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NOISE FLOOR REDUCTION IN IMAGE SENSORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Ser. No. 60/252,915, ?led Nov. 27, 
2000, and entitled “Noise ?oor reduction in image sensors,” 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to imaging electron 
ics in general, and more particularly to noise ?oor reduction 
in CMOS process Active Pixel image sensor systems. 

BACKGROUND OF THE INVENTION 

[0003] CMOS process Active Pixel Sensor (APS) tech 
nology is foreseen as the next generation technology for 
image sensors, Which Will replace the currently dominating 
CCD technology. Among the advantages that APS technol 
ogy has over CCD technology are the ability to integrate 
image sensor and camera electronics onto a single chip, loW 
poWer dissipation due to the inherently loWer CMOS pro 
cess voltage as compared With CCD voltage, and signi? 
cantly-loWer manufacturing costs. 

[0004] Dramatic advance in the CMOS process technol 
ogy are also expected to lead to the implementation of 
imagers With a 5 pm pixel pitch on a submicron CMOS 
process, Which is approximately equal to the diffraction limit 
of the camera lens. This limit offsets one of the major 
advantages of CCD technology, namely the high ?ll factor 
afforded by a very simple pixel circuit. 

[0005] The ability to implement photographic-quality 
imagers using CCD technology is severely limited by the 
large array dimensions that Would be required, having 
thousands of pixel columns and roWs. It is dif?cult to 
implement such large arrays using CCD technology due to 
the CCD Charge Transfer Ef?ciency (CTE) factor Which 
dictates that image quality severely deteriorates as the siZe 
of the image sensor array increases. It is not commercially 
feasible to produce 3,000><2,000 pixel CCD arrays as Would 
be required for near photographic quality images due to the 
prohibitive manufacturing costs involved. 

[0006] Although the transition from CCD-based technol 
ogy to APS-based technology for commercial image sensors 
appears inevitable, APS technology has several limitations 
that have yet to be overcome. The ability to implement large 
CMOS-based APS image sensor arrays is limited by readout 
bus capacitance that originates from multiplexing all pixels 
Within each column into a single column line. The parasitic 
output capacitances of the multiplexing circuits and of the 
line interconnect, normally implemented With metal, are the 
major contributors to column capacitance. Thus, for a given 
CMOS process and pixel unit cell siZe, the column capaci 
tance is proportional to the number of multiplexed roWs. 

[0007] The column capacitance is the dominant contribu 
tor to the input-referred noise and it governed by the 
so-called “kTC” noise mechanism. One technique that may 
be used to reduce the kTC noise effect involves introducing 
an ampli?cation stage in each pixel’s unit cell by including 
an in-pixel Source-Follower circuit. The Source-Follower 
ampli?er “de-couples” the in-pixel integration capacitor 
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from the column capacitance, Which results in a reduced 
input-referred readout noise. HoWever, this technique leads 
to a reduction in gain due to the attenuation of the signal as 
a function of column bus capacitance. This can be costly in 
terms of signal-to-noise ratio (SNR) for large-format circuits 
With a high column capacitance and for applications Where 
the charge that is involved is small. Thus, although imple 
menting a Source-Follower circuit results in a reduced 
input-referred readout noise, its effect diminishes as the 
imager’s siZe increases due to the increasing column capaci 
tance. 

SUMMARY OF THE INVENTION 

[0008] The present intention seeks to provide methods and 
apparatus for noise ?oor reduction in CMOS-based APS 
image sensor arrays that overcomes disadvantages of the 
prior art. The present invention substantially reduces the 
column capacitance in large image sensor arrays, resulting in 
a reduced noise ?oor and a better signal-to-noise ratio. A 
Direct Injection (DI) circuit approach is employed in place 
of the Source-Follower circuit per unit cell approach. A DI 
circuit is relatively simple to implement and deploys less 
transistors per unit cell, Which results in a higher unit cell 
?ll-factor, a smaller pixel, or both. Furthermore, the Fixed 
Pattern Noise (FPN) of a DI circuit is considerably loWer 
than that of the Source-FolloWer-based unit cell. The DI 
circuit of the present invention directly injects the charge 
accumulated by the integration capacitor into the column. 
This results in a signi?cant input-referred readout noise that 
is higher than that of the Source-FolloWer-based unit cell. 
By reducing column capacitance the present invention sig 
ni?cantly reduces the image sensor’s noise ?oor and 
improves its signal-to-noise ratio, particularly in large image 
sensor arrays. 

