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coupled to the rows of pixels at predetermined times. Each

pixel element has a photodetector coupled to a reset switch for
receiving a reset signal to reset the photodetector. The 1mag-
ing device further includes a precharge circuit adapted to
place a voltage on the column signal lines. The method of
operating the imaging device includes the steps of applying a
precharge voltage to the signal lines, resetting the photode-
tectors 1n a row, integrating the photodetector voltage as light
impinges on the reset photodetectors, coupling the integrated
photodetectors to the signal lines, and sampling the integrated
voltage coupled to each of the signal lines. When the double
sampling technique 1s used, the steps further include resetting
the photodetectors and sampling the photodetector reset volt-
ages on the signal lines. The precharge voltage 1s applied to
signal lines during the integration period of the photodetec-
tors and 1s disconnected from a signal line during sampling.

40 Claims, 8 Drawing Sheets
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IMAGING DEVICE WITH PRE-CHARGED
SIGNAL LINE

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

FIELD OF THE INVENTION

The present mvention relates to the field of 1maging
devices, and more specifically to the architecture of the pixel
sampling circuitry column signal lines.

BACKGROUND OF THE INVENTION

Over the past decade, there have been great developments
in the field of 1mage sensors, the commercialization of these
products have led to increasing amount of consumer and
industrial products that have revolutionized the areas of
inventory, security, and photography in general. However,
there are still problems with the quality of image sensors, and
it 1s the development of solutions for these problems that will
allow 1t to continue to rise 1n use and application.

One problem that has plagued 1image sensors 1s a concept
known as “banding”, 1n particular one type of banding 1s
known as the “first frame effect”. “Banding™ occurs during an
image capture, and results 1n a line or “band” of darker pixels
appearing 1n the captured image. This problem can largely be
attributed to the parasitic capacitance between the 1maging
pixel cell and the column signal line, and noise 1n the power
source for the reset voltage, these types of noise are com-
monly referred to as “reset noise”.

The 1ssue of banding has been dealt with before with some
success through the use of a variation on double sampling, 1n
combination with a memory device.

During a normal double sample, which 1s designed to
reduce fixed pattern noise, the pixel 1s reset, allowed to inte-
grate and then sampled at a sample time. Shortly thereafter,
the pixel 1s reset again and sampled once again so that a
second reset voltage for that pixel can be captured. The pro-
cessing circuitry then compares the captured second reset
voltage and the captured sample voltage, 1n order to deter-
mine an actual sample voltage free of the fixed pixel noise.

There 1s a variation on this technique 1n the prior art, which
allows the 1mager to reduce “reset noise” as well as the fixed
pixel noise. The double sample 1s performed 1n the normal
manner, however there 1s a memory device attached to the
row, which captures the first reset voltage. This first reset
voltage can then be used to determine the noise between the
first and second reset voltage, and that information can be
used by the imaging process circuitry in order to remove that
noise from the actual sample voltage.

In order to accommodate this method of reducing the “reset
noise” amemory device must be added to imager. This type ol
solution focuses on the 1ssue of noise 1n the voltage supply,
but does not address 1n particular the 1ssue of noise due to
parasitic capacitance between the column signal line and the
imaging cell.

The “banding” that results from parasitic capacitance, 1s
typically referred to as the “first frame effect”. This type of
banding creates a dark line of pixels from the first row that has
been reset after the first sample signal has been placed on the
column line. This distortion of pixel intensity makes the first
frame of the 1mager unserviceable. In prior art systems this
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frame has simply been discarded with only the subsequent
images being used for the purpose of imaging.

It may be considered that this 1s an 1nappropriate solution,
as this adds time to the image capture cycle for the imager.
Additionally 1t may be considered that this will lead to prob-
lems 1n some 1mage capture systems, whereby a sequence of
frames 1s being captured, and the first frame 1s needed 1n order
to accomplish the task for the imager. For example, 1n a
package transportation belt with a stationary mounted imager
for decoding bar-codes, the belt speed may prevent a package
from being properly scanned. Other examples would be
apparent to one skilled 1n the art that the first frame should not
be discarded.

It 1s to be noted that although a specific 1imaging architec-
ture has been discussed to illustrate the deficiencies in the
prior art, other imaging architectures could contain the same
deficiencies. Thus, the problem discussed could occur 1n
other circuits that use a similar technique for pixel readout.

