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(57) ABSTRACT 

Methods, methods of making, devices, and systems for image 
sensors that include isolation regions are disclosed. A semi 
conductor imager includes a pixel array and peripheral cir 
cuitry arranged on at least one side of the pixel array. Array 
devices are formed as part of the pixel array and periphery 
devices are formed in the periphery. Array isolation regions 
are disposed around at least a portion of at least some of the 
array devices and periphery isolation regions are disposed 
around at least a portion of at least Some of the periphery 
devices. Within the semiconductor imager, the periphery iso 
lation regions are configured differently from the array isola 
tion regions. The semiconductor image sensor may be 
included in as part of an imaging system that includes a 
processor. 
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DUAL SOLATION FOR IMAGE SENSORS 

FIELD OF THE INVENTION 

0001 Embodiments of the present invention relate to 
semiconductor devices. More particularly, embodiments of 
the present invention relate to complementary metal oxide 
semiconductor (CMOS) image sensors. 

BACKGROUND OF THE INVENTION 

0002 Many systems include imaging devices to sense and 
capture optical images that can be electronically converted to 
a digital representation of the image. These image sensors 
include an array of photo-sensitive devices such as photo 
diodes, photo-transistors, photoconductors, or photogates, 
fabricated on, for example, a complementary metal oxide 
semiconductor (CMOS) device. The photo-sensitive devices 
are arranged as an array of pixel cells in a focal plane. Each 
photo-sensitive device is sensitive to light in Such a way that 
it can create an electrical charge that is proportional to the 
intensity of light striking the photo-sensitive device. The 
overall image captured by an image sensor includes many 
pixels arranged in an array Such that each pixel detects the 
light intensity at the location of that pixel. A single pixel may 
include a single photo-sensitive device configured for detect 
ing abroad frequency range, which may be used for gray scale 
images. In addition, a pixel may be defined as a single photo 
sensitive device configured for detecting a specific color (i.e., 
frequency). Finally, a pixel may be defined as a group of 
photo-sensitive devices arranged near each other wherein 
different devices within the group are configured for detect 
ing different colors. Thus, a full color image may be detected 
with the proper combination of color sensing pixels. 
0003. Many conventional CMOS imagers include isola 
tion regions around devices in the pixel array and isolation 
regions around devices in a periphery region outside of the 
pixel array. These isolation regions may assist in preventing 
leakage current between the various devices. Particularly 
with imagers, it is important to reduce leakage currents that 
may adversely affect the charge collected on photodiodes. 
This leakage current to photodiodes may manifest as dark 
current or as a coupling between adjacent pixels. 
0004 Isolation regions may be formed in different ways. 
For example, shallow trench isolation (STI) regions have 
been used, doped regions have been used, and a Local Oxi 
dation of Silicon (LOCOS) process has been used. Each of 
these isolation types may have benefits and disadvantages. 
For example, a common problem associated with the forma 
tion of STI regions is that, when ions are implanted in the 
substrate close to the bottom and edges or sidewalls of the 
trench, current leakage can occur at the junction between the 
active device regions and the trench resulting in "hot pixels.” 
(i.e., pixels that may appear brighter than other pixels). Mini 
mizing hot pixels and dark current in a photodiode is impor 
tant in CMOS image sensor fabrication. However, isolation 
between pixels and various devices in the pixel array is also 
important. As a result, in many cases, isolation regions are a 
trade off between hot pixel effects and coupling between 
adjacent devices. Furthermore, a type of isolation that is 
advantageous for pixel array devices may not be as advanta 
geous for devices in the periphery logic. 
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0005. There is a need for image sensors with isolation 
regions in the pixel array that differ from isolation regions in 
the periphery around the pixel array. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006. In the drawings, which illustrate embodiments for 
carrying out the invention: 
0007 FIG. 1 is a simplified block diagram of a CMOS 
image sensor in accordance with a representative embodi 
ment of the invention; 
0008 FIG. 2 is a top plan view illustrating an example of 
a possible layout of a sensor array and peripheral circuitry in 
accordance with an embodiment of the invention; 
0009 FIG. 3A is a top plan view illustrating an example 
layout of a single pixel sensor in accordance with an embodi 
ment of the invention; 
0010 FIG. 3B is a circuit diagram of the pixel sensor of 
FIG. 3A: 
0011 FIG.3C is a cross-sectional view of the pixel sensor 
of FIG. 3A along section line A-A; 
0012 FIG. 4 is a top plan view illustrating example layouts 
of transistors in accordance with an embodiment of the inven 
tion; 
(0013 FIG.5 is a cross-sectional view of the layout of FIG. 
4 along section line B-B; 
0014 FIGS. 6A-6C are cross-sectional views of structures 
along section lines C-C of FIG. 4 that may be used in accor 
dance with embodiments of the invention; 
(0015 FIGS. 7A-7C are cross-sectional views illustrating 
process stages used in accordance with an embodiment of the 
invention; and 
0016 FIGS. 8A-8C are cross-sectional views illustrating 
process stages used in accordance with another embodiment 
of the invention; 
(0017 FIGS. 9A-9C are cross-sectional views illustrating 
process stages used in accordance with another embodiment 
of the invention; and 
0018 FIG. 10 is a simplified imaging system block dia 
gram including an image sensor formed according to embodi 
ments of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0019 Embodiments of the present invention comprise 
methods, devices, and systems for image sensors that include 
isolation regions in the pixel array that differ from isolation 
regions in the periphery around the pixel array. 
0020. An embodiment of the present invention comprises 
a semiconductor imager that includes a sensor array and 
peripheral circuitry arranged on at least one side of the sensor 
array. The sensor array includes a plurality of pixels arranged 
in rows and columns and each pixel includes one or more 
array isolation regions configured to Substantially isolate a 
first array-circuit-element from a second array-circuit-ele 
ment. The peripheral circuitry includes one or more periphery 
isolation regions configured to isolate a first peripheral-cir 
cuit-element from a second peripheral-circuit-element. 
Within the semiconductor imager, the periphery isolation 
regions are configured differently from the array isolation 
regions. 
0021. Another embodiment of the present invention com 
prises a method of isolating circuit elements in a semicon 
ductor imager. The method includes isolating array devices 
that are formed as part of a pixel array and isolating periphery 
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devices that are formed outside of the pixel array. Isolation of 
the array devices is performed with array isolation regions 
disposed around at least a portion of at least Some of the array 
devices. Isolation of the periphery devices is performed with 
periphery isolation regions disposed around at least a portion 
of at least some of the periphery devices. In addition, the array 
isolation regions are formed differently from the periphery 
isolation regions. 
0022. Another embodiment of the present invention com 
prises a method of forming a semiconductor imager. The 
method includes providing a semiconductor Substrate. Array 
devices are formed on the semiconductor Substrate in a pixel 
array region and periphery devices are formed on the semi 
conductor Substrate in at least one periphery region bordering 
the pixel array region. The method also includes forming 
array isolation regions in the pixel array region and forming 
periphery isolation regions in the periphery regions. In addi 
tion, the periphery isolation regions differ in configuration 
from the array isolation regions. 
0023 Yet another embodiment, in accordance with the 
present invention, comprises an imaging system including a 
semiconductor imager and a memory operably coupled to the 
semiconductor imager. The memory is configured for storing 
a digital representation of an image captured by the semicon 
ductor imager. The semiconductor imager includes a sensor 
array and peripheral circuitry arranged on at least one side of 
the sensor array. The sensor array includes a plurality of 
pixels arranged in rows and columns and each pixel includes 
one or more array isolation regions configured to substan 
tially isolate a first array-circuit-element from a second array 
circuit-element. The peripheral circuitry includes one or more 
periphery isolation regions configured to isolate a first periph 
eral-circuit-element from a second peripheral-circuit-ele 
ment. Within the semiconductor imager, the periphery isola 
tion regions are configured differently from the array 
isolation regions. 
0024. In the following detailed description, reference is 
made to the accompanying drawings which form a part 
hereof, and in which is shown by way of illustration specific 
embodiments in which the invention may be practiced. These 
embodiments are described in sufficient detail to enable those 
skilled in the art to practice the invention, and it is to be 
understood that other embodiments may be utilized, and that 
structural, logical and electrical changes may be made with 
out departing from the spirit and scope of the present inven 
tion. 

