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FIG. 1 
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SIGNAL GENERATOR AND METHOD FOR 
GENERATING SIGNALS FOR REDUCING NOISE 

IN SIGNALS 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The invention relates to signal generators and 
methods for generating signals, Which may be employed by 
image sensors. More particularly, one or more aspects of the 
invention relate to complimentary metal oxide semiconduc 
tor (CMOS) image sensors and methods of operating CMOS 
image sensors having improved noise reduction and/or 
elimination properties and improved image quality. 

[0003] 2. Description of the Related Art 

[0004] Image sensors may be employed in various ?elds, 
e.g., robotics, transportation, automobiles, satellite-based 
instrumentation, navigation, etc. 

[0005] Image sensors may include a tWo-dimensional 
array of pixels formed on a semiconductor substrate, and 
such a pixel array may correspond to an image ?eld of an 
image frame. 

[0006] Image sensors may include a photoelectric conver 
sion element that is capable of accumulating a quantity of 
electrical charge corresponding to an amount of detected 
energy, e.g., visible light, etc. For example, each pixel of a 
pixel array may include such a photoelectric conversion 
element and When photons impact a surface of the photo 
electric conversion element, free charge carriers may be 
produced. These free charge carriers may then be collected 
by the respective photoelectric conversion element. The 
collected charge carriers may then be converted to an output 
signal, e.g., a voltage or a current, corresponding to the 
respective quantity of collected free charge carriers. Each of 
the pixels of the pixel array may output a respective output 
signal and each of the output signals may be supplied to an 
output circuit and employed to generate an image corre 
sponding to the amount of detected energy. 

1. Field of the Invention 

[0007] Various types of image sensors are knoWn, e.g., 
charge coupled device (CCD) image sensors and CMOS 
image sensors. In comparison to CCD image sensors, 
CMOS image sensors may be advantageous because, e.g., 
CMOS image sensors may be fabricated using, e.g., standard 
CMOS processes, may be integrated With other CMOS 
devices and circuitry on a single chip enabling miniaturiza 
tion of devices, may employ relatively loW operating volt 
ages, and may consume relatively less poWer. In comparison 
to CCD image sensors, hoWever, CMOS image sensors 
generally need to employ a high resolution analog-to-digital 
converter (ADC) for converting an analog signal received 
from an active pixel sensor (APS) to a digital signal. 

[0008] The quality of image(s) produced by an image 
sensor may be directly related to a signal to noise (S/N) ratio 
of the image sensor, e.g., the higher the S/N ratio of an image 
sensor, the higher the quality, e.g., resolution, of images 
produced by that image sensor. In an attempt to reduce noise 
and increase the S/N ratio, CMOS image sensors may 
employ, e. g., ADCs that perform correlated double sampling 
(CDS). Such an ADC that also performs CDS may reduce 
noise characteristics corresponding to aspects of the ADC 
itself. HoWever, such ADCs that perform CDS may not 
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reduce and/or eliminate other types of noise, e.g., poWer 
supply noise generated by a portion(s) of the respective pixel 
other than the respective ADC. 

[0009] Demand for image sensors capable of producing 
higher resolution images is increasing. One reason such 
demand is increasing is that as chip siZes are decreasing, the 
negative impact of noise on image quality increases. 

[0010] Therefore, designs and/or structures for image sen 
sors having improved noise reduction and improved image 
quality are desired. 

SUMMARY OF THE INVENTION 

[0011] One or more aspects of the invention is therefore 
directed to signal generators and methods for generating 
signals, Which may be employable by image sensors and 
Which substantially overcome one or more of the problems 
due to the limitations and disadvantages of the related art. 

[0012] It is therefore a feature of an embodiment of the 
present invention to provide CMOS image sensors and 
methods of operating CMOS image sensors having 
improved noise reduction and/or elimination properties and 
improved image quality. 

[0013] It is therefore a separate feature of embodiments of 
the present invention to reduce and/ or eliminate poWer 
supply noise in a CMOS image sensor. 

[0014] It is therefore a separate feature of embodiments of 
the present invention to reduce and/or eliminate sWitching 
noise in a CMOS image sensor. 

[0015] It is therefore a separate feature of embodiments of 
the present invention to reduce and/or eliminate sWitching 
noise and poWer supply noise in a CMOS image sensor. 

[0016] It is therefore a separate feature of embodiments of 
the present invention to provide an apparatus and a method 
for reducing sWitching and poWer supply noise employable 
With and/ or using elements of knoWn CMOS image sensors. 

[0017] At least one of the above and other features and 
advantages of the present invention may be realiZed by 
providing a method for operating a CMOS image sensor 
including an active pixel sensor array and a noise canceller 
array corresponding to the active pixel sensor array, the 
method involving generating a varying reference signal that 
mirrors noise external to the active pixel sensor array, 
outputting the varying reference signal to the noise canceller 
array, and using the varying reference signal in the noise 
canceller array to cancel noise both internal to and external 
to the active pixel sensor array. 

