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Abstract of the Disclosure

Many electrical sensing devices include an array of transducer elements for
converting external stimuli to electrical indications. Novel technologies to realize
Improvements in low power consumption, low noise, and analog output path
which occupies minimal die area while maintaining certain data rates are
disclosed. A two stage pipeline architecture of the invention in the analog output
path maintains fast pixel rates with minimal ADC (analog digital converter)
arrangement. A novel power supply and the use of differential amplifiers in
connection with a black signal level as a reference voltage are also described.
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Title of Invention
An Electrical Sensing Apparatus and Method Utilizing an Array of

Transducer Elements

Field of Invention

The invention generally relates to an electrical sensing apparatus and
method utilizing an array of transducer elements. More particularly, it is directed
to improvements in the analog output path of such an appafarus and method.

Background of Invention

One of the most common devices to include a sensor array 1s an image
sensor, which has an array of pixels that convert optical signals into electrical
analog signals. These analog signals must be transferred off chip, often after
being converted into a digital signal. There are a number of problems associated
with this process mainly involving limiting power consumption, noise, and die
area while increasing the speed at which data can be conveyed off chip.

In addition to image sensors which involve conversion between optical
signals and electrical signals, there are a large number of different sensing
elements which require conversion of signals from one type to another type.
Some examples of these are elements dealing with acoustic waves,
electromagnetic waves including radio waves, IR, X-rays and others, mechanical
properties and chemical properties. The conversion of these properties is
generally performed by using transducers, detectors and sensors. Photodetectors,
X-ray detectors, thermo-detectors, IR detectors, radiation detectors, capacitive
sensors and the likes generate electrical analog signals in response to
electromagnetic waves which impinge upon them. Acoustic detectors detect
acoustic waves and generate electrical analog signals. Mechanical transducers, on
the other hand, measure mechanical properties such as, strain, displacement,
flatness, and others and often produce electrical signals.

In this specification, the invention is described in detail in connection with
optical image sensors but it should be noted that the concept of the invention is
equally applicable to other fields some of which are mentioned above.

Certain image sensor architectures consume a large amount of power. The
addition of features such as analog to digital converters (ADC) made feasible by
CMOS image sensor technology only serves to increase the power consumption.
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Noise is also a major concern. Fixed pattern noise (FPN) caused by non-
uniformities in the sensor array and local signal path (1.e. imperfect matching of
transistor properties across the die), capacitor noise, and switching noise must all
be taken into consideration. The high resolution and fast scanning rates of today's
imagers also cause the speed of the output path to become a significant issue. A
number of factors combine to reduce the rate at which data can be transterred off
chip. The large size of the array implies a need to drive long busses with large
parasitic capacitances. As well, the small pixel size results in the column
amplifiers being confined to a narrow pitch, and therefore having a small current
driving capability.

Solutions to these concerns do exist but they usually result in a large die
area penalty. If the die area occupied by the proposed solutions is too large, it will
compromise the economic viability of the design.

In U. S. Patent No. 5,892,540 Apr. 6, 1999 Kozlowski et al, low noise
amplifiers for passive pixel CMOS imagers are described. It uses capacitive
transimpedance amplifier with gain-setting feedback capacitors and selectable
load capacitors.

Charge couple devices (CCD) and early CMOS image sensors did not
integrate an ADC on chip. These devices produced an analog output voltage and
therefore require an additional IC to perform the conversion to a digital signal.
Extra IC's are costly and inhibit the miniaturization of camera systems.

The integration of ADCs is one of the key advantages of CMOS image
sensor technology. There are a number of current techniques for implementing an
integrated ADC. A single ADC per chip has a number of advantages in that it
introduces little noise to the system and consumes less power than other
techniques. The major advantage of this technique is the significant reduction in
die area it offers in comparison to other configurations of integrated ADCs.
However, a single ADC places a significant bottleneck in the output path which
needs to be addressed in order for fast pixel rates to be maintained. The
bottleneck issue becomes more prominent as array sizes continue to grow.

Column parallel ADCs are one solution to this bottleneck. By
implementing one ADC per column, a large amount of data can be quickly |
digitized. However, column parallel ADCs result in an extremely large die area
penalty. In fact, ADCs arranged in this manner can take up nearly as much die
area as the sensor array itself. Column parallel ADCs also introduce a Serious
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amount of noise to the system. Not only is the amount of switching noise
Increased, but also column to column noise is introduced by process variations
between the different ADCs.

Yet another solution is the use of pixel level ADCs where an ADC is
implemented as a part of each pixel cell. This solution has the advantages of high
speed and a high signal to noise ratio. Unfortunately, this technology results i In a
large pixel size and low fill factor which limit the possible resolution of the
sensor. As each pixel containing an ADC will logically consume more power
than those that do not, arrays using pixel level ADC technology will be limited in
size by their power consumption.

Followings are some prior art technologies dealing with CMOS imagers
and problems associated with them. U. S. Patent No. 5 ,920,274 July 6, 1999
Gowda et al describes a column parallel ADC architecture employing non-
uniform A/D conversion. U. S. Patent No. 5,917,547 June 29, 1999 Merrill et al,
on the other hand, describes a two-stage amplifier for active pixel sensor cell array
for reducing fixed pattern noise in the array output.

The present invention addresses above-mentioned difficulties of the prior
art technologies. It provides a novel electrical sensing apparatus and method
which are characterized in a low power, low noise, and analog output path which
occuples minimal die area while maintaining certain data rates. If a product
design requires ADCs, the invention ensures a minimal number of ADCs in the
output path and this vastly reduces the power consumption and switching noise on
the device as well as having notable die area benefits. A two stage pipeline
architecture of the invention maintains fast pixel rates with this minimal ADC
arrangement.

