
ACTIVE PHOTOSENSITIVE STRUCTURE WITH BURIED DEPLETION
LAYER FIELD OF THE INVENTION [0001] The present
invention relates to the field of semiconductor
devices and, in particular, to an active pixel
photosensitive structure. BACKGROUND OF THE INVENTION
[0002] A CMOS imager includes a focal plane array of
pixel cells, each cell includes a photosensor, for
example, a photogate, photoconductor or a photodiode
overlying a substrate for producing a photo-generated
charge in a doped region of the substrate. Typical
CMOS imager pixel cells have either a three transistor
(3T) or four transistor (4T) design. The 4T design is
preferred over the 3T because it reduces the number of
"hot" pixels in an array (those that experience
increased dark current), and it diminishes the kTC
noise that 3T designs may experience with the readout
signals. [0003] In a CMOS imager, the active elements
of a pixel cell, for example a four transistor pixel,
perform the necessary functions of (1) photon to
charge conversion; (2) transfer of charge to a
floating diffusion region; (3) resetting the floating
difusion region to a known state before the transfer
of charge to it; (4) selection of a pixel cell for
readout; and (5) output and amplification of signals
representing a reset voltage and a pixel signal
voltage, the latter based on the photo converted
charges. The charge at the floating diffusion region
is converted to a pixel output voltage by a source
follower output transistor. [0004] Exemplary CMOS
imaging circuits, processing steps thereof, and
detailed descriptions of the functions of various CMOS
elements of an imaging circuit are described, for
example, in U.S. Patent No. 6,140,630; U.S. Patent No.
6,376,868; U.S. Patent No. 6,310,366; U.S. Patent No.
6,326,652; U.S. Patent No. 6,204,524; and U.S. 



Patent No. 6,333,205, all assigned to Micron
Technology Inc. The disclosures of each of the
foregoing are hereby incorporated by reference herein
in their entirety.[0005] A conventional CMOS APS
(active pixel sensor) four-transistor (4T) pixel cell
10 is illustrated in FIGS. IA and IB. FIG. IA is a
top-down view of the cell 10; FIG. IB is a
cross-sectional view of the cell 10 of FIG. IA, taken
along line A-A'. The illustrated cell 10 includes a
pinned photodiode 13 as a photosensor. Alternatively,
the CMOS cell 10 may include a photogate,
photoconductor or other photon-to-charge converting
device, in lieu of the pinned photodiode 13, as the
initial accumulating area for photo-generated charge.
The photodiode 13 includes a p+ surface accumulation
region 5 and an underlying n-type accumulation region
14 formed in a p-type semiconductor substrate layer 2.
[0006] The pixel cell 10 of FIGS. IA and IB has a
transfer gate 7 for transferring photocharges
generated in the n-type accumulation region 14 to a
floating diffusion region 3 (i.e., storage region).
The floating diffusion region 3 is further connected
to a gate 27 of a source follower transistor. The
source follower transistor provides an output signal
to a row select access transistor having a gate 37 for
selectively gating the output signal to an output
terminal (not shown). A reset transistor having a gate
17 resets the floating diffusion region 3 to a
specified charge level before each charge transfer
from the n-type accumulation region 14 of the
photodiode 13. [0007] The illustrated pinned
photodiode 13 is formed in the p-type substrate 2. It
is also possible, for example, to have a p-type
substrate base beneath p-wells in an n-type epitaxial
layer. The n-type accumulation region 14 and p+
surface accumulation region 5 of the photodiode 13 are
spaced between an isolation region 9 and the transfer
gate 7. The illustrated conventional pinned photodiode
13 has a p+/n-/p- structure. [0008] The photodiode 13
has two p-type regions 5, 2 having the same potential
so that the n- accumulation region 14 is fully
depleted at a pinning voltage (Vpin ). The 



