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IMAGE SENSOR REFLECTOR 

0001. This disclosure relates generally to imaging circuits, 
and more particularly, but not exclusively, relates to image 
SSOS. 

BACKGROUND INFORMATION 

0002 Integrated circuits have been developed to reduce 
the size of components used to implement circuitry. For 
example, integrated circuits have been using ever-Smaller 
design features, which reduces the area used to implement the 
circuitry, such that design features are now well under the 
wavelengths of visible light. With the ever-decreasing sizes of 
image sensors and the individual pixels that are part of a 
sensing array, it is important to more efficiently capture inci 
dent light that illuminates the sensing array. Thus, more effi 
ciently capturing incident light helps to maintain or improve 
the quality of electronic images captured by the sensing 
arrays of ever-decreasing sizes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003) Non-limiting and non-exhaustive embodiments of 
the disclosure are described with reference to the following 
figures wherein like reference numerals refer to like parts 
throughout the various views unless otherwise specified. 
0004 FIG. 1 is an illustration of a side view of a sample 
frontside illuminated (FSI) image sensor 100. 
0005 FIG. 2 is an illustration of a cross-section of a 
sample sensor array of backside illuminated (BSI) pixel of an 
image sensor. 
0006 FIG. 3 is an illustration in cross-section of a sample 
process for forming a reflector in a concave Surface. 
0007 FIG. 4 is an illustration in cross-section of a sample 
process for forming a reflector in a concave trapezoidal cav 
ity. 
0008 FIG. 5 is an illustration of a sample process for 
forming a reflector on a convex surface. 

