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(57) ABSTRACT 
The method and apparatus for processing pixel output signals 
from column lines in an imager having an array of pixels in 
rows and columns uses a sigma-delta type analog-to-digital 
converter to convert the output signals on each column line to 
digital signals and feeding them to a digital signal processor. 
The converter is monitored to stop sampling of a pixel With 
the detection of pixel saturation, Which is carried out by 
counting a predetermined number of consecutive zeros in the 
converted signal. In addition, the next pixel in a column may 
be controlled to be read With the saturation of the previous 
pixel, and the next row of pixels may be controlled to be read 
With the saturation of the pixels in the previous row. Further, 
sets of a predetermined number of converter output samples 
are condensed by a decimator into binary numbers of prede 
termined bit length. The outputs of the decimators may be fed 
directly to the digital signal processor or they may be multi 
plexed to provide one or more inputs to the digital signal 
processor. 
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IMAGER OUTPUT SIGNAL PROCESSING 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application is a 37] application ofPCT application 
PCT/CA01/0] 773?led Dec. 13, 200], which claims the ben 
e?t ofU.S. provisional application 60/256,336?led Dec. 19, 
2000. This application was published in English on Jun. 27, 
2002 as International Publication Number WO 02/51 128 A2. 

FIELD OF THE INVENTION 

The invention relates generally to CMOS imagers, and 
more particularly to the processing of column level signals in 
an imager. 

BACKGROUND OF THE INVENTION 

Currently, CMOS imagers are well known in the art and are 
implemented in many different applications. One of the pri 
mary areas that CMOS imagers can be found is in portable 
applications such as digital cameras that use battery power. It 
is therefore very desirable to have a CMOS imager that is 
powered with a low supply voltage, for example one volt 
(1V). 

Having a voltage this low, however, leads to a number of 
problems. For one, the quantization values of an imager 
become very small. For example, a typical CMOS imager 
might use 8 bits of resolution and have a supply voltage of 3.3 
volts. This leads to a quantization level of 3 .3V/256:1 2.9 mV. 
If an imager is implemented with a one volt supply and 8 bits 
of resolution then the quantization level is 1V/256:3.9 mV. 
The proportion of noise relative to this low quantization value 
becomes very large and has a greater impact on the output. 

Another problem involves the pixel structure that is used in 
most CMOS imagers, namely using 3 n-type MOS transistors 
with a photodiode. The pixel consists of a precharge transis 
tor, a source follower amplifying transistor and an access 
transistor. When the pixel is precharged to the supply voltage, 
one threshold voltage, Vt, is lost through the precharge tran 
sistor. Once the pixel is exposed to light and the output is 
being read out to the column, another Vt is lost through the 
source follower amplifying transistor. A typical Vt for MOS 
transistors is 0.07 V, leaving a maximum voltage output to the 
column of 0.86V (1V-2*0.07V), further limiting the quanti 
zation levels. FIG. 1 illustrates column voltage output from a 
typical 3-transistor CMOS pixel versus integration time. The 
maximum voltage that can be red out to the column is Vsupply 
2*Vt. During the integration time tint, if the light on the pixel 
is suf?ciently intense, the photodiode saturates and the volt 
age on the column is goes to zero. 

Quantizing the output from the pixels into digital data for 
the Digital Signal Processor (DSP) may be carried out in a 
number of known ways. Correlated Double Sampling (CDS) 
quantizes the output of the column signal twice, once at the 
beginning of the integration period and once at the end. From 
these two samples the DSP calculates the slope of the pixel 
output to determine the brightness of the pixel. This method is 
highly susceptible to noise and as a result of the high noise to 
quantization level ratio can be very inaccurate in a low voltage 
CMOS imager. Also, by using only two points to calculate the 
slope of the pixel output there is no accounting for a saturated 
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2 
pixel. Any pixels that saturate at different times in the inte 
gration period are all calculated as having the same slope, and 
thus all those pixels are considered to have the same value. 