0025. In this description, circuits and functions may be 
shown in block diagram form in order not to obscure the 
present invention in unnecessary detail. Conversely, specific 
circuit implementations shown and described are exemplary 
only and should not be construed as the only way to imple 
ment the present invention unless specified otherwise herein. 
Additionally, block definitions and partitioning of logic 
between various blocks is exemplary of a specific implemen 
tation. It will be readily apparent to one of ordinary skill in the 
art that the present invention may be practiced by numerous 
other partitioning Solutions. For the most part, details con 
cerning timing considerations and the like have been omitted 
where such details are not necessary to obtain a complete 
understanding of the present invention and are within the 
abilities of persons of ordinary skill in the relevant art. 
0026. Some drawings may illustrate signals as a single 
signal for clarity of presentation and description. It will be 
understood by a person of ordinary skill in the art that the 
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signal may represent a bus of signals, wherein the bus may 
have a variety of bit widths and the present invention may be 
implemented on any number of data signals including a single 
data signal. 
0027. The terms “wafer and “substrate are to be 
understood as a semiconductor-based material including sili 
con, silicon-on-insulator (SOI) or silicon-on-sapphire (SOS) 
technology, doped and undoped semiconductors, epitaxial 
layers of silicon Supported by a base semiconductor founda 
tion, and other semiconductor structures. Furthermore, when 
reference is made to a “wafer or “substrate in the follow 
ing description, previous process steps may have been uti 
lized to form regions or junctions in or over the base semi 
conductor structure or foundation. In addition, the 
semiconductor need not be silicon-based, but may be based 
on silicon-germanium, Silicon-on-insulator, silicon-on-Sap 
phire, germanium, or gallium arsenide, among others. 
(0028. The term “pixel” refers to a picture element unit 
cell containing a photosensor and transistors for converting 
electromagnetic radiation to an electrical signal. For purposes 
of illustration, a representative pixel is illustrated in the fig 
ures and description herein and, typically, fabrication of all 
pixels in an imager will proceed simultaneously in a similar 
fashion. 

