
;KLe3eCr@,H6Tr+/3 April 2002 ,;, )  Field o the Invention: This invention
relates generally to solid slate imagers and more specifically to CMOS
imagers having smaller, higher 5 performance pixels. ackground of the
Tnvention: An active pixel is a semiconductor device capable of converting
an optical image into an electronic signal. Active pixels can be arranged
in a matrix and utilized to generate video signals 10 for video cameras,
still photography, or anywhere incidcnl radiation needs to be quantified.
When incident radiation interacts with a photosite) charge carriers are
liberated and can be collected for 4~,~~~~. Tho number of carriers
collected in a photositc represents t~c~ amount of incident Iight impinging
on the site in a givon time 15 period. Thcra are two basic devices with
many variants, employed to collect and sense) charge carriers in a
photosite. The two basic devices are photodiodes and photogatcs. Variants
of photodiodes include, but are not limited to: Pinned, P-I-N, Metal 20
Semiconductor, Heterojunction, and Avalanche. Photogate structures include:
Charge Couple Devices (CCD), Charge Inj~eiion Devices (CID) and their
variants that include virtual. phase, buried channel and other variations
that utilize selective dopaats. The selective dopants arc used to control
charge 25 collection and transfer underneath and between the photogate(s)
,~ _,r,~ node. The solid state imagers heretofore used have been dominated
by CCD's because of their low noise as compared to Photodiodes and CIDs.
The low noise advantage of CCD imagers 30 is tho result of collecting the
photon generated charge at the pixel site and then coupling or shifting the
actual charge to an amplifier at the periphery of the array. This
eliminates the need for the long polysilicon and metal busses that degrade
the signal with their associated resistance and capacitance. However, the
low noise of 35 the CCD requires the imago to be read in a fixed format and
once the charge is read it is destroyed. The requirement of coupling the  t
A   3 April 2002 ,, Solid state imaging devices have developed in parallel
with CMOS technology and as a result a11 imager manufacturers developed
their own proprietary processes to maximize imager performance
characteristics and wafer yield. Specialized silicon wafer processing kept
imager prices relatively high. Linear active pixel sensors have been
commercially produced since 5 1985. Begimiing in the early 90's the move to
transfer the proprietary processes to an industry standard CMOS processes
was on. The advantages of using an industry standard process include:
competitive wafer processing pricing) and the ability to provide on chip
timing, control and processing electronics. By the end of the year 1992 a
512 x 512 CMOS compatible, Cm imager with a preamplifier and CDS per column
had been fabricated. The imager could '( ~ l0r hex ~r~~~ted as a random
access 512 x S 12 CID, or all the columns could be summed ,._ together and
operated as a linear active pixel sensor. Area arrays utilizing active
pixel sensors in which a photodiode or photogate is coupled to an output
source follower amplifier which in turn drives a Correlated Double Sampling
(CDS) circuit, where the two outputs of the CDS cell then drives two more
source followers 15 circuits that in turn are fed into a differential
amplifier are shown in Patent No. 5,471,515. This uses source follower
circuits, that typically have gains less than unity that vary from one
source follower to another. The source follower gain variation is due to
variations of FET thresholds. The source follower gain variation results in
a pixel to pixel gain mismatch. Also, the active 



pixel sensors suffer gain variations due to the CDS circuit per column,
when the CDS employs 2o a source follower pair to drive its output. The
resulting CDS signal and its corresponding offset can have different gains
that are not correctable by the differential amplifier. Also, the source
follower configuration of active pixels doesn't allow for binning of
pixels. ~'f~e"'~T~age mode of operation of prior art does not allow for
binning, which, is the summation to two or more pixel signals at once. 25
What is needed is an imager device which has the low noise level of a CCD,
the random access, and binning of a CID, and uniform gain and response from
a11 pixels. Summary In accordance with the first aspect of the invention,
there is provided an imaging device, having a focal plane imaging array of
pixels defined within a periphery, the array 30 having a row axis and a
column axis, each one of said pixels including a region which converts
incident radiation into an electric charge;   3 April 2002  characterized
by a plurality of unitary, differential-input, amplifiers, each amplifier
having a plurality of first input transistors, one first input transistor
located at each of a plurality of pixels within the periphery, and a second
input transistor located outside the periphery of the array and connected
to the first input transistors so as to create a feedback 5 loop. Brief
Description of the DraWInQS: Figure 1 is a prior art double polysilicon
active pixel sensor; Figure 2 is an active column sensor in accordance with
this invention; Figure 3 is an implementation of a pixel in accordance with
the invention; l0 Figure 4 is a schematic illustration of a matrix of
pixels connected to incorporate a full operational amplifier per pixel
forming an Active Colu-mn Sensor. Detailed Description of the Invention:
Before discussing the Active Column Sensor (ACS) circuit of Figure 2 of the
present invention and described in conjunction with a discussion of ACS
below, it will be useful to is discuss the structure of a typical
double-polysilicon active pixel sensor of prior art as shown in Figure 1.