The two stage pipeline architecture without the use of ADCs can be also
Implemented in a device where analog outputs off chip are desired. The
pipelining signals from the first stage amplifiers in this implementation realizes
similar benefits to those mentioned above.

Summary of Invention

Briefly stated, in accordance with one aspect, the invention is directed to
an electrical sensor apparatus which comprises an array of transducer elements,
each transducer element producing an electrical indication in response to an
external stimulus incident thereon and a plurality of first stage amplifiers
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connected to the array of transducer elements for transferring the electrical indications to a
plurality of second stage amplifiers by way of a plurality of data bus lines, and the plurality
of second stage amplifiers generate outputs indicative of the external stimuli. In the
apparatus, each data bus line requires a predetermined duration of time to settle during
each transfer and the plurality of first stage amplifiers drive the data bus lines cyclically so
that each data bus line is driven at least once with an interval between two successive bus
drives being at least the predetermined duration of time.

According to another aspect, the invention is directed to a method of generating
electrical signals from an array of transducer elements, each producing an electrical
indication in response to an external stimulus incident thereon. The method comprises
steps of sampling the array of transducer elements in a first predetermined sequence to read
the electrical indications out to a plurality of first stage amplifiers and driving 1n a second
predetermined sequence a plurality of data bus lines to transfer data corresponding to the
clectrical indications from the first stage amplifiers to a plurality of second stage
amplifiers, each data bus line requiring a predetermined duration of time to settle for each
transfer. The method further includes a step of generating the electrical signals indicative
of the external stimuli, in that each data bus line 1s driven at least once for transfer of the
data with an interval between successive transfers being at least a predetermined duration
of time.

Accordingly, in one aspect, the present invention provides an electrical sensor
apparatus comprising: an array of transducer elements arranged 1n a (sxt) matrix where s 1s
the number of rows and t is the number of columns, each transducer element adapted to
produce an electrical indication in response to external stimuli incident thereon; a plurality
t of first stage amplifiers, each first stage amplifier connected to a column of transducer
elements; a plurality u of data bus lines, each of the data bus lines requiring a substantially
similar predetermined duration of time d to settle during a transfer of an electrical
indication to the data bus line, wherein: > (n*u), where n 1s a positive integer and every u-
th first stage amplifier is connected to the same data bus line, and wherein mintmum u 1s

determined by the formula: u=d/T, wherein d is the settling time of a single data bus line
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and where T is a clock period; a plurality u of second stage amplifiers for generating
outputs indicative of the external stimuli; each second stage amplifier being connected to a
data bus line; and the plurality t of first stage amplifiers being adapted to drive the data bus
lines cyclically so that each data bus line is driven at least once, with an interval between
two successive bus drives being at least the predetermined duration of time d.

In a further aspect, the present invention provides an electrical sensor apparatus
comprising: an array of transducer elements arranged in a plurality t of groups where each
transducer element is adapted to produce an electrical indication in response to external
stimuli incident thereon; a plurality t of first stage amplifiers connected to the plurality of
aroups of transducer elements for receiving the electrical indications from each of the
transducer elements; a number u of second stage amplifiers for generating outputs
indicative of the external stimuli; a number u of data bus lines coupled to the number u of
second stage amplifiers for transferring the electrical indications from the first stage
amplifiers to the second stage amplifiers; wherein the data bus lines exhibit a substantially
similar time d for an electrical indication to settle, and the minimum number u of data bus
lines is determined by the settling time d in accordance with the formula: u =//T, where T 1s
a clock period for passing one of the electrical indications from one of the first stage

amplifiers to one of the data bus lines.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of the sensor array and analog output path.

FIG. 2 is a circuit diagram of the first stage amplifier illustrating its ability to switch

between a low power consumption mode and a current driving mode.

FIG. 3 is a circuit diagram of the first stage amplifier.

FIG. 4 is a graph of the voltage response of a sensor cell during integration.
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FIG. 5 is a circuit diagram of the second stage amplifier which also 1llustrates the

multiplexing between the second stage amplifier and the PGA.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF INVENTION

In one embodiment, a first stage amplifier exists for each column 1n the

sensor array. These first stage amplifiers sample the data from the array while
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preferably having special noise and power reduction characteristics. The data is
butftered by the first stage amplifiers until it is clocked onto a data bus in a
pipeline fashion where it is sampled by the second stage amplifier. Each data line
of the bus is coupled to an individual second stage amplifier. This second
amplifier stage is not constrained by pitch and therefore can have a large drive
capability. The second stage amplifiers will sequentially drive pixel data to the
ADC while the others are sampling. Using this pipeline architecture, there will be
a slight delay for the 1nitial pixel data to reach the ADC but from that point on, a
new pixel will arrive at the ADC with every clock cycle.

Referring to FIG. 1, there is shown a block diagram of the sensor array and
analog output path according to an embodiment of the invention. The sensor
array 10 consists of an (s x t) matrix 12 (where s is the number of rows and t 1s the
number of columns) of active pixel sensors (APS) cells as well as two other
optional matrices 14 and 16 of sensors which are optically shielded to provide
dark current calibration. The analog output path 20 comprises two sets of
amplifiers 22 and 24 organized as a two stage pipeline and a minimal number of
analog to digital converters (ADC) 26. Data bus 28 connects the first and second
stage amplifiers. The data bus consists of a plurality of equal length data lines. A
programmable gain amplifier (PGA) 30 can optionally be included between the
second stage amplifiers and each ADC. The preferable number of ADCs is one
although by dividing the array into a minimal number of sections, several output
paths or taps as they are known in the art could each make use of the invention
according to another embodiment. Prior to being output from the device, the
multiple taps could be multiplexed together to create a single output. The use of
the 1nvention for a system utilizing more than one tap should be obvious to those
skilled in the art and will not be outlined in detail.