Successive approximation is another method of converting 
the analog output from the pixel into a digital signal. In this 
system the output at the end of the integration period is 
successively compared to different threshold levels, each rep 
resenting one bit of resolution of the ?nal output. The thresh 
olds are created through capacitors that must be sized in 
precise ratios (C, 1/2C, 1/4C, etc.) which is both dif?cult to 
implement and also occupies a large amount of space. Also, 
the capacitors on every column across the array must be 
matched with one another for consistent results, which is not 
always attainable due to process impurities. The problem of 
noise is a large factor in successive approximation, as both the 
small quantization levels to noise ratio as well as capacitance 
noise, which is larger in small capacitors, will accumulate to 
yield inaccurate results. Successive approximation also does 
not directly account for the problem of threshold voltage loss 
through the pixel transistors. Finally, successive approxima 
tion takes a single sample at the end of the integration period 
and therefore, has no way of differentiating between pixels 
that saturate at different times throughout the integration 
period. 

Therefore, there is a need for an e?icient method and 
apparatus that is suited to low voltage imagers for processing 
the pixel output signals at the column level. 

SUMMARY OF THE INVENTION 

The invention is directed to a method and apparatus for 
processing pixel output signals from column lines in an 
imager having an array of pixels in rows and columns. The 
output signals on each column line are converted to digital 
signals using a sigma-delta type analog-to-digital converter 
and the digital signals are fed to a digital signal processor. 

In accordance with another aspect of the invention, the 
sigma-delta type converter is monitored to stop sampling of a 
pixel with the detection of pixel saturation. With the sigma 
delta type converter providing an output of mainly logical 
ones for a high input signal level and an output of mainly 
zeros for a low input signal level, detecting pixel saturation is 
carried out by counting a predetermined number of consecu 
tive zeros. 

In accordance with a further aspect of the invention, the 
sigma-delta type converter output is sent to the digital signal 
processor with the detection of the saturation of a pixel. 

In accordance with another aspect of the invention, sets of 
a predetermined number of sigma-delta type converter output 
samples are condensed by a decimator into binary numbers of 
predetermined bit length. In addition, the number of sigma 
delta type converter output samples in a set wherein the pixel 
has saturated is determined using a further counter and this 
number is fed to the decimator. Alternately, the determined 
number may be fed to the digital signal processor. 

In accordance with yet another aspect of this invention, the 
next pixel in a column is controlled to be read with the 
saturation of the previous pixel, and the next row of pixels 
may be controlled to be read with the saturation of the pixels 
in the previous row. 

In accordance with a further aspect of this invention, the 
outputs of the decimators may be multiplexed to provide one 
or more inputs to the digital signal processor. A single mul 
tiplexer may be used providing one input line to the digital 
signal processor, or a number of multiplexers may be used 
providing a number of input lines to the digital signal proces 
sor. 
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Other aspects and advantages of the invention, as well as 
the structure and operation of various embodiments of the 
invention, will become apparent to those ordinarily skilled in 
the art upon review of the following description of the inven 
tion in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described with reference to the 
accompanying drawings, wherein: 

FIG. 1 illustrates the column voltage output from a pixel 
versus integration time; 

FIG. 2 illustrates the general imaging array architecture; 
FIG. 3 is a block diagram of the imaging array output for 

one column; 
FIG. 4 is a block diagram of a second embodiment of the 

imaging array output for one column; 
FIG. 5 is a block diagram of a third embodiment of the 

imaging array output for one column; 
FIG. 6 is a block diagram of the imaging array output for 

one column with feedback to the pixels; 
FIG. 7 is an imaging array with counter feedback to row 

enable circuitry; 
FIG. 8 illustrates imaging array with a decimator multi 

plexer for the outputs; and 
FIG. 9 illustrates imaging array with multiple decimator 

multiplexers for the outputs. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 2 schematically illustrates an imager 200 in accor 
dance with the present invention. The imager includes an 
imaging array 201 of pixels 202 arranged in rows 203 and 
columns 204. The rows 203 are controlled by row enabling 
circuitry 205, and the outputs of columns 204 are directed to 
column output circuitry 207 through lines 206. As illustrated 
schematically in FIG. 2, the method and apparatus for pro 
cessing imaging array output signals in accordance with the 
present invention comprises a column level (one for every 
column) sigma-delta type analog-to-digital converter 208 in 
the column output circuitry 207. Sigma-delta converters are 
well known in the converter art as ef?cient oversampling 
analog-to-digital quantizers. This type of converter generally 
consists of a quantizer that both outputs the digital result as 
well as feeds the result back to the input. The feedback is 
subtracted from the input and the difference is integrated and 
then enters the quantizer. The output of the converter consists 
of ones and zeros with the average output tracking the average 
input due to the feedback. In an imaging application the pixel 
202 is charged to substantially the supply voltage VSMPP 1y, and 
with the input to sigma-delta converter 208 being at a high 
level, the output will be mainly ones with the occasional zero. 
The pixel 202 will then start to be pulled towards ground at a 
rate dependent on the intensity of the light, causing the sigma 
delta converter 208 to start outputting less ones and more 
zeros. When the pixel 202 is nearing saturation, a low signal 
level will be applied to the sigma-delta converter 208 which 
outputs almost all zeros with only occasional ones. 

