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METHOD AND STRUCTURE FOR REDUCING 
LEAKAGE CURRENTS OF ACTIVE AREA DIODES 

AND SOURCE/DRAIN DIFFUSIONS 

TECHNICAL FIELD 

0001. The invention relates generally to methods for 
providing isolation between adjacent regions of an inte 
grated circuit and more particularly to methods of reducing 
current leakage from an active region to a field oxide region 
in a circuit, Such as an image Sensor circuit. 

BACKGROUND ART 

0002 Complementary metal-oxide-Semiconductor 
(CMOS) technology is used in the design and fabrication of 
integrated circuits for many types of applications. CMOS 
technology uses n-type transistors (NMOS) and p-type tran 
sistors (PMOS) that are formed by doping selected regions 
of a Substrate and by forming layers on the Substrate. A 
p-type material, Such as boron, may be introduced to a bulk 
Silicon Substrate in a blanket ion implantation Step. Field 
oxide regions and n-type regions may then be formed using 
well known integrated circuit fabrication techniques. Simi 
larly, the processes for depositing conductive and dielectric 
layerS on the Substrate to complete the circuit are known. 
0003. One general area for applying CMOS technology 
that has received significant attention is image capture and 
processing. Imaging applications include Video, Still pho 
tography, and navigation that is based upon optical detec 
tion. Linear or two-dimensional arrays of pixels are formed 
along the Surface of the Substrate, with each pixel periodi 
cally generating a signal having a current or Voltage level 
that is indicative of the intensity of light incident to that 
pixel. A typical three-transistor pixel 10 that is used in 
current CMOS image sensors is shown in FIG. 1. Sensors 
that use this technology are often referred to as CMOS active 
pixel Sensors (APS). A timing diagram for the operation of 
the three-transistor pixel 10 is shown in FIG. 2. In typical 
operation, a node N1 is set to a predetermined voltage V. 
(which may be different than the circuit operating voltage 
V) by turning on an n-channel reset transistor 12. The State 
of the reset transistor is determined by controlling a reset 
voltage (V). In FIG. 2, V goes high at time TO, 
causing the node N1 to ramp to V. At time T1, the reset 
transistor 12 is turned off and photoelectrons are generated 
by the incident light on a photodiode 14. The photoelectrons 
are injected into node N1, reducing the Voltage on that node 
by value of Vsense-Vaa’-(photoxTilluminate/CN1). In this 
equation, In, is the photocurrent induced by the incident 
light, Tia is the illumination time period and CN is the 
capacitance on node N1. Both V and V can in prin 
ciple be read out of the pixel through a source-follower 16 
by activating a row-select transistor 18. In a two-dimen 
Sional array of pixels, there typically are row-select transis 
tors and column-Select transistors that allow the pixels to be 
Sequentially Sampled. The row-select transistor 18 is acti 
vated by manipulating a row-select (RS) signal. The illumi 
nation on the pixel is then proportional to V-V= 
IXTinia/CN. Persons skilled in the art refer to this 
operation as Correlated Double Sampling (CDS). Sampling 
occurs at time T2 before Ti and time T3 during 
Tia. The pixel is reset at time T4, Since V is caused 
to go high. 
0004 One of the major problems of using CMOS tech 
nology in imaging Sensors is the relatively large dark current 
intrinsic to the CMOS process. A significant cause of the 
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large dark current is the reverse-bias diode leakage in the 
photodiode 14 of a pixel, as well as in the Source diffusion 
of the MOS field effect transistor (MOSFET) 12 connected 
to the photodiode. The diode leakage is often dominated by 
the edge leakage currents. Furthermore, in deep-Submicron 
generations of CMOS technology, this leakage current will 
only increase and take major engineering efforts to Suppress. 
0005. The physical layout of the CMOS APS pixel 10 of 
FIG. 1 will be described with reference to FIGS. 3, 4 and 
5. FIG. 3 is a top view of the circuit layout of the APS pixel 
of FIG. 1, showing the various layers and diffusion regions. 
FIG. 4 is a top view that isolates the active area diode of 
FIG. 3, while FIG. 5 is a side sectional view of FIG. 4. The 
active area diode is illustrated as being an n+/p diode 
fabricated in a p-Substrate or p-well. However, the descrip 
tions of the operations and problems apply equally to a p--/n 
diode in an n-SubStrate or n-well. The pn-junction of the 
diode 14 is defined by the p-substrate or p-well 20, which 
will be referred to as the p-layer. Electrical connections 22 
and 24 to the diode are formed by depositing layers that are 
in contact with an n+ region 26 and a p-- region 28, 
respectively. The n+ region 26 may be formed by ion 
implantation or other doping techniques into the active area 
that is identified as the photodiode 14 in FIG. 3. The active 
area is delineated by a field oxide (FOX) region 30. Typi 
cally, the FOX region is a thick layer of silicon dioxide 
(SiO2) that electrically isolates the active area from other 
regions of the Substrate, which is typically a Silicon Sub 
Strate. There are Several well known processes for forming 
the FOX. Any of the processes may be used to form the FOX 
of FIGS. 3-5. However, each of the known processes is 
Susceptible to the formation of a high density of defects at 
the edges of the FOX. The defects are primarily due to 
mechanical StreSS effects and contamination. The high den 
sity of defects located within the pn-junction diode's deple 
tion region contributes to the high reverse-bias leakage 
current found at the field-edge of the diode. There has been 
much research and development regarding providing pro 
ceSS Steps (Such as oxide deposition, etching and annealing) 
that minimize the edge leakage. However, the edge leakage 
problem is expected to become worse as the CMOS process 
is applied at the deep-Submicron level. 
0006 Referring specifically to FIGS. 1 and 3, the gates 
of the three transistors 12, 16 and 18 are formed by a 
patterned polysilicon layer. The polysilicon layer is identi 
fied by hatching in FIG. 3. The reset transistor 12 has a gate 
32, the row-select transistor 18 has a gate 34, while the 
transistor 16 has a gate 36 that is electrically coupled to the 
N1 node 22. The source/drain regions of the three transistors 
are formed by diffusions using the appropriate dopants. AS 
can be seen in FIGS. 1 and 3, the transistors 16 and 18 have 
Source/drain regions that are formed by a common diffusion 
region 38. 