[0018] Generating the varying reference signal may 
involve mirroring noise in a poWer supply supplying poWer 
to the active pixel sensor array. Mirroring noise in the poWer 
supply may involve creating a replicated signal in accor 
dance With pixel functioning of a pixel in the active pixel 
sensor array and poWer from the poWer supply. Generating 
the varying reference signal may involve adding the repli 
cated signal to a constant reference signal. Creating the 
replicated signal may involve providing an optical black 
pixel having a pixel structure equivalent to that of the pixel 
in the active pixel sensor array and supplying poWer from 
the poWer supply to the optical black pixel. 
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[0019] Creating the replicated signal may involve provid 
ing an equivalent circuit having a response to input power 
equal to that of the pixel in the active pixel sensor array and 
supplying poWer from the poWer supply to the equivalent 
circuit. Generating the varying reference signal may involve 
mirroring sWitching offset noise Within the noise canceller 
array. Generating the varying reference signal may involve 
supplying the replicated signal to a dummy noise canceller 
having an equivalent structure to that of a noise canceller of 
the noise canceller array. Generating the varying reference 
signal may involve mirroring sWitching offset noise Within 
the noise canceller array. Generating the varying reference 
signal may involve supplying a constant reference signal to 
a dummy noise canceller having an equivalent structure to 
that of a noise canceller of the noise canceller array. 

[0020] At least one of the above and other features and 
advantages of the present invention may be separately 
realiZed by providing an apparatus for use With a CMOS 
image sensor including an active pixel sensor array and a 
noise canceller array corresponding to the active pixel 
sensor array, the apparatus including a varying reference 
signal generator to generate a varying reference signal that 
mirrors noise external to the active pixel sensor array and to 
output the varying reference signal to the noise canceller 
array. 

[0021] The varying reference signal may mirror noise in a 
poWer supply supplying poWer to the active pixel sensor 
array. The apparatus may include a replication unit for 
creating a replicated signal in accordance With pixel function 
of a pixel in the active pixel sensor array and poWer from the 
poWer supply. The varying reference signal generator may 
include a comparator for adding the replicated signal and a 
constant reference signal. The replication unit may include 
an optical black pixel having a pixel structure equivalent to 
that of the pixel in the active pixel sensor array, the optical 
black pixel receiving poWer from the poWer supply. The 
replication unit may include an equivalent circuit having a 
response to input poWer equal to that of the pixel in the 
active pixel sensor array, the equivalent circuit receiving 
poWer from the poWer supply. 

[0022] The varying reference signal may mirror sWitching 
offset noise Within the noise canceller array. The varying 
reference signal generator may include a dummy noise 
canceller having an equivalent structure to that of a noise 
canceller of the noise canceller array, the dummy noise 
canceller may receive the replicated signal. The varying 
reference signal may mirror sWitching offset noise Within the 
noise canceller array. The varying reference signal generator 
may include a dummy noise canceller having an equivalent 
structure to that of a noise canceller of the noise canceller 
array. The varying reference signal generator may include a 
plurality of dummy noise cancellers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The above and other features and advantages of the 
present invention Will become more apparent to those of 
ordinary skill in the art by describing in detail exemplary 
embodiments thereof With reference to the attached draW 
ings in Which: 

[0024] FIG. 1 illustrates a general block diagram of an 
exemplary CMOS image sensor employable With one or 
more aspects of the invention; 
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[0025] FIG. 2 illustrates a schematic diagram of an exem 
plary pixel of a CMOS image sensor employable With one 
or more aspects of the invention; 

[0026] FIG. 3 illustrates a schematic diagram of an exem 
plary CDS array employable With one or more aspects of the 
invention; 
[0027] FIG. 4 illustrates a timing diagram of a conven 
tional CMOS image sensor; 

[0028] FIG. 5 illustrates a block diagram of a ?rst exem 
plary embodiment of a CMOS image sensor employing one 
or more aspects of the invention; 

[0029] FIG. 6 illustrates a schematic diagram of the exem 
plary CDS array shoWn in FIG. 3 being employed according 
to one or more aspects of the invention With an exemplary 
reference voltage generator; 

[0030] FIG. 7 illustrates an exemplary timing diagram of 
an exemplary CMOS image employing one or more aspects 
of the invention; 

[0031] FIG. 8 illustrates another exemplary embodiment 
of a reference voltage generator, according to one or more 
aspects of the invention; 

[0032] FIG. 9 illustrates a block diagram of a second 
exemplary embodiment of a CMOS image sensor employing 
one or more aspects of the invention; and 

[0033] FIG. 10 illustrates a schematic diagram of an 
exemplary embodiment of a pixel noise replica unit accord 
ing to one or more aspects of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] The present invention Will noW be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which exemplary embodiments of the invention are 
shoWn. The invention may, hoWever, be embodied in dif 
ferent forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure Will be thorough and 
complete, and Will fully convey the scope of the invention 
to those skilled in the art. In the above description of 
exemplary embodiments, terms “loW” and “high” respec 
tively refer to logically opposite signal values or levels, e. g., 
logical values of “0” and “1”, respectively. The terms “loW” 
and “high” do not correspond to any particular voltage level. 
Like reference numerals refer to like elements throughout. 

[0035] FIG. 1 illustrates a general block diagram of an 
exemplary CMOS image sensor employable With one or 
more aspects of the invention and FIG. 2 illustrates a 
schematic diagram of an exemplary pixel 22 of a CMOS 
image sensor employable With one or more aspects of the 
invention. 

[0036] As shoWn in FIG. 1, a CMOS image sensor 5 may 
include a roW driver 10, an APS (active pixel sensor) array 
20, a CDS (correlated double sampling) array 30, a digital 
code output unit 40 and a reference voltage generator 50. 