The column level sigma-delta analog-to-digital converter 
208 is able to solve the various problems associated with 
having a low voltage CMOS imager 200. The sigma-delta 
converter 208 overcomes the problems of noise through over 
sampling the output of the pixels 202. More samples yields 
more accurate results through line-of-best-?t approximations 
on the output of the converter 208. The line-of-best-?t 
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4 
approximation also allows the sigma-delta converter 208 to 
indirectly account for the threshold voltage Vt drops across 
the transistors in the pixel. 

In accordance with the present invention the sigma-delta 
converter 208 is capable of accounting for saturating pixels 
202. The integration time tint of the imager 200 corresponds to 
a set number of outputs from the sigma-delta converter 208 
depending on the sampling frequency. If a pixel 202 does not 
saturate, then the sigma-delta converter 208 will output the set 
number of samples and the digital signal processor (DSP) will 
calculate the correct output. In order to account for a pixel 202 
that saturates, the output of the sigma-delta converter 208 is 
monitored and will stop sampling when pixel 202 saturation 
has been detected. The DSP will then calculate the line-of 
best-?t knowing that it has received less values and corre 
spondingly calculates the result. 
The invention may be implemented using column level 

sigma-delta converters 308 having inputs connected to the 
analog column output lines 304 for pixels 302 with each 
column level sigma-delta converter 308 having a simple 
counter 309 associated with it, as shown in FIG. 3. The 
counter 309 receives the output of the sigma-delta converter 
308 and increments every time it receives a zero output and 
resets every time it receives a logic one output. The counter 
308 is set to count to a predetermined number which is rep 
resentative of the number of consecutive zero outputs from 
the sigma-delta converter 308 that determines when satura 
tion has occurred. Once this number of consecutive zeros has 
been realized the sigma-delta converter 308 stops sampling 
and the output is sent to the DSP minus the string of consecu 
tive zeros. The DSP will then convert this data to a value 
representative of the brightness of the pixel 302 recognizing 
the fact that it has less than the usual number of samples. For 
example, suppose a typical number of samples for the inte 
gration period is 1000, while a typical setting for the counter 
is 10. If a pixel 302 in a column 304 is being read out and after 
765 samples the counter has reached 10, (in other words, the 
last 10 outputs were zeros) then the pixel 302 is considered to 
have saturated. The sigma-delta converter 308 stops sampling 
and the ?rst 755 samples are processed by the DSP. The last 
10 samples are all zeros and are therefore dropped from the 
converter output. 

There are a number of bene?ts that are created as a result of 

implementing this type of column level sigma-delta converter 
308. The ?rst and most important of which is that it compen 
sates for the various problems associated with having a low 
supply voltage Vsupply. The method used to compensate for 
pixels 302 saturating also leads to additional bene?ts. With 
dark pixels 302, the sigma-delta converter 308 will simply 
read out the pixel 302 with the predetermined number of 
samples during the integration period resulting in excellent 
resolution. On the other hand, if the pixel 302 is exposed to 
bright light, the pixel 302 saturates and the sampling period is 
less, allowing the DSP to process and output the data faster. 
Also by accommodating for pixels 302 to saturate, this inven 
tion acts as an integrated auto-exposure feature. 

