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(57) ABSTRACT 

A method of operating an imager pixel that includes the act of 
applying a relatively small Voltage on the gate of a transfer 
transistor during a charge acquisition period. If a small posi 
tive Voltage is applied, a depletion region is created under the 
transfer transistor gate, which creates a path for dark current 
electrons to be transferred to a pixel floating diffusion region. 
The dark electrons are subsequently removed by a pixel reset 
operation. If a small negative Voltage is applied to the transfer 
gate, electrons that would normally create dark current prob 
lems will instead recombine with holes thereby substantially 
reducing dark current. 
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METHOD AND APPARATUS FOR DARK 
CURRENT AND HOT PXEL REDUCTION IN 

ACTIVE PXELIMAGE SENSORS 

FIELD OF THE INVENTION 

0001. The invention relates generally to imaging devices 
and more particularly to dark current and hot pixel reduction 
in active pixel image sensors. 

BACKGROUND 

0002 ACMOS imager circuit includes a focal plane array 
of pixel cells, each one of the cells including a photosensor, 
for example, a photogate, photoconductor or a photodiode for 
accumulating photo-generated charge in the specified portion 
of the Substrate. Each pixel cell has a charge storage region, 
formed on or in the Substrate, which is connected to the gate 
of an output transistor that is part of a readout circuit. The 
charge storage region may be constructed as a floating diffu 
sion region. In some imager circuits, each pixel may include 
at least one electronic device Such as a transistor for transfer 
ring charge from the photosensor to the storage region and 
one device, also typically a transistor, for resetting the storage 
region to a predetermined charge level prior to charge trans 
ference. 

0003. In a CMOS imager, the active elements of a pixel 
cell perform the functions of: (1) photon to charge conver 
sion; (2) accumulation of image charge; (3) resetting the 
storage region to a known state before the transfer of charge to 
it; (4) transfer of charge to the storage region; (5) selection of 
a pixel for readout, and (6) output and amplification of a 
signal representing pixel charge. Photo charge may be ampli 
fied when it moves from the initial charge accumulation 
region to the storage region. The charge at the storage region 
is typically converted to a pixel output Voltage by a source 
follower output transistor. 
0004 CMOS imagers of the type discussed above are gen 
erally known as discussed, for example, in U.S. Pat. No. 
6,140,630, U.S. Pat. No. 6,376,868, U.S. Pat. No. 6,310,366, 
U.S. Pat. No. 6,326,652, U.S. Pat. No. 6,204,524 and U.S. 
Pat. No. 6,333.205, assigned to Micron Technology, Inc., 
which are hereby incorporated by reference in their entirety. 
0005. A typical four transistor (4T) CMOS imager pixel 
10 is shown in FIG.1. The pixel 10 includes a photosensor 12, 
implemented as a pinned photodiode, transfer transistor 14, 
floating diffusion region FD, reset transistor 16, source fol 
lower transistor 18 and row select transistor 20. The photo 
sensor 12 is connected to the floating diffusion region FD by 
the transfer transistor 14 when the transfer transistor 14 is 
activated by a transfer gate control signal TX. 
0006. The reset transistor 16 is connected between the 
floating diffusion region FD and a pixel Supply Voltage Vpix. 
A reset control signal RST is used to activate the reset tran 
sistor 16, which resets the floating diffusion region FD to the 
pixel Supply Voltage Vpix level as is known in the art. 
0007. The source follower transistor 18 has its gate con 
nected to the floating diffusion region FD and is connected 
between an array Supply Voltage Vaa and the row select tran 
sistor 20. The source follower transistor 18 converts the 
charge Stored at the floating diffusion region FD into an 
electrical output voltage signal PIX OUT. The row select 
transistor 20 is controllable by a row select signal SEL for 
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selectively connecting the source follower transistor 18 and 
its output voltage signal PIX OUT to a column line 22 of a 
pixel array. 
0008 FIG. 1b illustrates a typical timing diagram for the 
readout and photo-charge acquisition operations for the pixel 
10 illustrated in FIG. 1a. FIG. 1b illustrates a first readout 
period 30 in which previously stored photo-charges are read 
out of the pixel 10. During this first readout period 30, the 
reset control signal RST is pulsed to activate the reset tran 
sistor 16, which resets the floating diffusion region FD to the 
pixel supply voltage Vpix level. While the SEL signal is high, 
a sample and hold reset signal SHR is pulsed to store a reset 
signal Virst (corresponding to the reset floating diffusion 
region FD) on a sample and hold capacitor. The transfer 
control signal TX is then activated to allow photo-charges 
from the photosensor 12 to be transferred to the floating 
diffusion region FD. While the SEL signal remains high, a 
sample and hold pixel signal SHS is pulsed to store a pixel 
signal Visig from the pixel 10 on another sample and hold 
capacitor. 
0009. During the acquisition period 32, the reset control 
signal RST, transfer control signal TX and sample and hold 
signals SHR, SHS are set to a ground potential GRND. It is 
during the acquisition period 32 that the photosensor 12 accu 
mulates photo-charge based on the light incident on the pho 
tosensor 12. After the acquisition period 32, a second readout 
period 34 begins. During the second readout period 34, the 
photo-charges accumulated in the acquisition period 32 are 
readout of the pixel 10 (as described above for period 30). 
0010. One common problem associated with conventional 
imager pixel cells, such as pixel cell 10, is dark current (that 
is, current generated as a photodiode signal in the absence of 
light). As shown in the potential diagram of FIG. 1c, a major 
component of dark current occurs underneath the gate of the 
transfer transistor 14. These “dark carriers' 25 are accumu 
lated on the pinned photodiode photosensor 12 during inte 
gration (i.e., during the acquisition period 32), which creates 
parasitic dark charge that is added to the light signals when 
they are readout. This is undesirable. 
0011. Accordingly, there is a desire and need to reduce 
dark current and the factors that cause dark current in imag 
CS. 