[0037] The roW driver 10 may receive a timing signal 
and/or one more control signals from a controller (not 
shoWn), and may supply a plurality of driving signals to the 
APS array 20. The driving signals may control a read-out 
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operation, i.e., reading of the charge absorbed, of pixels of 
the APS array 20. The driving signals may include, e.g., a 
reset signal RX, a transfer signal TX and/or a pixel selection 
signal SEL. In embodiments of the invention, the driving 
signals may be supplied to the APS array 20 in a roW-Wise 
manner, such that, e.g., driving signals corresponding to 
respective roWs of the APS array 20 may be sequentially 
supplied. 
[0038] The APS array 20 may include a plurality of pixels 
22, each of Which may have the exemplary structure illus 
trated in FIG. 2. The pixels 22 may be arranged in a 
roW-by-column matrix and may include, e.g., n roWs and m 
columns such that the APS array may include n><m pixels 22, 
Where n and m are both integers. Each of the pixels 22 may 
absorb light re?ected from an object in an image frame and 
may convert the absorbed light energy into an electrical 
signal. As discussed above, the APS array 20 may receive a 
plurality of driving signals from the roW driver 10. Electrical 
signals produced by each of the pixels 22 of the APS array 
20 may be supplied to the CDS array 30. 

[0039] As shoWn in FIG. 2, each of the pixels 22 may 
include a photoelectric conversion element PD, reset ele 
ment TRX, a transfer element TTX, a charge detection 
element N, an amplifying unit T AMP, and a selection element 

TSEL' 
[0040] The photoelectric conversion element PD may be, 
e.g., a photodiode, a phototransistor, a photogate, a Pinned 
Photo Diode (PPD), etc. The photoelectric conversion ele 
ment PD may collect charge generated by absorbing light 
re?ected from an object. 

[0041] The transfer element TTX may be, e.g., a sWitch or 
a transistor for transferring charge collected by the photo 
electric conversion element PD to the charge detection 
element N. The transfer element TTX may include, e. g., one 
or more transistors. In the illustrated example, the transfer 
element TTX may be controlled by the transfer signal TX. 

[0042] The reset element TRX may be, e.g., a sWitch or a 
transistor for transferring the reset signal RX. In the illus 
trated example, the reset element TRX may be controlled by 
the reset signal RX. The reset element TRX may periodically 
reset the charge detection element N. As shoWn in the 
illustrated example, the reset element TRX may have a drain 
connected to an external poWer source VDD_P. 

[0043] The charge detection element N may be, e.g., a 
?oating diffusion (FD) region. The charge detection element 
N may correspond to an electrical node betWeen the transfer 
element TTX and the amplifying unit T AMP, and may respec 
tively receive the charge collected by the photoelectric 
conversion element PD via the transfer element TTX. As 
shoWn in the exemplary pixel structure shoWn in FIG. 2, the 
charge detection element N may be connected to a source of 
the reset element TRX, a gate of the amplifying unit T AMP, 
and/ or the transfer element TTX. The charge detection ele 
ment may have a parasitic capacitance, Whereby charges 
may be cumulatively collected. In the exemplary pixel 
structure shoW in FIG. 2, a capacitor Cp is shoWn, Which 
may correspond to a parasitic capacitance and not a discrete 
additional component. 

[0044] The ampli?er T AMP may be, e.g., a source folloWer 
ampli?er in combination With a constant current generator 
(not shoWn), Which may be external to the pixel 22. The 
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ampli?er T AMP may output an output signal OUT, Which 
may be, e. g., a variable voltage corresponding to the voltage 
received by the charge detection element N. As shoWn in the 
illustrated example, a source of the ampli?er T AMP may be 
connected to a drain of the selection element TSEL and a 
drain of the selection element TSEL may be connected to the 
external poWer source VDD_P. 

[0045] The selection element TSEL may enable selection of 
the respective pixel 22 to be read in a roW-Wise manner. 
When the respective pixel 22 is selected by the respective 
pixel selection signal SEL, the respective pixel 22 may 
output a pixel output signal APS_O. As shoWn in the 
example illustrated in FIG. 2, a gate of the selection element 
TSEL may receive the respective pixel selection signal SEL, 
and a source of the selection element TSEL may be connected 
to a bias current source IBIAS, Which may be connected to a 
ground voltage source VSS_P. 

[0046] Referring back to FIG. 1, a general overvieW of an 
operation of the exemplary CMOS image sensor 5 Will be 
provided. The reset signal RX may control a reset operation 
for the pixels 22 of the APS array 20. For example, a reset 
signal RXk corresponding to the k-th roW of the APS array 
20 may be applied to reset one or more pixels 22 arranged 
in the k-th roW of the APS array 20. The respective reset 
signals RX may be supplied via corresponding electrical 
paths (not shoWn) connecting the roW driver 10 the APS 20. 
The transfer signal TX may control the transfer element TTX. 

[0047] The pixel selection signal SEL may control the 
selection of pixels 22 in the APS array 20. For example, a 
pixel selection signal SELk corresponding to the k-th roW of 
the APS array 20 may select one or more pixels arranged in 
the k-th roW of the APS array 20. The respective pixel 
selection signals SEL may be supplied via a corresponding 
electrical path (not shoWn) connecting the roW driver 10 to 
the corresponding roW of the APS array 20. 