Implementing a sigma-delta analog-to-digital converter 
208 at the column level in this manner also leads to a number 
of further embodiments. The ?rst embodiment is illustrated in 
FIG. 4 which includes the elements described with respect to 
FIG. 3 with the addition of a decimator 410 at the column 
level with each sigma-delta converter 408. The decimator 410 
will take a number of the samples output by the sigma-delta 
converter 408 and condense them to a binary number of a 
predetermined bit length. For example, the decimator 410 
might take every 50 samples from the sigma-delta converter 
408 and turn them into a 10-bit binary number. The bene?t of 



US RE42,739 E 
5 

this system is that it eliminates the problem of bussing all of 
the samples to the DSP during the integration period. Instead 
only a certain number of decimated binary numbers will need 
to be output to the DSP. Another major bene?t of having the 
decimator 410 is that the ?rst level of processing the data is 
already done at the column level, in parallel, before it even 
reaches the DSP, resulting in faster processing. 

In a further embodiment as illustrated in FIG. 5 which in 
addition to the elements described with respect to FIG. 4, 
includes a decimator counter 511, that is coupled between the 
?rst counter 509 and the decimator 510. The decimator 
counter 511 simply counts to the number of samples that the 
decimator 510 inputs before it provides a multi-bit binary 
number output. Each time the counter 511 reaches that value, 
the decimator 510 outputs a multi-bit binary number and then 
the counter 511 resets to zero. When the ?rst counter 509 
detects the predetermined number of consecutive zeros, the 
sigma-delta converter 508 stops sampling and the decimator 
counter 511 outputs its value to either the decimator 510 or 
the DSP. If the decimator counter 511 outputs its result 
directly to the decimator 51 0, the decimator 51 0 will calculate 
the last output taking into account that it does not have the 
usual number of samples. Therefore the saturation of the pixel 
502 is re?ected in the output of the decimator 510 and the 
DSP does not have to compensate for it. On the other hand, if 
the decimator counter 511 outputs to the DSP, then the DSP 
will receive the last output from the decimator 510 knowing 
that it has not accounted for the saturation of the pixel 502 and 
the DSP will correspondingly calculate the output. The added 
bene?t of this embodiment is a more accurate determination 
of the pixel’s 502 saturation point leading to more accurate 
resolution in bright pixels. 

FIG. 6 illustrates an embodiment that includes a system for 
permitting columns to be read out faster. The imager includes 
a sigma-delta analog-to-digital converter 608 connected to 
analog column output line 604 for converting the output sig 
nals from pixels 602. Counter 609 is coupled to the converter 
608 to detect saturated pixels 602. Normally, when a pixel 
602 saturates the sigma-delta converter 608 stops sampling 
and waits until the next pixel 602 is selected to be read out. In 
a system as shown in FIG. 6, once pixel 602 saturation is 
detected by the counter 609, the sigma-delta converter 608 
stops reading the current pixel 602” and the next pixel 602”+1 
is automatically selected to be read out immediately. Having 
the counter 609 feed back to pixels 602 directly through line 
611 can allow it to automatically select the next pixel 602 to 
be read out. This will result in bright columns being read out 
in a much faster manner. 

FIG. 7 is a schematic of an imager 700 similar to the imager 
200 illustrated in FIG. 2, wherein the reading out of rows of 
saturated pixels 702 may be accelerated. In this particular 
embodiment, each column converter 708 includes a counter 
709 connected to the output of each converter 708. The 
counter 709 output is fed back to its respective converter 708, 
as well as to a comparison circuit 714 through line 713. 
Comparison circuit 714 compares the outputs of all the 
counters 709 in the columns 704. In the case where all the 
pixels 702 in a row 703 being read out at one time saturate, the 
comparison yields a positive result. This result is fed back 
through line 715 to the row enable circuitry 705 of the imager 
700 and automatically selects the next row 703 of pixels 702 
to be immediately read out. All of the sigma-delta converters 
708 on the column level therefore begin reading out the next 
row 703 of pixels 702 sooner than in a normal situation where 
they must wait for the full integration period to pass. When the 
image is reasonably bright, the entire image can be read out at 
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6 
a faster rate in a uniform fashion. Also, using this method does 
not affect any of the features related to row selection such as 
windowing. 