A single ADC occupies a much smaller die area than the alternative
schemes such as column parallel ADC where each column is provided with its
own ADC. In addition, a single ADC generates much less switching noise and
consumes much less power than an entire row of such circuitry. Another benefit
of using a single ADC is that any noise that introduced to the system by this
circuit i1s universal to all the data being transferred from the sensor. This makes it
quite simple to correct for this noise off chip.

As mentioned earlier, the single ADC ordinarily acts as a bottleneck in the
output data path. To overcome this problem and maintain the desired pixel rate, a
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high speed architecture is required which can provide data to the ADC at an
expedited rate. Using known techniques, one pixel would have to pass along the
output path from the sensor array to the ADC prior to the next pixel being
accessed. This is an extremely slow process. According to an embodiment of the
invention, a pipeline architecture prior to the ADC is used which divides the
output path into a number of stages. Therefore, the pixel access time is
multiplexed in time and it is also divided among the stages.

Each column of the array has its own first stage amplifier which is known
as a column amplifier. The column amplifiers sample and buffer the pixel data in
a manner that will be described later, prior to it being clocked in a pipeline fashion
onto the data bus. The individual lines that comprise the bus are of equal length
and run along the entire side of the array so that the parasitic capacitance seen by
each amplifier 1s equalized. Each line is coupled to a separate second stage
amplifier. Once the pixel data is buffered in the column amplifiers, it can be
pipelined onto the data bus. On the first clock cycle, pixel data from the first
column is driven onto the first data bus line. With the second clock cycle, pixel
data from the second column is driven onto the second data bus line and so on
until data has been driven onto the final data bus line. The data will take a certain
amount of time to settle on each data bus line, at which point it can be sampled
(read) by the second stage amplifier. Once the first pixel has been sampled from a
data bus line, a new pixel can be placed on that line. This means that the number
of data bus lines in the bus is dependent on the settling time and the clock period.
For example, if it takes 420 ns for a driven data bus line to settle at a particular
level and the clock period is 20 ns, then 21 data bus lines are required. To stay
with this example, once pixel data from the 21st column has been driven onto the
21st data bus line, the next clock cycle would result in pixel data from the 22nd
column being driven onto the first data bus line. This will prevent the data from
being corrupted because by the 22nd clock cycle over 420 ns has elapsed and the
first pixel data has had time to settle on the data bus line and be sampled by the
second stage amplifier.

It should be noted that there may also be further constraints placed on the
number of data bus lines making up the bus by extra functionality included in the
device. For example, sub-sampling allows pixel data corresponding to an image
to be sent off chip very quickly simply due to the fact that the amount of data is
reduced by half or some other fraction. This results in reduced image quality but
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this trade off is acceptable for some applications such as providing an image to a
viewfinder. Sub-sampling is not to be confused with a variety of sampling
techniques which will be described later in this specification, e.g., single
sampling, double sampling or correlated double sampling of sensing elements.
Sub-sampling, on the other hand, refers to sampling of a fraction of pixels, thus
resulting in a reduced amount of data being sent off chip. Some examples are
described in detail below. '

For this pipeline scheme to support column sub-sampling where only
every second column is sampled and is allowed to drive an associated data bus
line, the number of data bus lines would have to be an odd number. This is to
ensure that each data bus line has time to settle and be sampled by the second
stage amplifier prior to new pixel data being driven onto the line. The process is
very similar to that explained previously. On the first clock cycle, the first
column 1s driven onto the first data bus line. On the second clock cycle, the third
column i1s driven onto the third data bus line and so on. If there were an even
number of data bus lines, say twenty, the pattern of data bus lines being driven
would be 1, 3, 5,7, ... 17, 19, 1, 3... which means that the first data bus line would
be driven for a second time long before the initial data had a chance to settle.
However, with an odd number of lines, the pattern of data bus lines being driven
wouldbe 1,3,5,7, ...17,19,21,2,4,6... 18, 20, 1, 3... which means that the
first data bus line is not driven for a second time until the twenty second clock
cycle. This gives each line enough time to settle and be sampled by the second
stage amplifier.

Instead of sampling every other column, every n-th column can be
sampled, n being 3 or larger in another embodiment. For certain applications this
reduced resolution may be tolerable and the speed may outweigh such a
disadvantage. For the lack of a proper term, these techniques of sub-sampling are
called a “viewfinder mode” in this specification. The total number of data bus
lines is dictated by the following two factors

(1) The minimum number of data bus lines is set by dividing the settling

time of a single data bus line by the clock period.

(2) The exact number of data bus lines is dependent on the type of sub-

sampling that 1s required. The number of data bus line=p*m+1> settling

time/clock period, where p is any positive integer and every m-th column
1s sampled.
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For example, if the settling time for one data bus line is 420 ns, the clock period is
20 ns, and every 6-th column 1s sampled:

The number of data bus lines=6m+1>420 ns/20 ns, therefore, p=4 and 25

data bus lines are required.

The data from the second stage amplifiers is clocked out in a sequential
tashion. By the time the last second stage amplifier is clocked out, new data is
ready to be sent by the first second stage amplifier. The data line between the
second stage amplifiers and the ADC or optional PGA is very short and therefore
has a low parasitic capacitance. In addition, the second stage amplifiers have a
large current driving capacity because they are not constrained by pitch. This
means that only one clock cycle is required to drive the data from one second
stage amplifier to the ADC or PGA. Therefore, new pixel data is provided to the
ADC or PGA with every clock cycle.