[0009] In one aspect of the present invention an image 
sensor array is provided including a ?rst plurality of unit 
cells coupled to a ?rst sense ampli?er, and a second plurality 
of unit cells coupled to a second sense ampli?er, Where the 
?rst plurality and the second plurality are substantially 
electrically isolated from each other. 

[0010] In another aspect of the present invention each of 
the ?rst and second pluralities of unit cells includes at least 
one column line. 

[0011] In another aspect of the present invention the unit 
cells are arranged in tWo or more clusters of tWo or more of 
the unit cells each, and the unit cells Within each of the 
clusters are coupled to a cluster line Which is coupled to the 
column line, 

[0012] In another aspect of the present invention only one 
of the clusters is actively connected to the column line at any 
given time. 

[0013] In another aspect of the present invention the unit 
cells are direct injection unit cells. 

[0014] In another aspect of the present invention the ?rst 
plurality and the second plurality are substantially electri 
cally isolated from each other by at le 10M Ohms. 

[0015] In another aspect of the present invention an image 
sensor array is provided including a plurality of columns, 
each column including a plurality of unit cells coupled to a 
column lines a ?rst sense ampli?er coupled to a ?rst plurality 
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of the unit cells in each of the columns, and a second sense 
ampli?er coupled to a second plurality of the unit cells in 
each of the columns, Where the ?rst and second pluralities of 
the unit cells in each of the columns are substantially 
electrically isolated from each other. 

[0016] In another aspect of the present invention each of 
the columns includes a plurality of clusters, each cluster 
including tWo or more of the unit cells coupled to a cluster 
line Which is coupled to the column line. 

[0017] In another aspect of the present invention only one 
of the clusters is actively connected to the column line at any 
given time. 

[0018] In another aspect of the present invention the unit 
cells are direct injection unit cells. 

[0019] In another aspect of the present invention the ?rst 
plurality and the second plurality are substantially electri 
cally isolated from each other by at least 10M Ohms. 

[0020] In another aspect of the present invention a method 
for reducing noise ?oor in an image sensor is provided, the 
method including sensing a ?rst plurality of unit cells With 
a ?rst sense ampli?er, and sensing a second plurality of unit 
cells With a second sense ampli?er. 

[0021] In another aspect of the present invention either of 
the sensing steps includes sensing different subsets of the 
unit cells at different tunes. 

[0022] In another aspect of the present invention either of 
the sensing steps includes sensing mutually exclusive sub 
sets of the unit cells at different times. 

[0023] In another aspect of the present invention each of 
the sensing steps includes sensing its associated plurality of 
unit cells in substantial electrical isolation from the other the 
plurality of unit cells. 

[0024] In another aspect of the present invention each of 
the sensing steps are performed alternatingly. 

[0025] The disclosures of all patents, patent applications, 
and other publications mentioned in this speci?cation and of 
the patents, patent applications, and other publications cited 
therein are hereby incorporated by reference in they entirety. 