DETAILED DESCRIPTION 

0009 Embodiments of an image sensor reflector are 
described herein. In the following description numerous spe 
cific details are set forth to provide a thorough understanding 
of the embodiments. One skilled in the relevant art will rec 
ognize, however that the techniques described herein can be 
practiced without one or more of the specific details, or with 
other methods, components, materials, etc. In other instances, 
well-known structures, materials, or operations are not shown 
or described in detail to avoid obscuring certain aspects. 
0010 Reference throughout this specification to “one 
embodiment' or “an embodiment’ means that a particular 
feature, structure, or characteristic described in connection 
with the embodiment is included in at least one embodiment 
of the present invention. Thus, the appearances of the phrases 
“in one embodiment' or “in an embodiment” in various 
places throughout this specification are not necessarily all 
referring to the same embodiment. Furthermore, the particu 
lar features, structures, or characteristics may be combined in 
any suitable manner in one or more embodiments. The term 
“or as used herein is normally meant to encompass a mean 
ing of an inclusive function, Such as “and/or 
0011. In general, integrated circuits comprise circuitry 
that is employed for a variety of applications. The applica 
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tions use a wide variety of devices such as logic devices, 
imagers (including CMOS and CCD imagers), and memory 
(such as DRAM and NOR- and NAND-based flash memory 
devices). These devices normally employ transistors for a 
variety of functions, including Switching and amplification of 
signals. 
0012 Transistors are typically formed in integrated cir 
cuits by photolithographic processes that are performed on a 
silicon Substrate. The processes include steps such as apply 
ing a photographic resist layer to the Substrate, exposing the 
resist layer to a pattern using light (including deep ultra-violet 
wavelengths), removing the exposed portions (or non-ex 
posed portions depending on the photo-positive or photo 
negative resists that are used) of the resist by etching, and 
modifying the exposed structure, for example, by depositing 
or implanting additional materials to form various structure 
for electronic components (including transistors). 
0013 The term “substrate' includes substrates formed 
using semiconductors based upon silicon, silicon-germa 
nium, germanium, gallium arsenide, and the like. The term 
Substrate may also refer to previous process steps that have 
been performed upon the Substrate to form regions and/or 
junctions in the Substrate. The term Substrate can also include 
various technologies, such as doped and undoped semicon 
ductors, epitaxial layers of silicon, and other semiconductor 
structures formed upon of the substrate. 
0014 Chemical-mechanical planarization (CMP) can be 
performed to render the surface of the modified substrate 
suitable for forming additional structures. The additional 
structures can be added to the substrate by performing addi 
tional processing steps, such as those listed above. 
0015. As the size of the image sensors in individual pixels 
that are part of a sensing array become increasingly smaller, 
various designs attempt to more efficiently capture the inci 
dent light that illuminates the sensing array. For example, the 
area of the light sensing element (Such as a photodiode) of a 
pixel is typically maximized by arranging a microlens over 
(or underneath) each pixel so that the incident light is better 
focused onto the light sensing element. The focusing of the 
light by the microlens attempts to capture light that would 
otherwise normally be incident upon a portion of the pixel 
outside the area occupied by the light sensitive element (and 
thus lost and/or “leaked’ through to other unintended pixels). 
0016. Another approach that can be used is to collect light 
from the “backside' of (e.g., underneath) the CMOS image 
sensor. Using the backside of the image sensor allows pho 
tons to be collected in an area that is relatively unobstructed 
by the many dielectric and metal layers that are normally used 
to form a typical image sensor. A backside illuminated (BSI) 
image sensor can be made by thinning the silicon Substrate of 
the image sensor which reduces the amount of silicon through 
which incident light traverses before the sensing region of the 
image sensor is encountered. 
0017. However, when thinning the substrate of the image 
sensor, a tradeoff between the sensitivity of the pixel and 
crosstalk (with adjacent pixels) is encountered. For example, 
when less thinning is used (which results in a thicker remain 
ing silicon Substrate), a larger (volumetric) region of a pho 
