diamond. The substrate I 10 may also comprise a
compound  semiconductor such as silicon carbide,
gallium arsenic, indium arsenide, and indiurn
phosphide. Also, semiconductor arrangements such as
silicon-on-insulator (SOI) and/or an  epitaxial layer
can be provided. [00131 A highly anisotropic (or
vertical sidewalls) etch is performed on the substrate
110 in order to form embedded electrodes 120, 1 '30 as
discussed below. This can be done  by a variety of
different techniques. One technique is to apply a
photosensitive layer to file  surface of the substrate
I 10, pattern the photosensitive layer with the
specified geometry,  and dry plasma etch the substrate
according to the pattern. This process can be repeated
to  create different patterns for the electrode
formation. [0014] The two electrodes 120, 13 )0 are
made from a conductive. metal such as Cu, Ag, or Au.
The electrodes 120, 130 are embedded within the
silicon substrate 110 and arran.ged to  form a
rectangular shaped array of slits as shown. After
patterning and etching, a metal  



deposition process is done to form the electrodes 120,
130 and may be finished off with a  metal polishing
process. Because these embedded MSM photodectors are
inherently  planar, it allows for easy fabrication and
integration with the various types of image  sensors.
[00151 Referring now to Fig. 3, a voltage potential is
applied between the electrodes  120, 130 which results
in an electric field generated within a light-sensing
region 170 (or  light absorption area) of the
substrate I 10. The pixel 100 is designed to receive
light 180  3 directed at the surface of the
semiconductor substrate 110 during applications.
However,  not all of the, light 180 signal passes
through to the light-sensing region 170. The array of
slits formed by the electrodes 120, 130 functions as a
filter passing only a specific wavelength of light
through to the light-sensing region 170. The specific
wavelength of  light is determined by a thickness 140,
width 150, and spacing 160 of the slits formed by  the
electrodes [20, l3O. For the sake of example, the
wavelength for red, green, and blue  light may be
filtered through to the light-sensing region 170 by
setting the parameters of  the slits to the following:
thickness 140 between I 00nm to 600nm; width 150
between  20nm to 100nun; and spacing 160 between 180nm
to 500nm. 100161 The light 180 that is absorbed by the
semiconductor substrate I 10 generates  electric
carriers which are collected by the electric field
generated by the electrodes 120, I ' )0. Because of
this electric field, the light-sensing region 170 of
the present embodiment  do-Is not require doping
and/or forming depletion regions around p-n junctions
to store  photogenerated electron-hole pairs. As. a
result, a parasitic capacitance effect between the
active region and adjacent transistor does not exist.
The -electric carriers contribute. to a  photocurrent
that can be measured and recorded. The amount of
photocurrent relates to the  intensity or brightness
of the light signal that was absorbed by the pixel
I00-the more  light, the! higher the photocurrent. The
photocurrent may be, communicated and processed  



by other circuitry depending on the application for
which the sensor is used Tor. It is  understood that
the light 180 is not limited to visible light beam,
but can be infrared (IR),  ultraviolet (UV), and other
radiation. [00171 Referring now to Fig. 4, in another
embodiment, the pixel 10.0 is the same as the  one
shown in Figs. 2 except for the pixel includes a
circular shaped array of slits instead of
rectangular. The electrodes 120a, 130a embedded within
the silicon substrate I 10 form an  array of slits
made up of concentric circles. The cross sectional
view of this embodiment is  the same as the one shown
in Fig. 3. The parameters of the slits have the same
range of  values, as discussed above, for filtering
red, green, and blue light. Even though the array  of
slits is formed by four concentric circles, it is
understood that, the number of circles may  vary
depending on the size of the pixel 100 and/or other
design requirements. 10018] Referring now to Fig. 5,
in still another embodiment, the pixels 100 are
photosensitive diodes or photodiodes, for recording an
intensity or brightness of light. The  4 pixels 100
are -Formed on a silicon substrate 210. The substrate
210 comprises a P -type  silicon. A silicon epitaxial
layer (epilayer) 220 is grown on the substrate 210 by
a method  such as chemical vapor deposition (CVD). The
epilayer 220 has a lower concentration of  dopant than
that of the heavily doped P-type silicon substrate
2210. The pixel 100 also  includes a light-sensing
region 230 which in the present embodiment is an
N-type doped  region having dopants formed in the
silicon epilayei -220. All doping may be implemented
using a process such as ion implantation or diffusion
in various steps. The substrate 1-10  may comprise
lateral isolation features to separate different
devices on the substrate.  100191 The pixel 100
further includes an array of slits 240. The array 240
is an  embedded MSM type arrangement within the
light-sensing region 2230, The array 240 may  have a
rectangular shape as shown in Fig. 2 or a circular
shape as shown in Fig. 4. The  array of slits 240
functions as a color filter allowing only a specific
wavelength of light to  