[0048] During operation of the exemplary CMOS image 
sensor 5, as discussed above, the n roWs of the APS array 20 
may be, e.g., sequentially selected based on, e.g., the pixel 
selection signal SEL, and each of the pixels 22 in, e.g., a 
selected roW of, the APS array 20 may output a respective 
output signal APS_O to the CDS array 30. For example, in 
the exemplary APS array 20 With n roWs and m columns, as 
discussed above, during a time period corresponding to the 
selected one of the n roWs of the APS array 20, m respective 
APS output signals APS_O_l to APS_O_m may be output 
to the CDS array 30. Characteristics, e.g. voltage, of an 
output signal supplied by one of the pixels 22 may change. 
For example, during a reset signal sampling period, a 
voltage of the respective APS output signal may correspond 
to a reset voltage Vres associated With the respective reset 
signal RX supplied to that pixel 22. Also, e.g., during an 
image signal sampling period, a voltage of the respective 
APS output signal being supplied to the CDS array 30, by 
the same pixel 22, may correspond to an image signal 
voltage Vsig. 

[0049] Each of the respective APS output signals 
APS_O_l to APS_O_m may correspond to a respective 
output voltage Vout, Which may include the reset voltage 
Vres and the image signal voltage Vsig. As shoWn in FIG. 
4, the reset and image signal voltages Vres, Vsig may be 
sequentially supplied by the respective pixel 22 of the APS 
array 20 to the CDS array 30. The CDS array 30 may 
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perform correlated double sampling based on the received 
voltages, e.g., the respective reset voltage Vres and the 
respective image signal voltage Vsig. 

[0050] FIG. 3 illustrates a schematic diagram of an exem 
plary CDS array 30 employable With one or more aspects of 
the invention. As shoWn in FIG. 3, the CDS 30 may include 
a plurality of CDS circuits 32, 34, 36. Although three CDS 
circuits 32, 34, 36 are shoWn, the CDS array 30 may include 
any number of CDS circuits 32, 34, 36. Each of the CDS 
circuits 32, 34, 36 may include one or more sWitches, one or 
more capacitors, and one or more comparators and/or ampli 
?ers. As shoWn in the illustrated example, each of the CDS 
circuits 32, 34, 36 may include four sWitches, e.g., S1, S2, 
S3, S4, blocking capacitor C1, a signal storing capacitor C2, 
a signal transfer capacitor C3, a comparator A1, and an 
ampli?er A2. 

[0051] The CDS array 30 may include, e.g., m CDS 
circuits, i.e., one CDS circuit for each of the m columns of 
the exemplary APS array 20, and each of the m CDS circuits 
may respectively receive the respective APS output signal 
APS_O_1 to APS_O_m, including the respective reset volt 
age Vres and the respective image signal voltage Vsig, and 
may respectively output a CDS output signal CDS_O_1 to 
CDS_O_m. Each CDS circuit, e.g., 32, 34, 36 may also 
receive a reference signal REF and a ramp signal RAMP, 
e.g., a voltage ramping signal, as shoWn in FIG. 3. 

[0052] As shoWn in FIG. 1, the reference signal REF may 
be generated and supplied to the CDS array 30 by the 
reference voltage generator 50. The ramp signal RAMP may 
be supplied to the CDS array 30 by, e.g., a ramp signal 
generator (not shoWn). 

[0053] As discussed above and as shoWn in FIG. 3, the 
respective APS output signal, e.g., APS_O_1 including the 
respective reset voltage Vres and the respective image signal 
voltage Vsig, may be supplied to the respective CDS circuit 
32, via sWitch S1 and the ramp signal RAMP may be 
supplied to the CDS circuit 32 via sWitch S2. The blocking 
capacitor C1 may be connected betWeen the sWitch S1 and 
the signal storing capacitor C2, and the sWitch S2. The 
sWitch S3 may be connected in parallel With an input 
terminal IN of the comparator A1 and an output terminal of 
the comparator A1. The reference signal REF may be 
supplied to another input terminal of the comparator A1. The 
signal transfer capacitor C3 may be connected betWeen an 
output terminal DIFF of the comparator A1 and an input 
terminal of the ampli?er A2. The sWitch S4 may be con 
nected in parallel With the input terminal of the ampli?er A2 
and an output terminal of the ampli?er A2, Which may 
correspond to the respective one of CDS output signals 
CDS_O_1 to CDS_O_m. 

[0054] FIG. 4 illustrates a timing diagram of a conven 
tional CMOS image sensor. For simplicity, the reset signal 
RX, the transfer signal TX and the pixel selection signal SEL 
are omitted from the timing diagram illustrated in FIG. 4. 

[0055] As shoWn in FIG. 4, during a period When reset 
signal sampling is performed, i.e., betWeen time (1) and time 
(3), the respective output voltage Vout may be relatively 
high. More particularly, during the period When reset signal 
sampling is performed, a respective reset signal RX associ 
ated With the respective pixel 22 may be high, i.e., the reset 
voltage Vres output by the respective pixel 22 may high. 
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While the reset signal sampling is being performed, the 
sWitches S1, S2, S3, S4 may be turned on. In the example 
illustrated in FIG. 4, the sWitch S3 is turned off at time (2), 
and the sWitches S1, S2, and S4 are turned off at time (3). 