In FIGS. 8 and 9, imagers 800, 900 respectively are sche 
matically illustrated wherein the imaging array 801, 901 col 
umn output lines 806, 906 are coupled to sigma-delta con 
verters 808, 908. The outputs of the converters 808, 908 are 
coupled to counters 809, 909 and to decimators 810, 910. In 
these particular embodiments, the decimators 810, 910 out 
puts are coupled to one or more multiplexers 816, 916. As 
illustrated in FIG. 8, the multiplexer 816 is implemented 
along the column side of the imaging array 801 and consists 
of as many inputs as there are column lines 806, with one 
output 817 which is connected to the DSP. For example, 
suppose there are 1280 columns and the outputs from the 
decimators 810 are 10-bit binary numbers. The decimator 
output multiplexer 816 would then consist of 1280 10-bit 
inputs and one 10-bit output. The reason behind having this 
multiplexer 816 is that the DSP could be separated spatially 
from the imaging array 801 and the outputs 806 from the 
columns need to be bussed across the chip. By having the 
multiplexer 816 adjacent to the column directly connected to 
the outputs of the decimators 810 the apparatus would only 
need to bus one output 817, instead of 1280 outputs 806. A 
clock is used to sequentially scroll through all of the columns 
to transfer one decimator output to the DSP at a time. Other 
than reducing the number of electric lines needed to connect 
the array to the DSP, this embodiment is also bene?cial in the 
sense that it is a fast and ef?cient way to read out the data. 

Similarly, as shown in FIG. 9, multiple decimator output 
multiplexers 916 could be coupled to groups of decimators 
910 with one output connection 917 from each of them bussed 
to the DSP. Each multiplexer 916 is of a smaller size than in 
the previous embodiment and is connected to a smaller sec 
tion of the column lines 906. For example, using the array of 
1280 columns mentioned previously, 64 decimator output 
multiplexers could be implemented, each with 20 10-bit 
inputs and one 10-bit output. The reasons behind using more 
than one multiplexer is to be able to have all the decimator 91 0 
outputs transferred ef?ciently and easily to the DSP. The 
previous embodiment needs a very fast and accurate clock to 
be implemented, whereas this embodiment is not as demand 
ing and precise, yet still reduces the number of electric lines 
906 needed between the imaging array 901 and the DSP by a 
large factor. 

While the invention has been described according to what 
is presently considered to be the most practical and preferred 
embodiments, it must be understood that the invention is not 
limited to the disclosed embodiments. Those ordinarily 
skilled in the art will understand that various modi?cations 
and equivalent structures and functions may be made without 
departing from the spirit and scope of the invention as de?ned 
in the claims. Therefore, the invention as de?ned in the claims 
must be accorded the broadest possible interpretation so as to 
encompass all such modi?cations and equivalent structures 
and functions. 

What is claimed is: 
1. In an imager having an array of pixels in rows and 

columns with column lines for pixel output signals, a method 
of processing the pixel output signals comprising: 

converting the pixel output signals on each column line to 
digital signals using a sigma-delta type analog-to-digital 
converter, the sigma-delta type converter outputting 
mainly logical ones for a high input signal level and 
outputting mainly zeros for a low input signal level; 

feeding the digital signals to a digital signal processor; and 
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monitoring the sigma-delta type converter to stop sampling 
of a pixel When pixel saturation is detected, 

Wherein the monitoring step comprises, for each column: 
at a ?rst counter, counting consecutive zeros in the digi 

tal signals to a predetermined number, and 
detecting the pixel saturation in response to counting to 

the predetermined number at the ?rst counter. 
2. A method of processing the pixel output signals as 

claimed in claim 1 further comprising: 
sending the sigma-delta type converter output to the digital 

signal processor When the pixel saturation is detected. 
3. A method of processing the pixel output signals as 

claimed in claim 1 further comprising: 
reading the next pixel in a column When the previous pixel 

is saturated. 
4. A method of processing the pixel output signals as 

claimed in claim 1 further comprising: 
reading the next row of pixels When the pixels in the pre 

vious row are all saturated. 

5. A method of processing the pixel output signals as 
claimed in claim 1 further comprising, for each column: 

condensing sets of a predetermined number of sigma-delta 
type converter output samples in a decimator to binary 
numbers of predetermined bit length. 

6. A method of processing the pixel output signals as 
claimed in claim 5 further comprising, for each column: 

determining the number of sigma-delta type converter out 
put samples and outputting the determined number 
When the value of the ?rst counter reaches the predeter 
mined number; and 

feeding the determined number from the ?rst counter to the 
decimator. 