It should be noted that the description in this specification deals mainly
with embodiments which include ADCs. It should be clear to those skilled in the
art that analog output signals are in some cases desired and it is possible to design
the sensor without the used of ADCs. In yet another instance, the sensor can
include ADCs but can selectably provide analog and/or digital outputs.

The pipeline process could consume a large amount of power if all of the
column amplifiers were to remain enabled until all of the data has been passed to
the second stage. However, according to another embodiment, the current
consumption of the column amplifiers is reduced once the data has been sampled
and buftered. When it comes time to drive data from that column onto the data
bus, the current consumption is increased to enhance the drive capabilities. FIG. 2
illustrates one possible arrangement of reducing the current driving capability of
the column amplifier. According to this embodiment, the current source of the
amplifier consists of three transistors arranged in two parallel branches. The first
branch consists of transistor T8 while the second branch consists of transistors T9
and T10 in sertes. T8 and T9 are biased as current sources with T9 being
significantly wider (i.e. larger drive) than T8. T10 acts like a switch that when off
results in an amplifier that remains biased but has low driving capabilities.

The first stage amplifier serves to sample and buffer the pixel data. There
are many type of amplifier configurations available. Two of the most commonly
used for this particular application are a source follower and a differential
amplifier. The source follower has the advantage of speed but suffers from a lack
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of consistent gain between columns. It also does not offer the power consumption
advantages of a differential amplifier. With either of these types of amplifiers, a
number of sampling techniques are commonly used including single sampling,
double sampling, and correlated double sampling. Single sampling involves the
readout of the pixel at the end of the integration time. Double sampling produces
the difference between the signal at the end of integration and at the ensuing reset
level. This technique is capable of suppressing any non-uniformities in the local
signal path. Correlated double sampling takes the difference between the signal at
the end of integration and its reset level prior to integration. Any of these
techniques and amplifier circuits can be used with the pipeline output path of the
present invention.

High resolution requires a large sensor array and/or small pixels. Small
pixel size results in the column amplifiers being constrained by pitch. This puts a
practical limit on drive capability and produces an increased susceptibility to
process variations. Process variations lead to non-uniform DC offsets (for
differential amplifier configurations) and gain in the column amplifiers. These
non-uniformities can impart the image with a time invariant offset pattern know as
fixed pattern noise (FPN). In order to produce a high quality image, this pattern
should be removed by subtracting a reference image. The subtraction process can
be performed by using readout techniques such as double sampling or signal
processing techniques which require a memory equal in size to the image.
Another preferred embodiment of the invention utilizes a certain first stage
amplifier to compensate for these concemns.

This preferred embodiment of the invention employs double sampling
using the differential column amplifier detailed in FIG. 3. In FIG. 3, transistors
T2, T3, and T4 are connected in series between the column line BL and ground to
serve as a current source for the source follower of the cell. The gates of T3 and
T4 are coupled to reference voltages V1 and V2 respectively while the gate of T2
1s coupled to a delayed column address signal (CAdd), which will be described
below. Column access transistor T1 and capacitor C1 are connected in series
between the column line BL and the inverting input of an operational amplifier
30. The gate of T1 1s coupled to a column address signal CA. The operational
amplifier 30 1s connected with a negative feedback loop consisting of capacitor

C2 and transistors TS, T6, and T7.
The voltage curve of the photo diode of each pixel with respect to
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Integration time is illustrated in FIG. 4. The first sample is taken at point A on the
curve which represents the voltage discharged by the photo diode due to its
response to optical stimulus. The second sample is taken at point B once the cell
has been reset. Of note is the voltage drop caused by the feed through of the reset
clock rather than the optical response of the cell.

At the time of the first sample, T5 is turned on by the high level of CRST,
T6 1s turned off by a low value of DS, and T7 is turned on by the high value of
COLFPN. Therefore, when the column access transistor T1 is turned on, charge
proportional to the pixel data is stored on C1 while charge proportional to the dc
offset voltage of the operational amplifier is stored on C2. At this point, TS and
I'7 are turned off by CRST and COLFPN going low and the row of cells is reset.
Once this has occurred, T6 is turned on by DS going high. This places a voltage
across Cl that is equivalent to the difference between A and B. At this point CA
goes low, turning off the column access transistor T1. If the current source
consisting of T2, T3, and T4 were allowed to remain on, the resulting low voltage
on the column line could cause sub-threshold leakage across T1. To account for
this, T2 is turned off by CAdd. However, turning off T2 prior to T1 can also
effect the voltage across C1, as the column line will be pulled up by the cell.
Therefore, CAdd must be a delayed version of CA.

A voltage proportional to the difference between A and B is now buffered
by the amplifier. By taking this difference, any noise accountable to a non-
uniform sensor array or clock feed through in the cell is removed. The charge
stored on C2 removes the effect of the dc offset voltage of the operational
amplifier. The amplifier output voltage will then be sequentially clocked onto the
data bus connecting the first and second stage amplifiers. While the column
amplifier is driving a data line, it needs a relatively large current driving
capability. However, prior to the data being clocked out, the current driving
capability of the amplifier can be reduced. This results in great power savings.
Then, when the amplifier is selected to drive a data line, the current driving
capability can again be increased.