[0056] Then, as shoWn in FIG. 4, before an image signal 
sampling is performed, e.g., betWeen time (3) and time (4), 
the respective voltage Vout of the APS output signal 
APS_O_1 to APS_O_m, is reduced from the reset voltage 
Vres by an image signal voltage Vsig output by the same 
respective pixel 22 of the APS array 20. During the subse 
quent image signal sampling period betWeen time (4) and 
time (5), a voltage at the input terminal of the comparatorA1 
re?ects the drop in voltage of the respective voltage Vout of 
the respective APS output signal APS_O_1 to APS_O_m. As 
may be seen from the exemplary timing diagram illustrated 
in FIG. 4, noise resulting from the poWer supply, e. g., poWer 
supply voltage VDD_P, is included in the respective Vout of 
the respective APS output signal APS_O_1 to APS_O_m. 
For example, at time (2) When the sWitch S3 turns off, is 
re?ected in the respective input voltage Vin being supplied 
to the comparator A1. 

[0057] As shoWn in the timing diagram illustrated in FIG. 
4, the reference voltage Vref of the reference signal REF that 
may be supplied by the reference voltage generator 50 
re?ects no or a negligible amount of noise. 

[0058] The impact of noise included in the respective 
output voltage Vout of the respective APS output signal 
APS_O_1 to APS_O_m on the resulting signal output by the 
CDS array 30 may be illustrated by the folloWing relation 
ships. 

[0059] During reset signal sampling, e.g., from time (1) to 
time (3), impact of noise on VIN), Vref impact of noise on 
VIN), Vref and Vdilf_res may be as folloWs. 

VINi1=Vref +A VS3+A VPOWER 

Vref=Vref 

Vdiffires=VINi1— Vref=A 1183+ VPOWER 

As discussed above, at time (3), the sWitch S3 may turn off 
and may be a dominant cause of signal noise during the reset 
signal sampling period. 

[0060] During image signal sampling, e.g., from time (4) 
to time (5), impact of noise on VIN}, Vref and Vdilf_sig 
may be as folloWs. 

[0061] After image signal sampling, e.g., after time (5), 
impact of noise on VIN; , Vref and Vdi?f_res_sig may be as 
folloWs. 

VlNJ : Vref + AVS3 + AVPOWER — Vsig 

Vmfs = Vmfz + VRAMP + AVsi 

: Vref + AVS3 + AVPOWER — Vsig + VRAMP + AVSI 

Vref : Vref 



US 2007/0132868 A1 

-continued 
Vdiffiresisig : VlNj — Vref 

: AVS3 + AVPOWER — Vsig + VRAMP + AVSI 

As discussed above, at time (5), the switch S1 may turn off 
and may be a dominant cause of signal noise during the 
image signal sampling period. As can be seen from the last 
equation re?ecting the effect of noise on the Vdilf_res_sig 
signal, there exists multiple sources of noise AVS3, AVPOWER 
and AVSl in addition to components intended to be trans 
ferred, e.g., Vsig and VRAMP. 

[0062] As discussed above, CMOS image sensors and 
methods of operating CMOS image sensors that can reduce 
and/or eliminate the noise resulting, eg from the poWer 
supply and/or sources outside of the APS array 20 are 
desired. 

[0063] FIG. 5 illustrates a block diagram of a ?rst exem 
plary embodiment of a CMOS image sensor 105 employing 
one or more aspects of the invention. For simplicity, only 
differences betWeen the exemplary embodiment of the 
CMOS image sensor 105 shoWn in FIG. 5 and the CMOS 
image sensor 5 described above in relation to FIGS. 1-3 Will 
be described beloW. 

[0064] Similar to the CMOS image sensor 5 described 
above, the CMOS image sensor 105 may include a roW 
driver 110, an APS array 120, a CDS array 130, a digital 
code output unit 140. Aspects of the invention may employ 
a reference voltage generator 150. The CMOS image sensor 
105 may also include an optical black (OB) pixel array 122. 

[0065] The OB pixel array 122 may generally be provided 
in an image sensor to carry out automatic level compensa 
tion (ADLC), i.e., compensate for a pixel’s voltage level 
offset. In embodiments of the invention, the reference volt 
age generator 150 may employ the OB pixel array 122 to 
copy the poWer supply noise and supply the reference 
voltage generator 150 With an output signal OB_O including 
noise resulting from, e. g., a poWer supply, etc., outside of the 
CDS array 130 of the CMOS image sensor 105. 

[0066] As illustrated in FIG. 5, in embodiments of the 
invention, the OB pixel array 122 may include a plurality of 
OB pixels arranged in one or more columns and one or more 
roWs. In embodiments of the invention, the number of roWs 
of the OB pixel array 122 may correspond to a number of 
roWs of the APS array 120, e.g., the OB pixel array 122 may 
have n roWs. In embodiments of the invention, the OB pixel 
array 122 may be utiliZed in a variety of Ways. One, some 
or all of the columns of the OB pixel array 122 may 
correspond to one of the m columns of the APS array 120 in 
order to replicate the noise, e.g., the poWer supply noise. 