Therefore, there 1s a need for a method and apparatus for
improving image quality from an electronic image by reduc-
ing banding resulting from parasitic capacitance between the
imaging pixel and the column signal line.

SUMMARY OF THE INVENTION

The invention 1s directed to a method of operating an 1mag-
ing device having a number of pixels and one or more signal
lines, wherein each pixel has a photodetector. The method
comprises the steps of applying a precharge voltage to the
signal line, resetting the photodetector, integrating the pho-
todetector voltage as light impinges upon 1t, coupling the
photodetector to the signal line, and sampling the integrated
voltage coupled to the signal line.

In accordance with another aspect, the invention 1s directed
to a method of operating an 1maging device having an array of
pixels arranged 1n rows and columns and a signal line for each
column, wherein each pixel has a photodetector. The method
comprises the steps of applying a precharge voltage to the
signal lines, resetting the photodetectors 1n a row, integrating
the photodetector voltage as light impinges on the reset pho-
todetectors, coupling the integrated photodetectors to the sig-
nal lines, and sampling the integrated voltage coupled to each
of the signal lines. The above steps arerepeated for each of the
rows of pixels.

In accordance with a further aspect of the invention, the
method includes the steps of resetting the photodetector and
sampling the photodetector reset voltage on the signal line.

In accordance with another aspect of the invention, the
precharge voltage 1s applied to the signal line during the
integration time of the photodetector.

In accordance with another aspect, the invention 1s directed
to an 1maging device comprising a pixel element having a
photodetector coupled to a reset switch, said reset switch
being adapted to recerve a reset signal, a signal line adapted to
be selectively coupled to said pixel element and a precharge
circuit selectively coupled to said signal line to provide pre-
charge voltage to said signal line.

In accordance with yet another aspect of the invention, the
imaging device comprises an array of pixels arranged 1n rows
and columns, column signal lines adapted to be selectively
coupled to the rows of pixels at predetermined times, and a
precharge circuit adapted to place a voltage on the column
signal lines.

In accordance with a specific aspect of this invention, the
precharge circuit includes a switch arrangement for connect-
ing the signal line or lines to a precharge voltage supply. The
switch arrangement can be a switch for each of the signal




US RE44,523 E

3

lines, a switch for all of the signal lines or a number of
switches, each connected to a selected group of signal lines.

In accordance with a further aspect of the invention, the
precharge circuit includes a controller for closing the switch
or switches when a pixel element 1s not coupled to the signal
line. The controller further includes a detector for sensing the
voltage on the signal lines.

In accordance with yet another aspect, the invention 1s
directed to an apparatus for placing a voltage on signal lines
of an 1maging device, wherein the signal lines are adapted to
be selectively coupled to columns of pixels at predetermined
times. The apparatus comprises a switch arrangement
adapted to connect a voltage supply to the signal lines, and a
controller for controlling the switch arrangement to connect
the voltage supply means to the signal lines at times other then
the predetermined times. The switch arrangement can be a
switch for each of the signal lines, a switch for all of the signal
lines or a number of switches, each connected to a selected
group of signal lines.

In accordance with a specific aspect of the invention, the
controller closes the switch when a pixel 1s not coupled to the
signal line and 1includes a detector for detecting voltage on the
signal lines.

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 1in

the art upon review of the following description of the inven-
tion in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FI1G. 1 illustrates a prior art pixel circuit diagram showing,
the location of the parasitic capacitance that may occur
between a CMOS 1maging pixel, and the column signal line;

FIG. 2 illustrates a prior art imaging device circuit dia-
gram;

FIG. 3 shows a timing diagram for the imaging device in
FIG. 2;

FIG. 4 illustrates an embodiment of an 1maging device
circuit diagram in accordance with the present invention;

FIG. 5 shows a timing diagram for the imaging device in
FIG. 4;

FI1G. 6 1llustrates an embodiment of an 1image device circuit
diagram 1n accordance with the present mnvention having a
separate voltage supply circuit for each column;

FI1G. 7 illustrates an embodiment of an 1image device circuit
diagram 1n accordance with the present invention having a
separate voltage supply circuit for preselected blocks of col-
umns; and