photodiode 13 is termed "pinned" because the potential
in the photodiode 13 is pinned to a constant value,
Vpm, when the photodiode 13 is fully depleted. When
the transfer gate 7 is conductive, photo-generated
charge is transferred from the n- accumulating region
14 to the floating diffusion region 3 .[0009]
Additionally, impurity doped source/drain regions 32,
having n-type conductivity, are provided on eidier
side of the transistor gates 17, 27, 37 to produce the
reset, source follower, and row select transistors,
respectively. Conventional processing methods are used
to form contacts 33 in an insulating layer to provide
an electrical connection 33 to the source/drain
regions 32, the floating diffusion region 3, and other
wiring to connect to the transistor gates 17, 27, and
37 and to form other connections in the cell 10.
[0010] Conventional 4T pixel cells, like die one
depicted in FIGS. IA and IB, have die advantage over
3T pixel cells of having lower fixed pattern noise.
The 4T pixel cells, however, have several drawbacks,
which are now discussed generally. First, during die
transfer of charges from the photodiode 13 to die
floating diffusion region 3, some charges are left
behind on die photodiode 13. This incomplete transfer
creates lag, and can also lead to saturation of the
photodiode 13 due to die presence of excess charge.
The traditional 4T design also reduces die fill factor
of die cell 10 because die four transistors utilize
space that could otherwise be used for a larger
photo-sensitive area. As shown in FIG. IA, the
conventional pixel cell 10 has approximately a fifty
percent fill factor, as only about half of the cell 10
(i.e., photodiode 13) makes up the photo-sensing area.
[0011] There is needed, dierefore, a pixel cell having
low fixed pattern noise but with a high fill factor,
and reduced lag associated with die transferring of
photo-charges. There is also a need for a simple
mediod of fabricating die desired cell. BRIEF SUMMARY
OF THE INVENTION [0012] Exemplary embodiments of the
invention provide an imager pixel cell with a 



photosensitive JFET structure having a channel region
located above a buried charge accumulation region. The
channel region has a charge flow characteristic tiiat
changes depending on die level of accumulated charge
in die accumulation region. During an integration
period, incident light causes electrons to be
accumulated inside the buried accumulation region. The
charge flow characteristic of the channel region
changes in response to a field created by the charges
accumulated in the accumulation region.[0013] In
accordance with one aspect of the invention, the pixel
cell can perform a charge accumulation mode
simultaneously with performing a readout of the pixel,
allowing for automatic light control operations. BRIEF
DESCRIPTION OF THE DRAWINGS [0014] The foregoing and
other aspects of the invention will be better
understood from the following detailed description of
the invention, which is provided in connection with
the accompanying drawings, in which: [0015] FIG. IA is
a top-down view of a conventional four-transistor (4T)
pixel cell; [0016] FIG. I B is a cross-sectional view
of die conventional four-transistor pixel cell of FIG.
IA, taken along line A-A'; [0017] FIG. 2A is a
schematic of a circuit diagram of an exemplary pixel
cell constructed in accordance with a first exemplary
embodiment of the invention; [0018] FIG. 2B is a
cross-sectional view of the exemplary pixel cell of
FIG. 2A constructed in accordance with a first
exemplary embodiment of die invention; [0019] FIG. 3
is a flowchart depicting the operation of a pixel cell
according to an exemplary embodiment of the invention;
[0020] FIG. 4 is a block diagram of an imaging device
constructed according to the invention; and [0021]
FIG. 5 shows a processor system incorporating at least
one imager device constructed in accordance with an
embodiment of the invention. 



DETAILED DESCRIPTION OF THE INVENTION [0022] In the
following detailed description, reference is made to
the accompanying drawings, which form a part hereof,
and in which is shown by way of illustration specific
embodiments in which the invention may be practiced.
These embodiments are describedin sufficient detail to
enable those skilled in die art to practice die
invention, and it is to be understood tiiat other
embodiments may be utilized, and diat structural,
logical and electrical changes may be made without
departing from die spirit and scope of the present
invention. [0023] The term "substrate" is to be
understood as a semiconductor- based material
including silicon, silicon-on-insulator (SOI) or
silicon-on-sapphire (SOS) technology, doped and
undoped semiconductors, epitaxial layers of silicon
supported by a base semiconductor foundation, and
other semiconductor structures. Furthermore, when
reference is made to a "substrate" in the following
description, previous process steps may have been
utilized to form regions or junctions in the base
semiconductor structure or foundation. In addition,
the semiconductor need not be silicon-based, but could
be based on silicon-germanium, germanium, or gallium
arsenide. [0024] The term "pixel" refers to a picture
element unit cell containing a photosensor and
transistors for converting light radiation to an
electrical signal. For purposes of illustration, a
representative pixel is illustrated in the figures and
description herein and, typically, fabrication of all
pixels in an imager will proceed simultaneously in a
similar fashion. [0025] Although the invention is
described herein with reference to the architecture
and fabrication of one pixel cell, it should be
understood that this is representative of a plurality
of pixel cells in an array of an imager device such as
array 240 of imager device 308 (FIG. 4). In addition,
the invention has applicability to many solid state
imaging devices having pixel cells, and is not limited
to die configuration described herein. The 