[0067] In embodiments of the invention in Which the OB 
pixel array 122 includes a plurality of columns correspond 
ing to columns of the APS array 120, some or all of the 
respective output signals OB_O may be connected together 
as a single signal to the reference voltage generator 150. In 
other embodiments of the invention of the invention in 
Which the OB pixel array 122 includes a plurality of columns 
corresponding to columns of the APS array 120, each of the 
respective output signals OB_O of the plurality of columns 

Jun. 14, 2007 

of the OB pixel array 122 may be used separately. In other 
embodiments of the invention of the invention in Which the 
OB pixel array 122 includes a plurality of columns corre 
sponding to columns of the APS array 120, output signals 
OB_O of the OB pixel array 122 may be separated into 
groups, and a corresponding number of respective output 
signals OB_O may be output to the reference voltage 
generator 150. In embodiments of the invention, each output 
signal OB_O of each column of the OB pixel array 120 may 
be based on one, some or all of the OB pixels of the 
respective column of the OB pixel array 120. 

[0068] As shoWn in FIG. 5, the exemplary embodiment of 
the reference voltage generator 150 may receive the output 
signal OB_O from the OB pixel array 122, a ramp signal 
RAMP_R, and a REF_OB signal, and may supply a REF_C 
signal to the CDS array 130 via ampli?er A3 (shoWn in FIG. 
6). In embodiments of the invention, the CDS array 130, the 
APS array 120, the digital code output unit 140, and the roW 
driver 110 may have, e.g., structures corresponding to the 
CDS array 30, the APS array 20, the digital code output unit 
40, and the roW driver 10 of the CMOS image sensor shoWn 
in FIGS. 1-3. 

[0069] In embodiments of the invention, a ramp signal 
generator (not shoWn) may generate a plurality of ramp 
signals, e.g. RAMP_R and RAMP_C. As shoWn in FIG. 5, 
the RAMP_R signal may be supplied to the reference 
voltage generator 150 and the RAMP_C signal may be 
supplied to the CDS array 130. The RAMP_R signal may be 
supplied to the reference voltage generator 150 and may not 
have any voltage variation. In embodiments of the invention, 
the RAMP_R signal supplied to the reference voltage gen 
erator 150 may be a substantially constant or completely 
constant voltage signal, even before, at or after time (6) 
Where the RAMP_C signal may begin increasing. 
[0070] In embodiments to the invention, the REF_OB 
signal may correspond to a noise free reference signal 
generated by, e.g., a knoWn, reference voltage generator, 
e.g., 50 in FIG. 1. 

[0071] The REF_C signal may include noise resulting 
from, e.g., factors outside of the CDS array 130. Such noise 
factors may be, e.g., poWer supply noise, clock feed-through 
noise due to on/olf sWitching operations. In embodiments of 
the invention, the OB pixel array 122 may be employed by 
the reference voltage generator 150 to generate a signal 
having the same or substantially the same noise character 
istics as signals of the CMOS image sensor 105 such that the 
output REF_C signal may cancel all or substantially all of 
the noise degrading the quality of signals Within the CMOS 
image sensor 105. By supplying a reference voltage signal, 
e.g., REF_C that includes all or substantially all of the noise 
degradation affecting the signals Within the CMOS image 
sensor, the effect of noise on image quality may be reduced 
and/or eliminated. 

[0072] To reduce and/or eliminate noise that may result 
from sources external to the CDS array, the reference 
voltage generator 150 may include a CDS circuit structure 
that corresponds to CDS circuits in the CDS array 130. In 
embodiments of the invention, the reference voltage gen 
erator 150 may include the same CDS circuit structure as 
that of the corresponding CDS array 130 and thus, clock 
feed-through noise due to, e.g., on/off sWitching operations 
may be copied to the generated reference voltage signal 
REF_C. 
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[0073] FIG. 6 illustrates a schematic diagram of the exem 
plary CDS array 130 shown in FIG. 3 being employed 
according to one or more aspects of the invention With the 
exemplary reference voltage generator 150. Only differences 
betWeen the CDS array 130 illustrated in FIG. 6 and the CDS 
array 30 illustrated in FIG. 3 Will be described beloW. 

[0074] As the CDS array 130 illustrated in FIG. 6 corre 
sponds to the CDS array 30 illustrated in FIG. 3, aspects of 
the invention may be employed With the CDS array 30 
illustrated above in FIG. 3. In particular, embodiments of the 
invention may employ a noise canceling device, e.g., the 
voltage generator 150, in lieu of, e.g., the voltage generator 
50, in addition to, e.g., the voltage generator 50 to cancel 
noise that may result from factors beyond the CDS array 
130. As discussed in relation to FIG. 6, the reference voltage 
generator 150 may employ the output signal OB_O from the 
OB pixel array 122, the RAMP_R signal, the REF_OB 
signal, and a structure 152 corresponding to the structure of 
a CDS circuit 132, 134, 136, of the corresponding CDS array 
130 to generate a reference voltage signal REF_C including 
noise that substantially or completely corresponds to noise 
terms resulting from, eg poWer supply and/or clock feed 
through, e.g., AVS3, AVPOWER and AVSI, as discussed 
above. 

[0075] FIG. 7 illustrates an exemplary timing diagram of 
an exemplary CMOS image employing one or more aspects 
of the invention. Operation of the switches S1, S2, S3, S4 
may correspond to operation of the sWitches S1, S2, S3, S4 
in the timing diagram shoWn in FIG. 4. The RAMP_C signal 
may correspond to the RAMP signal shoWn in FIG. 4. As 
shoWn in FIG. 7, the output voltage Vout signal may 
substantially or completely correspond to the Vout signal 
shoWn in FIG. 4. 