0029 FIG. 1 is a simplified block diagram of a semicon 
ductor imager 100 in accordance with an embodiment of the 
invention. The imager includes a sensor array 200, a row 
decoder 110, a column decoder 120, and a controller 130. The 
sensor array 200 (which may also be referred to as an array of 
pixels) includes photo-sensitive devices such as photodiodes, 
photo-transistors, photoconductors, and photogates fabri 
cated on, for example, a complementary metal oxide semi 
conductor (CMOS) device. Each photo-sensitive device is 
sensitive to light in Such a way that it can create an electrical 
charge that is proportional to the intensity of light striking the 
photo-sensitive device. The overall image captured by the 
sensor array 200 includes many pixels arranged in an array 
Such that each pixel detects the light intensity at the location 
of that pixel. 
0030. As stated earlier, a single pixel may include a single 
photo-sensitive device configured for detecting a broad fre 
quency range, which may be used for gray scale images. In 
addition, a pixel may be defined as a single photo-sensitive 
device configured for detecting a specific color (i.e., fre 
quency). Finally, a pixel may be a group of photo-sensitive 
devices arranged near each other wherein different devices 
within the group are configured for detecting different colors. 
Thus, a full color image may be detected with an appropriate 
combination of color sensing pixels. The term pixel as used 
herein may refer to a single photo-sensitive device for detect 
ing a broad range of frequencies, a single photo-sensitive 
device for detecting a narrow frequency band, or a combina 
tion of photo-sensitive devices configured to capture a color 
image at the location of the pixel. The pixels of the sensor 
array 100 are arranged in individually addressable rows and 
columns such that the row decoder 110 can address each row 
of the sensor array 200 and the column decoder 120 can 
address each column of the sensor array 200. While not illus 
trated with connections, it will be understood by those of 
ordinary skill in the art that the controller 130 may control 
functions of many or all of the other blocks within the image 
sensor. For example, the controller 130 may control the expo 
Sure of the sensor array 200 (i.e., capturing an image) and the 
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sequencing of the row decoder 110 and column decoder 120 
to read out the analog values at each pixel location within the 
sensor array 200. 
0031 While not limited to a certain sequence, generally, 
the row decoder 110 selects a specific row and the column 
decoder 120 then receives every pixel in the selected row in 
parallel. The column decoder 120 can then sequence through 
each pixel within the selected row to determine the charge on 
each pixel. 
0032. As the pixels are each individually addressed, the 
resulting analog signal from each pixel may be sequentially 
directed from the column decoder 120 to an analog to digital 
converter 140. The analog to digital converter 140 converts 
the analog signal for each pixel to a digital signal representing 
the intensity of light at that pixel. 
0033. The digital signal for each pixel may be directed 
through a pixel processor 150. The pixel processor 150 may 
perform a number of functions on the pixel being processed. 
By way of example, and not limitation, if a pixel is identified 
as including an anomaly or defect, the value for the pixel may 
be replaced with a new value. For example, the value may be 
replaced by the value of a neighboring pixel or an average 
value from a number of neighboring pixels. In addition, other 
signal processing functions, such as, for example, filtering 
and compression may be performed by the pixel processor 
150. 
0034. After processing, the current pixel may be trans 
ferred to an input/output (I/O) port 160 for transmission out of 
the semiconductor imager 100. The I/O port 160 may include 
storage to save up values from a number of pixels such that 
pixel values may be transferred out of the semiconductor 
imager 100 in a parallel or serial fashion. 
0035 FIG. 2 is a top plan view illustrating an example of 
a possible layout of a semiconductor imager 100 including a 
sensor array 200 and peripheral circuitry 190 in accordance 
with an embodiment of the invention. The sensor array 200 
includes the area of the semiconductor imager 100 where the 
pixels are formed and may be referred to herein as a pixel 
array region 200. Bordering the pixel array region 200 is the 
periphery region 190. The periphery region 190 may include 
peripheral circuitry, such as, for example, row decoders, col 
umn decoders, analog signal processing circuitry, analog to 
digital converters, input/output circuitry, and input/output 
pads. The configuration illustrated in FIG. 2 is simplified and 
shown as an example layout. Furthermore, while FIG. 2 illus 
trates periphery regions 190 on all sides of the pixel array 
region 200, those of ordinary skill in the art will recognize that 
the periphery regions 190 may be present on one or more 
sides of the pixel array region 200. 
0036) A brief discussion of a possible pixel configuration 

is included to give a basic understanding of the types of 
devices that may be present in the pixel array region 200 and 
how they may be isolated. FIGS. 3A-3C illustrate various 
views of an example implementation of a pixel 210 using a 
photodiode 220 and a 4-transistor control structure for the 
pixel 210. Those of ordinary skill in the art will recognize that 
the present invention may be practiced with a wide variety of 
pixel structures other than the one illustrated in FIGS. 3A-3C 
and may include devices not shown, such as, for example 
resistors, capacitors, photoconductors, phototransistors and 
photogates. FIG.3A is a top plan view illustrating an example 
layout of the pixel sensor 210 in accordance with an embodi 
ment of the invention. FIG.3B is a circuit diagram of the pixel 
sensor 210 of FIG. 3A. Finally, FIG. 3C is a cross-sectional 
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view of the pixel sensor 210 of FIG. 3A along section line 
A-A. The pixel sensor 210 includes a photodiode 220, a 
transfer transistor 230, a floating diffusion region 240, a reset 
transistor 250, a source follower transistor 260, and a row 
select transistor 270. 
0037. In operation, the reset transistor 250 may be enabled 
to place the floating diffusion region 240 to a known potential, 
Such as Substantially near the potential of the Vaa Voltage 
source. Either before or after initializing the floating diffusion 
region 240, the photodiode 220 may be exposed to light to 
convert photons to electrons in the photodiode region 220. 
The transfer transistor 230 is enabled to transfer the charge 
collected by the photodiode 220 onto the floating diffusion 
region 240. The floating diffusion region 240 is coupled to the 
gate of the source follower transistor 260 such that the charge 
on the floating diffusion region 240 is converted to a signal at 
the drain of the source follower transistor 260, wherein the 
signal is proportional to the charge on the floating diffusion 
region 240. The row select transistor 270 may be enabled to 
allow the signal at the drain of the source follower transistor 
260 to be presented on the Vout signal. 
0038. The cross-section of FIG. 3C also illustrates isola 
tion regions 310. The isolation region 310 on the right side of 
FIG. 3C assists in isolating the photodiode region 220 from 
any other devices in the pixel array. Similarly, the isolation 
region 310 on the left side of FIG. 3C assists in isolating the 
floating diffusion node 240 from other devices in the pixel 
array. Although not illustrated, those of ordinary skill in the 
art will recognize that the isolation regions may substantially 
surround the diffusion regions of the photodiode and diffu 
sion regions of other devices in the pixel array. 
0039 FIGS. 4 and 5 illustrate isolation regions substan 