following detailed description is, therefore, not to
be taken in a limiting sense, and the scope of the
invention is defined only by die appended claims.
[0026] Referring now to the drawings, where like
elements are designated by like reference numerals,
FIG. 2A illustrates in electrical schematic form a
pixel cell 100 in accordance with one embodiment of
the invention. As shown, pixel cell 100 includes a
light sensitive JFET 107 connected in source follower
fashion through a row selecttransistor 110. The gate
structure of the JFET is light sensitive and serves as
a charge collection region for the pixel 100. The gate
structure can be reset by a reset transistor 112 which
receives a reset control signal (Reset). The row
select transistor 110 is responsive to a row select
signal (RS) at its gate input to thereby couple the
pixel 100 to a column line 60 for readout of signals
from the pixel 100. [0027] FIG. 2B illustrates a
cross-sectional view of a pixel cell 100 fabricated in
accordance with a first exemplary embodiment of the
invention. The pixel cell 100 is formed on a p-type
semiconductor substrate 101. A photosensitive JFET
structure 107 is comprised of regions 102, 104 formed
in the substrate 101 and terminal contacts 105, 106.
The first region is a doped n-type charge accumulation
region 102. The thickness of the depletion region 103
decreases as charges accumulate in the charge
accumulation region 102, as will be described in more
detail below. A doped p-type channel region 104 is
formed in the area of the substrate 101 above the
accumulation region 102 and under a top surface of die
substrate 101. [0028] Two terminal contacts 105, 106
are formed on the surface of the substrate 101 on
opposite sides of channel region 104. The terminal
contacts 105, 106 may be formed of a layer of
polysilicon or a suitable metal contact layer. The
first terminal contact 105 is formed over and at one
side of the channel region 104. The second terminal
contact 106 is located at a second side (e.g., at die
outermost edge) of the channel region 104. The first
terminal contact is connected to a voltage source,
shown as Vg d. The bulk 



of the substrate , which is usually grounded, may be
used as a terminal 105 for most implementations. The
second terminal contact 106 is electrically connected
to a row select transistor 110. The row select
transistor 110 is utilized to selectively connect the
pixel 100 to readout circuitry during readout of
signals from die pixel cell 100. [0029] The
illustrated pixel cell 100 has a reset transistor 112
and an associated reset drain 111. The reset
transistor 112 comprises a gatestack tliat may be
formed using conventional techniques. For example, the
illustrated gatestack has an insulative layer 121 over
a conductive layer 122, which is formed over a gate
oxide layer 123 on the surface of the substrate 101.
The illustrated gatestack also has insulative
sidewalls 124, which may beformed of an oxide,
nitride, or other appropriate dielectric material as
known in the art. Reset gate 112 when operative,
couples the charge accumulation region 102, which acts
as the gate of JFET 107, to a power supply Vaa.pix to
drain charges from region 102. The exemplary pixel
cell 100 also has an STI region 119, which provides
isolation from adjacent pixel cells when the pixel
cell 100 is incorporated into a pixel array 240 (FIG.
5). It should be understood that pixel cell 100 may
have additional isolation regions and that other
methods of isolation are also within the scope of the
invention. The described reset technique is provided
as exemplary, and other embodiments of the invention
may utilize different reset approaches. [0030] The
substrate 101 may be doped utilizing an implant of
boron ions into the substrate 101. Although the
invention is not in any way limited to a particular
dopant concentration, the concentration of dopant ions
in the substrate 101 may be in the range of about I
e15 atoms per cm3to about I e20 atoms per cm3. The
accumulation region 102 is doped n- type by implanting
a suitable dopant ion into a pre-determined area of
the substrate 101. Suitable ions include antimony,
arsenic, and phosphorus. The concentration of dopant
ions in the charge accumulation region 102 may be in
the range of about I e15 atoms per cm3to about I e20
atoms per cm3. The channel region 104 should 