FIG. 8 1llustrates an embodiment of an 1mage device circuit
diagram 1n accordance with the present invention having a
voltage supply circuit with a single switch for all columns.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method and apparatus for
substantially reducing the impact of the first frame etffect on
clectronic imaging devices. For purposes of explanation, spe-
cific embodiments are set forth to provide a thorough under-
standing of the present invention. However, 1t 1s to be under-
stood from the present disclosure, that although the present
invention 1s described using CMOS 1mage sensors, most, 1f
not all, aspects of the mvention apply to 1mage sensors in
general. Moreover, well-known elements, devices, process
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steps and the like are not set forth 1n order to provide a clear
and simple description of the present invention.

Operation of the various embodiments of the invention will
be explained using an NMOS implementation of the circuits.
The following abbreviations are used in this disclosure to
describe the various operating regions of the FET. A FET 1s
said to be “turned oif” when V . (gate-source voltage)<V .-
(threshold voltage) for the device and the device 1s operating
in the cut-off region where its channel acts as an open circuit.
When a FET 1s “turned on” (V o=V ) and V . (drain-source
voltage)<V ..~V ., the device 1s operating in the triode region.

Furthermore, logic signals are denoted as being “high™ or
“low”, this, as 1s known to one skilled 1n the art, refers to the
first supply voltage of the device, (such as 3.3 V or 5 V) and
the second supply voltage of the device, (typically ground).
However, the reverse could also be used 1 the implementation
were to use PMOS circuits, or inverters in combination with

NMOS circuitry.

Additionally, the terms “active high™ and “active low™ refer
to electronic devices that become turned on, either through
the use of a high signal or a low signal, respectively.

The present invention will be described 1n conjunction with
a typical pixel element 135 1llustrated 1n FIG. 1. However, 1t
will become evident to those skilled 1n the art that the present
invention can be equally applied to numerous other pixel
types. Pixel 135 consists of a photodiode element 130, whose
cathode 1s coupled at node 120 to both the source of a reset
transistor 140 and to the gate of a source-follower transistor
145. The reset transistor 140 has a gate activated by a signal
V.. ...appliedto line 125, and 1t 1s coupled at 1ts drain to a first
supply voltage V ., on line 150. The anode of the photodiode
130 1s coupled to a second supply voltage V ..on line 155. The
source-follower transistor 143 1s coupled at 1ts drain to the
first supply voltage V ,, on line 150, and at 1ts source to the
drain of the row access transistor 1635. The row access tran-
sistor 165 has a gate activated by asignal V,_ . _on line
105, and is coupled at its source to the column signal line 100.
This type of pixel 135 has a parasitic capacitance (C,_ »).
which 1s shown as element 115 and will be described below.

Pixel 135 operates as follows. Reset transistor 140 1s turned
on by the V,___ signal pulse on line 125 at time t,. The first
voltage supply V 5 on line 150 then places a charge, which 1s
approximately equal to the reset voltage V,___. on line 125
subtracting the threshold voltage of the reset transistor 140
(~V %...,~ V1), onthe photodiode 130 cathode coupled to node
120. This voltage remains floating at the pixel node 120 but 1s
“leaked” slowly by the photodiode 130 to the second voltage
supply on line 1535. The rate of leakage depends on the amount
of light 160 impinging on the photodiode 130; the greater the
light itensity that strikes the surface of the photodiode 130
the faster the charge 1s leaked through to the second voltage
supply on line 155. This charge 1s allowed to “leak” for a
period of time, commonly known as the integration time T ,,,-
essentially the time between the resetting of the pixel 135 and
the sampling of the pixel 135. When the pixel 135 1s to be
sampled, aV,_ .. signal pulse on line 105 1s applied to
the gate of transistor 165, which turns on the row access
transistor 165. The charge on the pixel node 120 1s also
present on the gate of the source-follower transistor 145 and
controls the application of voltage V ,,,, from the first voltage
supply on line 150 to the row access transistor 165. As the row
access transistor 165 1s now active, a voltage 1s passed to the
column signal line 100 that 1s approximately equal to the
voltage at the pixel node 120 minus the threshold voltages
(V) of both the source-follower transistor 145 and the row
access transistor 165. At this point the signal can be sent to the
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processing circuitry coupled to column signal line 100 and
the pixel 135, 1s considered to have been sampled or read.