SUMMARY 

0012. The invention provides a method of operating an 
imager pixel Such that dark current and the factors that cause 
dark current in imagers are reduced. 
0013 The above and other features and advantages are 
achieved in various exemplary embodiments of the invention 
by a method of operating an imager pixel that includes the act 
of applying a relatively small Voltage on the gate of a transfer 
transistor during a charge acquisition period. If a small posi 
tive Voltage is applied, a depletion region is created under the 
transfer transistor gate, which creates a path for dark current 
electrons to be transferred to a pixel floating diffusion region. 
The dark electrons are subsequently removed by a pixel reset 
operation. If a small negative Voltage is applied to the transfer 
gate, electrons that would normally create dark current prob 
lems will instead recombine with holes thereby substantially 
reducing dark current. 
0014. In other aspects of the invention, the application of 
the Small positive or negative Voltage is dependent upon the 
imager's gain settings being used at that time. By monitoring 
the gain of the imager, which is indicative of the light intensity 
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on the imager pixels, the Small positive or negative Voltage 
will be applied to the gate of the transfer transistor under high 
gain (or dark) conditions only. For low gain (or bright light) 
conditions, a ground potential or Zero Voltage is applied to the 
gate of the transfer transistor. For embodiments using a small 
positive Voltage, this provides maximum hot pixel reduction 
for the high gain conditions, while allowing maximum full 
well capacity for the low gain conditions. For embodiments 
using a small negative Voltage, this provides maximum elec 
tron recombination for the high gain conditions, while avoid 
ing blooming issues during the low gain conditions. 
0015. In yet another aspect of the invention, the voltage 
applied to the transfer gate is scaled according to the gain 
setting of the imager at the time. That is, a range of different 
Voltages (both negative and positive) may be applied to the 
gate of the transfer transistor based on a range of gain settings 
between the high and low gain settings, providing dark cur 
rent and hot pixel reduction at high gain, preserving full well 
capacity at low gain, and allowing anti-blooming protection 
at Saturated conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The foregoing and other advantages and features of 
the invention will become more apparent from the detailed 
description of exemplary embodiments provided below with 
reference to the accompanying drawings in which: 
0017 FIG. 1a illustrates a conventional imager pixel cir 

cuit; 
0018 FIG. 1b illustrates a timing diagram for operating 
the pixel circuit of FIG. 1a in a conventional manner; 
0019 FIG. 1c illustrates a voltage potential diagram for 
the pixel circuit of FIG. 1a when operated in accordance with 
the FIG. 1b timing diagram; 
0020 FIG. 2a illustrates a timing diagram for operating 
the pixel circuit of FIG. 1a in accordance with an exemplary 
embodiment of the invention; 
0021 FIG. 2b illustrates a voltage potential diagram for 
the pixel circuit of FIG. 1a when operated in accordance with 
the FIG. 2a timing diagram; 
0022 FIG.2c illustrates another voltage potential diagram 
for the pixel circuit of FIG. 1a when operated in accordance 
with the invention; 
0023 FIG. 3a illustrates a timing diagram for operating 
the pixel circuit of FIG.1a in accordance with another exem 
plary embodiment of the invention; 
0024 FIG. 3b illustrates a voltage potential diagram for 
the pixel circuit of FIG. 1a when operated in accordance with 
the FIG.3a timing diagram; 
0025 FIGS. 4a-4f are histograms illustrating how the 
invention reduced dark current in a first experiment using 
pixels having a first size; 
0026 FIGS. 5a-5f are histograms illustrating how the 
invention reduced dark current in a second experiment using 
pixels having a second size; 
0027 FIGS. 6a-6f are histograms illustrating how the 
invention reduced dark current in a third experiment using 
pixels having a third size; 
0028 FIG. 7 is a flowchart illustrating the processing of 
another embodiment of the invention. 
0029 FIG. 8a shows an exemplary relationship of the 
Small positive Voltage and an imager's gain setting in accor 
dance with the FIG. 7 embodiment of the invention; 
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0030 FIG. 8b shows an exemplary relationship of the 
Small negative Voltage and an imager's gain setting in accor 
dance with the FIG. 7 embodiment of the invention; 
0031 FIG. 9 shows an imager constructed in accordance 
with an embodiment of the invention; and 
0032 FIG. 10 shows a processor system incorporating at 
least one imager constructed in accordance with an embodi 
ment of the invention. 