be lightly doped p- type. This channel region 104 is
lightly doped witli boron ions to a concentration that
may be in the range of about I e12 atoms per cm3to
about I e15 atoms per cm3. The drain region 111 should
also be lightly doped n-type. [0031] The exemplary
pixel cell 100 operates in a charge accumulation mode
during an integration period. During charge
accumulation, incident light is absorbed into the
substrate 101. Electron-hole pairs are generated in
the substrate 101 particularly at the junction of
oppositely doped regions (i.e., in the vicinity of the
p-n junctions). Electrons are stored in the charge
accumulation region 102, while holes are repelled into
the p-type regions such as the channel region 104.
These electrons reduce the field existing in die
depletion region (due to built-in volume charge) that
reduces the depletion region 103 thickness and
increases die thickness of the channel region 104. As
a result, a charge flowconductance of the channel
region 104 is characteristic of the amount of charges
accumulated in the buried accumulation region 102.
[0032] A readout of the charges accumulated in the
accumulation region 102 is desired, as the charges
correspond to the amount of incident light applied to
the pixel cell 100. An exemplary readout operation for
pixel cell 100 begins by having a pre-determined
voltage (e.g., Vgnd ) applied at the first terminal
contact 105. A readout of die current is taken from
die terminal contact 106 at the otlier side of die
channel region 104 representing a measurement of the
charges collected in the accumulation region 102. In
this way, the JFET structure is operating like a
source follower transistor 27 (FIG. IA) for a
conventional pixel cell 10. The current flowing
through the second terminal contact 106 is selectively
read out through the row select transistor 110 when
activated, and is converted to Vsig by readout
circuitry (FIG. 4). The readout of pixel cell 100, as
just described, is advantageously a non-destructive
readout because die charges are not transferred out of
the accumulation region 102 through a transfer
transistor 7 (FIGS. IA and IB) as they are in a
conventional 4T pixel cell 10. This allows multiple
readouts if 



desired. In addition, this non-destructive readout
allows die pixel cell 100 to be used in an automatic
light control (ALC) circuit which continuously reads
die incident light. As such, the row select transistor
110 remains on to allow a continuous pixel output
signal Vsig to be applied to column line 60 (FIG. 2A).
It should also be noted that although FIG. 2B shows a
voltage applied to a first contact 105 and the row
select transistor 110 connected to a second contact
106, these can be reversed. [0033] Otiier than die
terminal contacts 105, 106 and reset gate 112, the
pixel cell 100 has no otiier structures over the
photo-sensitive areas of the substrate that could
block incoming light, such as a transfer gatestack.
Thus, unlike the convention pixel cell 10 (FIG. IA),
which has a fill factor of approximately fifty
percent, the pixel cell 100 has an increased fill
factor. [0034] In order to reset the pixel 100, die
reset transistor 112 gate is activated which turns the
reset transistor 112 on to couple the charge
accumulation region 102 to the voltage supply Vaa.pix
connected to drain region 111. Thus, a pixel reset
output signal,Vrst can be read through an activated
row select transistor 110 after region 102 is reset.
When charges accumulate in region 102, the row select
transistor 110 may be on to supply a continuous pixel
output signal Vsig sampling at the end of an
integration period. Alternatively, the row select
transistor 110 may be turned on at the end of the
integration period to produce Vsig output signal for
sampling. [0035] Referring to FIGs. 3 and 4, the
operation of exemplary pixel cell 100 as incorporated
into an imager device 308 (FIG. 4) is now described.
In operation, the reset transistor 112 resets the
charges in the accumulation region 102 by dumping the
charges into the reset drain region 111, which is
connected to a supply voltage. During the reset
operation, the reset transistor 112 is turned on by
control circuitry 250 (FIG. 4) to allow charges in the
accumulation region 102 to be drained into the drain
region 111 (Step 201). Similar to the charge readout
discussed above, a readout of the reset condition (VnJ