7. A method of processing the pixel output signals as 
claimed in claim 5 further comprising: 

determining the number of sigma-delta type converter out 
put samples and outputting the determined number 
When the value of the ?rst counter reaches the predeter 
mined number; and 

feeding the determined number from the ?rst counter to the 
digital signal processor. 

8. A method of processing the pixel output signals as 
claimed in claim 5 further comprising: 

multiplexing the outputs of the decimators to provide one 
or more inputs to the digital signal processor. 

9. In an imager having an array of pixels in rows and 
columns With column lines for pixel output signals, apparatus 
for processing the pixel output signals comprising: 

a sigma-delta type analog-to-digital converter for convert 
ing the pixel output signals on each column line to digital 
signals, the sigma-delta type converter outputting 
mainly logical ones for a high input signal level and 
outputting mainly zeros for a low input signal level; 

means for feeding the digital signals to a digital signal 
processor; 

means for detecting pixel saturation; and 
means for stopping sampling of a pixel When the pixel 

saturation is detected, 
Wherein the detecting means comprises: 
a ?rst counter provided for each column for counting con 

secutive zeros in the digital signals to a predetermined 
number to determine When the pixel saturation has 
occurred. 

10. Apparatus for processing the pixel output signals as 
claimed in claim 9 further comprising: 
means for sending the sigma-delta type converter output to 

the digital signal processor When the pixel saturation is 
detected. 
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11. Apparatus for processing the pixel output signals as 

claimed in claim 9 further comprising: 
a decimator provided for each column for condensing sets 

of a predetermined number of sigma-delta type con 
5 verter output samples to binary numbers of predeter 

mined bit length. 
12. Apparatus for processing the pixel output signals as 

claimed in claim 11 further comprising: 
means provided for each column for determining the num 

ber of sigma-delta type converter output samples and 
outputting the determined number When the value of the 
?rst counter reaches the predetermined number; and 

means for feeding the determined number from the number 
determining means to the corresponding decimator. 

13. Apparatus for processing the pixel output signals as 
claimed in claim 12 Wherein the number determining means 
is a second counter, and Wherein When the second counter 
outputs the determined number to the corresponding decima 

20 tor, the corresponding decimator outputs the binary numbers 
and the second counter resets to zero. 

14. Apparatus for processing the pixel output signals as 
claimed in claim 11 further comprising: 
means provided for each column for determining the num 

ber of sigma-delta type converter output samples and 
outputting the determined number When the value of the 
?rst counter reaches the predetermined number; and 

means for feeding the determined number from the number 
determining means to the digital signal processor. 

15. Apparatus for processing the pixel output signals as 
claimed in claim 14, Wherein the number determining means 
is a second counter, and Wherein When the second counter 
outputs the determined number to the digital signal processor, 
the second counter resets to zero. 

16. Apparatus for processing the pixel output signals as 
claimed in claim 11 further comprising: 
means for multiplexing the outputs of the decimators to 

provide one or more inputs to the digital signal proces 
sor. 

17. Apparatus for processing the pixel output signals as 
claimed in claim 16 Wherein the multiplexing means com 
prises a multiplexer for providing one input line to the digital 
signal processor. 

18. Apparatus for processing the pixel output signals as 
claimed in claim 16 Wherein the multiplexing means com 
prises a number of multiplexers for providing a number of 
input lines to the digital signal processor. 

19. Apparatus for processing the pixel output signals as 
claimed in claim 9 further comprising: 
means for reading the next pixel in a column When the 

previous pixel is saturated. 
20. Apparatus for processing the pixel output signals as 

claimed in claim 9 further comprising: 
means for reading the next row of pixels When the value of 

the ?rst counter reaches the predetermined number. 
2]. In an imager having an array ofpixels in rows and 

columns with column l ines for pixel output signals, a method 
comprising: 
processing the pixel output signals on each column line 

using a sigma-delta type analog-to-digital converter, the 
sigma-delta type converter outputting digital signals 
comprising mainly logical onesfor a high input signal 
level and comprising mainly zerosfor a low input signal 
level; and 

monitoring the sigma-delta type converter to stop sam 
pl ing of a pixel in response to detecting pixel saturation; 

wherein the monitoring step comprises, for each column: 
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at a ?rst counter, counting consecutive zeros in the digi 
tal signals to a predetermined number; and 

detecting pixel saturation in response to counting to the 
predetermined number at the ?rst counter. 