Other possible embodiments of the invention revolve around the second
stage amplifiers. Again, these can be implemented using source followers,
differential amplifiers, or a number of other amplification circuits without
atfecting the operation of the pipeline output path. A preferred embodiment is a
difterential amplifier as illustrated in FIG. 5 which compares the pixel data to a
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reference voltage such as a black level signal either generated internally or
provided externally. This would allow the second stage amplifiers the option of
compensating for dark current effects in the sensor array. Dark current is a result
of excess electrons created in the sensor array from impurities, material
boundaries, and proton irradiation that are impossible to distinguish from
electrons created by the conversion of photons by the pixels. Unfortunately, dark
current 1s not uniformly distributed over the array which leads to another source of
offset in the image. It is not possible to correct for dark current by double
sampling. The only effective technique is to subtract a reference black signal
level from the pixel data. Therefore, the embodiment incorporating dark current
compensation is very beneficial to producing a high quality image.

It should be noted that while the dark current compensation is described in
detail in connection with the second stage amplifiers, some compensation
arrangements similar to that described above can be employed at any stage,
including the first amplifier stage. In fact, the first stage amplifier shown in
Figure 3 includes a differential amplifier to which a Vref'is applied. A black level
signal can be incorporated to any other compensation signals to be used as Vref.

T'here are many other possible applications that require an electronic signal
to be transferred from an array of transducer elements. These might include
pressure sensors comprised of an array of micromachined springs or bio sensors
that convert a biological process to an electrical signal.
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What we claim as our invention is:

1. An electrical sensor apparatus comprising:

an array of transducer elements, each transducer element for producing an
electrical indication in response to external stimuli incident thereon:

a plurality of first stage amplifiers connected to the array of transducer
elements for transferring the electrical indications to a plurality of second stagé
amplifiers by way of a plurality of data bus lines, each data bus line requiring a
predetermined duration of time to settle during each transfer;

said plurality of first stage amplifiers for driving the data bus lines
cyclically so that each data bus line is driven at least once with an interval
between two successive bus drives being at least the predetermined duration of
time; and

the plurality of second stage amplifiers for generating outputs indicative of

the external stimuli.

2. The electrical sensor apparatus according to claim 1, wherein the
transducer elements are arranged in a (s x t) matrix where s is the number of rows
and t 1s the number of columns:

t first stage amplifiers, each first stage amplifier connecting to a column of

transducer elements;
u data bus lines, where t>(n x u), n is a positive integer and every u-th first

stage amplifier 1s connected to the same data bus line; and
u second stage amplifiers connected to u data bus lines;

3. The electrical sensor apparatus according to claim 2 wherein minimum u is
determined by the following formulae:
u=d/t, wherein d is the settling time of a single data bus line and t is a

clock period.
4, The electrical sensor apparatus according to claim 3 wherein for sub-

sampling of every m-th first stage amplifiers, u is determined by the following

formulae:
u=p*m-+1>minimum u, wherein p is any positive integer.

5. The electrical sensor apparatus according to claim 2, wherein the first and
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second stage amplifiers are in either one of the following configurations, the
source follower or a differential amplifiers, the first stage amplifiers having

- associated capacitors for sampling and buffering the amount of charge

proportional to the electrical indications of the external stimuli.

6. The electrical sensor apparatus according to claim 4, wherein the first and
second stage amplifiers are in either one of the following configurations, the
source follower or differential amplifiers, the first stage amplifiers having
associated capacitors for sampling and buffering the amount of charge
proportional to the electrical indications of the external stimuli and different first
stage amplifiers distributed at regular intervals driving respective data bus lines
successively, the period between two successive transfers on each data bus line
being at least the predetermined duration of time.

7. The electrical sensor apparatus according to claim 5, further comprising a
variable current source for supplying two or more current levels to the first stage
amplifiers in response to modes of operation of the first stage amplifiers.

8. The electrical sensor apparatus according to claim 6, further comprising a
variable current source for supplying two or more current levels to the first stage

amplifiers in response to modes of operation of the first stage amplifiers.

9. The electnical sensor apparatus according to claim 5, wherein each first

stage amplifier comprises a switch for controlling a current source of each column

of transducers to prevent leakage of the charge buffered in the associated

capacitor.

10.  The electrical sensor apparatus according to claim 6, wherein each first

stage amplifier comprises a switch for controlling a current source of each column

of transducers to prevent leakage of the charge buffered in the associated

capacitor.

11. The electrical sensor apparatus according to claim 7, wherein the variable
current source comprises two branches and a switch for switching between the
branches to provide more power while sampling a column or driving a data bus



CA 02325232 2000-11-07

14

line and a less power during the other mode of operation.

12. The electrical sensor apparatus according to claim 11, wherein either one
or both of the first and second stage amplifiers include a black level signal as a

5  reference voltage.

13. The electrical sensor apparatus according to claim 12, further comprising

one or both of the followings, an ADC or PGA, connected to the second stage

amplifiers to which the second stage amplifiers provide the output indicative of
10 the external stimuli.

14.  The electrical sensor apparatus according to claim 8, wherein the variable

current source comprises two branches and a switch for switching between the

branches to provide more power while sampling a column or driving a data bus
I5  line and a less power during the other mode of operation.

15. The electrical sensor apparatus according to claim 14, wherein either one
or both of the first and second stage amplifiers include a black level signal as a

reference voltage.

20
16.  The electrical sensor apparatus according to claim 15, further comprising
one or both of the followings, an ADC or PGA, connected to the second stage
amplifiers to which the second stage amplifiers provide the output indicative of

the external stimuli.
25

17.  The electrical sensor apparatus according to claim 9, wherein the switch is
connected to the current source and is operable in a predetermined time delayed

relationship with the sampling by the first stage amplifiers.