occurs next with sample and hold circuit 261.
Specifically, row select transistor 110 is turned on,
and the charge current traveling through the channel
region 104 is read out through the second terminal
contact 106. As approximately no charge is in the
accumulation region 102 during this reset condition,
the readout, at step 202, should reflect an initial
(or unaffected) voltage. An associated sample and hold
step 203 is performed by sample and hold circuitry 261
(FIG. 4). It should be noted that the accumulation
region 102 may be fully depleted during the reset
operation just described, thus minimizing any kTC
noise in the pixel cell 100. [0036] After charge
collection region 102 is reset , an integration period
begins during which accumulating charges in the
accumulation region 102 affect the charge current flow
in the channel region 104. Since constant charge
monitoring can occur through these terminal contacts
105, 106 as described above as long as row select
transistor 110 is on, automatic light control (ALC)
operation may occur as the pixel output signal Vsig is
continuously output on column line 60. The ALC signal
may be read out to determine an optimal time for
readout of the entire pixel array. As shown in step
204 of FIG. 3, during the ALC operational mode, if
implemented, readout of pixel cell 100 output Vsig is
used as a signal V c- The signal V can be compared
with a predeterminedreference signal Vuimr to produce
an ALC control signal through comparator 251 when the
V LC signal reaches the trigger value. It should be
understood that the readout of the signal V represents
the amount of charge accumulated in accumulation
region 102 at a given point in time. [0037] One use of
the signal can be to stop the integration of an image
when a pixel of an array is close to saturation. Thus,
when at step 204 V c reaches the voltage Vtrigg<.r,
the image processor 280 (FIG. 4 ) can be informed and
can terminate the image integration period. [0038]
Whether an ALC operation is employed or not, at the
end of an integration 



period, the row select transistor 110 is on and the
pixel output signal Vsig is applied to column line 60
(step 205) and is sampled and held by sample and hold
circuit 261. [0039] Other embodiments of a pixel cell
100 may be constructed in accordance with the
invention. For example, although the exemplary pixels
100, 200 have been described as having a p-type
substrate 101, n-type accumulation region 102, and
p-type channel region 104, the invention is not
limited to the described configuration. It should be
understood that other configurations, including a
pixel cell having a reversed dopant profile, are other
embodiments that are within the scope of the present
invention. [0040] FIG. 4 shows an exemplary CMOS
imaging integrated circuit 308 which includes a pixel
array 240, with rows and columns of pixel cells. As
shown in FIG. 4, each pixel of array 240 could be
implemented like exemplary cell 100. The pixels of
each row in array 240 are turned by a row select line,
illustratively RS (FIG. 2A). All pixels in a row may
be turned on at the same time for these operations.
Signals from each column are provided on a respective
column line and selectively output by column selector
260 in response to respective column select signals.
The row select lines are selectively activated by a
row driver 245 in response to a row address decoder
220. The column select lines are selectively activated
by a column address decoder 270. Thus, a row and
column address is provided for each pixel 100 in the
array 240.[0041] The pixel array 240 is operated by
the timing and control circuit 250, which controls
address decoders 220, 270 for selecting the
appropriate row and column lines for pixel readout and
sampling. The control circuit 250 also controls the
row and column driver circuitry 245, 260 such that
these apply driving voltages to the drive transistors
of the selected row and column select lines. Control
circuit 250 also controls sample and hold (S/H)
circuit 261 to read and store pixel output signals
from column selector 260. S/H circuit 261 receives
pixel reset signal Vrst and pixel image signal Vsig
and provides them to a differential amplifier 263. A
differential signal (Vslg- Vrst) is produced by
differential 