[0076] As discussed above, in embodiments of the inven 
tion, the RAMP_R signal supplied to the reference voltage 
generator 150 may be a substantially constant or completely 
constant voltage signal, even before, at or after time (6) 
Where the RAMP_C signal may begin increasing. 

[0077] Also, as discussed above, in embodiments of the 
invention, the reference voltage signal REF_C supplied to 
the CDS array 130 may be generated based on the respective 
output signal OB_O from the OB pixel array 122, Which 
may copy, e.g, the poWer supply noise, to the noise free 
reference voltage REF_OB. Thus, as shoWn in FIG. 7, in 
embodiments of the invention, an output signal Vdilf of the 
comparator A1 may not include, e.g., the poWer supply 
noise. More particularly, in embodiments of the invention, 
the voltage signal Vref_c of the REF_C signal may cancel 
noise existing in the Vout signal such that the resulting 
output Vdilf does not include any or substantially all of the 
noise, e.g., the poWer supply noise. Thus, embodiments of 
the invention enable quality of image signals and thus, 
image quality, may be improved. 

[0078] More particularly, the noise effect on signals of a 
CMOS image sensor employing one or more aspects of the 
invention Will be described. The impact of noise included in 
the respective output voltage Vout of the respective APS 
output signal APS_O_1 to APS_O_m on the resulting signal 
output by the CDS array 130 may be illustrated by the 
folloWing relationships. 
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[0079] During reset signal sampling, e.g., from time (1) to 
time (3), impact of noise on VIN), Vref impact of noise on 
VIN), Vref and Vdilf_res may be as folloWs. 

As discussed above, at time (3), the sWitch S3 turns off and 
is a dominant cause of signal noise during the reset signal 
sampling period. 
[0080] During image signal sampling, e.g., from time (4) 
to time (5), impact of noise on VINE, VHLOlL2 and Vdilf 
_sig may be as folloWs. 

VINj= Vref+A VS3+A VPOWER— Vsi g 

VINiOBJ= Vref +A V5 3+A VPOWER 

Vdiffisig= VINi2— VINiOBJ= Vsig 

[0081] After image signal sampling, e.g., after time (5), 
impact of noise on VIN; , VINiOBJ and Vdilf_res_sig may 
be as folloWs. 

Vmfs = Vmfz + VRAMP + Avsi 

: Vref + AVgl + AVPOWER — Vsig + VRAMP + AVSl 

VHLOBj = VHLOB’Z + Avsi 

: Vref + AVS3 + AVPOWER + AVSI 

Vdiffiresisig : Vmj — VHJ’OB’3 

= VRAMP — Vsig 

As discussed above, at time (5), the sWitch Si may turn off 
and may be a dominant cause of signal noise during the 
image signal sampling period. Thus, in contrast to the 
CMOS image sensor 5 described above, as can be seen from 
the last equation re?ecting the effect of noise on the Vdif 
f_res_sig signal, multiple sources of noise, e.g., AVS3, 
AVPOWER and AVSl may be canceled and components 
intended to be transferred, e.g., Vsig and VRAMP may be 
transferred With no noise or substantially no noise. 

[0082] FIG. 8 illustrates another exemplary embodiment 
of a reference voltage generator, according to one or more 
aspects of the invention. The second embodiment of the 
reference voltage generator 150' shoWn in FIG. 8 corre 
sponds to the exemplary embodiment of the reference volt 
age generator 150 shoWn in FIG. 1, but includes more than 
one of the corresponding CDS circuit structures, e.g., 152, 
154. Embodiments of the invention may employ a plurality 
of such corresponding CDS circuit structures, e.g., 152, 154, 
in an attempt to reduce an effect of input capacitance on the 
ampli?er A3 because the ampli?er A3 may be connected to, 
e.g., many comparators A1. Although tWo corresponding 
CDS circuit structures, e.g., 152,154, are shoWn, embodi 
ments of the invention may employ more than tWo corre 
sponding CDS circuit structures. Anumber of corresponding 
CDS circuit structures employed may correspond to a num 
ber of devices, e.g., comparators A1, of the corresponding 
CDS array 130 being driven by the respective reference 
voltage generator 150. 

[0083] FIG. 9 illustrates a block diagram of a second 
exemplary embodiment of a CMOS image sensor employing 
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one or more aspects of the invention, and FIG. 10 illustrates 
a schematic diagram of an exemplary embodiment of a pixel 
noise replica unit according to one or more aspects of the 
invention. Only aspects of the exemplary embodiment that 
are different to the exemplary embodiments described above 
With relation to FIGS. 5-8 Will be described beloW. 

[0084] In the exemplary embodiment illustrated in FIG. 9, 
a pixel noise replication unit 160 is employed instead of the 
OB pixel array 122 of the CMOS image sensor 105. The 
pixel noise replication unit 160 may copy pixel noise, e.g., 
poWer supply noise, to an output signal PNR_O to be 
supplied to the reference voltage generator 150. 