0007 Dark current in the CMOS APS pixel 10 with an 
active area photodiode 14 is caused mainly by the photo 
diode leakage, which bleeds charge from the node 22 (N1). 
This reduces the Voltage on the node, even when the reset 
transistor 12 is turned off during the illumination time 
T. Therefore, the diode leakage produces an offset in 
the differential Voltage produced by the illumination, given 
by Vid-(Ihst--I dark)xTilluminate/CN. For low light illumi 
nation, it is possible for I to be approximately the same 
as I. Thus, the dark current limits the dynamic range of 
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the image Sensor. Dark current reduction has usually been 
addressed by attempting to lower the intrinsic diode leakage 
of the CMOS technology via processing steps. This mini 
mization of the diode leakage characteristics is very difficult 
in advanced deep-submicron CMOS technologies that use 
advanced field oxide formation techniques and have much 
higher doping concentrations in the diode. 
0008 Field-edge leakage can also be a significant prob 
lem at the transistor level of the pixel 10. Each of the three 
MOSFETs 12, 16 and 18 is formed by growing a thin gate 
oxide over the active area of the transistor and then forming 
the gates 32, 34 and 36 by patterning Strips of polysilicon 
over the thin gate oxide. The n+ dopant is implanted after the 
gates have been formed. For each transistor, two Separate 
n+/p diodes are then simply the Source and drain diffusions 
in combination with the p+ contact. Because the Source and 
drain diffusions are delineated by field oxides on three sides, 
they have the same field-edge leakage problem as the 
isolated n+/p diode. 
0009. There have been attempts to isolate active compo 
nents of two complementary transistors. One Such attempt is 
described in U.S. Pat. No. 5,847.433 to Kerber, which is not 
related to imaging applications. In order to produce isolated 
active regions of a CMOS circuit, a field plate is formed and 
doped jointly with wells located between the field plate. 
Therefore, the field plate includes an n-doped region and a 
p-doped region, as well as a boundary region between the 
two doped regions. Each doped region is electrically con 
nected to the well that is located beneath it. As a result, a flat 
band condition prevails at the Substrate surface. While the 
Kerber method provides an improvement, dark current leak 
age is still a problem, particularly in imaging applications. 
0.010 What is needed is an integrated circuit fabrication 
method that is applicable to imaging applications and that 
provides further reductions in the edge leakage component 
of diodes and Source/drain diffusions of MOSFETs. 