22. The method ofclaim 2] further comprising reading a 
next pixel in a column in response to detecting that a previous 
pixel is saturated. 

23. The method ofclaims 21further comprising reading a 
next row of pixels in response to detecting pixels of a previous 
row are saturated. 

24. The method ofclaim 2] further comprising, for each 
column, 

condensing sets of a predetermined number of si gma-delta 
type converter output samples in a decimator to binary 
numbers of predetermined bit length; 

determining the number of si gma-delta type converter out 
put samples and outputting the determined number 
when the value of the ?rst counter reaches the predeter 
mined number; and 

feeding the determined number from the ?rst counter to the 
decimator. 

25. In an imager having an array ofpixels in rows and 
columns with column linesforpixel output signals, an appa 
ratus comprising: 

a sigma-delta type analog-to-digital converter con?gured 
to convert thepixel outputsignals on each column line to 
digital signals, wherein the sigma-delta type converter 
outputs mainly logical onesfor a high input signal level 
and outputs mainly zerosfor a low input signal level; 

means for detecting pixel saturation; and 
means for stopping sampling of a pixel in response to 

detecting pixel saturation; 
wherein the detecting means comprises a ?rst counter pro 

vided for each column for counting consecutive zeros in 
the digital signals to a predetermined number to detect 
pixel saturation. 

26. The apparatus ofclaim 25further comprising a deci 
mator providedfor each column, wherein the decimator is 
con?gured to condense sets of a predetermined number of 
sigma-delta type converter output samples to binary numbers 
of predetermined bit length. 

27. The apparatus ofclaim 26further comprising: 
meansprovidedfor each columnfor determining the num 

ber of sigma-delta type converter output samples and 
outputting the determined number when the value of the 
?rst counter reaches the predetermined number; and 

means for feeding the determined number from the number 
determining means to the corresponding decimator. 

28. The apparatus ofclaim 27 wherein the number deter 
mining means comprises a second counter, and wherein when 
the second counter outputs the determined number to the 
corresponding decimator, the corresponding decimator out 
puts the binary numbers and the second counter resets to zero. 

29. An apparatus comprising: 
a sigma-delta type analog-to-digital converter con?gured 

to convert pixel output signals to digital signals com 
prising mainly logical onesfor a high input signal level 
and mainly zerosfor a low input signal level, and to stop 
sampling a pixel in response to detected pixel satura 
tion; and 

a saturation counter con?gured to count consecutive zeros 

in the digital signals and to detect pixel saturation in 
response to obtaining a predetermined count associated 
with pixel saturation. 

30. The apparatus of claim 29 further comprising: 
a digital signal processor con?gured to determine pixel 

values based upon output signals; and 
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10 
output circuitry con?gured to receive the digital signals 

and to provide output signals to the digital signalpro 
cessor. 

3]. The apparatus ofclaim 29further comprising: 
a digital signal processor con?gured to determine pixel 

values based upon binary numbers of a predetermined 
bit length; and 

output circuitry con?gured to receive the digital signals 
and to provide output signals comprising binary num 
bers of the predetermined bit length to the digital signal 
processor, the output circuitry comprising one or more 
decimators con?gured to condense sets of a predeter 
mined number of sigma-delta type converter output 
samples ofthe digital signals to binary numbers ofthe 
predetermined bit length. 

32. The apparatus ofclaim 3] wherein the output circuitry 
further comprises one or more decimator counters con?gured 
to feed the one or more decimators with the predetermined 
number of sigma-delta type converter output samples in 
response to the saturation counter reaching the predeter 
mined count. 

33. The apparatus ofclaim 32, wherein the output circuitry 
further comprises one or more multiplexers con?gured to 
receive the binary numbers of the predetermined length from 
the one or more decimators andtoprovide to the digitalsignal 
processor with the binary numbers of the predetermined 
length. 

34. The apparatus ofclaim 29further comprising 
a digital signal processor con?gured to determine pixel 

values based upon a predetermined number of sigma 
delta type output samples of the digital signals; and 

output circuitry con?gured to provide the predetermined 
number of sigma-delta type output samples to the digital 
signal processor, the output circuitry comprising one or 
more decimator counters con?gured to feed the digital 
signal processor with the predetermined number of 
sigma-delta type output samples in response to the satu 
ration counter reaching the predetermined count. 