In Figure 1 each pixel 50 has a photosite 60 that has an output FET 53
configured as a source follower. The source follower 53 is used to drive a
subsequent signal conditioning circuitry, such as a Correlated Double
Sampled Circuit (CDS) 55. The gain through a source 20 follower 53 is less
than unity. Lf the source follower located at the pixel site 50 has a given
gain other pixels and their respective source followers in the same column
may or may not have the same gain. The technique relies on wafer processing
for all FETs in the array to have ' the same threshold . It isn't uncommon
for FET thresholds, during operation) to vary by 100mV for a linear active
pixel array. 25 The active pixel 50 of the prior art includes a photogate
60 and a transfer gate 62 that are used to couple photo generated charge
onto the floating diffusion node 52 which is connected to the gate 56 of
source follower 53. The drain of the output FET 53 is connected 



directly to a power supply raid VDD. The source follower output FET is in
turn connected to the source 56 of row access FET 58. When the row access
FET 58 is selected for reading, the 3o FET is turned on, allowing output
FET 53 to be connected to a load 18 and drive the CDS circuitry 55
directly.   3 April 2002 Figure 2 is a schematic diagram of a pixel 12 in
accordance with the present invention in which the threshold variations
from pixel to pixel of the prior art are eliminated. A11 pixels 12 in a row
or column are in  3a   3 April 2002 The active pixel 50 of the prior art
includes a photagate 60 and a transfer gate 62 that are used to couple
photo generated charge onto the floating diffusion node 52 which is
connected to the gate 56 of source follower 53. The drain of the output FFT
53 5 is connected directly to a power supply rail VDD. The source follower
output FET is in tum connected to the source 56 of row access FET 58. When
the row access FET 58 is selected for reading, the FET 58 is riuned on,
allowing output FET 53 to be connected to a load 18 and drive the CDS
circuitry 55 directly. 10 Figure 2 is a schematic diagram of a pixel 12 in
accordance with the present invention in which the threshold variations
from pixel to pixel of the prior atrt arc eliminated. All pixels 12 in a
row or column arc in parallel and for simplicity only one is shown. Pixel
12 verhich can consist of any photosensitive device 10 is 15 coupled to an
FET 15 to isolate the pixel from the readout circuitry. The FET 1 S is one
FET of a differential input pair of an operational amplifier 30 that
includes FET 24. For simplicity, in Figure 2 the amplifier circuit 30 is
configured as a positive feedback unity gain amplifier. A feedback path 32
connects the output of amplifier 30 ZO to input 17 which in this case is
the gate of FET 24. The amplifier 30 could be configured to have gain, a
full differential input or any operational amplifier configuration as the
application required. The fixed gain of amplifier 30 eliminates the gain
variability of the prior art. The output of the unity gain amplifier is
connected to a 25 Correlated Double Sampled (CDS) which is utilized to
eliminate any fixed pattern noise in the video, A current source 20
comprising an FET 22 has its source connected to a power source VDD and its
drain connected to the sources of differential input FETs 15 and 24. 30 The
drains of input FETs 1 S and 24 are connected to a current mirror formed
from FETs 26 and 28. The gates of FETs 2G and 28 arc connected together and
to the source 18 of input FET 15. The sources of FETs Z6 and 28 arc
connected to a negative power source, VCC. 35 T'hc source 30 of FET 24 is
the output of the differential pair and is coilnccted to CDS 34. -4 t r   3
April 2002 The input FET 15 could be either azz N channel or P channel FET
as the application requires, The pixel 10 could be either a photogate or
photodiode. 



Figwre 3 is a detailed schematic of pixel 12 of the active 5 column sensor
shown in Figure 2, In this implementation a photogate 70 is utilized.