30 18.  The electrical sensor apparatus according to claim 17, wherein each first
stage amplifier comprises further a dc offset capacitor for storing charge
proportional to a dc offset voltage and a switched circuit operable in response to
the resetting of transducers so that the amount of charge buffered in the associated

capacitor represents either double sampling or correlated double sampling of each

35 transducer.
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19. The electrical sensor apparatus according to claim 18, wherein either one
or both of the first and second stage amplifiers include a black signal level as a

reference voltage.

20.  The electrical sensor apparatus according to claim 19, comprising further
one or both of the followings, an ADC or PGA, connected to the second stage
amplifiers to which the second stage amplifiers provide the output indicative of
the external stimuli.

21. The electrical sensor apparatus according to claim 10, wherein the switch
1s connected the current source and is operable in a predetermined time delayed

relationship with the sampling of the first stage amplifiers.

22.  The electrical sensor apparatus according to claim 21, wherein each first
stage amplifier comprises further a dc offset capacitor for storing charge

proportional to a dc offset voltage and a switched circuit operable in response to
the resetting of transducers so that the amount of charge buffered in the associated
capacitor represents either double sampling or correlated double sampling of each

transducer.

23.  The electrical sensor apparatus according to claim 22, wherein either one
or both of the first and second stage amplifiers include a black signal level as a

reference voltage.

24.  The electrical sensor apparatus according to claim 23, comprising further
one or both of the followings, an ADC or PGA, connected to the second stage
amplifiers to which the second stage amplifiers provide the output indicative of

the external stimuli.

25. The electrical sensor apparatus according to claim 13, wherein the
transducer elements are one selected from a group consisting of CMOS optical
elements, capacitive sensors, mechanical transducers, acoustic transducers,
electromagnetic wave transducers and the external stimulus is one of the
following visible or invisible light, including IR and thermal rays, radio waves, X-
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rays, acoustic waves, mechanical stimuli consisting of any of the tollowing,

pressure, mechanical strain, and dislocation.

26.  The electrical sensor apparatus according to claim 16, wherein the
transducer elements are one selected from a group consisting of CMOS optical
elements, capacitive sensors, mechanical transducers, acoustic transducers,
electromagnetic wave transducers and the external stimulus is one of the
following visible or invisible light, including IR and thermal rays, radio waves, X-
rays, acoustic waves, mechanical stimuli consisting of any of the following,
pressure, mechanical strain, and dislocation.

27.  The electrical sensor apparatus according to claim 20, wherein the
transducer elements are one selected from a group consisting of CMOS optical
elements, capacitive sensors, mechanical transducers, acoustic transducers,
electromagnetic wave transducers and the external stimulus is one of the
following visible or invisible light, including IR and thermal rays, radio waves, X-
rays, acoustic waves, mechanical stimuli consisting of any of the following,

pressure, mechanical strain, and dislocation.

28.  The electrical sensor apparatus according to claim 24, wherein the
transducer elements are one selected from a group consisting of CMOS optical
elements, capacitive sensors, mechanical transducers, acoustic transducers,
electromagnetic wave transducers and the external stimulus is one of the
following visible or invisible light, including IR and thermal rays, radio waves, X-
rays, acoustic waves, mechanical stimuli consisting of any of the following,
pressure, mechanical strain, and dislocation.

29. The electrical sensor apparatus according to claim 2, further comprising at
least one additional amplifier stage connected to the plurality of the second stage
amplifiers for generating output indicative of the external stimuli, each of the at
least one additional amplifier stage comprising at least one amplifier.

30. A method of generating electrical signals from an array of transducer
elements, each producing an electrical indication in response to an external

stimulus incident thereon comprising, steps of:
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sampling the array of transducer elements in a first predetermined

sequence to read the electrical indications out to a plurality of first stage

amplifiers;

driving in a second predetermined sequence a plurality of data bus lines to
transter data corresponding to the electrical indications from the first stage
amplifiers to a plurality of second stage amplifiers, each data bus line requiring a
predetermined duration of time to settle for each transfer: and '

generating the electrical signals indicative of the external stimuli, in that
each data bus line is driven at least once for transfer of the data with an interval
between successive transfers being at least a predetermined duration of time.

31. The method of generating electrical signals from an array of transducer
elements, according to claim 30 wherein the transducer elements are arranged in
an array of rows and columns and each of the first stage amplifiers reads the
electrical indications from the transducers located in one column, the method
further comprises a step of:

driving the plurality of data bus lines to transfer the data from the first
stage amplifiers 1n the second predetermined sequence so that the data is
transferred from every n-th first stage amplifiers, n being a positive integer.

32. The method of generating electrical signals from an array of transducer
elements according claim 31 wherein the step of sampling is performed according
to a single sampling, double sampling and correlated double sampling technique.

33.  The method of generating electrical signals from an array of transducer
elements, according to claim 32 wherein each of the first stage amplifiers includes
an associated capacitor, a dc offset capacitor and a switching circuit, the step of
sampling comprises further steps of:

buftering in the associated capacitor charge proportional to the electrical
indication from a column of the transducers;

storing in the dc offset capacitor a dc offset signal; and

operating, in response to resetting of transducers, the switching circuit for
preventing a leakage from the associated capacitor and for ensuring the charge in
the associated capacitor to be representative to double sampling or correlated

double sampling of a transducer in the column.
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34.  The method of generating electrical signals from an array of transducer
elements according to claim 31 wherein the second predetermined sequence is
such that the data is transferred from every individual first stage amplifiers one
after the other in sequence.