BRIEF DESCRIPTION OF TE DRAWINGS 

[0026] The present invention Will be understood and 
appreciated more fully from the folloWing detailed descrip 
tion taken in conjunction With the appended draWings in 
Which: 

[0027] FIGS. 1A and 1B are schematic ?oW illustrations 
of a Direct Injection (DI) unit cell 100, useful in under 
standing the present invention; 

[0028] FIG. 2 is a schematic illustration of an image 
sensor array segment, useful in understanding the present 
invention; 

[0029] FIGS. 3A and 3B, taken together, are top-vieW and 
side-vieW illustrations of readout transistor T2 of FIGS. 1A, 
1B, and 2, useful in understanding the present invention; 

[0030] FIG. 4 is a schematic illustration of an image 
sensor array, constructed and operative in accordance With a 
preferred embodiment of the present invention; and 
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[0031] FIG. 5 is a schematic illustration of an alternative 
image sensor array column arrangement for use With the 
image sensor array of FIG. 4, constructed and operative in 
accordance With a preferred embodiment of the present 
invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODLMENTS 

[0032] Reference is noW made to FIGS. 1A and 1B, 
Which are schematic illustrations of a Direct Injection (DI) 
unit cell 100, useful in understanding he present invention. 
DI 100 is shoWn as having a photodiode PD 102, an 
integration capacitor Crnt 104, a transistor T1 106, column 
line capacitance CCO1 108, a readout transistor T2 110, a 
column line 112, and transistor gates 114 and 116. 

[0033] When an image sensor’s background photon noise 
is loW, its noise ?oor is determined by the image sensor’s 
electronics, particularly the readout electronics associated 
With photocurrent signals, as Well as its input stages, Which 
in turn determines the image sensor’s sensitivity. 

[0034] The major noise components Which determine the 
noise ?oor are Fixed Pattern Noise (FPN), 1/f noise, and 
White noise. A Direct Ejection stage typically features a very 
loW FPN, and conventional techniques may be applied to 
remove 1/f noise. If generated at later stages, White noise 
may also be removed using conventional techniques 

[0035] Among the major factors Which set the loWer 
bound to noise originating from the pixel readout, the 
dominant noise component is the so-called kTC noise, 
Which originates from transferring charges from their origin 
to a collecting capacitor C. The kTC noise originates from 
a resistor Which charges a capacitor. The noise output on the 
capacitor, <vn>, Which originates from a resistor, is 
expressed: 

[0036] Where k is BoltZmann’s constant of 138x10“23 
Joul/° K., T is the resistor’s/capacitor’s temperature 
expressed in degrees Kelvin, C is the capacitor’s capacitance 
expressed in Farads, and <vn> is the capacitor’s PMS noise 
voltage expressed in Volts. 

(EQ. 1) 

[0037] The noise may be expressed in terms of “noise 
electrons,” that is the number of electrons that Would cause 
the RMS noise on capacitor C. The RMS number of noise 
electrons, <Nn> may be derived from (EQ. 1) as: 

[0038] Where e is the electron charge of 1.6><10_19 Cou 
lomb. 

[0039] In FIG. 1A a photon-generated photocurrent Iph 
?oWs from photodiode PD 102 into integration capacitor 
Cim 104 through transistor T1 106. The kTC noise source is 
the transistor T1 channel resistance. The photocurrent inte 
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gration stage is depicted in FIG. 1A, and thus the noise 
source may be de?ned as the integration noise. The integra 
tion noise may be expressed in terms of RMS voltage as: 

(vim) : 
n Cim 

[0040] Where <vnint> is the RMS integration noise and Cint 
is the charge integration capacitance. The RMS number of 
noise electrons <Nnmt> may be expressed as: 

[0041] FIG. 1B shoWs the path taken by the integrated 
charge readout from the Cint to the column line 112. The 
column line’s capacitance is shoWn as CCO1 108. The charge 
transfer is embodied as a current ?oW through a readout 

transistor T2 110. This current ?oW generates a kTC noise on 
the column line, and the noise component is translated into 
an equivalent noise source on the integration capacitor Cint. 
This represents the noise on the integration capacitor that 
Would result in the same noise on the column line. This noise 
is referred to as “input-referred noise,” and is expressed as 
<vn°°1> for the RMS noise voltage and <Nn°°1> for the RMS 
number of noise electrons. It may be shoWn that 

(Veal): [k7]. + n Cinr Cinr C00! 

and 

(EQ. 5) 

(EQ- 6) 

[0042] Typically, CcO1>>Cint. Thus, it may be seen that the 
dominant factor Which contributes to noise ?oor is not the 
integration noise, but rather the noise that originates from 
the integrated charge readout to the image sensor’s column. 