SUMMARY OF THE INVENTION 

0.011) A fabrication method for providing isolation 
between regions of an integrated circuit includes forming a 
guard layer on a peripheral portion of at least one of two 
adjacent regions of a Substrate, So that when dopant is 
introduced into the Substrate, an intermediate transition Strip 
is left substantially dopant-free. The transition strip inhibits 
current leakage from an active region to an adjacent region, 
which is preferably a field oxide region. In the preferred 
embodiment, the active region is an active area diode, Such 
as the one used in an Active Pixel Sensor (APS) pixel. Also 
in the preferred embodiment, the guard layer is a conductive 
material that is connected to a Source of a bias Voltage. For 
an APS pixel, the biased guard layer blocks the doping of the 
active area diode during fabrication and effectively blockS 
edge leakage current during circuit operation, as long as the 
guard layer is biased below the threshold voltage of the 
MOS system in which it is formed. The use of some process 
technologies will require bias in accumulation. 
0012. In one embodiment, the guard layer is formed of a 
patterned conductive material (Such as polysilicon) on the 
peripheral portion of the active region. The guard layer 
extends across the peripheral portion to at least the edge of 
the adjacent field oxide region. Optionally, the guard layer 
extends onto a peripheral portion of the field oxide region, 
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thereby relaxing the alignment tolerances. The overlap of the 
guard layer onto the active area will depend upon factors 
Such as the alignment Specifications of the photolithography 
tools used in the fabrication technology, but will typically be 
about the Same as the Overlap of the guard layer onto the 
field oxide region, if Such an overlap is utilized. Since 
depositing polysilicon is a Standard part of a CMOS circuit, 
Such a modification of the existing active area diode is 
relatively simple to accomplish. 
0013 In an alternative application, the guard layer is 
patterned conductive material that extends along the inter 
face between a source/drain region of a MOSFET and a field 
oxide region. The dopant-free transition Strip that is formed 
by using the guard layer as a shield in a Subsequent Step of 
introducing dopant into the Source/drain region isolates the 
doped region from the field oxide region. In this embodi 
ment, the guard layer is preferably formed of polysilicon and 
is Simultaneously formed with and connected to the gate of 
the MOSFET. When the gate is biased to a high voltage (i.e., 
the MOSFET is turned on), there will be an inversion layer 
generated under the guard layer, thereby extending along the 
interface of the Source/drain region and the field oxide edge. 
Optionally, the guard layer may be patterned about both of 
the Source/drain regions. Connecting the polysilicon guard 
layer to the gate of the MOSFET has advantages with regard 
to fabrication simplicity. However, the practice may result in 
an unacceptable leakage level (due to the gate-edge leakage) 
and/or an unacceptable increase in Source/drain capacitance. 
In addition, because of the Standard overlap of the gate 
region onto the Source/drain regions, gate-to-Source/drain 
capacitance will increase. If the extra leakage or capacitance 
is problematic, it is possible to Separate the gate polysilicon 
from the polysilicon guard layer. In this case, the polysilicon 
guard layer should be biased by another contact. 
0014. In a third embodiment, the guard layer is used for 
MOSFETS that share diffusions. MOSFETS that share a 
common diffusion are often used in CMOS circuits to lower 
the total layout area. By depositing the guard layer along the 
interface between an adjacent field oxide region and a 
common diffusion region, edge leakage is reduced. In this 
embodiment, the guard layer may be connected to one of the 
gates of the two MOSFETs, but not both, unless the two 
gates are tied to the Same circuit node. For applications in 
which the two transistors are operated Separately, the guard 
layer may be connected to one of the two gates or may be 
connected to a separate contact. 
0015. An advantage of the invention is that depositing the 
guard layer prior to introducing the dopant into an active 
region provides control over edge leakage without signifi 
cantly diverging from existing fabrication techniques. In the 
preferred embodiment, the guard layer is formed of poly 
Silicon that is formed at the same time as the gates of the 
transistors. The guard layer has the same thickneSS as the 
gates and preferably has the same width, but this is not 
critical. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a schematic of a three-transistor CMOS 
Active Pixel Sensor (APS) pixel for use in imaging appli 
cations. 