[0085] As shoWn in FIG. 10, the exemplary pixel noise 
replication unit 160 may include devices, e.g., resistors and 
sWitches, for scaling a voltage level of the pixel noise, e.g. 
poWer supply noise. The poWer supply voltage VDD_P and 
the ground poWer supply voltage VSS_P are supplied by the 
same voltage sources that are supplying, e.g., the APS array 
120. 

[0086] Exemplary embodiments of the present invention 
have been disclosed herein, and although speci?c terms are 
employed, they are used and are to be interpreted in a 
generic and descriptive sense only and not for purpose of 
limitation. While embodiments of the present invention have 
been described relative to a hardWare implementation, the 
processing of present invention may be implemented in 
softWare, e.g., by an article of manufacture having a 
machine-accessible medium including data that, When 
accessed by a machine, cause the machine to generate a 
signal for reducing noise. Accordingly, it Will be understood 
by those of ordinary skill in the art that various changes in 
form and details may be made Without departing from the 
spirit and scope of the present invention as set forth in the 
folloWing claims. 

What is claimed is: 
1. A method for operating a CMOS image sensor includ 

ing an active pixel sensor array and a noise canceller array 
corresponding to the active pixel sensor array, the method 
comprising: 

generating a varying reference signal that mirrors noise 
external to the active pixel sensor array; 

outputting the varying reference signal to the noise can 
celler array; and 

using the varying reference signal in the noise canceller 
array to cancel noise both internal to and external to the 
active pixel sensor array. 

2. The method as claimed in claim 1, Wherein generating 
the varying reference signal comprises mirroring noise in a 
poWer supply supplying poWer to the active pixel sensor 
array. 

3. The method as claimed in claim 2, Wherein mirroring 
noise in the poWer supply comprises creating a replicated 
signal in accordance With pixel functioning of a pixel in the 
active pixel sensor array and poWer from the poWer supply. 

4. The method as claimed in claim 3, Wherein generating 
the varying reference signal further comprises adding the 
replicated signal to a constant reference signal. 

5. The method as claimed in claim 3, Wherein creating the 
replicated signal comprises providing an optical black pixel 
having a pixel structure equivalent to that of the pixel in the 
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active pixel sensor array and supplying poWer from the 
poWer supply to the optical black pixel. 

6. The method as claimed in claim 3, Wherein creating the 
replicated signal comprises providing an equivalent circuit 
having a response to input poWer equal to that of the pixel 
in the active pixel sensor array and supplying poWer from 
the poWer supply to the equivalent circuit. 

7. The method as claimed in claim 3, Wherein generating 
the varying reference signal further comprises mirroring 
sWitching offset noise Within the noise canceller array. 

8. The method as claimed in claim 7, Wherein generating 
the varying reference signal further comprises supplying the 
replicated signal to a dummy noise canceller having an 
equivalent structure to that of a noise canceller of the noise 
canceller array. 

9. The method as claimed in claim 1, Wherein generating 
the varying reference signal comprises mirroring sWitching 
offset noise Within the noise canceller array. 

10. The method as claimed in claim 9, Wherein generating 
the varying reference signal further comprises supplying a 
constant reference signal to a dummy noise canceller having 
an equivalent structure to that of a noise canceller of the 
noise canceller array. 

11. An apparatus for use With a CMOS image sensor 
including an active pixel sensor array and a noise canceller 
array corresponding to the active pixel sensor array, the 
apparatus comprising: 

a varying reference signal generator to generate a varying 
reference signal that mirrors noise external to the active 
pixel sensor array and to output the varying reference 
signal to the noise canceller array. 

12. The apparatus as claimed in claim 11, Wherein the 
varying reference signal mirrors noise in a poWer supply 
supplying poWer to the active pixel sensor array. 

13. The apparatus as claimed in claim 12, further com 
prising a replication unit for creating a replicated signal in 
accordance With pixel function of a pixel in the active pixel 
sensor array and poWer from the poWer supply. 

14. The apparatus as claimed in claim 13, Wherein the 
varying reference signal generator comprises a comparator 
for adding the replicated signal and a constant reference 
signal. 

15. The apparatus as claimed in claim 13, Wherein the 
replication unit comprises an optical black pixel having a 
pixel structure equivalent to that of the pixel in the active 
pixel sensor array, the optical black pixel receiving poWer 
from the poWer supply. 

16. The apparatus as claimed in claim 13, Wherein the 
replication unit comprises an equivalent circuit having a 
response to input poWer equal to that of the pixel in the 
active pixel sensor array, the equivalent circuit receiving 
poWer from the poWer supply. 

17. The apparatus as claimed in claim 13, Wherein the 
varying reference signal further mirrors sWitching offset 
noise Within the noise canceller array. 

18. The apparatus as claimed in claim 17, Wherein the 
varying reference signal generator comprises a dummy noise 
canceller having an equivalent structure to that of a noise 
canceller of the noise canceller array, the dummy noise 
canceller receiving the replicated signal. 
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19. The apparatus as claimed in claim 11, wherein the 

Varying reference signal mirrors switching offset noise 
Within the noise canceller array. 

20. The apparatus as claimed in claim 19, Wherein the 

Varying reference signal generator comprises a dummy noise 
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canceller having an equivalent structure to that of a noise 
canceller of the noise canceller array. 

21. The apparatus as claimed in claim 20, Wherein the 
Varying reference signal generator comprises a plurality of 
dummy noise cancellers. 

* * * * * 