[0043] By Way of example, given a 0.6 pm process, a 10 
pm><10 pm pixel, and a 1,000-roW image sensor, the column 
capacitance is approximately 4 pF, and the integration 
capacitance is approximately 0.1 pF. In this example, the 
column input-referred readout noise is approximately 6.5 
times greater than the integration noise. The readout noise is 
approximately 40 pV RMS, While the input-referred readout 
noise is approximately 1.5 mV. The integration noise is 
approximately 6 pV rms. 

[0044] Thus, it may be seen that the column readout noise 
is the dominant factor and may be considered to be the noise 
?oor. Signi?cant reduction of the column readout capaci 
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tance Would therefore result in a signi?cant noise ?oor 
reduction, as the column readout noise is determined by the 

Cim 

[0045] ratio and reduction of CCO1 Would result in noise 
?oor reduction. 

[0046] Improvement in the signal-to-noise ratio may also 
be achieved as folloWs, Let vint represent the highest pos 
sible signal that may be collected on the integration capaci 
tor Cint at reaching saturation. Given that column readout 
noise a dominant contributor to noise ?oor, the signal-to 
noise ratio may be approximated as: 

Vim (EQ. 7) 

[0047] Where SNR is the signal-to-noise ratio at the col 
umn line, vint is the near-saturation voltage on the integration 
capacitance, and <vn°°1> is the input-referred column line 
noise RMS voltage. Thus, for a 5 volt process vint is 
approximately 1.5 Volts. Continuing With the previous 
example, given a 373° K. junction temperature, the input 
referred column readout noise may be as much as ~1.5 
mVolts, resulting in a signal-to-noise ratio of approximately 
1,000. Where column readout noise is negligible, the signal 
to-noise ratio is limited mainly by the charge integration 
noise, being approximately 6.5 times better than the signal 
to-noise ratio in this example. 

[0048] Reference is noW made to FIG. 2, Which is a 
schematic ?oW illustration of an image sensor array seg 
ment, useful in understanding the present invention. In FIG. 
2 a single column 200 of an X by V-roWs image sensor array 
is shoWn having multiple unit cells 202 connected to a 
column line 206, Where each unit cell includes a Direct 
Injection (DI) circuit 204 as described hereinabove With 
reference to FIGS. 1A and 1B. In the con?guration shoWn, 
When a roW is read out, its readout transistors T2 conduct a 
charge, and the charge accumulated on the integration 
capacitors of the roW is transferred to its respective column 
line. All the other readout transistors Which reside on each 
column are in a cutoff state. 

[0049] The column capacitance CCO1 in FIG. 2 may be 
approximated by: 

[0050] Where V is the number of image sensor roWs, Cd is 
the readout transistor drain capacitance When in cutoff and 
When the column is biased approximately to 0 Volts, cM is 
the column metal capacitance per unit length, and a is the 
pixel pitch for square pixels. CcO1ECd+cM~a is thus the 
column capacitance per pixel, as is shoWn at reference 
numeral 208. 

[0051] It may thus be seen that column capacitance, Which 
determines the noise ?oor, is directly proportional to the 
number of roWs in the image sensor, and, thus, the larger the 
image sensor array, the greater the noise ?oor. 
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[0052] Reference is noW made to FIGS. 3A and 3B, 
Which are top-vieW and side-vieW illustrations of readout 
transistor T2 of FIGS. 1A, 1B, and 2, useful in understand 
ing the present invention. In FIGS. 3A and 3B a transistor 
assembly 300 is shoWn including a transistor T2 element 302 
including a gate 304, a drain 306, a column metal line 308, 
a ?eld oxide element 310, a connection 312 of column metal 
line 308 to drain 306, all overlying a bulk 314. 