tially Surrounding devices, such as, for example, transistors in 
both the pixel array region 200 and the periphery region 190. 
For simplicity, most of the figures and discussion presented 
herein are directed to n-channel transistors on a p-type Sub 
strate. However, those of ordinary skill in the art will recog 
nize the embodiments of the present invention may include 
isolation structures for other devices, such as, for example, 
p-channel transistors, resistors, capacitors, photoconductors, 
and photogates. With a p-type Substrate, the p-channel 
devices may be formed in an n-well and the isolation struc 
tures discussed herein may beformed within the n-well rather 
than the p-type substrate. Also, an n-type Substrate, with 
p-wells may be used as is known by those of ordinary skill in 
the art. 
0040 FIG. 4 is a top plan view illustrating example layouts 
of transistors in both the periphery region 190 and the pixel 
array region 200. Although FIGS. 4-9C illustrate only a por 
tion of the substrate with a single device in the periphery 
region 190 and one or two devices in the pixel array region 
200, those of ordinary skill in the art will recognize that these 
figures and their corresponding descriptions contemplate the 
Substantially simultaneous formation of many devices and 
isolation structures at various locations in the periphery 
region 190 and pixel array region 200. 
0041 FIG. 5 is a cross-sectional view of the layout of FIG. 
4 along section line B-B. As stated earlier, a type of isolation 
region that is advantageous for pixel array devices may not be 
as advantageous for devices in the periphery around the array. 
When discussing isolation regions 310, the element number 
ing follows a convention of appending an 'A' to indicate that 
the isolation region 310 is in the array region 200, or a “P” to 
indicate the isolation region 310 is in the periphery region 
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190. Furthermore, the element number may include an addi 
tional indicator such as “S” to indicate an STI region type of 
isolation, an “L” to indicate a LOCOS type of isolation, or a 
“D” to indicate a diffusion type of isolation. 
0042. In FIGS. 4 and 5, a periphery transistor is formed by 
gate 340P crossing n-type diffusion regions 350 to form an 
n-channel transistor. This periphery transistor includes an 
isolation region 310P surrounding the diffusion regions 350. 
While illustrated as completely surrounding the diffusion 
regions, embodiments of the present invention may include 
isolation on only some sides of the transistor. FIGS. 4 and 5 
also illustrate a top gate 340A1 crossing n-type diffusion 
regions 350 to forman n-channel transistor in the pixel array 
region 200 and a bottom gate 340A crossing n-type diffusion 
regions 350 to form another n-channel transistor in the pixel 
array region 200. These array transistors includes an isolation 
region 310A surrounding the diffusion regions 350. While 
illustrated as completely Surrounding the diffusion regions, 
embodiments of the present invention may include isolation 
on only some sides of the transistors in the pixel array region 
2OO. 