DETAILED DESCRIPTION 

0033. The inventors have determined that the accumula 
tion of dark charges 25 (FIG.1c) from dark current generated 
underneath the transfer transistor 14 (FIG. 1a) can be sub 
stantially reduced by applying a relatively small Voltage to the 
gate of the transfer transistor 14 during the charge acquisition 
cycle (also known as an integration period). In a first exem 
plary embodiment of the invention, the Small Voltage is a 
relatively small positive Voltage (e.g., within a range of 
greater than OV to approximately 0.8V). In a second exem 
plary embodiment of the invention, the Small Voltage is a 
relatively small negative Voltage (e.g., within a range of less 
than OV to approximately -0.6V). 
0034 FIG. 2a illustrates a timing diagram for operating a 
pixel circuit such as the pixel circuit 10 of FIG. 1a in accor 
dance with a first exemplary embodiment of the invention. 
FIGS. 2b and 2c illustrate voltage potential diagrams for the 
pixel circuit 10 (FIG. 1a) when operated in accordance with 
the FIG. 2a timing diagram. 
0035 FIG.2a illustrates two readout periods 130, 134 and 
an acquisition period 132. The two readout periods 130, 134 
are the same as the conventional readout periods 30, 34 dis 
cussed above with reference to FIG. 1b. That is, during this 
first readout period 130, for example, the reset control signal 
RST is pulsed to activate the reset transistor 16 (FIG. 1c), 
which resets the floating diffusion region FD to the pixel 
supply voltage Vpix level. While the SEL signal is high, a 
sample and hold reset signal SHR is pulsed to store a reset 
signal Virst (corresponding to the reset floating diffusion 
region FD) on a sample and hold capacitor. The transfer 
control signal TX is activated to allow photo-charges from the 
photosensor 12 to be transferred to the floating diffusion 
region FD. While the SEL signal is still high, a sample and 
hold pixel signal SHS is pulsed to store a pixel signal Visig 
from the pixel on another sample and hold capacitor. 
0036 Dark electrons 125 are generated underneath the 
gate of the transfer transistor 14 in the region next to the 
pinned photodiode photosensor 12. The dark electrons 125 
may result from the surface states or bulk substrate in that 
area. The inventors have determined that the accumulation of 
the dark charges 125 can be substantially reduced by applying 
a relatively small positive voltage to the gate of the transfer 
transistor 14 during the acquisition cycle 132. AS is shown in 
the potential diagram of FIG. 2b, the application of the 
slightly positive Voltage on the gate of the transfer transistor 
14 (FIG. 1a) creates a depletion region 127 underneath the 
transfer transistor (TX) gate. The depletion region 127 serves 
as a path for the dark electrons 125 to reach the floating 
diffusion region FD. Due to the difference in potentials 
between the photodiode photosensor 12 and the floating dif 
fusion region FD, the dark carriers 125 flow to the floating 
diffusion region FD and are drained away during a Subse 
quent reset operation instead of being captured by the photo 
sensor 12 (as shown in FIG. 1c). The remainder of the acqui 
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sition cycle 132 is substantially the same as the conventional 
acquisition cycle 32 discussed above with reference to FIG. 
1b. 
0037. The value of the small positive voltage depends on 
the threshold voltage of the transfer transistor 14, but a 
desired range for the voltage is from slightly greater than OV 
to a Voltage greater than a threshold Voltage of the transfer 
transistor 14. For a regular CMOS-imager process, the upper 
limit of the Voltage range corresponds to approximately 0.7- 
0.8 V. The maximum positive voltage could be limited by 
ESD (electro static discharge) circuits in the real CMOS 
imager design. In this and all other examples, the Voltage on 
the gate of the transfer transistor 14 is referenced to the 
substrate voltage. FIG. 2c. illustrates how different voltages 
VTX effect the depletion region underneath the transfer tran 
sistor 14 gate. That is, when the voltage VTX is set to OV, the 
region underneath the transfer transistor is similar to the 
region depicted in FIG. 1c for the conventional pixel opera 
tion. When the voltage VTX is set to 0.3V, there is a depletion 
region 127 having a first slope underneath the transfer tran 
sistor 14. When the voltage VTX is set to 0.5V, there is a 
depletion region 127 having a second slope underneath the 
transfer transistor 14. The manner in which different positive 
transfer gate voltages VTX effect the reduction of dark cur 
rent is described below with reference to FIGS. 4a-6f. 
0038 FIG.3a illustrates a timing diagram for operating a 
pixel circuit, such as the pixel circuit 10 illustrated in FIG.1a, 
in accordance with another exemplary embodiment of the 
invention. FIG. 3b illustrates a voltage potential diagram for 
the pixel circuit when operated inaccordance with the FIG.3a 
timing diagram. In the illustrated embodiment of the inven 
tion, a small negative Voltage is applied to the gate of the 
transfer transistor 14 during the acquisition period 232 (de 
scribed below in more detail). 
0039 FIG.3a illustrates two readout periods 230,234 and 
an acquisition period 232. The two readout periods 230, 234 
are the same as the conventional readout periods 30, 34 dis 
cussed above with reference to FIG. 1b. That is, during this 
first readout period 230, for example, the reset control signal 
RST is pulsed to activate the reset transistor 16 (FIG. 1c), 
which resets the floating diffusion region FD to the pixel 
Supply Voltage Vpix level. A sample and hold reset signal 
SHR is pulsed to store a reset signal Vrst (corresponding to 
the reset floating diffusion region FD) on a sample and hold 
capacitor. The transfer control signal TX is activated to allow 
photo-charges from the photosensor 12 to be transferred to 
the floating diffusion region FD. A sample and hold pixel 
signal SHS is pulsed to store apixel signal Visig from the pixel 
on another sample and hold capacitor. 
0040 Dark electrons (not shown) are generated under 
neath the gate of the transfer transistor 14 in the region next to 
the pinned photodiode photosensor 12. The inventors have 
determined that by applying a relatively small negative Volt 
age to the gate of the transfer transistor 14 during the acqui 
sition period 232, the concentration of holes in the region 
underneath the transfer transistor gate increases. When this 
happens, dark electrons generated from the Surface States 
under the transfer transistor gate and/or from the bulk sub 
strate of the pixel quickly recombine, leaving only a relatively 
small probability that the electrons will get captured by the 
photosensor 12. Thus, dark current and the factors that cause 
dark current are substantially reduced. FIG. 3b illustrates the 
case where all electrons are recombined (i.e., no dark elec 
trons are shown). 
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0041. The value of the small negative voltage depends on 
the threshold voltage of the transfer transistor 14, but a 
desired range for the voltage is from slightly less than OV to a 
negative Voltage with an absolute value higher than the abso 
lute value of the threshold voltage of the transfer transistor 14. 
For a regular CMOS-imager process, the lower limit of the 
voltage range corresponds to (-0.7)-(-0.8) V. The minimum 
negative voltage could be limited by ESD circuits in the real 
CMOS-imager design. The manner in which different nega 
tive transfer gate voltages effect the reduction of dark current 
is described below with reference to FIGS. 4a-6f. 
0042 FIGS. 4a-4f are histograms illustrating how the 
invention reduced dark current in a first experiment using a 
test pixel array having 5.2 Lum pixels. FIG. 4a is a histogram 
showing dark current across the test pixel array when no 
Voltage and Small positive Voltages are applied to the transfer 
transistorgate. Curve300 represents the dark current when no 
voltage is applied to the transfer transistor gate. Curves 302, 
304,306, 308, 310 represent the dark current when 0.1, 0.2, 
0.3, 0.4, 0.5 volts, respectively, are applied to the transfer 
transistor gate. FIG. 4b is a histogram showing cumulative 
dark current across the test pixel array when no Voltage and 
Small positive Voltages are applied to the transfer transistor 
gate. Curve 320 represents the cumulative dark current when 
no Voltage is applied to the transfer transistor gate. Curves 
322,324,326,328,330 represent the cumulative dark current 
when 0.1, 0.2,0.3, 0.4, 0.5 volts, respectively, are applied to 
the transfer transistor gate. 
0043 FIG. 4c is a histogram showing dark current across 
the test pixel array when no voltage and Small negative Volt 
ages are applied to the transfer transistor gate. Curve 340 
represents the dark current when no voltage is applied to the 
transfer transistor gate. Curves 342, 344, 346, 350 represent 
the dark current when -0.1, -0.2, -0.3, -0.5 volts, respec 
tively, are applied to the transfer transistor gate. FIG. 4d is a 
histogram showing cumulative dark current across the test 
pixel array when no Voltage and Small negative Voltages are 
applied to the transfer transistor gate. Curve 360 represents 
the cumulative dark current when no voltage is applied to the 
transfer transistor gate. Curves 362,364, 366, 370 represent 
the cumulative dark current when -0.1, -0.2, -0.3, -0.5 volts, 
respectively, are applied to the transfer transistor gate. 
0044 FIG. 4e illustrates the average dark current for the 