0017 FIG. 2 is a timing diagram for the three signals 
controlled in the operation of the APS pixel of FIG. 1. 
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0.018 FIG. 3 is a top view of a prior art circuit layout of 
layers and diffusion regions for forming the APS pixel of 
FIG. 1. 

0019 FIG. 4 is a top view of a simplification of the 
photodiode of the APS pixel of FIGS. 1 and 3. 
0020 FIG. 5 is a side sectional view of the photodiode of 
FIG. 4, taken along lines 5-5. 
0021 FIG. 6 is a top view of a circuit layout of layers and 
diffusion regions for forming the APS pixel of FIG. 1, but 
with a leakage-control guard layer in accordance with one 
embodiment of the invention. 

0022 FIG. 7 is a top view of the photodiode of FIG. 6. 
0023 FIG. 8 is a side sectional view of the photodiode of 
FIG. 7, taken along lines 8-8. 
0024 FIG. 9 is a top view of a simplification of a 
transistor in accordance with the prior art. 
0025 FIG. 10 is a side sectional view of the prior art 
transistor of FIG. 9, taken along lines 10-10. 
0026 FIG. 11 is a top view of the transistor of FIG. 9, 
but with a guard layer formed in accordance with an 
embodiment of the invention. 

0027 FIG. 12 is a side sectional view of the transistor of 
FIG. 11, taken along lines 12-12. 
0028 FIG. 13 is a top view of the transistor of FIG. 9, 
but with a guard layer in accordance with another embodi 
ment of the invention. 

0029 FIG. 14 is a top view of a simplification of adjacent 
MOSFETs that share a common diffusion in accordance 
with the prior art. 
0030 FIG. 15 is a top view of one embodiment of 
forming a guard region along the common diffusion of FIG. 
14 in accordance with the invention. 

0031 FIG. 16 is a top view of another embodiment of 
forming a guard layer for the common diffusion of FIG. 14 
in accordance with the invention. 

0032 FIG. 17 is a top view of a circuit layout of layers 
and diffusion regions for forming an overlay photodiode in 
accordance with the prior art. 
0033 FIG. 18 is a side sectional view of the prior art 
device of FIG. 17, taken along lines 18-18. 
0034 FIG. 19 is a top view of a circuit layout of the 
layers and diffusion regions of FIG. 17, but with a guard 
layer in accordance with the invention. 
0035 FIG. 20 is a side sectional view of the device of 
FIG. 19, taken along lines 20-20. 
0.036 FIG. 21 is a process flow of steps for forming the 
circuits in accordance with the invention. 

DETAILED DESCRIPTION 

0037 AS previously noted, one of the major problems of 
using CMOS technology in imaging Sensors, Such as those 
used in Video, Still photography and optical navigation, is 
that the CMOS process has a relatively large inherent dark 
current. One of the major causes of the large dark current is 
the reverse-bias diode leakage in the photodiode. This diode 
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leakage is dominated in many cases by edge leakage cur 
rents. The invention that will be described with reference to 
FIGS. 6-8 will address this cause. Another cause is the 
reverse-bias diode leakage in the Source/drain diffusions of 
MOSFETs connected to the photodiode. The means of 
addressing this cause of the large dark current will then 
follow. 

0038. With reference to FIG. 6, the circuit layout that is 
shown is consistent with the circuit layout of FIG. 3. 
However, a guard layer 40 (shown as being hatched) has 
been incorporated into the fabrication of the photodiode 14. 
The guard layer is preferably formed of polysilicon at the 
same time that the three polysilicon gates 32, 34 and 36 are 
formed. Since the incorporation of the guard layer does not 
affect the Schematic representation of the electrical circuit, 
the reference numerals that were used in FIGS. 1 and 3 are 
also used in FIG. 6. The polysilicon guard layer 40 is 
formed before the dopant is introduced into the active area 
of the photodiode. Therefore, the polysilicon guard layer 
will block the n+implant, leaving a transition Strip below the 
portion of the guard layer that overlaps the region Sur 
rounded by the field oxide 30. 
0.039 FIGS. 7 and 8 correspond to FIGS. 4 and 5, but 
include the polysilicon guard layer 40. The transition strip 
42 that is substantially dopant free can be seen in FIG. 8. 
The polysilicon guard layer 40 is illustrated as being depos 
ited on a portion of the gate oxide layer that is used in 
forming the gates of the three transistors. This provides 
further compatibility between the conventional steps of 
forming the transistor gates and the Steps for forming the 
guard layer. However, other approaches may be utilized. For 
example, if the guard layer 40 is to be allowed to have a 
“floating” potential, rather than being biased, the portion of 
the gate oxide layer 41 below the guard layer 40 may be 
eliminated. This would short the guard layer to the n+ region 
26. 