todiode for conversion of light to electron-hole pairs can be 
provided. When the electron-hole pairs are formed relatively 
far away (in the larger provided region) from the photodiode 
depletion region, the formed electron-hole pairs are more 
likely to be captured by adjacent photodiodes. The capturing 
of the formed electron-hole pairs by adjacent photodiodes is 
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a normally an undesired effect called blooming (which causes 
adjacent pixels to appear to be brighter than the “true' value). 
Accordingly, the probability of blooming increases with the 
thickness of the silicon substrate, while sensitivity decreases 
as the thinner silicon Substrates are used. 
0018. In electronic imagers, tight from an illuminated 
object being imaged can enter from the frontside (FSI) or the 
backside (BSI) of the imaging device. Within each pixel of the 
imaging device, some of the incident light is absorbed before 
reaching the active photodiode of the pixel and some of the 
incident light passes through without being absorbed in the 
photodiode. A reflector helps to redirect the non-absorbed 
incident light towards the photodiode. Reflecting the unab 
sorbed light towards the photodiode increases the sensitivity 
of the photodiode and reduces crosstalk and blooming effects. 
0019. In accordance with the present disclosure, an array 
of pixels is formed using a substrate, wherein each pixel has 
a photodiode and a reflector for reflecting incident light that 
was not initially absorbed by the photodiode. The reflector is 
shaped having multiple angles of reflection Such that the 
incident light that has not been initially absorbed by the 
photodiode is focused and reflected towards the photodiode. 
0020. To illustrate, FIG. 1 is a side view of a sample 
frontside illuminated (FSI) image sensor 100, in accordance 
with teachings of the present invention. For simplicity, the 
Figure is not drawn to scale. Generally, the image sensor 100 
includes several photosensitive elements arranged in an array 
of two dimensional rows and columns across a Substrate 101. 
The Figure illustrates three photosensitive elements 102,104, 
and 106, which are shown as photodiodes 102,104, and 106. 
The array can include hundreds or thousands of rows and/or 
columns, or more. Additionally, the array can have an 
arrangement other than rectilinear columns and rows. 
0021. The substrate 101 can be a semiconductor substrate. 
For many embodiments, the substrate 101 is a doped silicon 
substrate in which photosensitive elements are formed. Each 
photosensitive element 102,104, and 106 typically converts 
light into an electric signal proportional to the intensity of 
light detected. Each photosensitive element can be a photo 
diode or other solid state device. Other photosensitive ele 
ments also can be used as well. The resulting pixels can 
include, for example, amplification and readout circuitry Such 
as one or more CMOS transistors (not shown). For purposes 
of clarity, only reference numbers for photosensitive ele 
ments 102, 104, and 106 are illustrated. The photosensitive 
elements 102,104, and 106 can be disposed in the substrate 
101 in any suitable known manner. 
0022. A typical individual pixel in the image sensor 100 
can include a stack of multiple layers including metal layers, 
planarization layers, and the like. As shown, the image sensor 
100 includes a first metal layer having M1 conductors dis 
posed in a dielectric material 108. For some embodiments, the 
first metal layer can be etched into the shape of the M1 metal 
conductors and the M1 conductors can be planarized by pol 
ishing. The dielectric material 108 can be deposited and/or 
grown to fill the gaps between the M1 conductors. The dielec 
tric material 108 can insulate the M1 conductors from the 
substrate 101. The dielectric material 108 can be any insulator 
Such as an oxide. For some embodiments, the dielectric mate 
rial can be a silicon oxide. The M1 conductors can be copper, 
aluminum, an aluminum copper mixture, or other material 
Suitable (such as polysilicon) for carrying a signal. 
0023. As shown, the image sensor 100 includes a second 
metal layer having M2 conductors disposed in a dielectric 
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material 110. For some embodiments, the second metal layer 
can be etched into the shape of the M2 conductors and the M2 
conductors can be planarized by polishing. The dielectric 
material 110 can be deposited and/or grown to fill the gaps 
between the M2 conductors. The dielectric material 110 can 
insulate the M1 metal conductors from the M2 metal conduc 
tors. The dielectric material 110 can be any insulator such as 
an oxide. For some embodiments, the dielectric material can 
be a silicon oxide. The M2 conductors can be made of a 
material suitable for conductors M1. 