[0053] In FIGS. 3A and 3B, transistor T2 is shoWn With its 
contact and an adjacent section of column line, typically 
constructed from M1 metal. It may be seen that the Width of 
transistor T2 transistor is not minimal due to the drain-to 
column contact rules Which require the Width of transistor T2 
to be more than double the minimal possible transistor 
channel Width. The drain diffusion capacitance and the 
overlapping gate-drain capacitance determine the drain 
capacitance Cd as folloWs: 

cdgcgdwdb (EQ. 9) 
[0054] Where Cgd is the gate-to-drain overlapping capaci 
tance, and Cdb is the drain bulk diode capacitance at Zero 
volts. It may further be seen that: 

CgdEWLOV'Cg (EQ. 10) 
[0055] Where W is the T2 transistor’s Width, LOV is the 
overlapping distance betWeen the gate and the drain, Which 
is usually derived in an empirical manner, and Cg is the 
gate-bulk capacitance per unit area determined by the gate 
oxide thickness. And ?nally: 

(EQ. 11) 
[0056] Where cJ-dO is the drain junction capacitance at Zero 
voltage bias per area unit, Ad is the drain junction area, cjdSWO 
is the drain junction sideWall capacitance per unit length at 
Zero voltage bias, and, Pd is the junction periphery length 
Which includes all the junction sideWalls excluding the gate 
side. 

[0057] By Way of example, for a typical 0.6 pm CMOS 
process, the T2 transistor has 

[0058] AdEZ pm2 
[0059] Pde4 pm 

[0060] CjdOE0.4 fF/ym2 
[0061] cJ-dSWOEOAS fF/pm 
[0062] LOVE0.1 pm 

[0063] Therefore, Cd may be expressed as: 

Cd§3fF (EQ. 12) 
[0064] The metal capacitance per unit length CM is given 
by: 

[0065] Where cMA is the metal line capacitance per area 
unit, and cMP is the metal capacitance, per line side, per unit 
length. Thus, for the example 0.6 pm CMOS process, the 
typical Metal 1 capacitances are 

[0066] and a metal Width WME0.6 pm, 

[0067] giving a metal capacitance per unit length CM as 

CMEODS jF/ym (EQ. 14) 
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[0068] Given EQ. 12 and 14, for a pixel pitch a=10pm the 
total column capacitance per pixel cCO1 may be calculated as: 

0001238 jF/pixel (EQ. 15) 

[0069] Thus if V=1,000, the column capacitance is 
approximately 3.8 pF. 

[0070] The integration capacitor’s capacitance value may 
also be calculated. This value for a 0.6 pm CMOS process 
is: 

CimEOJ pF (EQ. 16) 
[0071] Reference is noW made to FIG. 4, Which is a 
schematic illustration of an image sensor array 400, con 
structed and operative in accordance With a preferred 
embodiment of the present invention. The sensor array 400 
of FIG. 4 includes one or more columns 402, each having 
one or more Direct Injection (DI) unit cells 404 con?gured 
as described hereinabove With reference to FIGS. 1A, 1B, 2, 
3A, and 3B. As in most any tWo-dimensional array, sensor 
array 400 may be alternatively referred to as having one or 
more roWs of unit cells 404. Each column 402 of sensor 
array 400 is separated into tWo or more electrically isolated 
portions, such as into an upper half 406 and a loWer half 408 
as shoWn in FIG. 4, thus forming one or more upper half 
roWs and one or more loWer half roWs. The separation of the 
portions of each column is such that there is little or no 
conductivity betWeen the portions, such as a resistance of 
greater that 10M Ohm. Each electrically isolated portion is 
arranged to be read out through a separate sense ampli?er, 
such as is shoWn in FIG. 4 Where each upper half roW is 
arranged to be read out through a top sense ampli?er set 410, 
and each loWer half roW is arranged to be read out through 
a bottom sense ampli?er set 412. Sensor array 400 is also 
preferably con?gured With a roW decoder 414 and an output 
buffer 416. 