In a CMOS 1maging device 200, an imaging array usually
consists of several rows and columns of pixel elements 135,
organized 1n a (mxn) matrix fashion. Typically the number of
rows 1s denoted as m, and the number of columns 1s denoted
as n. Fach column line 100a, 100b, 100c . . . 1s connected to a
pixel 135 1n each row, typically in a manner as 1s shown in
FIG. 2, which illustrates, in block diagram form, a 3x3
matrix. Typically an actual imaging device 200 consists of
much larger arrays, however the array 200 1llustrated 1s only
meant as an example to simplily the explanation of the
present invention.

The “banding” or “first frame effect” 1s 1llustrated as fol-
lows. In a typical video operation mode of the array, the first
row 202a of the array 1s resetby V... ,,apulse on line 223a
followed by the resetting of the second row 202b, the third
row 202c and so on. Referring to FIG. 3, the voltage on the
pixel nodes for the first row 202a 1s raised to the voltage level
approximately equivalent to the following formula at time ¢, :

Vico r1t1)™(Vreser 1=V 1 r1)-

At this point, the voltage V5., on the column line 100a 1s
undefined. For this example 1t can be assumed that 1t 1s at
ground, namely V ... Therefore, the parasitic capacitor 115
will have a charge equivalent to the following formula placed
on 1t:

QPHFP:CPHFP$ WR eset__1 _Vr VSS ) -

Later, 1n turn, the second row of pixels 135 will be reset at
time t,, the third row at time t., and so on.

With reference to FIGS. 1 and 2, after the first row was reset
and an amount of time, known as the mtegration time (1 /),
has passed, the V., ...ss S1gnal pulse 1s applied on line
205a at time t,, and the voltage on the pixel 135 1s applied to
line 100a as V,,,, (t,) to be sampled by the sampling circuit
295a. The current sources 270a, 270b, 270c . . . are part ol the
read-out circuit and may be switched current sources which
are accessed during the read-out cycle to pull down the volt-
age across the diode 130 of each pixel 135.

V100a12)=(Veeser 172V 1=Ving),

where V ,.,-1s the voltage decay or leakage from the diode 130
during the integration period (1 ,,.1).

The pixels 135 of the first row 202a are then reset to their
initial values at time t; and sampled again, this 1s known as
double sampling. After this, the column line 100a 1s at a
voltage V,,,,.(t3) approximately equal to the following for-
mula:

V100at3)~Y geser 1=2V 1

The effect of this on the other rows that are integrating, for
example, as 1s shown as event 302 1n FIG. 3, 1s to “pump” the
diodes 1335. Since the column 100a 1s coupled to the second
row 202b, the diode voltage V., will be raised by:

&VAN (VR eset__ 1~ 2V T ) CPHFP/ (CPJ}“P+ CPar o r)

The voltage V, ,,,(t;) on line 100a decays slowly until the
read/reset cycle for the next row, however 1ts value generally
remains well above V, . (1,). Therefore arow 202b, 202c, . . .
that 1s reset after the columns 100a, 100b, 100c . . . have been
raised from their 1nmitial value of V .. 1n this example to about
(V.—2 V) will have negligible charge pump effect. This
situation 1s shown 1n FIG. 3, as AV, during event 303. This 1s
the source of the “first frame” effect.

It has been determined that holding the column lines 100a,
100b, 100c . . . at a substantially constant voltage when the
rows are being reset can significantly reduce the first frame
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elfect. In this way, charge pumping can be reduced. Further, 1t
has been determined that the presence of a voltage level on the
column lines 100a, 100b, 100c . . . prior to the pixels 135
being sampled substantially reduces the impact of the column
to pixel charge pumping.