pass through to the light-sensing region 230. The
array 240 can support several different  color filters
(e.g., red, green, and blue and the specific
wavelength is determined by the  thickness, width, and
spacing of the slits. The array 240 is formed the same
way and with  the same range~ of values 'for the slits
as discussed in Figs. 2 and 3). However, the array 240
is not required to be formed by two electrodes since
it functions only as a filter in this  embodiment.
Instead of an electric field, the photo,generated
-electric carriers are stored in  depletion regions
around the p-n junction formed by the P-type silicon
epilayer 220 and 'the  N-type light-sensing region
230. 100201 The penetration depth 250 of the
light-sensing region 230 is dependent on the  specific
wavelength of light that is filtered through by the
array of slits 240. Each  wavelength (e.g., red,
green, and blue light) has a different effective
absorption depth when  passing through to the
light-sensing region 230. For example, blue light
experiences a  more shallow effective absorption
depth, as Compared to red light. Thus, the penetration
depth 250 for each type of color pixel varies
accordingly to maximize the sensitivity of the  pixel
100 to the specific wavelength of light. 100211
Additional circuitry also exists to provide an
appropriate functionality to handle the  type of
pixels I DO being used and the type of light being
sensed. Ail example of a photodiode  that can be used
in this embodiment is shown in U.S. Patent Application
(TSMC 2005-0433)  which is hereby~ incorporated by
reference. It is understood that the wavelengths of
red, green,  5 and blue light are provided for the
sake of example, and that the pixels 100 are generally
illustrated as being photodiodes for the sake of
example. Other types of pixels include reset
transistors, source follower transistors, pinned layer
photodiodes, and transfer transistors.  100221 Thus,
provided is an improved image sensor device and method
for  manufacturing game. In one embodiment, an image
sensor includes a plurality of pixels.  At least one
of the plurality of pixels includes a semiconductor
substrate having a light- 



sensing region and a first and second electrode
embedded within the substrate. The first  and second
electrode form an array of slits, the array of slits
is configured to allow a  wavelength of light such as
red, green, and blue light, to pass; through to the
light-sensing  region. In some~ -embodiments, the
slits have a thickness between 100nm to 600mn, a width
between 20nm to I00nm, and are spaced between I 80nm
to 500mn from each other. in  some embodiments, the
array of slits has a rectangular shape. In other
embodiments, the array of  slits has a circular shape.
in some embodiments, the first and second -electrode
are made of a  conductive metal, such as Cu, Ag, or
An, and a voltage potential is applied between the
first and second electrode to form an electric field
within the light-sensing region for  sensing
radiation. [00231 hi another embodiment, an image
sensor includes a semiconductor substrate, a
plurality of pixels formed on the substrate, and a
plurality of slits embedded with each of the
plurality of pixels. The plurality of slits are
metallic and configured to allow a wavelength of
light, such as, red, green, and blue light, to pass
through to each of the plurality of pixels. In  some
embodiments, the plurality of pixels are photodiodes.
In other embodiments, the plurality  of pixels are
reset transistors. In other -embodiments, the
plurality or pixels are source follower  transistors.
In other embodiments, the plurality of pixels are
pinned layer photodiodes. In still  other embodiments,
the plurality of pixels are transfer transistors.
[00241 In ~another embodiment, an image sensor
includes a semiconductor substrate having a
light-sensing- region, and a first, second, and third
pixel formed on the substrate. The sensor  further
includes a first, second, and third array of metallic
slits embedded and aligned with  the first, second,
and third pixel, respectively. The first array is
configured to allow red  light to pass through to the
light-sensing region of the first pixel. The second
array is  configured to allow green light to pass
through to the light-sensing region of the second 6
pixel. The third array is configured to allow blue
light to pass through to the light-sensing~  