experimental array having 5.2 um pixels while FIG. 4f illus 
trates the percentage of average dark current for the experi 
mental array. As shown in the graphs, the percentage of dark 
current is dramatically reduced when either the small positive 
Voltage or Small negative Voltage are applied to the transfer 
gates of the test pixel array during the acquisition period. 
0045 FIGS. 5a-5f are histograms illustrating how the 
invention reduced dark current in a second experiment using 
a test pixel array having 4.2 Lum pixels. FIG. 5a is a histogram 
showing dark current across the test pixel array when no 
Voltage and Small positive Voltages are applied to the transfer 
transistorgate. Curve 400 represents the dark current when no 
Voltage is applied to the transfer transistor gate. Curves 402. 
404, 406, 408, 410 represent the dark current when 0.1, 0.2, 
0.3, 0.4, 0.5 volts, respectively, are applied to the transfer 
transistor gate. FIG. 5b is a histogram showing cumulative 
dark current across the test pixel array when no Voltage and 
Small positive Voltages are applied to the transfer transistor 
gate. Curve 420 represents the cumulative dark current when 
no Voltage is applied to the transfer transistor gate. Curves 
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422,424, 426,428,430 represent the cumulative dark current 
when 0.1, 0.2,0.3, 0.4, 0.5 volts, respectively, are applied to 
the transfer transistor gate. 
0046 FIG. 5c is a histogram showing dark current across 
the test pixel array when no Voltage and Small negative Volt 
ages are applied to the transfer transistor gate. Curve 440 
represents the dark current when no voltage is applied to the 
transfer transistor gate. Curves 442, 444, 446, 448, 450 rep 
resent the dark current when -0.1, -0.2, -0.3, -0.4, -0.5 
Volts, respectively, are applied to the transfer transistor gate. 
FIG. 5d is a histogram showing cumulative dark current 
across the test pixel array when no voltage and Small negative 
voltages are applied to the transfer transistorgate. Curve 460 
represents the cumulative dark current when no voltage is 
applied to the transfer transistor gate. Curves 462, 464, 466, 
468, 470 represent the cumulative dark current when -0.1, 
-0.2, -0.3, -0.4, -0.5 volts, respectively, are applied to the 
transfer transistor gate. 
0047 FIG. 5e illustrates the average dark current for the 
experimental array having 4.2 Lum pixels while FIG. 5fillus 
trates the percentage of average dark current for the experi 
mental array. As shown in the graphs, the percentage of dark 
current is dramatically reduced when either the small positive 
Voltage or Small negative Voltage are applied to the transfer 
gates of the test pixel array during the acquisition period. 
0048 FIGS. 6a-6f are histograms illustrating how the 
invention reduced dark current in a third experiment using a 
test pixel array having 3.2 um pixels. FIG. 6a is a histogram 
showing dark current across the test pixel array when no 
Voltage and Small positive Voltages are applied to the transfer 
transistorgate. Curve 500 represents the dark current when no 
voltage is applied to the transfer transistor gate. Curves 502, 
504,506, 508, 510 represent the dark current when 0.1, 0.2, 
0.3, 0.4, 0.5 volts, respectively, are applied to the transfer 
transistor gate. FIG. 6b is a histogram showing cumulative 
dark current across the test pixel array when no voltage and 
Small positive Voltages are applied to the transfer transistor 
gate. Curve 520 represents the cumulative dark current when 
no Voltage is applied to the transfer transistor gate. Curves 
522,524,526,528,530 represent the cumulative dark current 
when 0.1, 0.2,0.3, 0.4, 0.5 volts, respectively, are applied to 
the transfer transistor gate. 
0049 FIG. 6c is a histogram showing dark current across 
the test pixel array when no Voltage and Small negative Volt 
ages are applied to the transfer transistor gate. Curve 540 
represents the dark current when no voltage is applied to the 
transfer transistor gate. Curves 542, 544, 548,550 represent 
the dark current when -0.1, -0.2, -0.4, -0.5 volts, respec 
tively, are applied to the transfer transistor gate. FIG. 6d is a 
histogram showing cumulative dark current across the test 
pixel array when no voltage and Small negative Voltages are 
applied to the transfer transistor gate. Curve 560 represents 
the cumulative dark current when no voltage is applied to the 
transfer transistor gate. Curves 562,564,568,570 represent 
the cumulative dark current when -0.1, -0.2, -0.4, -0.5 volts, 
respectively, are applied to the transfer transistor gate. 
0050 FIG. 6e illustrates the average dark current for the 
experimental array having 3.2 Lum pixels while FIG. 6fillus 
trates the percentage of average dark current for the experi 
mental array. As shown in the graphs, the percentage of dark 
current is dramatically reduced when either the small positive 
Voltage or Small negative Voltage are applied to the transfer 
gates of the test pixel array during the acquisition period. 
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0051. As can be seen from FIGS. 4a-6f the inventions use 
of small positive or negative Voltage on the transfer transistor 
gate during charge integration greatly reduces the average 
dark current value and quantity of hot pixels. 
0.052 The inventors have determined that it may not be 
desirable to apply the small voltage VTX to the gate of the 
transfer transistor under all lighting conditions. For example, 
applying the small voltage VTX to the gate of the transfer 
transistor may result in an associated drop in the photosen 
Sor's full well capacity (and possibly lower its signal-to-noise 
ratio). This may not be desirable when the light intensity on 
the pixel is high. As another example, when the light intensity 
on the pixel is high and a small negative Voltage VTX is 
applied to the gate of the transfer transistor, there may be 
some blooming, which preferably should be avoided. 
0053 FIG. 7 illustrates a method 600 designed to tie the 
small voltage VTX applied to the gate of the transfer transis 
tor during the acquisition period to the light intensity or gain 
setting of the imager to prevent any of the aforementioned 
undesirable effects from occurring. In normal imager opera 
tion, light intensity is monitored and an imager gain setting is 
set based on the monitored light intensity. For example, when 
the light intensity is low, indicating a dark condition, the 
imager's gain setting is usually set to a high value. Likewise, 
when the light intensity is high, indicating a bright condition, 
the imager's gain setting is usually set to a low value. The 
method 600 uses the imager's gain setting to determine what 
the voltage VTX being applied to the transfer transistor gate 
during the acquisition period should be. 
0054 Generally, it is desirable that the small positive or 
negative Voltage be applied to the gate of the transfer transis 
torunder high gain (or dark) conditions only. For low gain (or 
bright light) conditions, a ground potential or Zero Voltage is 
applied to the gate of the transfer transistor. For embodiments 
using a small positive Voltage, this provides maximum hot 
pixel reduction for the high gain (dark) conditions, while 
allowing maximum full well capacity for the low gain (bright) 
conditions. For embodiments using a small negative Voltage, 
this provides maximum electron recombination for the high 
gain (dark) conditions, while avoiding blooming issues dur 
ing the low gain (bright) conditions. 
0055. The method 600 begins by determining the current 
gain setting for the imager (step 602). As set forth above, 
when the light intensity is low, indicating a dark condition, the 
imager's gain setting is usually set to a high value. When the 
light intensity is high, indicating a bright condition, the imag 
er's gain setting is usually set to a low value. Once the gain 
setting is determined, the level of the voltage VTX to be 
applied to the transfer transistor gate during the acquisition 
period is determined (step 604). For example, when the gain 
setting is high, the transfer gate Voltage VIX is set to a non 
Zero positive or negative Voltage (as described above with 
respect to FIGS. 2a, 3a). When the gain setting is low, how 
ever, the transfer gate Voltage VTX is set to a Zero Voltage (as 
described above with respect to FIG. 1b). 
0056. The values of the small voltage VTX can be pre 
stored in a look-up table or hardware register depending upon 
how the method 600 is implemented. In one embodiment, the 
method 600 is implemented by an image processor or a con 
trol circuit of the imager (described below with respect to 
FIG. 9). In another embodiment, the voltage level can be 
determined by a user of the imager based on a measured gain 
setting. The user could use an interface. Such as a serial 
interface, to seta register within the imager, which will set the 
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voltage VTX to the desired value. Thus, the invention should 
not be limited to the exact technique used to implement the 
method 600. 
0057. Once the level of the voltage VTX to be applied to 
the transfer transistor gate is determined (step 604), the volt 
age VTX is applied to the gate of the transfer transistor during 
the acquisition period as described above with respect to 
FIGS. 2a and 3a. Method 600 may simply use one voltage 
level when the gain setting is above a predefine threshold and 
the Zero Voltage when the gain setting is below the predefine 
threshold. 