Selection and reset of a sense node 72 is controlled by a 1~ET 76. Tt is
preferable that both the photogate and the sense node comprise layers of
polysilicon. This active column sensor pixel eliminates the separate
selcction/access FET 58 of 10 prior art Figure 1. All biasing and controls
signals are supplied from the periphery of the pixel array. The pixel can
be operated in the following manner. An N type substrate is used and the
substrate is biased 111e most positive potential, e.g. S.0 volts. Tl~e
photogate 70 preferably a layer of 15 polysilicon is biased to an integrate
Level (e.g.. 0.0 volts). The region 80 under the photogatc 70 is depleted
and as light strikes the immediate area, it will collect (integrate) photon
g,cnerated carriers. Photogate 72 has been biased to 5,0 volts and will not
collect photon generated carriers during the integration because it is
biased 20 to the same potential as the substrate. Photogate 73 is biased by
selecting FET 76 with the rcsctJSelect Control signal, bi this
configuration FET 76 is a P channel FET that is selected by a negative
signal relative to the substrate, for example 0.0 volts. During integration
FET 76 is selected, the photogate is biased by 25 the rcset/selcct bias
that preferably is at 5.0 volts. After a predetermined integration time
period the pixel is read. Reading the pixel is preferably accomplished in
the following manner. The reset/select control is changed to 2.5 volts,
causing the region beneath photogatc #72 to be depleted, and the 30
background level is read. Rcsct/select FET 7G is turned off by setting the
resetlselect control to 5.0 volts. Phologatc 70 has its potential removed,
:end in this example 5,00 volts. Reading the signal Will occur as the
collected photon generated charge transfers from the region beneath
photogate 70 to Lha region beneath 35 photogate 72. The transferred photon
generated charge modulates the gate of input FPT 15) according to the
amount of collected. -5 I r   3 April 2002 Fixed Pattern Noisc (FPN) can be
eliminated from the video information by utilizing CDS circuit 34, Tlic
first sample applied to the CDS circuit is the background level. The signal
infoormation is then applied to the CDS. The difference of the two sisals 5
provides for a fixed pattern noise free signal. Figure 4 is a schematic
diagram of an array of pixels in accordance with this invention. A
plurality o.f pixels 90a) 90b, 90c form a first column of the array, and
similar columns 92a-c and 94a-c complete the array. Within each column, the
pixels are I 0 connected with their output FETs in parallel, the
combination forming the first one of the differential input pair of
operational amplifier 30. In all other respccts, amplifiexs 30a, 30b and
30c arc identical to Figure 2. Each amplifier 30 is connected to a CDS 34a,
34b, and 34c respectively. The outputs of CDS 34a, b, c arc 15 connected
through column select switches 96a, 96b, and 96c, the common terminals of
which are connected to output buffer 98 which can be a source follower, or
a more complex signal conditioner as required by the specific application.
-G I   3 April 2002 We claim: 1. An imaging device, having a focal plane
imaging array of pixels defined within a periphery, the array having a row
axis and a column axis, each one of said pixels including a region which
converts incident radiation into an electric charge; 5 characterized by a
plurality of unitary, differential-input, amplifiers, each amplifier having
a plurality of first input transistors) one first input transistor located
at each of a plurality of pixels within the periphery, and a second input
transistor located outside the periphery of the array and connected to the
first input transistors so as to create a feedback loop. 10 2. The imaging
device of claim 1 characterized in that the amplifiers are row amplifiers.
3. The imaging device of claim 1 characterized in that the amplifiers are
column amplifiers. 4. The imaging device of claim 1 characterized in that
the plurality of first input 



15 transistors of the pixels in a column are connected in parallel. 5. The
imaging device of claim 1 characterized in that the plurality of first
input transistors are FETs. 6. The imaging device of claim 1, further
characterized by a selection transistor at each pixel and a control signal
generator located outside the periphery of the array and 20 connected to
the selection transistor for selecting or deselecting the pixel for
connection to the amplifier. 7. The imaging device of claim 6 characterized
in that the control signal generator is able to simultaneously select two
or more of the pixels within a column for connection to the amplifier. 25
8. The imaging device of claim 1 characterized in that the array of pixels
is formed in a monolithic semiconductor substrate. 9. The imaging device of
claim 1 characterized in that the amplifier has an open loop gain large
enough so that the feedback loop controls the closed loop gain, and the
resulting close loop gain is not significantly altered by variances in
characteristics of 30 the first input transistor. 10. The imaging device of
claim 1 characterized in that the amplifier is configured for unity gain. 7
3 April 2002 11. The imaging device of claim 1) further characterized by a
current source connected to the first input transistor and the second input
transistor. 12. The imaging device of claim 1, further characterized by a
current mirror connected to the first input transistor and the second input
transistor. 5 13. The imaging device of claim 1, further characterized by a
signal processor connected to an output of the amplifier. 14. The imaging
device of claim 13 characterized in that the signal processor ' comprises a
correlated double sampler. 15. The imaging device of claim 1 characterized
in that the region that converts 1 l0 incident radiation into an electric
charge comprises a photogate. 16. The imaging device of claim 15, further
characterized by a sense node adjacent the photogate. 17. The imaging
device of claim 16 characterized in that the photogate and the sense node
are substantially light transmissive. 15 18. The imaging device of claim 17
characterized in that the photogate and the sense node comprise layers of
polysilicon. 19. The imaging device of claim 16, further characterized by a
control transistor connected to the sense node for controlling collection
and sensing of charge. 20. The imaging device of claim 1 characterized in
that the region which 20 converts incident radiation into an electric
charge is a photodiode. 21. The imaging device of claim 20) further
characterized by a control transistor connected to the photodiode for
controlling collection and sensing of charge. i k 
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