35. The apparatus ofclaim 34, wherein the output circuitry 
further comprises one or more multiplexers con?gured to 
receive the predetermined number of sigma-delta type output 
samples and to provide the predetermined number of sigma 
delta type output samples to the digital signal processor. 

36. The apparatus of claim 29, wherein in response to 
detecting pixel saturation, the saturation counter provides a 
feedbackthat results in the sigma-delta type analog-to-digital 
converter reading a next pixel in a column of pixels. 

37. The apparatus ofclaim 29, further comprising 
a plurality ofsigma-delta type analog-to-digital convert 

ers, each sigma-delta type analog-to-digital converter 
con?gured to convert pixel output signals for a column 
ofpixels to digital signals comprising mainly logical 
onesfor a high input signal level and mainly zerosfor a 
low input signal level, and to stop sampling a pixel in 
response to detected pixel saturation; 

a plurality of saturation counters, each saturation counter 
con?gured to count consecutive zeros in the digital sig 
nals and to detect pixel saturation in response to reach 
ing the predetermined count associated with pixel satu 
ration; 

row enable circuitry to select a next row of pixels for 
reading by the plurality ofsigma-delta type analog-to 
digital converters in response to a result that indicates 
that each of the plurality of saturation counters detected 
pixel saturation; and 

a comparator to receive outputs from each of the plural ity 
of saturation counters and to provide the row enable 
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circuitry with the result in response to determining 
based upon the received outputs that each of the plural 
ity of saturation counters detected pixel saturation. 

38. An apparatus comprising: 
an array of pixels in rows and columns; 
aplurality ofcolumn lines to carry pixel output signals; 
one or more sigma-delta type analog-to-digital converters, 

each ofthe one more sigma-delta analog-to-digital con 
verters con?gured to convert pixel output signals to 
digital signals comprising mainly logical onesfor a high 
input signal level and mainly zerosfor a low input signal 
level, and to stop converting pixel output signals of a 
pixel in response to detected saturation of the pixel; 

column output circuitry con?gured to receive the digital 
signals and to feed output signals to a digital signal 
processor; and 

a plurality of saturation counters con?gured to detect pixel 
saturation, each saturation counter con?gured to count 
consecutive zeros in the digital signals of a correspond 
ing column line, and to detect saturation in response to 
reaching a predetermined count. 

39. The apparatus ofclaim 38further comprising a digital 
signal processor con?gured to determine pixel values based 
upon the output signals of the column output circuitry. 

40. The apparatus ofclaim 39further comprising a digital 
signal processor con?gured to determine pixel values based 
upon binary numbers of a predetermined bit length, wherein 
the column output circuitry is con?gured to provide output 
signals comprising binary numbers of the predetermined bit 
length to the digital signal processor, the column output cir 
cuitry comprising a plurality of decimators con?gured to 
condense sets of a predetermined number of sigma-delta type 
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converter output samples ofthe digital signals to binary num 
bers of the predetermined bit length. 

4]. The apparatus ofclaim 40 wherein the column output 
circuitry further comprises a plurality decimation counters 
con?gured tofeed a corresponding decimator oftheplurality 
of decimators with the predetermined number of sigma-delta 
type converter output samples in response to corresponding 
saturation counters reaching the predetermined number. 

42. The apparatus ofclaim 4], wherein the column output 
circuitry further comprises a multiplexer con?gured to 
receive outputs from the plurality of decimators and to pro 
vide the outputs ofthe plurality ofdecimators to the digital 
signal processor. 

43. The apparatus of claim 39, wherein in response to 
detecting pixel saturation, a saturation counter of the plural 
ity of saturation counters provides a feedback that results in a 
corresponding sigma-delta type analog-to-digital converter 
reading a nextpixel in a column ofpixels. 

44. The apparatus ofclaim 39, further comprising 
row enable circuitry con?gured to select a next row of 

pixelsfor reading by the plurality ofsigma-delta type 
analog-to-digital converters in response to a result that 
indicates that each of the plural ity of saturation counters 
detected pixel saturation; and 

a comparator con?gured to receive outputs from each of 
the plurality of saturation counters and to provide the 
row enable circuitry with the result in response to deter 
mining based upon the received outputs that each of the 
plurality of saturation counters detected pixel satura 
tion. 
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