0058 Often times, however, there are intermediate gain 
settings between the high gain and low gain settings. The 
method 600 may use different voltages VTX for each differ 
ent gain setting used in the imager. As such, the Voltage VTX 
applied to the transfer gate is scaled according to the gain 
setting of the imager at that time. Thus, in another embodi 
ment of the invention, step 604 would set the level of the 
transfer gate Voltage VTX to one of a range of Voltages based 
onaparticular gain setting or range of gain settings as desired. 
0059. The following examples will help illustrate the 
above embodiments of the invention. In a first example, the 
exemplary Voltages on the gate of the transfer transistor and 
associated gain conditions provide dark current and hot pixel 
reduction, and preserves maximum full well capacity: 
VTX=0 at gain range from 1 to 2, VTX=0.2 V at gaind-2, 
VTX=0.4V at gaind3, and VTX=0.6 V at gaind4. In a second 
example, the exemplary Voltages and associated gain settings 
provide dark current and hot pixel reduction, while also 
allowing anti-blooming protection, and preserving full well 
capacity: VTX=0.05 V at gain range from 1 to 2. VTX=0.2V 
at gains 2, VTX=0.4V at gaind3, and VTX=0.6 V at gaind4. 
In a third example, the exemplary Voltages and gain settings 
provide dark current and hot pixel reduction, while allowing 
anti-blooming protection and preserving full well capacity: 
VTX=0.05 V at gain range from 1 to 2, and VTX=-0.4V at 
gain>2. 
0060 FIG. 8a shows an exemplary relationship between 
the Small positive Voltage VTX and an imager's gain setting 
and FIG. 8b shows an exemplary relationship between the 
Small negative Voltage VTX and the imager's gain setting in 
accordance with the invention. As such, any transfer gate 
Voltage VTX or range of transfer gate Voltages, based on the 
associated applicable gain setting or range of setting, can be 
used to practice the invention. 
0061 FIG. 9 illustrates an exemplary imager 700 that may 