The method of reducing banding 1n accordance with the
present invention comprises applying a voltage to the column
lines 100a, 100b, 100c . . . in an 1imaging device 200 while the
rows of pixels 135 are being reset and the sampling circuits

2935 are not sampling the voltages on the pixel 135 diodes 130.
FIGS. 4, 6, 7 and 8 illustrate the imaging devices 400, 600,

700 and 800 which include apparatus for accomplishing the

method. For clarity and to simplify the description, elements
of the imaging devices 400, 600, 700 and 800 which are

similar to those of the imaging device 200 in FIG. 2, carry the
same reference numbers. This also applies to the timing dia-
gram 1llustrated 1n FI1G. 5. In FIG. 4, the apparatus comprises

a voltage supply circuit 475, which 1s connected to the column
lines 100a, 100b, 100c . . . through switches 480a, 480b,

480c . . ., suchthat the voltage supply circuit 475 1s selectively
coupled to the column lines 100a, 100b, 100c . . . .

The voltage supply circuit 475, also referred to as the
precharge circuit, 1s selected to provide a reasonably constant
voltage V., to precharge the column line or lines 100a,
100b, 100c . . ., prior to pixel sampling as shown in FIG. 5.
The precharge voltage V .~ that the supply circuit 475 pro-
vides for different imaging devices may vary depending on a
number of factors; the main ones being the voltage of the
voltage supply 150 of the imaging device 400 1tself and the
level of parasitic capacitance C,, . » associated with the design
of the imaging device 400. The actual precharge voltage
V . Which would normally always be less then the imaging
device 400 voltage supply 150 voltage, can be readily deter-
mined by one skilled 1n the art. It has been found that typically
for a 3.3 V 1maging device 400 power supply 150 voltage
V 5, an approximately 2.0 V precharge voltage V - 15 sul-
ficient.

As aresult of the application of the voltage V ., - to the line
100a, AV ,, shown in FIG. S as event 502, 1s much reduced and
1s now 1s very siumilar to the voltage shift AV, shown as event
303. This reduces the banding effect, which occurs in the first
frame.

The present invention may be implemented by providing a
separate voltage supply circuit 475a, 475b, 475c¢ . . . for each
column 100a, 100b, 100c . . . as shownin FIG. 6. Each column
100a, 100b, 100c . . . will have a switch 480a, 480b, 480c . . .
for selectively coupling 1t, under the control of a controller
483, to the voltage supply circuit 475a, 475b, 475¢ . . ., when
its respective column sample circuit 295a, 295b, 295c . . . 1s
not connected through 1ts switch 290a, 290b, 290c . . . to the
respective column line 100a, 100b, 100c . . . .

In the embodiments shown i1n FIGS. 4 and 8, only one
precharge circuit 475 1s used for the entire array of pixels 135.
In FIG. 4, the precharge circuit 475 1s selectively coupled to
cach column line 100a, 100b, 100c . . . through a respective
switch 480a, 480b, 480c . . . controlled by controller 485 for
cach column 100a, 100b, 100c . . . 1n the imaging device 400.
The precharge switch 480a, 480b, 480c . . . would be opened,
as the array 200 was about to be read when the coupling
switch 290 connects the sampling circuit 295a, 295b,
295c . . . to switch on and read the voltage on the respective
column line 100a, 100b, 100c . . . . Alternatively, as shown 1n
FIG. 8, the precharge circuit 475 1s coupled to all of the
columns 100a, 100b, 100c . . . through a switch 480 controlled
by controller 4835 for all of the columns 100a, 100b, 100c . . .
for the array 800.
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Another embodiment of the present invention 1s shown 1n
FIG. 7. The imaging device 700 uses separate precharge
circuits 475 475a, 475b, . . . for precharging pre-selected
blocks of columns 100a, 100b, 100c . . . 1n the array 200. In
this particular embodiment, though preselected blocks 701,
701, . .. are shown to include pairs of column 102a with 102b,
102¢ with 102d, . . . other arrangements are within the scope
of the present invention. Fach precharge circuit 475a,
475b, . . . would be selectively coupled to a respective block

701, 702, . . . through a switch 480a, 480b , . . . when the
preselected columns 100a, 100b, 100c . . . 1n the blocks 701,
702, . .. are not being sampled.

The precharging system may also be implemented by
inserting of a voltage level detection circuit 490 on each of the
column signal lines 100a, 100b, 100c . . . as shown 1n FIG. 4.
Upon the detection of a voltage level on a signal line 100a,
100b, 100c . . . that 1s far below a level where useful pixel data
would exist, the column line 100a, 100b, 100c . . . 1n question
would be clamped to a precharge circuit 475 through a
switching device 480a, 480b, 480c¢ . . . under the control ofthe
controller 485. This would minimize power use by not apply-
ing a precharge voltage when 1t 1s not required and at the same
time allow the column signal line 100a, 100b, 100c . . . to
retain at least a minimal precharge voltage.