[0072] Since the upper and loWer halves 406 and 408 of 
each column 402 are electrically isolated, the column 
capacitance Which each sense ampli?er set faces may be 
expressed as: 

(EQ. 17) l V 
Ccol = 5 'Ccol 

[0073] The associated noise ?oor is of each sense ampli 
?er set is thus, 

kT 0.5 - cm, cm, 
<v‘"> = - + 

Cim Ci”, 0.5 - Cm, 

[0074] Where typically CcO1>>Cint. The reduction in the 
noise level may then be calculated as: 

(EQ. 1s) 

[0075] Thus, by splitting each column in the array into tWo 
halves, the noise ?oor is reduced to about 70% of What it 
Would be Were the columns not split. 
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[0076] The signal-to-noise ratio of the output data 
improves by the same factor as the noise ?oor reduction as 
follows: 

SNRl (EQ. 20) 
SNR E ‘E 

[0077] Where SNR1 is the signal-to-noise ratio of the split 
array, and SNR is the signal-to-noise ratio an undivided 
array as described hereinabove With reference to FIGS. 1A, 
1B, 2, 3A, and 3B. In an array Where the columns are split 
into N portions, the improvement of the SNR Will be on the 
order of the square root of N. 

[0078] Reference is noW made to FIG. 5, Which is a 
schematic illustration of an alternative image sensor array 
column arrangement for use With the image sensor array of 
FIG. 4, constructed and operative in accordance With a 
preferred embodiment of the present invention. The sensor 
array column of FIG. 5, noW referred to as column 500, 
includes one or more Direct Injection (DI) unit cells 502 
con?gured as described hereinabove With reference to 
FIGS. 1A, 1B, 2, 3A, and 3B, and is separated into elec 
trically isolated upper and loWer halves as is described 
hereinabove With reference to FIG. 4. Each half of column 
500 is segmented into k clusters 504 (shoWn as 504A, 504B, 
504C, and 504D), typically numbering tWo or more. Each 
cluster 504 may be expressed as 

[0079] roWs, Where V is the number of unit cells 502 in 
cluster 504, and is interconnected to a column line 506 via 
a cluster select transistor 508 (shoWn as 508A, 508B, 508C, 
and 508D) that is controlled by a cluster selector 510 (shoWn 
as 510A, 510B, 510C, and 510D). 

[0080] Typically, during roW readout of column 500, only 
one out of 2k cluster select transistors 508 in column 500 is 
“ON”, and all other cluster select transistors 508 in column 
500 are “OFF”. The roW readout typically starts With the top 
cluster 504A, When cluster select transistors 508A transistor 
is “ON”. The ?rst cluster roWs are then selected and sequen 
tially read, starting With roW 0, and ending With roW 

[0081] After all the roWs in the top cluster are read out, 
cluster select transistor 508A of the top cluster 504A 
sWitches from “ON” to “OFF” (i.e., cluster selector 510A 
goes from “High” to “LoW”), and cluster select transistor 
508B of the next cluster 504B sWitches from “OFF” to “ON” 
((i.e., cluster selector 510B goes from “LoW” to “High”). 
The roWs of cluster 504B are then read sequentially. This 
operation continues until all the roWs of the all of the 
columns 500 of the image sensor array are read out. As is 
described hereinabove With reference to FIG. 4, the top half 
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roWs of each column 500 is read through a top sense 
ampli?er set, While the bottom half roWs of each column 500 
is read through a bottom sense ampli?er set. 

[0082] It may be seen that since only one cluster 504 is 
actively connected to column line 506 at a time While all the 
other clusters are not actively connected to column line 506, 
the total parasitic load of column line 506 is signi?cantly 
reduced. By Way of explanation, assume that cluster select 
transistors 508 are of the same dimensions as the readout 

transistors T2 (FIGS. 1A, 1B, 2, 3A, and 3B) in every unit 
cell. This assumption may be justi?ed, since the transistor’s 
Width is much Wider the minimum Width, Where the Width 
is determined by metal-to-drain contact dimensions and 
overlap design rules. Thus, putting such tWo transistors in 
series does not signi?cantly sloW doWn the readout. There 
fore, the dimensions of cluster select transistor 508 may be 
given the same dimensions as that of readout transistor T2. 
This being the case, the drain capacitance of cluster select 
transistor 508 is identical to that of readout transistor T2. 
Since k-l cluster select transistors 508 are “OFF” at any 
given time, their associated clusters are not actively con 
nected to column line 506 and, therefore, do not load the 
column line. 