utilize any embodiment of the invention. The Imager 700 has 
a pixel array 705 comprising pixels constructed as described 
above with respect to FIG. 1a, or using other pixel architec 
tures. Row lines are selectively activated by a row driver 710 
in response to row address decoder 720. A column driver 760 
and column address decoder 770 are also included in the 
imager 700. The imager 700 is operated by the timing and 
control circuit 750, which controls the address decoders 720, 
770. The control circuit 750 also controls the row and column 
driver circuitry 710, 760 in accordance with an embodiment 
of the invention (i.e., FIG. 2a, FIG.3a, FIG. 7). 
0062. A sample and hold circuit 761 associated with the 
column driver 760 reads a pixel reset signal Vrst and a pixel 
image signal Visig for selected pixels. A differential signal 
(Vrst-Vsig) is amplified by differential amplifier 762 for each 
pixel and is digitized by analog-to-digital converter 775 
(ADC). The analog-to-digital converter 775 supplies the digi 
tized pixel signals to an image processor 780 which forms a 
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digital image. The image processor 780 may also determine 
the gain setting of the imager 700, which can be used to set the 
level of the Voltage applied to the pixels transfer gates (as 
described above with respect to FIG. 7). 
0063 FIG. 10 shows a system 1000, a typical processor 
system modified to include an imaging device 1008 (such as 
the imaging device 700 illustrated in FIG.9) of the invention. 
The processor system 1000 is exemplary of a system having 
digital circuits that could include image sensor devices. With 
out being limiting, Such a system could include a computer 
system, camera system, Scanner, machine vision, vehicle 
navigation, video phone, Surveillance system, auto focus sys 
tem, star tracker system, motion detection system, image 
stabilization system, and data compression system, and other 
Systems employing an imager. 
0064 System 1000, for example a camera system, gener 
ally comprises a central processing unit (CPU) 1002, such as 
a microprocessor, that communicates with an input/output 
(I/O) device 1006 over a bus 1020. Imaging device 1008 also 
communicate’s with the CPU 1002 over the bus 1020. The 
processor-based system 1000 also includes random access 
memory (RAM) 1004, and can include removable memory 
1014, such as flash memory, which also communicate with 
the CPU 1002 over the bus 1020. The imaging device 1008 
may be combined with a processor, Such as a CPU, digital 
signal processor, or microprocessor, with or without memory 
storage on a single integrated circuit or on a different chip 
than the processor. 
0065. It should be noted that the invention has been 
described with reference to photodiode photosensors, but it 
should be appreciated that the invention may be utilized with 
any type of photosensor used in an imaging pixel circuit Such 
as, but not limited to, photogates, photoconductors, photo 
diodes and pinned photodiodes and various configurations of 
photodiodes and pinned photodiodes. 
0066. It should also be appreciated that the small voltage 
does not need to be applied during the entire acquisition 
period. That is, the Small Voltage may be applied for only a 
portion of the charge acquisition period. It should also be 
appreciated that the imager of the invention could be designed 
to include all of the embodiments of the invention with a user 
selectable or application specific selectable option to deter 
mine which embodiment is performed during the operation of 
imager. For example, a hardware register could be used and 
set to indicate that the FIG.2a or 3a timing should be used or 
that method 600 should be used during the operation of the 
imager. 
0067. The processes and devices described above illus 
trate preferred methods and typical devices of many that 
could be used and produced. The above description and draw 
ings illustrate embodiments, which achieve the objects, fea 
tures, and advantages of the present invention. However, it is 
not intended that the present invention be strictly limited to 
the above-described and illustrated embodiments. Any modi 
fication, though presently unforeseeable, of the present inven 
tion that comes within the spirit and scope of the following 
claims should be considered part of the present invention. 
What is claimed as new and desired to be protected by 