While the invention has been described according to what
1s presently considered to be the most practical and preferred
embodiments, 1t must be understood that the invention 1s not
limited to the disclosed embodiments. Those ordinarily
skilled 1n the art will understand that various modifications
and equivalent structures and functions may be to made with-
out departing from the spirit and scope of the invention as
defined 1n the claims. Theretfore, the invention as defined in
the claims must be accorded the broadest possible 1nterpre-

tation so as to encompass all such modifications and equiva-
lent structures and functions.

What is claimed 1s:

1. A method of operating an imaging device having a
number of pixels and one or more signal lines, wherein each
pixel has a photodetector, comprising the steps of:

resetting the photodetector;

integrating the photodetector voltage as light impinges on

the photodetector;

sampling the photodetector by passing the integrated pho-

todetector voltage to the signal line; and

applying a precharge voltage to the signal line prior to the

resetting of the photodetector.

2. A method as claimed 1n claim 1 further comprising the
steps of:

resetting the photodetector; and

sampling the photodetector reset voltage on the signal line.

3. A method as claimed 1n claim 1 wherein the precharge
voltage 1s applied to the signal line during the entire reset and
integration time of the photodetector.

4. A method of operating an 1maging device having an
array of pixels arranged 1n rows and columns and a signal line
for each column, wherein each pixel has a photodetector,
comprising the steps of:

resetting the photodetectors in a row;

integrating the photodetector voltage as light impinges on

the reset photodetectors;

sampling the photodetectors by passing the integrated pho-

todetector voltages to each of the signal lines; and
applying a precharge voltage to the signal lines prior to the
resetting of the photodetectors.

5. A method as claimed 1n claim 4 wherein the steps of
claim 4 are repeated for each of the rows of pixels.
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6. A method as claimed in claim 4 turther comprising the
steps of:

resetting the photodetectors 1n the row; and

sampling the photodetector reset voltage coupled to each
of the signal lines.

7. A method as claimed 1n claim 6 wherein the steps of

claim 6 are repeated for each of the rows of pixels.

8. A method as claimed in claim 4 wherein the precharge
voltage 1s applied to the signal lines during the entire reset and
integration time of the photodetectors.

9. An 1imaging device comprising:

a pixel element adapted to have a reset, integration and
sampling operating cycle, said pixel element having a
photodetector coupled to areset switch, said reset switch
being adapted to receive a reset signal and to apply a
reset voltage to the photodetector;

a signal line adapted to be selectively accessed by said pixel
clement to be sampled; and

a precharge circuit selectively coupled to said signal line to
provide a precharge voltage to said signal line prior to
the application of the reset voltage to the photodetector.

10. An 1maging device as claimed 1n claim 9 wherein the
precharge circuit includes switch means adapted to be con-
nected to a precharge voltage supply and means for connect-
ing the switch means to the signal line.

11. An imaging device as claimed in claim [9] /0 wherein
the precharge circuit includes control means for maintaining,
the switch means closed when the pixel element 1s not access-
ing the signal line.

12. An imaging device as claimed in claim 11 wherein the
control means 1ncludes means for detecting voltage on the
signal line.

13. An imaging device comprising:

an array ol pixels arranged in rows and columns and
adapted to have a reset, integration and sampling oper-
ating cycle;

column signal lines adapted to be selectively accessed by
the rows of pixels to be sampled; and

a precharge circuit adapted to place a voltage on the col-
umn signal lines prior to the resetting of each row of
pixels.

14. An imaging device as claimed in claim 13 wherein the
precharge circuit includes switch means adapted to be con-
nected to a precharge voltage supply and to the signal line.

15. An imaging device as claimed in claim 14 wherein the
switch means includes a switch for each of the signal lines.

16. An imaging device as claimed 1n claim 15 wherein each
switch 1s adapted to be connected to an independent pre-
charge power supply.

17. An 1imaging device as claimed in claim 14 wherein the
switch means includes a switch for all of the signal lines.

18. An imaging device as claimed in claim 14 wherein the
precharge circuit includes control means for closing the
switch means when a pixel element 1s not coupled to the
signal line.