0024. Additionally, filters are disposed over the layer 
defined by dielectric material 110. The filters can be aligned 
with photosensitive elements such that a filter 116 is aligned 
with the photosensitive element 102, a filter 118 is aligned 
with the photosensitive element 104, and a filter 120 is 
aligned with the photosensitive element 106. The dashed lines 
130 indicate the alignment of the filters with the photosensi 
tive elements. 

0025. The color filters 116,118, and 120 can be made from 
any suitable material. One Suitable material is an acrylic— 
such as polymethylmethacrylate (PMMA) or polyglycidyl 
methacrylate (PGMA) that has been pigmented or dyed. 
Other photoresist-type materials that can be dyed or pig 
mented can also be used for color filters. 

0026. In some embodiments, micro-lenses are disposed 
over the filters. As shown a micro-tens 122 is disposed over 
the filter 116, a micro-lens 124 is disposed over the filter 118, 
and a micro-lens 126 is disposed over the filter 120. The 
micro-lenses are arranged to focus incident light upon the 
photosensitive elements such that the micro-lens 122 focuses 
incident light upon the photosensitive element 102, the 
micro-lens 124 focuses incident light upon the photosensitive 
element 104, and the micro-lens 126 focuses incident light 
upon the photosensitive element 106. The micro-lenses, fil 
ters, and other layers can be disposed using any Suitable 
deposition, etching, masking technique as well as planariza 
tion, heating, reflow, chemical vapor deposition (CVD). 
plasma enhanced chemical vapor deposition (PECVD), or 
other Suitable technique. 
0027. Image sensors are conventionally made using layers 
in the pixel stack that are substantially flat. In accordance with 
the present disclosure, a reflector has a complex shape (Such 
as a concave, convex, or trapezoidal shape) having multiple 
angles of reflection that reflect and focus incident light 
towards the photosensitive element, Reflector 140 reflects 
light towards photodiode 102, reflector 142 reflects light 
towards photodiode 104, and reflector 144 reflects light 
towards photodiode 106. 
0028. To illustrate, incident light 150 that is not absorbed 
by photodiode 102 impinges reflector 140 and is reflected 
upwards such that the incident light enters photodiode 102 for 
a second time to increase the probability that the light will be 
absorbed. The complex shape of the reflector has multiple 
angles of reflection Such the light is more generally reflected 
towards a central portion of the photodiode. The potential 
path of the light for the second time in the photodiode is 
generally longer than the path traversed by the light during the 
first traversal (thus even further increasing the chance for 
absorption). 
0029. Although the reflector may be, for example, 
described as having a convex shape in a cross-section, it is 
understood that a curved convex shape can be approximated 
using a plurality of flat surfaces (such as by a trapezoidal 
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cross-section). The formation and operation of the reflector is 
described in greater detail below with respect to the following 
Figures. 
0030 FIG. 2 is an illustration of a cross-section of a 
sample sensor array of backside illuminated (BSI) pixel of an 
image sensor. Array 200 includes pixels 210, 220, and 230. 
Structure 200 typically contains at least thousands of pixels 
and often contains more thana million pixels. Three pixels are 
shown for the purpose of clarity. Each pixel can be separated 
from other pixels by, for example, a shallow-trench isolation 
(STI) structure 205. 
0031. Each pixel includes metallization layers that are 
separated by dielectric layers. A primary dielectric layer com 
prises the reflectors 270. The reflectors 270 can be formed 
using frontside or backside processing as described below 
(with respect to FIGS. 3-5). Other (interlayer) dielectric lay 
ers that include, for example, three layers of metallization for 
electrical connectivity. 
0032. The pixels of array 200 are typically arranged in a 
two-dimensional array Such that an electronic image can be 
formed in response to incident light (240) being captured by 
a photodiode 207 in each pixel. Each pixel can have a filter 
250 (including color filters and infra-red filters) such that the 
electronic image can be used to capture color images or 
increase the sensitivity of the pixel to certain wavelengths of 
light, for example. 
0033 Each pixel can also have a micro-lens 260 associ 
ated with each pixel such that the incident light is more 
directly guided into the pixel. As shown, incident light 240 
(which illuminates pixel 220 from the backside) traverses the 
micro-lens 260 and a color filter 250, which allows light of the 
selected color to pass through. The light traverses Substrate 
209 of the pixel and enters photodiode 207. In the example the 
light is not absorbed by photodiode 207 and enters layer 202 
where the light is reflected by reflector 270. The light is 
directed towards photodiode 207 to be absorbed (e.g. 
detected). 
0034 FIG. 3 is an illustration in cross-section of a sample 
process for forming a reflector in a concave (female) Surface. 
FIG. 3A includes a substrate 310 upon which a mask 320 is 
patterned. A wet etch (such as buffered hydrofluoric acid) can 
be used to isotropically etch substrate 310 (such as a silicon 
Substrate). The isotropic etch results in a concave-shaped 
surface 330 having rounded sidewalls. The mask 320 can be 
removed using an etch that is selective to the mask. 
0035 FIG. 3B shows the concave-shaped surface 330 
formed within substrate 310. A reflective layer 340 is confor 
mally deposited across the face of concave-shaped Surface 
330. The reflective layer 340 is typically a reflective metal 
such as aluminum or tungsten. The reflective layer 340 can be 
patterned and etched so as to selectively conduct electricity 
(e.g., as in a ground plane). 
0036 FIG. 3C illustrates a deposition layer 350 (such as 
polycrystalline silicon) in which photodiode 360 is formed. 
As illustrated, incident light 1370 passes through photosen 
sitivity diode 360 without being absorbed. The incident light 
370 encounters the reflective layer 340 and is reflected 
towards the photodiode 360 for absorption by the photodiode 
360. 