region of the third pixel. 100251 In another
embodiment, a method is provided for making an image
sensor device.  The method includes providing a
semiconductor substrate and forming a plurality of
pixels on  the semiconductor substrate, The method
further includes forming a plurality of slits
-embedded  within each of the plurality of pixels. The
plurality of slits is configured to allow a wavelength
of light, such as, red, green, and blue light, to pass
though to each of the plurality of pixels. In  some
embodiments, the plurality of slits are formed by a
first and second electrode and further  includes
applying a voltage potential between the first and
second electrode to form an electric  field for
sensing the wavelength of light. [0026] The foregoing
has outlined features of several -embodiments so that
those skilled  in the art may better understand the
detailed description that follows. Those skilled in
'in,.  art should appreciate that they may readily use
the present disclosure as a basis for designing o.-
modifying other processes and structures for carrying
out the same purposes  and/or achieving the same
advantages of the embodiments introduced herein. Those
skilled  in the, art should also realize that such
equivalent construction's do not depart from the
spirit  and scope of the present disclosure, and that
they may make various changes, substitutions  and
alterations herein without departing from the spirit
and scope of the present disclosure.  7 WHAT IS
CLAIMED IS: 1~An image sensor device, comprising a
plurality of pixels, at least one of the  pixels
comprising: a semiconductor substrate having a
light-sensing region; and a first Lod second electrode
embedded within the substrate, wherein the first and
second electrode form an array of slits, wherein the
array of slits is configured to allow a  wavelength of
light to pass through to the light-sensing region. 2.
The device of claim 1, wherein the: wavelength of
light is for red, green, and  



blue light. 3. The device of claim 1, wherein the
array oil slits has a rectangular shape.  4, The
device of claim 1, wherein the array of slits has a
circular shape. 5. The device. of claim 1, wherein the
slits have a thickness between I00nm to  600nm. 6.
~The device of claim 1, wherein the slits have a width
between 20nm to  I00nm. 7. The device of claim 1,
wherein the slits are spaced between I80nm to 500nm
from each other. 8. The device of claim 1, further
comprising a second pixel, wherein the second  pixel
has at least one: of a thickness, width, and spacing
for the slits that is different. 9. The device of
claim 1, wherein the first and second electrode~ are a
conductive metal. 10. 'The device of claim 9, wherein
the conductive metal is selected from a group
consisting of. Cu, Ag, and An. 11, The device of claim
9, wherein a voltage potential is applied between the
first and second electrode to form an electric field
within the light-sensing region for  sensing
radiation. 12. An image sensor device, comprising:  a
semiconductor substrate; a plurality of pixels formed
on the substrate; and a plurality of slits embedded
with each of 'the plurality of pixels, wherein the
plurality of slits are configured to allow a
wavelength of light to pass through to each of  the
plurality of pixels. 13. The device of claim 10,
wherein the plurality or slits are metallic. 14. The
device of claim 10. wherein the plurality or' slits of
at least one of the  



pixels has a thickness between I 00nm to 600nm, a
width between 20nm to 100nm, and are- spaced between I
90nin to 500nm from each other. 15. The device of
claim 10, wherein the plurality of pixels are selected
from a  group consisting or. photodiodes, reset
transistors, source follower transistors, pinned layer
pbotodiodes, and transfer transistors. 16. A, method
for making an image sensor device, comprising:
providing a Semiconductor substrate; forming a
plurality of pixels on the semiconductor substrate;
and forming a plurality of slits embedded within each
of the plurality of pixels, wherein  the plurality of
slits are configured to allow a wavelength of light to
pass through to each  of the plurality of pixels. 9
17. The method of claim 16, wherein each of the
plurality of slits have a  thickness between I 00nm to
600mn, a width between 20nm to 100nm, and are spaced
between I 80mn to 500nm from each other, 18. The
method of claim 16, wherein the plurality of pixels
are selected from a  group consisting of-,
photodiodes, reset transistors, source follower
transistors, pinned layer  photodiodes, and transfer
transistors. 19. The method of claim 16, wherein the
plurality of slits are formed by a first  and second
electrode. 20. 'The method of claim 19, further
comprising applying a voltage potential  between the
first and second electrode to form an electric field
for sensing the wavelength  of light. 10 