0043. As illustrated in FIG. 5, an insulating layer 330 for 
example, silicon oxide may be grown or deposited on the 
substrate 300. This insulating layer 330 serves as the gate 
oxide or dielectric layer for the subsequently formed transis 
tors. Next, a layer of conductive material is deposited over the 
oxide layer 330. The conductive layer (340A and 340P) 
serves as the gate electrode for the transistors. The conductive 
layer may be a layer of doped polysilicon or other suitable 
material. A second insulating layer (not shown) may be 
deposited over the polysilicon layer (340A and 340P). The 
second insulating layer may be formed of for example, an 
oxide (SiO), a nitride (silicon nitride), an oxynitride (silicon 
oxynitride), ON (oxide-nitride). NO (nitride-oxide), or ONO 
(oxide-nitride-oxide). 
0044 FIG.5 illustrates isolation regions (310P and 310A) 
formed at certain depths within the substrate 300. An example 
of a need for isolation between devices may be illustrated in 
FIG.4, by discussing the region between the top gate 340A1 
of the top transistor in the pixel array region 200 and the 
bottom gate 340A2 of the bottom transistor in the pixel array 
region 200. Without isolation in this region, the area between 
these two transistors may behave somewhat like a transistor 
such that when one or both gates (340A1 and 340A2) are 
asserted and there is a potential Voltage bias difference 
between the diffusion areas 350, an inversion layer causing a 
Small amount of conduction may occur between the diffusion 
areas 350 of the top transistor and the bottom transistor. An 
isolation region between the diffusion areas 350 of these two 
transistors will help to eliminate the potential inversion layer 
and minimize this possible conduction or leakage. 
0045. As discussed earlier, different types of isolation may 
have different advantages and shortcomings. As a result, iso 
lation that is advantageous for devices in the pixel array 
region 200 may not be as advantageous for devices in the 
periphery region 190. For example, a common issue associ 
ated with the formation of STI regions is that, when ions are 
implanted in the Substrate close to the bottom and edges or 
sidewalls of the trench, current leakage can occur at the junc 
tion between the active device regions and the trench resulting 
in “hot pixels.” (i.e., pixels that may appearbrighter than other 
pixels). In addition, the dominant crystallographic planes 
along the bottom and sidewalls of the trench isolation regions 
have a higher silicon density than the adjacent silicon Sub 
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strate and, therefore, create a high density of trap sites along 
the trench bottom and sidewalls. These trap sites are normally 
uncharged but may become charged when electrons and holes 
become trapped in the trap sites. As a result of these trap sites 
formed along the bottom and sidewalls of the trench isolation 
regions, current generation near and along the trench bottom 
and sidewalls may occur. Current generated from trap sites 
inside or near the photodiode depletion region may cause 
undesired dark current. Minimizing hot pixels and dark cur 
rent in a photodiode is important in CMOS image sensor 
fabrication. However, isolation between pixels and various 
devices in the pixel array is also important. As a result, 
embodiments of the present invention may use STI regions of 
a certain depth in the pixel array region 200 and STI regions 
of a different depth in the peripheral region 190. 
0046. As another example, LOCOS isolation or diffusion 
isolation may provide sufficient isolation between devices in 
the pixel array region 200, but may not be deep enough into 
the substrate to provide sufficient isolation in the periphery 
region 190 or may not allow Small enough isolation regions 
(e.g., tight geometries) in the periphery region 190, adversely 
effecting packing density. Conversely, in some cases it may 
be more advantageous to include STI isolation in the pixel 
array region 200 with LOCOS isolation or diffusion isolation 
in the periphery region 190. 
0047. Therefore, embodiments of the present invention 
contemplate all combinations of isolation regions wherein the 
isolation regions 310P in the periphery region differ from the 
isolation regions 310A in the array region 200. For example 
these combinations may include STI regions of a first depth, 
STI regions of a second depth, LOCOS isolation regions, and 
diffusion isolation regions. 
0048 FIGS. 6A-6C are cross-sectional views of structures 
along section lines C-C of FIG. 4 that may be used in accor 
dance with embodiments of the invention. FIG. 6A illustrates 
a periphery gate 340P over oxide 330 to form an n-channel 
region360 in the periphery region 190. Bordering the n-chan 
nel region360 are periphery isolation regions 310PS formed 
as STI regions of a first depth D1. In the array region 200, 
array gate 340A over oxide 330 forms an n-channel region 
360. Bordering the n-channel region 360 are array isolation 
regions 310AS formed as STI regions of a second depth D2. 
0049 FIG. 6B illustrates a periphery gate 340Pover oxide 
350 to forman n-channel region360 in the periphery region 
190. Bordering the n-channel region360 are periphery isola 
tion regions 310PS formed as STI regions. In the array region 
200, array gate 340A over oxide 350 forms an n-channel 
region 360. Bordering the n-channel region 360 are array 
isolation regions 310AL formed as LOCOS regions. 
0050 FIG. 6C illustrates a periphery gate 340Pover oxide 
330 to forman n-channel region360 in the periphery region 
190. Bordering the n-channel region360 are periphery isola 
tion regions 310PS formed as STI regions. In the array region 
200, array gate 340A over oxide 330 forms an n-channel 
region 360. Bordering the n-channel region 360 are array 
isolation regions 310AD formed as diffusion regions of 
heavily doped p-type material. Of course, if the transistor was 
formed as a p-channel transistor in an N-well (or N-Sub 
strate), the isolation region 310AD would be formed as a 
diffusion region of heavily doped n-type material. 
0051. As stated earlier, other combinations of isolation 
regions may be used. Thus, while FIGS. 6A-6C illustrate only 
STI regions in the periphery, with different combinations in 
the array, combination with LOCOS regions or doped regions 
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in the periphery are contemplated within the scope of the 
invention. These other combinations may be easily derived 
from the discussion herein by a person of ordinary skill in the 
art and need not be described in detail. 
0052 FIGS. 7A-9C are cross-sectional views illustrating 
process stages used for various embodiments of the invention. 
For simplicity, only process steps involved in forming the 
isolation regions are illustrated. Those of ordinary skill in the 
art will recognize other process steps involved in forming 
devices on the wafer may occur before, after, or in conjunc 
tion with the process steps involved in forming the isolation 
regions. 
0053 FIGS. 7A-7C are cross-sectional views illustrating 
process stages used in accordance with an embodiment of the 
invention that uses STI regions in the periphery region 190 
and STI regions of a different depth in the array region 200. 
Trench isolation regions may be formed by etching trenches 
into the substrate 300 to provide a physical barrier between 
adjacent devices and to isolate devices optically and electri 
cally from one another. 
0054) The example shown in FIGS. 7A-7C illustrate 
deeper trenches in the periphery region 190 than the trenches 
in the array region 200. By way of example, and not limita 
tion, the periphery trenches 315PS may be about 3000 ang 
stroms deep and the array trenches 315AS may be about 
500-1500 angstroms deep. While not shown, embodiments of 
the present invention may have the deeper trenches in the 
array region 200 with shallower trenches in the periphery 
region 190. 
0055 FIG. 7A illustrates the process for forming STI 
trenches in the array region 200. The substrate 300 is covered 
with a barrier oxide layer 305 and a patterning layer 360. 
Typically, the barrier oxide may be a grown oxide. The pat 
terning layer 360 may be a hard mask material. Such as silicon 
nitride or siliconoxide material formed over the barrier oxide 
layer 305. Although, for simplicity, the process is described 
illustrating the patterning layer 360 formed over the barrier 
oxide layer 305, it should be understood that the barrier oxide 
layer 305 need not be present. The patterning layer 360 and 
barrier oxide layer 305 are coated with resist, photo-pat 
terned, and etched to expose areas of the substrate where 
trenches are to be formed. Then, the trenches 315AS are 
etched to the second depth D2. The trenches may be etched by 
employing a dry anisotropic or other etching process. After 
the array trenches 315AS are formed, the photoresist 370 is 
stripped by conventional techniques, such as wet or dry etch 
1ng. 
0056 FIG. 7B illustrates the process for forming STI 
trenches in the periphery region 190. The nitride patterning 
layer 360' and barrier oxide layer 305 are again coated with 
resist, photo-patterned, and etched to expose areas of the 
substrate where the periphery trenches are to be formed. 
Then, the trenches 315PS are etched to the first depth D1. 
After the periphery trenches 315PS are formed, photoresist 
370 is removed by conventional techniques, such as wet or 
dry etching. Of course, the order of forming the array trenches 
315AS first and the periphery trenches 315PS second may be 
reversed. 