0040. As seen in FIG. 6, the guard layer 40 connects to 
the gate 32 of the reset transistor 12. During the illumination 
period, the gate of the reset transistor is at 0 volts (as 
indicated in the timing diagram of FIG. 2). The bias of the 
guard layer provides a reduction in dark current. For CMOS 
processes that do not exhibit the expected leakage current 
reduction at 0 volts, it is possible to bias the guard layer 40 
at a lower Voltage, So as to bring the underlying Silicon into 
accumulation. This may be performed by Separating the 
guard layer from the gate 32 and providing a separate 
electrical connection to a fixed Source of a negative Voltage. 
Alternatively, the reset transistor 12 may be driven to a 
negative gate Voltage, rather than a 0 Voltage. In either case, 
the Simple circuit layout technique mitigates the need of 
extensive and expensive technology development to ensure 
low dark current in CMOS APS pixels 10. 
0041. During fabrication, the polysilicon guard layer 40 
blocks the implantation of dopant, as indicated by the 
transition strip 42 in FIG. 8. During operation, the guard 
layer is biased below the threshold voltage of the MOS 
System in which it is formed. Consequently, the n+ region 26 
will be electrically and structurally isolated from the field 
oxide edge 30. It follows that the edge component of diode 
leakage will be reduced. How much of a reduction of 
leakage current that is obtained will depend on the exact 
processing StepS used to fabricate the diode 14. This is 
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because at a typical guard layer bias of 0 Volts, there is a 
depletion region under the polysilicon that can Still allow 
leakage current as a result of field-edge defects. However, as 
noted above, if leakage currents are not Sufficiently reduced, 
it is possible to bias the polysilicon So as to bring the 
underlying Substrate region into accumulation. In this case, 
there should be no contribution to leakage from the field 
edge defects. 
0042. The overlap of the guard layer onto the active area 
diode 14 will depend upon the alignment Specifications of 
the photolithography tools used in the technology. Typically, 
the overlap will be approximately the same as the overlap 
length of the guard layer onto the field oxide region 30. 
0043. A comparison of FIGS. 5 and 8 shows that the use 
of the guard layer 40 reduces the area of the n+ region 26. 
Consequently, the sensitivity to light will be reduced. If one 
wants to retain the same active diode area, the Structure of 
the diode can be increased in size. 

0044) While the guard layer has been described as being 
formed of polysilicon, this is not critical. Other materials 
may be substituted. Preferably, the material is conductive, so 
that it can be biased below the threshold voltage of the MOS 
System. However, the use of a dielectric guard layer provides 
Some of the advantages of the polysilicon guard layer, if it 
blocks the dopant implantation during the fabrication pro 
ceSS. Also in the preferred embodiment, the guard layer is 
not removed after the dopant implantation Step, but appli 
cations in which the guard layer is removed have been 
contemplated. 

0045 Similar to the active area diode, the MOSFET 
diffusions that form the Source/drain regions of the transis 
tors can benefit from the use of a guard layer over the 
field-edge that forms their boundaries. The conventional 
MOSFET transistor is shown in FIGS. 9 and 10. A MOS 
FET 44 is formed by growing a thin gate oxide 46 over the 
active area of the transistor. A layer of polysilicon is then 
formed over the gate oxide 46 by material deposition and 
pattern etching. This provides the gate 48 of the MOSFET. 
The source/drain regions 50 and 52 are then formed by 
implantation of an n+ dopant that extends to a field oxide 
region 54. Contacts 56 and 58 may be patterned to reside on 
the Source/drain regions. A p+ layer 60 is also shown in 
FIGS. 9 and 10. 