0037. It can be seen that the process disclosed above can 
be performed using “frontside' processing, where the reflec 
tor is formed on the “backside' of the photodiode (as illus 
trated by element 140 of FIG. 1). The process can be per 
formed using “backside' processing, where the reflector is 

Aug. 6, 2009 

formed above (e.g., on the frontside of) the photodiode (as 
illustrated by element 270 of FIG. 2). 
0038 FIG. 4 is an illustration in cross-section of a sample 
process for forming a reflector in a concave trapezoidal cav 
ity. FIG. 4A includes a substrate 410 upon which a mask 420 
is patterned. An anisotropic wet etch (such as tetramethilyam 
monium hydroxide) can be used to anisotropically etch Sub 
strate 410 (such as a silicon substrate), which results in a 
trapezoidal shape 430 (due to differing directional etching 
rates of the silicon crystal substrate). The mask 420 can be 
removed using an etch that is selective to the mask. 
0039 FIG. 4B illustrates the trapezoidal cavity 430 that is 
formed within substrate 410. A reflective layer 440 is confor 
mally deposited across the face of trapezoidal shape 430. The 
reflective layer 440 is typically a reflective metal such as 
aluminum or tungsten. The reflective layer 440 can be pat 
terned and etched so as to selectively conduct electricity (e.g., 
as in a ground plane). 
0040 FIG. 4C illustrates a deposition layer 450 (such as 
polycrystalline silicon) in which photodiode 460 is formed. 
As illustrated, incident light 470 passes through photodiode 
460 without being absorbed. The incident light 470 encoun 
ters the reflective layer 440 and is reflected towards the pho 
todiode 460 to be absorbed by the photodiode 460. 
0041. It can be seen that the process disclosed above can 
be performed using “frontside' processing, where the reflec 
tor is formed on the “backside of the photodiode (as illus 
trated by element 140 of FIG. 1). The process can be per 
formed using “backside' processing, where the reflector is 
formed above (e.g., on the frontside of) the photodiode (as 
illustrated by element 270 of FIG. 2). 
0042 FIG. 5 is an illustration of a sample process for 
forming a reflector on a convex (male) surface. FIG. 5A is a 
cross-section view that includes a substrate 510 upon which a 
mask 520 is patterned. FIG. 5F is a top-view of FIG. 5A 
showing the aperture 530 as, for example, an annular shape 
(“racetrack”). A wet etch (such as buffered hydrofluoric acid) 
can be used to isotropically etch substrate 510 (such as a 
silicon Substrate), which results in a concave-shaped Surface 
530 having rounded sidewalls. The mask 520 is removed 
using an etch that is selective to the mask, which shows a 
Surface, in cross-section, having a center portion with rela 
tively sharp edges as shown in cross-section in FIG. 5B. 
0043. In FIG. 5C, an etch is applied to the surface of the 
substrate of FIG. 5B. The etch “rounds off the relatively 
sharp edges of the Surface, which results in a rounded convex 
shaped surface 535. A reflective layer 540 can be non-con 
formally deposited across the face of convex-shaped Surface 
535. The reflective layer 540 is typically a reflective metal 
such as aluminum or tungsten. The reflective layer 540 can be 
patterned and etched so as to selectively conduct electricity 
(e.g. as in a ground plane). 
0044 FIG. 5D illustrates the operation of the convex 
reflector. As illustrated, incident light 570 passes through 
photodiode 560 without being absorbed. The incident light 
570 is reflected back by the reflective layer 540 towards the 
photodiode 560 to be detected by the photodiode 560. 
0045. In another embodiment, the reflective layer can be 
conformally coated. FIG.5E illustrates a reflective layer 580 
that is conformally deposited across the face of convex 
shaped substrate. A planarization layer 590 can be added to 
planarize the Surface of the resulting structure and to insulate 
the metal of the reflective layer. The reflector formed by the 
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conformally coated reflective layer 580 functions similarly to 
the reflector described in FIG.SD. 
0046. It can be seen that the process disclosed herein can 
be performed using “frontside' processing, but where the 
pixel is illuminated from the “backside' of the photodiode (as 
illustrated by element 270 of FIG. 2). The process can be 
performed using “backside' processing, where the pixel is 
illuminated from the frontside of the photodiode (as illus 
trated by element 140 of FIG. 1). 
0047. The above description of illustrated embodiments of 
the invention, including what is described in the Abstract is 
not intended to be exhaustive or to limit the invention to the 
precise forms disclosed. While specific embodiments of and 
examples for, the invention are described herein for illustra 
tive purposes, various modifications are possible within the 
scope of the invention as those skilled in the relevantan will 
recognize. 
0.048. These modifications can be made to the invention in 
light of the above detailed description. The terms used in the 
following claims should not be construed to limit the inven 
tion to the specific embodiments disclosed in the specifica 
tion. Rather, the scope of the invention is to be determined 
entirely by the following claims, which are to be construed in 
accordance with established doctrines of claim interpretation. 

1. An image sensor, comprising: 
an array of pixels formed using a Substrate, wherein a 

plurality of the pixels each have: 
a substrate having an incident side for receiving incident 

light; 
a photosensitive region formed in the Substrate; and 
a reflector having a complex-shaped surface that is 

formed in an interior portion of the substrate that is 
opposed to the incident side Such that light incident on 
the complex-shaped surface of the reflector is 
reflected towards the photosensitive region. 

2. The apparatus of claim 1, wherein the complex-shaped 
Surface is convex. 
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3. The apparatus of claim 1, wherein the complex-shaped 
Surface is concave. 

4. The apparatus of claim 1, wherein the complex-shaped 
Surface is trapezoidal. 

5. The apparatus of claim 1, wherein the complex-shaped 
Surface is convex and conformally coated. 

6. The apparatus of claim 1, wherein the complex-shaped 
Surface is convex and is non-conformally coated. 

7. The apparatus of claim 1, wherein the reflector is formed 
before the photosensitive region is formed. 

8. The apparatus of claim 1, wherein the photosensitive 
region is formed before the reflector is formed. 

9. The apparatus of claim 1, wherein the reflector has a 
convex complex-shaped surface that is formed before the 
photosensitive region. 

10. The apparatus of claim 1, wherein the reflector has a 
concave complex-shaped surface that is formed before the 
photosensitive region. 

11. The apparatus of claim 1, wherein the reflector has a 
trapezoidal complex-shaped surface that is formed before the 
photosensitive region. 

12. The apparatus of claim 1, wherein the image sensor 
comprises a frontside illuminated imager and wherein the 
reflector has a concave complex-shaped Surface that is 
formed during frontside processing. 

13. The apparatus of claim 1, wherein the image sensor 
comprises a frontside illuminated imager and wherein the 
reflector has the complex-shaped surface that is formed dur 
ing backside processing. 

14. The apparatus of claim 1, wherein the image sensor 
comprises a backside illuminated imager and wherein the 
reflector has a convex complex-shaped Surface that is formed 
during frontside processing. 

15-20. (canceled) 
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