Letters Patent of the United States is: 
1. A method of operating an imager pixel circuit compris 

ing a photosensor, transfer gate and a floating diffusion 
region, said method comprising the act of: 

applying a non-Zero positive Voltage to the transfer gate 
during a charge acquisition period for the photosensor. 
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2. The method of claim 1, wherein the voltage is applied to 
the transfer gate for the entirety of the acquisition period. 

3. The method of claim 1, wherein the voltage is applied to 
the transfer gate for a portion of the acquisition period. 

4. The method of claim 1, further comprising the act of 
determining again setting of the pixel circuit, wherein a level 
of the applied Voltage is based on the gain setting. 

5. A method of operating an imager pixel circuit compris 
ing a photosensor, a transfer gate and a floating diffusion 
region, said method comprising the acts of: 

initiating a charge acquisition period for the photosensor; 
and 

creating a depletion region underneath the transfer gate 
during the acquisition period by applying a positive Volt 
age to the transfer gate, wherein the depletion region 
serves as a path for dark current electrons to flow to the 
floating diffusion region. 

6. The method of claim 5, wherein said positive voltage is 
applied during the entirety of the acquisition period. 

7. The method of claim 5, wherein said positive voltage is 
applied during a portion of the acquisition period. 

8. The method of claim 5, wherein a level of the positive 
Voltage is dependent of a gain setting of the pixel circuit. 

9. A method of operating an imager pixel circuit compris 
ing a photosensor, a transfer gate and a floating diffusion 
region, said method comprising the acts of: 

initiating a charge acquisition period for the photosensor; 
and 

combining dark electrons underneath the transfergate with 
electron holes to substantially reduce a number of dark 
current electrons by applying a positive Voltage to the 
transfer gate during the charge acquisition period. 

10. The method of claim 9, wherein the Voltage is applied 
during the entirety of the acquisition period. 

11. The method of claim 9, wherein the Voltage is applied 
during a portion of the acquisition period. 

12. An imager comprising: 
an array of pixels, each pixel comprising a photosensor, 

transfer gate and a floating diffusion region; and 
a control circuit electrically connected to said array, said 

control circuit configured to operate each pixel in a 
Selected row by initiating a charge acquisition period for 
the photosensor, and configured to apply a positive Volt 
age to the transfer gate of each pixel in the selected row 
during the acquisition period. 

13. The imager of claim 12, wherein the voltage is applied 
to the transfer gate for the entirety of the acquisition period. 

14. The imager of claim 12, wherein the voltage is applied 
to the transfer gate for a portion of the acquisition period. 