0046. As a result of the fabrication process, two separate 
n+/p diodes 62 and 64 are formed, with the source/drain 
regions providing the n+ contact and the Substrate 66 pro 
Viding the p contact. Because the Source and drain diffusions 
are delineated on three sides by the FOX 54, they have the 
Same field-edge leakage problem as the active area diode 
described above. Referring now to FIGS. 11 and 12, the 
formation of the gate oxide 46 and the polysilicon that forms 
the gate 48 can be extended to provide a guard layer 68 
around the drain region 52 of the transistor 44. While the 
illustration shows the guard layer as being applied only to 
the drain region, it is possible to achieve the same benefits 
for the source region 50 if the guard layer is patterned over 
the edge of the source region along the FOX 54. Optionally, 
the guard layer can be formed about both of the Source/drain 
regions. 
0047. By forming the guard layer 68 prior to introducing 
the dopant into the source/drain regions 50 and 52, a 
transition strip 70 that is substantially free of dopant is 
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formed at the edge of the FOX 54. This provides the same 
advantages described with reference to FIGS. 4-8. Specifi 
cally, the edge component of the diode leakage is signifi 
cantly reduced. However, when the guard layer 68 is con 
nected to the gate 48 in the manner shown in FIG. 11, the 
bias of the gate to a high voltage (FET turned on) will create 
an inversion layer below the entire polysilicon to extend the 
n+ region 26 to the FOX 54. The result may be an increased 
leakage (due to gate-edge leakage) and extra Source/drain 
capacitance. In addition, because of the Standard overlap of 
the gate onto the Source/drain regions, gate-to-Source/drain 
capacitance is increased. If the extra leakage or capacitance 
is problematic, it is possible to Separate the gate polysilicon 
48 from the polysilicon material that forms the guard layer. 
This embodiment is shown in FIG. 13. Preferably, the guard 
layer 72 of FIG. 13 is biased by connection to a fixed source 
of voltage (e.g., 0 volts). The drain region 52 will have small 
links 74 and 76 in which the diffusion region contacts the 
FOX 54, so as to contribute to leakage current. The dimen 
sions of the links 74 and 76 will depend upon the spacing 
rule of the technology's polysilicon. The extra leakage will 
be negligible for large MOSFETs. 

0048. The invention is also applicable to MOSFETs that 
share diffusions. The conventional Structure is shown in 
FIG. 14. A pair of MOSFETs are shown in a side-by-side 
arrangement. The first transistor includes a polysilicon gate 
78 and a source region 80, while the second transistor 
includes a polysilicon gate 82 and a diffused Source region 
84. The two transistors share a drain 86 diffusion. MOSFETs 
that share a common diffusion are often used in CMOS 
circuits to lower the total layout area. 

0049 Referring now to FIG. 15, the common drain 86 
has reduced leakage as a result of a polysilicon guard 88 that 
is formed on opposite Sides of the common drain. In the 
embodiment of FIG. 15, the guard 88 is connected to the 
Second gate 82 in order to provide a bias. The guard is 
Separated from the first gate 78, So that the two gates are not 
Shorted. Of course, if the gates are tied to a single circuit 
node, the polysilicon guard 88 can be connected to both 
gates. This gate-to-gate coupling is particularly useful for 
MOSFETs with multiple gate fingers. 

0050 FIG. 16 shows a modification of the embodiment 
of FIG. 15. In this embodiment, the guard layer 90 is 
electrically separated from both of the gates 78 and 82. As 
previously noted, this approach may be used to reduce drain 
capacitance. The guard 90 of FIG. 16 is preferably con 
nected to a Source of a fixed voltage, Such as electrical 
ground. 