0057. As illustrated in FIG. 7C, with trenches formed in 
the periphery region 190 and the array region 200, the 
trenches may be filled with a dielectric, such as, for example, 
a silicon oxide such as SiO or SiO2, a thermally grown oxide, 
oxynitride, a nitride material Such as silicon nitride, silicon 
carbide, a high temperature polymer, or other Suitable dielec 
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tric materials and combinations thereof. For example, the 
trench isolation region may include a thin layer of insulating 
material formed on the sidewalls and bottom of the trench. 
The thin insulating layer may beformed ofathermally grown 
oxide or of silicon nitride oran oxide/nitride combination, for 
example, to aid in Smoothing out the corners in the bottom of 
the trench and to reduce the amount of stress in the dielectric 
material used to later fill in the trenches. The remaining trench 
area may be filled with a silicon oxide or other suitable mate 
rial with a process such as chemical vapor deposition (CVD). 
The filled trenches 315AS and 315PS are then planarized by 
an etch-back process, or Chemical-Mechanical Planarization 
(CMP) process for example, so that the dielectric remains 
only in the trenches and their top surface remains level with, 
or slightly above, that of the substrate 300. After the trenches 
(315AS, 315PS) are filled, the barrier oxide 305 and pattern 
ing nitride layer 360 are removed by conventional techniques, 
such as wet or dry etching. The result is periphery STI regions 
310PS and array STI regions 310AS. 
0058 FIGS. 7A-7C illustrate the filing of the array 
trenches 315AS and periphery trenches 315PS at the same 
time. However, the two different types of trenches may be 
filled separately. In other words, the periphery trenches 
315PS may be filled after they are patterned and etched and 
the array trenches 315AS may be filled after they are pat 
terned and etched. 

0059 FIGS. 8A-8C are cross-sectional views illustrating 
process stages used in accordance with another embodiment 
of the invention that uses STI regions in the periphery region 
190 and LOCOS regions in the array region 200. 
0060 FIG. 8A illustrates the process for forming STI 
trenches in the periphery region 190. The substrate 300 is 
covered with a barrier oxide layer 305 and a patterning layer 
360. Typically, the barrier oxide may be a grown oxide. The 
patterning layer 360 may be a hard mask material. Such as 
silicon nitride or silicon oxide material formed over the bar 
rier oxide layer 305. Although, for simplicity, the process is 
described illustrating the patterning layer 360 formed over the 
barrier oxide layer 305, it should be understood that the 
barrier oxide layer 305 need not be present. The patterning 
layer 360 and barrier oxide layer 305 are coated with resist, 
photo-patterned, and etched to expose areas of the Substrate 
where trenches are to be formed. Then, the trenches 315PS 
are etched. The trenches may be etched by employing a dry 
anisotropic or otheretching process. After the trenches 315PS 
are formed, the photoresist 370 is removed by conventional 
techniques, such as wet or dry etching. With trenches formed 
in the periphery region 190, the trenches may be filled with a 
dielectric and planarized as is explained above. Then, the 
barrier oxide layer 305 and nitride patterning layer 360 are 
removed by conventional techniques. Such as wet or dry etch 
1ng 

0061 FIG. 8B illustrates the formation of LOCOS isola 
tion regions in the array region 200. The substrate 300 is 
covered with a barrier oxide layer 305 and a second patterning 
layer 360". Typically, the barrier oxide may be a deposited 
oxide. The patterning layer360" may be a hard mask material, 
such as silicon nitride or silicon oxide material formed over 
the barrier oxide layer 305. The patterning layer 360" and 
barrier oxide layer 305 are coated with resist, photo-pat 
terned, and etched to expose areas of the substrate where 
LOCOS regions are to be formed. With the substrate exposed 
in selected regions, the photoresist 370 is removed by con 
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ventional techniques, and the LOCOS regions 310AL may be 
formed of thermally grown oxide in the exposed regions. 
0062. As illustrated in FIG. 8C, after the LOCOS regions 
310AL are formed, the barrier oxide layer 305 and patterning 
layer 360" are removed by conventional techniques, such as 
wet or dry etching. 
0063 FIGS. 8A-8C illustrate the formation of the periph 
ery STI structures 310PS first and the formation of the array 
LOCOS regions 310AL second. Of course, these steps may 
occur in the opposite order. 
0064 FIGS. 9A-9C are cross-sectional views illustrating 
process stages used in accordance with another embodiment 
of the invention that uses STI regions in the periphery region 
190 and doped regions in the array region 200. 
0065 FIG. 9A illustrates the process for forming STI 
trenches in the periphery region 190. The substrate 300 is 
covered with a barrier oxide layer 305 and a patterning layer 
360. Typically, the barrier oxide may be a grown oxide. The 
patterning layer 360 may be a hard mask material. Such as 
silicon nitride or silicon oxide material formed over the bar 
rier oxide layer 305. Although, for simplicity, the process is 
described illustrating the patterning layer 360 formed over the 
barrier oxide layer 305, it should be understood that the 
barrier oxide layer 305 need not be present. The patterning 
layer 360 and barrier oxide layer 305 are coated with resist, 
photo-patterned, and etched to expose areas of the Substrate 
where trenches are to be formed. Then, the trenches 315PS 
are etched. The trenches may be etched by employing a dry 
anisotropic or otheretching process. After the trenches 315PS 
are formed, the photoresist 370 is removed by conventional 
techniques, such as wet or dry etching. With trenches formed 
in the periphery region 190, the trenches may be filled with a 
dielectric and planarized as is explained above. After the 
trenches 315PS are filled, the barrier oxide 305 and patterning 
nitride layer 360 are removed by conventional techniques, 
Such as wet or dry etching. 
0066 FIG.9B illustrates the formation of doped regions 
310AD in the array region 200. The substrate 300 is covered 
with a barrier oxide layer 305 and a patterning layer 370. 
Typically, the barrier oxide may be a deposited oxide. The 
patterning layer 370 may be a photoresist layer formed over 
the barrier oxide layer 305. As with the other embodiments, it 
should be understood that the barrier oxide layer 305 need not 
be present. The patterning layer 370 is developed and baked 
to expose areas of the Substrate where doped regions are to be 
formed. 
0067. With the substrate exposed in selected regions, the 
doped regions 310AD may be formed by implantation of a 
p-type dopant through the open regions in the patterning layer 
370. By way of example, and not limitation, the p-type dopant 
may be boron, beryllium, indium, or magnesium. As stated 
earlier, isolation regions may be formed around p-channel 
devices also. For the case of p-channel devices, the doped 
regions 310AD may beformed with n-type dopant. By way of 
example, and not limitation, the n-type dopant may be phos 
phorus, arsenic, or antimony 
0068. As illustrated in FIG. 9C, after the doped regions 
310AD are formed, the barrier oxide layer 305 and patterning 
layer 370 are removed by conventional techniques, such as 
wet or dry etching. 
0069 FIGS. 9A-9C illustrate the formation of the periph 
ery STI structures 310PS first and the formation of the doped 
regions 310AD second. Of course, these steps may occur in 
the opposite order. Furthermore, those of ordinary skill in the 
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art will recognize that the doped isolation regions 310AD 
may also be formed after poly gate deposition. 
(0070 While only illustrated with one type of isolation in 
the periphery and another type of isolation in the array, those 
of ordinary skill in the art will understand that embodiments 
of the present invention may include more than one type of 
isolation in the periphery and more than one type of isolation 
in the array. 
0071 FIG. 10 illustrates an imaging system 400 including 
a semiconductor imager 100 containing isolation devices 
according to the present invention. The imaging system 400 
includes a processor 430 for receiving and modifying digital 
representations of images from the semiconductor imager 
100. The imaging system 400 may also include an optical 
receiver 410 for channeling, focusing, or modifying incident 
energy 420, being visible light in one case, to present an 
optical image to the image sensor. For example, the optical 
receiver 410 may include a lens 415 for focusing the incident 
energy 420 onto the semiconductor imager 100. 
0072 The imaging system 400 may include a communi 
cation interface 460 for transmitting and receiving data and 
control information. Finally, the imaging system 400 may 
include memory (440 and 450) in the form of local storage 
440 and removable storage 450, such as, for example, Flash 
memory, magnetic recording media and optical recording 
media. 
0073. Without being limiting, such an imaging system 400 
may include systems such as a computer system, camera 
system, scanner, machine vision, videophone, Surveillance 
system, auto focus system, image stabilization system, and 
data compression system. 
0074 Although this invention has been described with 
reference to particular embodiments, the invention is not 
limited to these described embodiments. Rather, the inven 
tion is limited only by the appended claims, which include 
within their scope all equivalent devices or methods that 
operate according to the principles of the invention as 
described. 