amplifier 263 for each pixel, and the differential
signal is then digitized by the analog to digital
converter 275 (ADC). The analog to digital converter
275 supplies the digitized pixel signals to an image
processor 280 which forms and outputs a digital image.
[0042] Additional ALC circuitry may also include, in
this embodiment, ALC circuitry 251 for reading the
sample voltage, VALC from a pixel's photo-conversion
device. V LC will be sampled either periodically or
continuously until it approximates the predetermined
reference trigger voltage V at which point the ALC
monitoring circuit 251produces a signal used by image
processor 280. The image processor then signals timing
and control circuitry 250 to initiate a readout
process, including readout of Vrst and Vslg from all
of the pixel cells of array 240. [0043] A value for V
may be selected as desired. For example, V may be
chosen such that readout will occur only when pixel
cells of array 240 have accumulated sufficient charge
to result in an image in which characteristics of the
imaged subject matter are visible. Otherwise stated, V
may be chosen such that a resultant image will not be
too dark. [0044] This ALC circuitry 251 just described
may be a part of the image sensor integrated circuit
308 or, alternatively, it may be separate from the
image sensor integrated circuit 308. Without being
limiting, for example, ALC circuitry may be included
in the form of hardware or equivalent software in a
processor, such as a CPU, which communicates with the
image sensor integrated circuit 308.[0045] FIG. 5
illustrates a processor- based system 1100 including
an imaging device 308, which has pixels constructed in
accordance with the methods described herein. For
example, pixels may be any of the exemplary pixel
cells 100 constructed in accordance with the exemplary
embodiments of the invention described above. The
processor-based system 1100 is exemplary of a system
having digital circuits that could include image
sensor devices. Without being limiting, such a system
could include a computer system, camera 



system, scanner, machine vision, vehicle navigation,
video phone, surveillance system, auto focus system,
star tracker system, motion detection system, image
stabilization system, and data compression system.
[0046] The processor-based system 1100 , for example a
camera system, generally comprises a central
processing unit (CPU) 1102, such as a microprocessor,
that communicates with an input/output (I/O) device
1106 over a bus 1104. Imaging device 308 also
communicates with the CPU 1102 over the bus 1104, and
may include a CMOS pixel array having the exemplary
pixels 100 as discussed above. The processor-based
system 1100 also includes random access memory (RAM)
1110, and can include removable memory 1115, such as
flash memory, which also communicates with CPU 1102
over the bus 1104. Imaging device 308 may be combined
with a processor, such as a CPU, digital signal
processor, or microprocessor, with or without memory
storage on a single integrated circuit or on a
different chip than the processor. Any of the memory
storage devices in the processor-based system 1100
could store software for employing the above-described
method. [0047] The above description and drawings are
only to be considered illustrative of exemplary
embodiments which achieve the features and advantages
of the invention. Modification of, and substitutions
to, specific process conditions and structures can be
made without departing from the spirit and scope of
the invention. Accordingly, the invention is not to be
considered as being limited by the foregoing
description and drawings, but is only limited by the
scope of the appended claims.CLAIMS What is claimed as
new and desired to be protected by Letters Patent of
the United States is: 1. A JFET photosensor
comprising: an accumulation region formed in a
substrate, the accumulation 



region for accumulating charges generated in response
to light striking the region; and a channel region
located in the substrate and associated with said
accumulation region, said channel region having a
resistance that changes in response to the charges
accumulated in said accumulation region. 2 . The
photosensor of claim 1, wherein said accumulation
region is doped to a first conductivity type and said
channel region is doped to a second conductivity type.
3. The photosensor of claim 1, wherein said
accumulation region is doped n-type and said channel
region is doped p-type. 4 . A pixel sensor cell
comprising: a photosensitive element formed in a
substrate, said photosensitive element for generating
charges in response to applied light, said
photosensitive element comprising: a charge
accumulation region buried beneath a top surface of
the substrate; and a channel region located beneath
said top surface of the substrate but above the charge
accumulation region, said channelregion having a
changeable resistance dependent upon the charges in
the accumulation region; and a circuit for producing a
signal based on the resistance of said channel region.
5. The pixel sensor cell of claim 4, wherein said
photosensitive element comprises a buried gate region
of a JFET transistor. 6. The pixel sensor cell of
claim 4, further comprising a first contact over and
adjacent a first side of said photosensitive 