35.  The method of generating electrical signals from an array of transducer
elements according claim 34 wherein the step of sampling is performed according
to a single sampling, double sampling and correlated double sampling technique.

36.  The method of generating electrical signals from an array of transducer
elements, according to claim 35 wherein each of the first stage amplifiers includes
an assoclated capacitor, a dc offset capacitor and a switching circuit, the step of
sampling comprises further steps of:

buftering in the associated capacitor charge proportional to the electrical
indication from a column of the transducers:

storing in the dc offset capacitor a dc offset signal; and

operating, in response to resetting of transducers, the switching circuit for
preventing a leakage from the associated capacitor and for ensuring the charge in
the associated capacitor to be representative to double sampling or correlated
double sampling of a transducer in the column.

37.  The method of generating electrical signals from an array of transducer
elements according claim 30 wherein the step of sampling is performed according
to a single sampling, double sampling and correlated double sampling technique.

38.  The method of generating electrical signals from an array of transducer
elements, according to claim 37 wherein each of the first stage amplifiers includes
an associated capacitor, a dc offset capacitor and a svvltchmg circuit, the step of
sampling comprises further steps of:

butfering in the associated capacitor charge proportional to the electrical
indication from one of the first stage amplifiers:

storing 1n the dc offset capacitor a dc offset signal; and

operating, in response to resetting of transducers, the switching circuit for
preventing a leakage from the associated capacitor and for ensuring the charge in
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the associated capacitor to be representative to double sampling or correlated double

sampling of the transducer.

39. The method of generating electrical signals from an array of transducer elements
according to claim 33 comprising further step of:
supplying current to the first stage amplifiers at a different level, depending on the

mode of operation of the first stage amplifiers.

40. The method of generating electrical signals from an array of transducer elements
according to claim 36 comprising further step of:
supplying current to the first stage amplifiers at a different level, depending on the

mode of operation of the first stage amplifiers.

41.  The method of generating electrical signals from an array of transducer elements
according to claim 38 comprising further step of:
supplying current to the first stage amplifiers at a different level, depending on the

mode of operation of the first stage amplifiers.

42.  An electrical sensor apparatus comprising: an array of transducer elements arranged
in a (sxt) matrix where s is the number of rows and t 1s the number of columns, each
transducer element adapted to produce an electrical indication in response to external
stimuli incident thereon; a plurality t of first stage amplifiers, each first stage amplifier
connected to a column of transducer elements; a plurality u of data bus lines, each of the
data bus lines requiring a substantially similar predetermined duration of time d to settle
during a transfer of an electrical indication to the data bus line, wheremn:
t>(n*u),
where n is a positive integer and every u-th first stage amplifier 1s connected to the

same data bus line, and wherein minimum u 1s determined by the formula:

u=d/T
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wherein d is the settling time of a single data bus line and where T 1s a clock
period;

a plurality u of second stage amplifiers for generating outputs indicative of the
external stimuli; each second stage amplifier being connected to a data bus line; and

the plurality t of first stage amplifiers being adapted to drive the data bus lines
cyclically so that each data bus line is driven at least once, with an interval between two

successive bus drives being at least the predetermined duration of time d.

43.  The electrical sensor apparatus according to claim 42 wherein for sub-sampling of
every m-th first stage amplifiers, u is determined by the following formulae:
u=p*m-+I1 Zminimum u,

wherein p 1s any positive integer.

44.  The electrical sensor apparatus according to claim 42, wherein the first and second
stage amplifiers are in either one of the following configurations, a source follower or a
differential amplifier, the first stage amplifiers having associated capacitors for sampling

and buffering the amount of charge proportional to the electrical indications of the external

stimuli.

45, The electrical sensor apparatus according to claim 43, wherein the first and second
stage amplifiers are in either one of the following configurations, a source follower or a
differential amplifier, the first stage amplifiers having associated capacitors for sampling
and buffering an amount of charge proportional to electrical indications of the external
stimuli and different first stage amplifiers distributed at regular intervals driving respective

data bus lines successively, a period between two successive transfers on each data bus line

being at least a predetermined duration of time.
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46.  The electrical sensor apparatus according to claim 44, further comprising a variable
current source for supplying two or more current levels to the first stage amplifiers in

response to modes of operation of the first stage amplifiers.

47. The electrical sensor apparatus according to claim 45, further comprising a variable
current source for supplying two or more current levels to the first stage amplifiers in

response to modes of operation of the first stage amplifiers.

438. The electrical sensor apparatus according to claim 44, wherein each first stage

amplifier comprises a switch for controlling a current source of each column of transducers

to prevent leakage of charge buffered in the associated capacitor.

49.  The electrical sensor apparatus according to claim 45, wherein each first stage
amplifier comprises a switch for controlling a current source of each column of transducers

to prevent leakage of charge buffered in the associated capacitor.

50.  The electrical sensor apparatus according to claim 46, wherein the variable current
source comprises two branches and a switch for switching between the branches to provide
more power while sampling a column or driving a data bus line and less power during the

other mode of operation.

51. The electrical sensor apparatus according to claim 50, wherein either one or both of

the first and second stage amplifiers include a black level signal as a reference voltage.

52. The electrical sensor apparatus according to claim 51, further comprising one or
both of the following, an ADC or PGA, connected to the second stage amplifiers to which

the second stage amplifiers provide an output indicative of the external stimuli.
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53.  The electrical sensor apparatus according to claim 47, wherein the variable current
source comprises two branches and a switch for switching between the branches to provide

more power while sampling a column or driving a data bus line and less power during the

other mode of operation.