1. A semiconductor imager, comprising: 
a sensor array comprising a plurality of pixels arranged in 

rows and columns, each pixel of the plurality including 
at least one array isolation region configured to Substan 
tially isolate a first array-circuit-element from a second 
array-circuit-element; and 

peripheral circuitry arranged on at least one side of the 
sensor array, the peripheral circuitry including at least 
one periphery isolation region configured to isolate a 
first peripheral-circuit-element from a second periph 
eral-circuit-element, wherein the at least one periphery 
isolation region differs in configuration from the at least 
one array isolation region. 

2. The semiconductor imager of claim 1, wherein each of 
the first array-circuit-element and the second array-circuit 
element are selected from the group consisting of a photo 
diode, a photoconductor, a photogate, a transistor, and a 
capacitor. 

3. The semiconductor imager of claim 1, wherein the at 
least one periphery isolation region includes a shallow trench 
isolation structure. 

4. The semiconductor imager of claim 3, wherein at least 
one additional periphery isolation region includes one or 
more structures selected from the group consisting of a 
p-type doped region, an n-type doped region, and a LOCOS 
region. 
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5. The semiconductor imager of claim 3, wherein the at 
least one array isolation region includes one or more struc 
tures selected from the group consisting of a STI region with 
a depth different from the STI region of the at least one 
periphery isolation region, a p-type doped region, an n-type 
doped region, and a LOCOS region. 

6. The semiconductor imager of claim 1, wherein the at 
least one periphery isolation region includes a LOCOS 
region. 

7. The semiconductor imager of claim 6, wherein at least 
one additional periphery isolation region includes one or 
more structures selected from the group consisting of a p-type 
doped region, an n-type doped region, and a STI region. 

8. The semiconductor imager of claim 6, wherein the at 
least one array isolation region includes one or more struc 
tures selected from the group consisting of a p-type doped 
region, an n-type doped region, and a STI region. 

9. The semiconductor imager of claim 1, wherein the at 
least one periphery isolation region includes a doped region. 

10. The semiconductor imager of claim 9, wherein at least 
one additional periphery isolation region includes one or 
more structures selected from the group consisting of a 
LOCOS region, and a STI region. 

11. The semiconductor imager of claim 9, wherein the at 
least one array isolation region includes one or more struc 
tures selected from the group consisting of a LOCOS region, 
and a STI region. 

12. The semiconductor imager of claim 9, wherein the 
doped region is selected from the group consisting of a p-type 
doped region and an n-type doped region. 

13. A method of isolating circuit elements in a semicon 
ductor imager, comprising: 

isolating array devices formed as part of pixel array with 
array isolation regions disposed around at least a portion 
of at least Some of the array devices; and 

isolating periphery devices formed outside of the pixel 
array with periphery isolation regions disposed around 
at least a portion of at least some of the periphery 
devices; 

wherein the array isolation regions are formed differently 
from the periphery isolation regions. 

14. The method of claim 13, wherein: 
isolating the array devices is performed using first STI 

structures disposed around at least a portion of at least 
Some of the array devices; and 

isolating the periphery devices is performed using second 
STI structures disposed around at least a portion of at 
least some of the periphery devices, wherein the second 
STI structures have a depth that differs from a depth of 
the first STI structures. 