0051. There are advantages to implementing a CMOS 
APS pixel 10 of the type shown in FIG. 1 using a photo 
diode 14 that overlays the underlying CMOS chip. One 
advantage is that the bulk photodiode is removed from the 
Substrate, So that the only diode that can contribute to dark 
current is the one formed by the source diffusion of the reset 
transistor, which has a much Smaller area than the Substrate 
embedded photodiode 14 of FIG. 3. An exemplary circuit 
layout of an overlay photodiode arrangement is shown in the 
top view of FIG. 17 and the side sectional view of FIG. 18. 
In the conventional approach, the reset transistor 12 is 
formed using conventional techniques. As a result, a FOX 
region 92 and source/drain regions 94 and 96 are formed in 
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a substrate 98. A gate oxide layer 100 and the polysilicon 
gate 32 are patterned before ion implantation forms the 
Source/drain regions. 
0052. After the transistors 12, 16 and 18 are formed at the 
substrate level, a dielectric layer 102 is deposited at the same 
level as formation of a pair of contacts 104 and 106 to the 
Source/drain regions 94 and 96. Other dielectric layers 108, 
110 and 112 are formed, with each level of dielectric 
material including a patterned metal 114, 116 and 118, as 
well as a patterned contact 120, 122 and 124. The patterned 
metal layerS and contact layerS form a via from the transistor 
12 to an overlay photodiode 126. Correlating FIGS. 17 and 
18, the portion of the metal layer 114 that resides above the 
contact 106 (C1) in FIG. 18 is the node 22 (N1) in FIG. 17. 
0.053 Although the source diffusion 96 of the reset tran 
Sistor 12 is relatively Small, it may still induce a relatively 
large dark current, especially in advanced deep-Submicron 
CMOS technologies and in fact may be the largest contribu 
tor to dark current in the pixel. The approach of providing a 
polysilicon guard layer may be applied to the overlay 
photodiode Structure in order to address this possibility. 
Specifically, a guard layer of polysilicon may be formed 
over the field-edge of the source diffusion in order to reduce 
dark current. Because the Source diffusion 96 is a small 
portion of the total pixel area, adding the guard layer will 
result in only a small increase in pixel area. FIGS. 19 and 
20 illustrate the overlay photodiode with the diffusion 
inhibiting guard layer 128 about the source diffusion 96. The 
guard layer is formed before the dopant is introduced into 
the Source region. Therefore, a transition Strip that is rela 
tively free of dopant is formed between the FOX 92 and the 
Source region 96. The transition strip 130 is illustrated in 
FIG. 20. 

0.054 The steps for carrying out the invention will be 
described briefly with reference to FIG. 21. In step 132, a 
circuit layout is Selected. In the preferred embodiment, the 
circuit layout defines layers of a CMOS imaging Sensor 
having an array of APS pixels. The APS pixel 10 of FIG. 1 
is merely one example. The array of pixels may be linear or 
may be two-dimensional. 
0055. In step 134, the field oxide regions are formed. 
Conventional techniques may be used to form these regions. 
The approach is not critical to the invention. 
0056. A diffusion-inhibiting guard layer is formed over 
selected field edges, as shown at step 136. Some of the 
alternatives were described and illustrated above. Prefer 
ably, the guard layer is formed of polysilicon and is formed 
Simultaneously with the gates of transistors. 
0057 The dopant is introduced into the appropriate 
regions at Step 138. The regions that are guarded by the 
guard layer that was formed in Step 136 may be active area 
diode regions, Source/drain diffusion regions, or both. The 
remainder of the circuit fabrication is then completed at Step 
140. The guard layer or guard layers are biased at step 142 
in order to inhibit edge leakage. 

What is claimed is: 
1. A method of providing isolation between adjacent 

regions of an integrated circuit comprising the Steps of: 

Selecting a circuit layout for fabrication of Said integrated 
circuit on a Substrate, including defining adjacent Sub 
Strate locations for a first region and a Second region for 
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which leakage current from Said Second region to Said 
Substrate is undesired during operation of Said inte 
grated circuit, at least Said Second region being an 
active region within which a dopant is to be introduced; 

forming a guard layer on Said Substrate Such that Said 
guard layer resides on a peripheral portion of Said 
Second region, Said peripheral portion of Said Second 
region extending along an edge of Said first region; and 

introducing Said dopant into Said Second region to estab 
lish predetermined electrical characteristics within Said 
Second region, Said guard layer inhibiting introduction 
of Said dopant into Said peripheral portion, thereby 
leaving a transition Strip within Said Second region and 
along Said edge of Said first region. 

2. The method of claim 1 wherein said step of forming 
Said guard layer includes patterning a conductive material to 
reside on Said peripheral portion of Said Second region, Said 
method further comprising a step of forming an electrical 
connection to Said guard layer Such that Said guard layer is 
coupled to a Source of a fixed Voltage. 

3. The method of claim 1 further comprising a step of 
forming field oxide within Said first region, thereby provid 
ing a field oxide region, Said guard layer being formed along 
a plurality of Sides of Said Second region Such that Said guard 
layer resides along an entire boundary between said field 
oxide region and Said Second region. 