element for applying a voltage to said channel region
and a second contact for taking a readout signal from
said channel region. 7. The pixel sensor cell of claim
6, wherein said second contact is electrically
connected to a row select transistor. 8 . The pixel
sensor cell of claim 4, further comprising circuitry
for resetting the charges in said accumulation region.
9. The pixel sensor cell of claim 4, wherein said
circuit comprises sample and hold circuitry for
receiving at least a first signal representing the
resistance of said channel at a reset condition and a
second signal representing the resistance of said
channel at the end of an integration period. 10. The
pixel sensor cell of claim 5, wherein the fill factor
of the pixel sensor cell is greater than fifty
percent. 11. The pixel sensor cell of claim 5, wherein
said cell is capable of providing continuous readout
of a signal representing a resistance from said
channel region.12. A pixel sensor cell comprising: a
photosensitive JFET element formed at least partially
in a substrate, said photosensitive element for
generating charges in response to applied light, said
photosensitive element comprising: a charge
accumulation region buried beneath a top surface of
the substrate; and a channel region located beneath
the top surface of the substrate but over said charge
accumulation region, said channel region having a
resistance characteristic that changes in response to 



the amount of charge accumulated in said charge
accumulation region; a first contact electrically
connected to the channel region for reading out a
signal from said channel, the signal representing a
current flowing through the channel of changing
resistance; and a transistor for draining the
accumulated charges from said charge accumulation
region to a drain region. 13. The pixel sensor cell of
claim 12, wherein said first contact is connected to a
row select transistor. 14. The pixel sensor cell of
claim 13, further comprising a second contact
electrically connected to the channel region and
adapted for providing a voltage to said channel
region. 15. The pixel sensor cell of claim 12, wherein
the fill factor of the pixel sensor is greater than
fifty percent.16. The pixel sensor cell of claim 12,
wherein said charge accumulation region is capable of
effectively forming a field surrounding said charge
accumulation region. 17. An array of pixel sensor
cells comprising: a plurality of pixel sensor cells
formed in a substrate, wherein at least one pixel
sensor cell of said array comprises: a photosensor
comprising: an accumulation region for accumulating
charges generated in response to light, said
accumulation region being buried beneath a top surface
of the substrate and being doped to a first
conductivity type; and a channel region located above
said accumulation 



region and being doped to a second conductivity type,
wherein said channel region has a resistance that
changes based on the amount of charges accumulated in
said accumulation region. 18. The array of pixel
sensor cells of claim 17, wherein said at least one
pixel cell further comprises a first terminal contact
for applying a voltage to said channel region and a
second terminal contact for performing a read out. 19.
The array of pixel sensor cells of claim 18, wherein
said at least one pixel cell further comprises a first
row select transistor for selectively reading out
signals from said second terminal contact. 20. An
array of pixel sensor cells comprising:a plurality of
pixel sensor cells formed in a substrate, wherein at
least one pixel sensor cell comprises: a photosensor
comprising: an accumulation region for accumulating
charges generated in response to applied light, said
accumulation region being buried beneath a top surface
of the substrate and being doped to a first
conductivity type; and a channel region located above
said accumulation region and being doped to a second
conductivity type, wherein said channel region has a
resistance that changes based on the amount of charges
accumulated in said accumulation region; a first and
second terminal contact for generating a signal from
said pixel, the signal representing said changing
resistance of said channel region; and 



a reset transistor for resetting the charges
accumulated in said accumulation region. 21. The array
of pixel sensor cells of claim 20, wherein said
photosensor comprises a JFET gate region buried
beneath a top surface of the substrate. 22. The array
of pixel sensor cells of claim 20, wherein said reset
transistor is formed over and adjacent said
accumulation region. 23. The array of pixel sensor
cells of claim 22, said at least one pixel sensor cell
further comprising a drain region located in the
substrate adjacent said reset transistor, on a side of
said transistor opposite said accumulation region.24.
The array of pixel sensor cells of claim 23, wherein
said drain region is adapted to receive charges from
said accumulation region through activation of said
reset transistor. 25. The array of pixel sensor cells
of claim 20, wherein said at least one pixel sensor
cell further comprises a row select transistor
connected to said second terminal contact for reading
out the signal. 26. The array of pixel sensor cells of
claim 20, wherein said at least one pixel cell is
capable of continuous signal readout. 27. An imaging
system comprising: a processor; and an imaging device
electrically coupled to said processor, said imaging
device comprising a pixel array, at least one pixel
cell of said array comprising: 