15. The method of claim 13, wherein: 
isolating the array devices is performed using STI struc 

tures disposed around at least a portion of at least some 
of the array devices; and 

isolating the periphery devices is performed using LOCOS 
structures disposed around at least a portion of at least 
some of the periphery devices. 

16. The method of claim 13, wherein: 
isolating the array devices is performed using STI struc 

tures disposed around at least a portion of at least some 
of the array devices; and 

isolating the periphery devices is performed using doped 
regions around at least a portion of at least some of the 
periphery devices. 
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17. The method of claim 13, wherein: 
isolating the array devices is performed using LOCOS 

structures disposed around at least a portion of at least 
Some of the array devices; and 

isolating the periphery devices is performed using STI 
structures disposed around at least a portion of at least 
some of the periphery devices. 

18. The method of claim 13, wherein: 
isolating the array devices is performed using LOCOS 

structures disposed around at least a portion of at least 
Some of the array devices; and 

isolating the periphery devices is performed using doped 
regions around at least a portion of at least Some of the 
periphery devices. 

19. The method of claim 13, wherein: 
isolating the array devices is performed using doped 

regions around at least a portion of at least Some of the 
array devices; and 

isolating the periphery devices is performed using STI 
structures disposed around at least a portion of at least 
some of the periphery devices. 

20. The method of claim 13, wherein: 
isolating the array devices is performed using doped 

regions around at least a portion of at least Some of the 
array devices; and 

isolating the periphery devices is performed using LOCOS 
structures disposed around at least a portion of at least 
some of the periphery devices. 

21. A method of forming a semiconductor imager, com 
prising: 

providing a semiconductor Substrate; 
forming array devices on the semiconductor Substrate in a 

pixel array region and forming periphery devices on the 
semiconductor Substrate in at least one periphery region 
bordering the pixel array region; 

forming array isolation regions in the pixel array region of 
the semiconductor Substrate; and 

forming periphery isolation regions in the at least one 
periphery region, wherein the periphery isolation 
regions differ in configuration from the array isolation 
regions. 

22. The method of claim 21, wherein: 
forming the periphery isolation regions comprises forming 

periphery trenches to a first depth and filling the periph 
ery trenches with an oxide material; and 

forming the array isolation regions comprises forming 
array trenches to a second depth and filling the array 
trenches with the oxide material, wherein the second 
depth differs from the first depth. 

23. The method of claim 22, wherein filling the array 
trenches and filling the periphery trenches occurs at Substan 
tially the same time. 

24. The method of claim 21, wherein: 
forming the periphery isolation regions comprises forming 

periphery trenches and filling the periphery trenches 
with an oxide material; and 

forming the array isolation regions comprises forming 
doped regions. 

25. The method of claim 24, wherein forming the doped 
regions comprises an operation selected from the group con 
sisting of implanting a p-type dopant, implanting an n-type 
dopant, and combinations thereof. 
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26. The method of claim 21, wherein: 
forming the periphery isolation regions comprises forming 

periphery trenches and filling the periphery trenches 
with an oxide material; and 

forming the array isolation regions comprises forming 
LOCOS regions by thermal growth of another oxide 
material. 

27. The method of claim 21, wherein: 
forming the periphery isolation regions comprises forming 

doped regions; and 
forming the array isolation regions comprises forming 

array trenches and filling the array trenches with an 
oxide material. 

28. The method of claim 27, wherein forming the doped 
regions comprises an operation selected from the group con 
sisting of implanting a p-type dopant, implanting an n-type 
dopant, and combinations thereof. 

29. The method of claim 21, wherein: 
forming the periphery isolation regions comprises forming 

doped regions; and 
forming the array isolation regions comprises forming 
LOCOS regions by thermal growth of an oxide material. 

30. The method of claim 29, wherein forming the doped 
regions comprises an operation selected from the group con 
sisting of implanting a p-type dopant, implanting an n-type 
dopant, and combinations thereof. 

31. The method of claim 21, wherein: 
forming the periphery isolation regions comprises forming 
LOCOS regions by thermal growth of an oxide material; 
and 

forming the array isolation regions comprises forming 
periphery trenches and filling the periphery trenches 
with another oxide material. 

32. The method of claim 21, wherein: 
forming the periphery isolation regions comprises forming 
LOCOS regions by thermal growth of an oxide material; 
and 
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forming the array isolation regions comprises forming 
doped regions. 

33. The method of claim 32, wherein forming the doped 
regions comprises an operation selected from the group con 
sisting of implanting a p-type dopant, implanting an n-type 
dopant, and combinations thereof. 

34. The method of claim 21, wherein forming the array 
devices comprises forming devices selected from the group 
consisting of photodiodes, photoconductors, photogates, 
transistors, capacitors, and combinations thereof. 

35. An imaging system, comprising: 
a semiconductor imager, comprising: 

a sensor array comprising a plurality of pixels arranged 
in rows and columns, each pixel of the plurality 
including at least one array isolation region config 
ured to Substantially isolate a first array-circuit-ele 
ment from a second array-circuit-element; and 

peripheral circuitry arranged on at least one side of the 
sensor array, the peripheral circuitry including at least 
one periphery isolation region configured to isolate a 
first peripheral-circuit-element from a second periph 
eral-circuit-element, wherein the at least one periph 
ery isolation region differs in configuration from the 
at least one array isolation region; and 

a memory operably coupled to the semiconductor imager 
and configured for storing a digital representation of an 
image captured by the sensor array. 

36. The imaging system of claim 35, further comprising an 
optical receiver configured to receive and modify incident 
light and present the modified light to the sensor array. 

37. The imaging system of claim 35, further comprising: 
a processor operably coupled to the semiconductor imager; 

and 
a communication interface operably coupled to the proces 

Sor and configured for communicating the digital repre 
sentation to an external device. 

c c c c c 
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