54.  The electrical sensor apparatus according to claim 53, wherein either one or both of

the first and second stage amplifiers include a black level signal as a reference voltage.

55. The electrical sensor apparatus according to claim 54, further comprising one or
both of the following, an ADC or PGA, connected to the second stage amplifiers to which

the second stage amplifiers provide an output indicative of the external stimuli.

50. The electrical sensor apparatus according to claim 48, wherein the switch 1s
connected to the current source and is operable in a predetermined time delayed

relationship with the sampling by the first stage amplifiers.

57. The electrical sensor apparatus according to claim 56, wherein each first stage
amplifier comprises further a dc offset capacitor for storing charge proportional to a dc
offset voltage and a switched circuit operable in response to the resetting ot transducers so
that the amount of charge buffered in the associated capacitor represents either double

sampling or correlated double sampling of each transducer.

58. The electrical sensor apparatus according to claim 57, wherein either one or both ot

the first and second stage amplifiers include a black signal level as a reference voltage.

59. The electrical sensor apparatus according to claim 58, comprising further one or
both of the following, an ADC or PGA, connected to the second stage amplifiers to which

the second stage amplifiers provide an output indicative of the external stimuli.
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60. The electrical sensor apparatus according to claim 49, wherein the switch 1s
connected to the current source and is operable in a predetermined time delayed

relationship with the sampling of the first stage amplifiers.

61. The electrical sensor apparatus according to claim 60, wherein each first stage
amplifier comprises further a dc offset capacitor for storing charge proportional to a dc
offset voltage and a switched circuit operable in response to the resetting of transducers so
that an amount of charge buffered in the associated capacitor represents either double

sampling or correlated double sampling of each transducer.

62. The electrical sensor apparatus according to claim 61, wherein either one or both of

the first and second stage amplifiers include a black signal level as a reference voltage.

03. The electrical sensor apparatus according to claim 62, comprising further one or
both of the following, an ADC or PGA, connected to the second stage amplifiers to which

the second stage amplifiers provide an output indicative of the external stimuli.

64. The electrical sensor apparatus according to claim 52, wherein the transducer
elements are one selected from a group consisting of CMOS optical elements, capacitive
sensors, mechanical transducers, acoustic transducers, electromagnetic wave transducers
and the external stimulus 1s one of the following visible or invisible light, including IR and
thermal rays, radio waves, X-rays, acoustic waves, mechanical stimuli consisting of any of

the following, pressure, mechanical strain, and dislocation.

63. The electrical sensor apparatus according to claim 55, wherem the transducer
elements are one selected from a group consisting of CMOS optical elements, capacitive
sensors, mechanical transducers, acoustic transducers, electromagnetic wave transducers

and the external stimulus is one of the following visible or invisible light, including IR and
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thermal rays, radio waves, X-rays, acoustic waves, mechanical stimuli consisting of any of

the following, pressure, mechanical strain, and dislocation.

066. The electrical sensor apparatus according to claim 59, wherein the transducer
elements are one selected from a group consisting of CMOS optical elements, capacitive
sensors, mechanical transducers, acoustic transducers, electromagnetic wave transducers
and the external stimulus is one of the following visible or invisible light, including IR and
thermal rays, radio waves, X-rays, acoustic waves, mechanical stimuli consisting of any of

the following, pressure, mechanical strain, and dislocation.

67. The electrical sensor apparatus according to claim 63, wherein the transducer
elements are one selected from a group consisting of CMOS optical elements, capacitive
sensors, mechanical transducers, acoustic transducers, electromagnetic wave transducers
and the external stimulus is one of the following visible or invisible light, including IR and
thermal rays, radio waves, X-rays, acoustic waves, mechanical stimuli consisting of any of

the following, pressure, mechanical strain, and dislocation.

68.  The electrical sensor apparatus according to claim 42, further comprising at least
one additional amplifier stage connected to the plurality of the second stage amplifiers for
generating output indicative of the external stimuli, each of the at least one additional

amplifier stage comprising at least one amplifier.

69. An electrical sensor apparatus comprising:

an array of transducer elements arranged in a plurality t of groups where each
transducer element is adapted to produce an electrical indication in response to external
stimuli incident thereon;

a plurality t of first stage amplifiers connected to the plurality of groups of
transducer elements for receiving the electrical indications from each of the transducer

elements;
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a number u of second stage amplifiers for generating outputs indicative of the

external stimuli;

a number u of data bus lines coupled to the number u of second stage amplifiers for
transferring the electrical indications from the first stage amplifiers to the second stage
amplifiers; wherein the data bus lines exhibit a substantially similar time d for an electrical
indication to settle, and the minimum number u of data bus lines 1s determined by the
settling time d 1n accordance with the formula:

u=d/T
where T 1s a clock period for passing one of the electrical indications from one of

the first stage amplifiers to one of the data bus lines.

70. The clectrical sensor apparatus according to claim 69, wherein, for sub-sampling of
every m-th first stage amplifiers, u 1s determined by the following formulae:
u=p*m+I1 >mimmum u,

where p 1s any positive integer.

71. The electrical sensor apparatus according to claim 69 wherein the transducer
elements are arranged 1n an (sxt) matrix having s rows and t columns, each column
forming one of the plurality of groups of transducer elements and each column coupled to

one of the plurality of first stage amplifiers.

72. The electrical sensor apparatus according to claim 71, wherein u 1s determined by
the following formula:

r=(n*u)
where n 1s a positive integer and every u-th first stage amplifier 1s connected to the same

data base line.

73. The electrical sensor apparatus according to claim 69 wherein the data bus lines are

substantially of equal length.
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