15. The imager of claim 12, wherein the positive voltage is 
greater than approximately 0.0 volts, but no more than 
approximately 0.8 volts. 

16. The imager of claim 12, wherein said control circuit 
further controls the pixel by resetting the floating diffusion 
region after the acquisition period. 

17. The imager of claim 12, wherein a level of the positive 
Voltage is based on again setting of the imager. 

18. The imager of claim 12, wherein said imager is part of 
an image processing system. 

19. The imager of claim 21, wherein said imager is part of 
a camera system. 

20. An imager comprising: 
an array of pixels, each pixel comprising a photosensor, a 

transfer gate and a floating diffusion region; and 
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a control circuit electrically connected to said array, said 
control circuit configured to operate each pixel in a 
Selected row by initiating a charge acquisition period for 
the photosensor, and applying a positive Voltage to the 
transfer gate of each pixel in the selected row during the 
acquisition period, wherein a level of the Voltage is 
based on again setting of the imager. 

21. The imager of claim 20, further comprising means for 
determining the gain setting of the imager. 

22. The imager of claim 20, wherein if the gain setting is 
below a predefined threshold, the control circuit is configured 
to apply a ground potential to the transfer gate during the 
acquisition period. 

23. The imager of claim 20, wherein said imager is part of 
an image processing System. 

24. The imager of claim 20, wherein said imager is part of 
a camera system. 

25. An active pixel comprising: 
a light sensing element formed in a semiconductor Sub 

strate; and 
a transfer transistor formed between said light sensing 

element and a floating node and selectively operative to 
transfer a signal from said light sensing element to said 
floating node, wherein said transfer transistor is posi 
tively biased during an integration period during a first 
mode of operation. 

26. The pixel of claim 25, wherein said light sensing ele 
ment is selected from the group of photodiode, pinned pho 
todiode, partially pinned photodiode, or photogate. 

27. The pixel of claim 25, wherein said transfer transistoris 
turned off during said integration period during a second 
mode of operation. 

28. The pixel of claim 25, wherein said first mode of 
operation is used if a level of incident light is low. 

29. The pixel of claim 27, wherein said second mode of 
operation is used if a level of incident light is normal. 

30. The pixel of claim 25, further including an amplifica 
tion transistor controlled by said floating node, wherein said 
amplification transistor outputs an amplified version of said 
signal to a column bitline. 

31. The pixel of claim 25, further including a reset transis 
tor operative to reset said floating node to a reference Voltage. 

32. The pixel of claim 25, wherein said transfer transistoris 
positively biased Such that it is partially turned on during said 
integration period. 

33. The pixel of claim 25 wherein said pixel is integrated 
into a CMOS image sensor. 

34. The pixel of claim 25 wherein said pixel is part of a 4T, 
5T, 6T, or 7T pixel architecture. 

35. A method of operating a pixel of an image sensor, said 
pixel including a light sensing element, a transfer transistor 
between said light sensing element and a floating node for 
transferring a signal from said light sensing element to said 
floating node, and an amplification transistor modulated by 
said signal on said floating node, the method comprising: 

determining a level of incident light; 
if said level of illumination is low: 
partially turning on said transfer transistor during an inte 

gration period; and 
if said level of illumination is normal: 
Substantially turning off said transfer transistor during said 

integration period. 
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36. The method of claim 35 wherein said light sensing 
element is selected from the group of photodiode, pinned 
photodiode, partially pinned photodiode, or photogate. 

37. The method of claim 35 wherein said amplification 
transistor outputs an amplified version of said signal to a 
column bitline. 

38. The method of claim 35 wherein said pixel further 
includes a reset transistor operative to reset said floating node 
to a reference Voltage. 

39. An active pixel comprising: 
a light sensing element formed in a semiconductor Sub 

strate; and 
a transfer transistor formed between said light sensing 

element and a floating node and selectively operative to 
transfer a signal from said light sensing element to said 
floating node, wherein said transfer transistor is posi 
tively biased such that said transfer transistor is partially 
turned on during an integration period and Substantially 
fully turned on during a readout period during a first 
mode of operation. 

40. The pixel of claim 39, wherein said light sensing ele 
ment is selected from the group of photodiode, pinned pho 
todiode, partially pinned photodiode, or photogate. 
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41. The pixel of claim39, wherein said transfer transistoris 
turned off during said integration period during a second 
mode of operation. 

42. The pixel of claim 39, wherein said first mode of 
operation is used if a level of incident light is low. 

43. The pixel of claim 41, wherein said second mode of 
operation is used if a level of incident light is normal. 

44. The pixel of claim 39 further including an amplification 
transistor controlled by said floating node, wherein said 
amplification transistor outputs an amplified version of said 
signal to a column bitline. 

45. The pixel of claim 39 further including a reset transistor 
operative to reset said floating node to a reference Voltage. 

46. The pixel of claim39 wherein said transfer transistor is 
positively biased Such that it is partially turned on during said 
integration period. 

47. The pixel of claim 39 wherein said pixel is integrated 
into a CMOS image sensor. 

48. The pixel of claim39 wherein said pixel is part of a 4T, 
5T, 6T, or 7T pixel architecture. 
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