a JFET photosensor for generating charges during an
integration period, said photosensor comprising: an
accumulation region for accumulating the generated
charges, said accumulation region being buried beneath
a top surface of the substrate; and a channel region
located above said accumulation region and below the
top surface of the substrate, wherein said channel
region has a resistance that changes based on the
amount of charges accumulated in said accumulation
region;a first and a second terminal contact for
generating a signal from said pixel cell, the signal
representing the amount of charge stored in the
accumulation region; and readout circuitry connected
to at least one of said first and second terminal
contacts for reading out the signal. 28. The imaging
system of claim 27, wherein said readout circuitry
comprises a row select transistor for selectively
gating the signal from said first and second terminal
contacts to a readout terminal. 29. The imaging system
of claim 27, wherein said at least one pixel cell
further comprises a reset transistor for resetting the
accumulated charges in the accumulation region to a
reset condition. 30. The imaging system of claim 29,
wherein said reset transistor is adapted to transfer
charges from said accumulation region into an adjacent
drain region. 31. The imaging system of claim 28,
wherein said first and second 



terminal contacts are capable of generating a reset
signal from said pixel cell, said reset signal
representing the reset condition. 32. A method of
forming a pixel sensor comprising: forming a
photosensitive JFET transistor, wherein at least part
of a gate region for the JFET transistor is buried
beneath a top surface of a substrate; and forming a
channel region located above the gate region;forming
circuitry electrically coupled to the channel region
for reading out a signal representing the amount of
charge generated in the gate region of the
photosensitive JFET. 33. The method of claim 32,
wherein the step of forming circuitry comprises
forming a first terminal at the surface of the
substrate adjacent a first side of the channel. 34.
The method of claim 33, wherein the step of forming
circuitry further comprises the step of forming a
second terminal at the surface of the substrate and
located adjacent a second side of the channel. 35. The
mediod of claim 34, wherein said step of forming a
first terminal comprises forming a layer of
polysilicon. 36. The method of claim 32, wherein the
photosensitive portion of the JFET comprises a p-type
channel region located in the substrate above an
n-type charge accumulation region. 37. A method of
operating a pixel sensor cell comprising: accumulating
charges in a pixel sensor cell during an integration
period, the pixel sensor cell comprising a
photosensitive JFET region for generating and storing
charges during the integration period, wherein the 



JFET region comprises a collection region for
collecting the charges and a channel region having a
changeable resistance that changes depending on the
amount of charges collected in the collection region;
applying a pre-determined voltage to a first terminal
on the pixel sensor cell; and determining a value
representing the amount of charges collected in the
collection region.38. The method of claim 37, wherein
the step of determining a value is performed at an end
of an integration period. 39. The method of claim 37,
wherein the step of determining a value is performed
during an integration period. 40. The method of 37,
wherein said step of determining a value of comprises
obtaining a signal at a second terminal from the
channel region and selectively applying said signal to
a row select transistor. 41. The method of claim 37,
further comprising the step of draining the collected
charges from the collection region, said drained
collection region representing a reset condition for
the pixel cell. 42. The method of claim 41, wherein
said step of draining comprises operating a reset
transistor to drain die charges from the collection
region into a drain region. 43. The method of claim
41, wherein the step of determining a value comprises
reading out a reset current representing the reset
condition. 44. The method of claim 43, wherein the
method furdier 



comprises performing a second step of determining the
value subsequent to said reset readout. 45. The method
of claim 37, further comprising the step of
continuously performing a readout of the value. 46.
The method of claim 37, further comprising the step of
performing a plurality of readouts of the determined
value at pre-determined intervals.7 . The method of
claim 37, further comprising the step of performing an
automatic light control operation in order to
determine a time for reading out said value. 