[0083] The capacitance of column line 506 may be cal 
culated as: 

[0084] Where 

[0085] is the capacitance associated With a single cur 
rently-read cluster, 

[0086] approximates the capacitance associated With the 
column and the cluster select transistors parasitic capaci 
tance. 

[0087] Since it is highly desirable to minimiZe column 
capacitance, the optimal value for k may be found for EQ. 
21 as: 

(EQ. 22) 

[0088] Once the optimal number of roWs in a cluster is 
determined, the column capacitance may be also derived 
from EQ. 21. 

[0089] Continuing With the example presented herein 
above, for an image sensor With 1,000 roWs, on a 0.6 pm 
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CMOS process, kOPtEZS. Thus, in this example, each half of 
the image sensor array should be divided into 25 clusters, 
With 20 roWs in each, in order to achieve a minimum column 
capacitance of CcO12E0.55 pF. 
[0090] Thus, through column segmentation and image 
sensor array halving, column capacitance may be reduced 
approximately by a factor of 7. This reduces the noise ?oor 
from about 1.5 mVolts to less t 0.7 mVolts in the present 
example, and improves the signal-to-noise ratio from 
approximately 1,000, to approximately 2300. 

[0091] It is appreciated that several options are available 
by Which the necessary circuitry described hereinabove may 
be implemented in a minimum of space. For example, the 
cluster line may be implemented in M1, While the column 
line may be implemented over the cluster line in M2. 
Alternatively, the cluster line may be implemented in Poly, 
While the column line is implemented over the cluster line in 
M1. The cluster selector lines may also be implemented in 
Poly. This is feasible since the cluster selection is done 
infrequently, once every 

v 

2-k 

[0092] roWs. Thus, the longer time it takes to precondition 
the cluster for readout is insigni?cant. It is also possible to 
alternate the readout betWeen roWs in the upper half of the 
image sensor array and roWs in the bottom half. This Would 
effectively double the readout time per roW, and leave 
signi?cant slack time for cluster sWitching. If the cluster 
select line is implemented in Poly, it could be placed over a 
ground line or a signal line Which runs in metal, thus 
reducing space requirements even further. 

[0093] It is appreciated that one or more of the steps of any 
of the methods described herein may be omitted or carried 
out in a different order than that shoWn, Without departing 
from the true spirit and scope of the invention. 

[0094] While the methods and apparatus disclosed herein 
may or may not have been described With reference to 
speci?c hardWare or softWare, it is appreciated that the 
methods and apparatus described herein may be readily 
implemented in hardWare or softWare using conventional 
techniques. 
[0095] While the present invention has been described 
With reference to one or more speci?c embodiments, the 
description is intended to be illustrative of the invention as 
a Whole and is not to be construed as limiting the invention 
to the embodiments shoWn. It is appreciated that various 
modi?cations may occur to those skilled in the art that, While 
not speci?cally shoWn herein, are nevertheless Within the 
true spirit and scope of the invention. 

What is claimed is: 
1. An image sensor array comprising: 

a ?rst plurality of unit cells coupled to a ?rst sense 
ampli?er; and 

a second plurality of unit cells coupled to a second sense 
ampli?er, Wherein said ?rst plurality and said second 
plurality are substantially electrically isolated from 
each other. 
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2. An image sensor array according to claim 1, Wherein: 

each of said ?rst and second pluralities of unit cells 
comprises at least one column line. 

3. An image sensor array according to claim 2, Wherein: 

said unit cells am arranged in tWo or more clusters of tWo 
or more of said unit cells each, and 

said unit cells Within each of said clusters are coupled to 
a cluster line Which is coupled to said column line. 