4. The method of claim 3 wherein Said Second region is a 
Source/drain region of a transistor. 

5. The method of claim 1 wherein said step of selecting 
Said circuit layout includes designing a circuit layout for a 
photodetection circuit that utilizes CMOS technology, said 
first region being a field oxide region. 

6. The method of claim 1 further comprising a step of 
forming an active layer on Said Substrate to provide a 
photodiode region that overlayS Said Substrate. 

7. The method of claim 5 wherein said step of forming 
Said guard layer includes depositing electrically conductive 
material to Surround a photodiode region, Said photodiode 
region being Said Second region. 

8. The method of claim 7 further comprising a step of 
connecting Said guard layer to a Source of a fixed Voltage, 
thereby forming a steady-state guard layer. 

9. The method of claim 1 wherein said step of forming 
Said guard layer includes overlapping Said guard layer onto 
a peripheral portion of Said first region. 

10. The method of claim 1 wherein said step of forming 
Said guard layer includes patterning conductive material to 
define a gate of a MOSFET and to provide said guard layer 
along an interface between a Source/drain region of Said 
MOSFET and a field oxide region, said transition strip 
thereby isolating Said Source/drain region from Said field 
oxide region. 

11. The method of claim 10 wherein said step of pattern 
ing conductive material includes electrically connecting Said 
guard layer to Said gate. 

12. A method of forming an active area diode for an 
imaging circuit comprising Steps of 

forming a field oxide region on a Substrate, Said field 
Oxide region having an edge that at least partially 
defines a geometry of an active area diode region; 

forming a conductive layer on Said Substrate Such that Said 
conductive layer generally follows a contour of Said 
edge of Said field oxide region, while extending onto a 
peripheral portion of Said active area diode region; and 



US 2001/0023095 A1 

modifying electrical characteristics of Said active area 
diode region Such that Said active area diode region is 
responsive to light energy, said conductive layer inhib 
iting Said modification of Said electrical characteristics 
within Said peripheral region. 

13. The method of claim 12 further comprising a step of 
connecting Said conductive layer to a constant Source of 
Voltage. 

14. The method of claim 12 wherein said step of modi 
fying Said electrical characteristics includes diffusing a 
dopant into Said active area diode region. 

15. The method of claim 12 wherein said step of forming 
Said conductive layer includes patterning polysilicon to 
extend onto peripheral portions of each of Said field oxide 
region and Said active area diode region. 

16. A method of forming an overlay photodiode structure 
of an imaging circuit comprising Steps of: 

forming a field oxide region on a Substrate, Said field 
oxide region having an edge that at least partially 
defines a geometry of an active region of a transistor; 

forming a conductive layer on Said Substrate Such that Said 
conductive layer generally follows a contour of Said 
edge of Said field oxide region, while extending onto a 
peripheral portion of Said active region; 

forming Said transistor on Said Substrate, including doping 
Said active region; and 

forming at least one overlayer to provide a photodiode 
arrangement that overlayS Said Substrate, Said photo 
diode arrangement being responsive to light energy and 
being electrically coupled to Said transistor. 
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17. The method of claim 16 wherein said step of forming 
Said transistor includes fabricating Said transistor with at 
least one other transistor to provide a multi-transistor imag 
ing pixel within an array of adjacent pixels having Said 
overlay photodiode Structure. 

18. An integrated circuit having CMOS transistors com 
prising: 

a Substrate; 
a first region along a Surface of Said Substrate, Said first 

region having an edge, Said first region being a field 
Oxide region; 

a Second region along Said Surface, Said Second region 
having a periphery which is adjacent to Said edge of 
Said first region; 

a guard layer residing on Said Surface and following 
adjacency of Said first and Second regions, Said guard 
layer extending onto only a peripheral portion of Said 
Second region; 

wherein Said Second layer includes Said peripheral tran 
Sition portion that is Substantially free of a Selected 
dopant and includes a remaining active portion in 
which Said Selected dopant is implanted, Said peripheral 
transition portion being defined by Said guard layer 
extending onto Said Second region. 

19. The integrated circuit of claim 18 wherein said guard 
layer has a fixed connection to a Source of a constant Voltage. 

20. The integrated circuit of claim 19 wherein said second 
region is a photodiode region. 

21. The integrated circuit of claim 18 wherein said second 
region is a Source/drain region of a MOSFET, Said guard 
layer being contiguous with a gate of said MOSFET. 
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