19. An imaging device as claimed in claim 18 wherein the
control means includes means for detecting voltage on the
signal lines.

20. An 1imaging device as claimed 1n claim 14 wherein the
switch means includes a number of switches, each switch
connected to a selected group of signal lines.

21. An apparatus for placing a voltage on signal lines of an
imaging device having an array of pixels arranged in rows and
columns wherein the rows of pixels have a reset, integration
and sampling operating cycle and the signal lines are adapted
to be selectively accessed by columns of pixels during sam-
pling, the apparatus comprising:
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switch means adapted to be connected to a voltage supply

for connection to the signal lines; and

means for controlling the switch means to connect the

voltage supply means to the signal lines prior to pixel
reset.

22. An apparatus as claimed 1n claim 21 wherein the switch
means includes a switch for each of the signal lines.

23. An apparatus as claimed in claim 22 wherein each
switch 1s adapted to be connected to an independent pre-
charge power supply.

24. An apparatus as claimed in claim 21 wherein the switch
means includes a switch for all of the signal lines.

25. An imaging device as claimed in claim 21 wherein the
control means closes the switch means when a pixel 1s not
accessing the signal line.

26. An 1imaging device as claimed in claim 235 wherein the
control means 1ncludes means for detecting voltage on the
signal lines.

277. An apparatus as claimed 1n claim 21 wherein the switch
means 1includes a number of switches, each switch connected
to a selected group of signal lines.

28. A method of operating an imaging device having a
plurality of pixels and one or move signal lines, wherein each
pixel from the plurality of pixels has a photodetector, the
method comprising:

vesetting a photodetector of a pixel from the plurality of

pixels; and

applying a precharge voltage to a signal line coupled to the
plurality of pixels prior to the rvesetting of the photode-
lecltor.

29. The method of claim 28, further comprising integrating
a voltage of the photodetector as light impinges on the pho-
todetector.

30. The method of claims 29, further comprising sampling
the photodetector by passing a voltage to the signal line that
is indicative of the integrated voltage of the photodetector.

31. A method of operating an imaging device having an
array of pixels arranged in vows and columns and a signal
line for each column, wherein each pixel has a photodetector,
COMpPrising:

resetting the photodetectors in a vow,; and

applying a precharge voltage to the signal lines prior to the

resetting of the photodetectors.
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32. The method of claim 31, further comprising integrating
a voltage of the photodetector as light impinges on the pho-
todetector.

33. The method of claims 32, further comprising sampling
the photodetector by passing a voltage to the signal line that
is indicative of the integrated voltage of the photodetector.

34. An imaging device, comprising.

a pixel element configured to have a veset, wherein the pixel
element includes a photodetector coupled to a reset
switch, and wherein the reset switch is configured to
receive a reset signal and apply a reset voltage to the
photodetector;

a signal line configured to be selectively accessed by the
pixel element and a plurality of other pixel elements; and

a precharge circuit configured to be selectively coupled to
the signal line to provide a precharge voltage to the
signal line prior to application of the veset voltage to the
photodetector.

35. The device of claim 34, wherein the pixel is adapted to

have a reset and integration operating cycle.

36. The device of claim 34, wherein the pixel is adapted to
have a reset and sampling operating cycle.

37. An imaging device comprising:

an array of pixels arranged in vows and columns and
adapted to have a reset;

column signal lines adapted to be selectively accessed by
the rows of pixels; and

a precharge circuit adapted to place a voltage on the col-
umn signal lines prior to the resetting of each row of
pixels.

38. An apparatus for placing a voltage on signal lines of an
imaging device having an arvay of pixels arranged in rows
and columns, wherein the vows of pixels have a reset, and
wherein the signal lines are configured to be selectively
accessed by the columns of pixels, the apparatus comprising.

switch means configured to be connected to a voltage sup-
ply means for connection to the signal lines; and

means for controlling the switch means to connect the
voltage supply means to the signal lines prior to the
resetl.

39. The apparatus of claim 38, wherein the rows of pixels
have a reset and integration operating cycle.

40. The apparatus of claim 38, wherein the rows of pixels
have a rveset and sampling operating cycle.
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