4. An image sensor array according to claim 3 Wherein 
only one of said clusters is actively connected to said column 
line at any given time. 

5. An image sensor array according to claim 1 Wherein 
said unit cells are direct injection unit cells. 

6. An image sensor array according to claim 1 Wherein 
said ?rst plurality and said second plurality are substantially 
electrically isolated from each over by at least 10M Ohms. 

7. An image sensor array comprising: 

a plurality of columns, each column comprising a plural 
ity of unit cells coupled to a column line; 

a ?rst sense ampli?er coupled to a ?rst plurality of said 
unit cells in each of said columns; and 

a second sense ampli?er coupled to a second plurality 
of said unit cells in each of said columns, 

Wherein said ?rst and second pluralities of of said unit 
cells in each of said columns are substantially elec 
trically isolated from each other. 

8. An image sensor array according to claim 7 Wherein 
each of said columns comprises a plurality of clusters, each 
cluster comprising tWo or more of said unit cells coupled to 
a cluster line Which is coupled to said column line. 

9. An image sensor array according to claim 7 Wherein 
only one of said clusters is actively connected to said column 
line at any given time. 

10. An image sensor array according to claim 7 Wherein 
said unit cells are direct injection unit cells. 

11. An image sensor array according to claim 7 Wherein 
said ?rst plurality and said second plurality are substantially 
electrically isolated from each other by at least 10M Ohms. 

12. Amethod for reducing noise ?oor in an image sensor, 
the method comprising: 

sensing a ?rst plurality of unit cells With a ?rst sense 
ampli?er; and 

sensing a second plurality of unit cells With a second sense 
ampli?er. 

13. Amethod according to claim 12 Wherein either of said 
sensing steps comprises sensing different subsets of said unit 
cells at different times. 

14. Amethod according to claim 12 Wherein either of said 
sensing steps comprises sensing mutually exclusive subsets 
of said unit cells at different times. 

15. A method according to claim 12 Wherein each of said 
sensing steps comprises sensing its associated plurality of 
unit cells in substantial electrical isolation from the other 
said plurality of unit cells. 

16. A method according to claim 12 Wherein each of said 
sensing steps are performed alternatingly. 
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17. An image sensor array comprising: 

a ?rst plurality of unit cells coupled to a ?rst sense 
ampli?er; and 

a second plurality of unit cells coupled to a second sense 
ampli?er, Wherein said ?rst plurality and said second 
plurality are substantially electrically isolated from 
each other; Wherein: 

each of said ?rst and second pluralities of unit cells 
comprises at least one column line. 

18. An image sensor array comprising: 

a ?rst plurality of unit cells coupled to a ?rst sense 
ampli?er; and 

a second plurality of unit cells coupled to a second sense 
ampli?er, Wherein said ?rst plurality and said second 
plurality are substantially electrically isolated from 
each other; Wherein: 

said unit cells are arranged in tWo or more clusters of 
tWo or more of said unit cells each, and 

said unit cells Within each of said clusters are coupled 
to a cluster line Which is coupled to said column line. 

19. An image sensor array comprising: 

a ?rst plurality of unit cell means coupled to a ?rst sense 
ampli?er; and 
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a second plurality of unit cell means coupled to a second 
sense ampli?er, Wherein said ?rst plurality and said 
second plurality are substantially electrically isolated 
from each other. 

20. Amethod for reducing noise ?oor in an image sensor, 
the method comprising: 

sensing a ?rst plurality of unit cells With a ?rst sense 
ampli?er; and 

sensing a second plurality of unit cells With a second sense 
ampli?er; 

Wherein each of said sensing steps comprises sensing its 
associated plurality of unit cells in substantial electrical 
isolation from the other said plurality of unit cells. 

21. Amethod for reducing noise ?oor in an image sensor, 
the method comprising: 

sensing a ?rst plurality of unit cells With a ?rst sense 
ampli?er; and 

sensing a second plurality of unit cells With a second sense 
ampli?er; 

Wherein said sensing steps include at least sensing differ 
ent subsets of said unit cells at different times. 


