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(7) ABSTRACT

A current mode device for an active pixel sensor includes a
voltage to current converter which includes an operation that
occurs inside a source follower. The device operates to draw
no current while the current is incoming. The device uses
two stages of double sampling—one before the current-
mode op amp and one after.

38 Claims, 3 Drawing Sheets

100

102

-

110

D
104" .

114



U.S. Patent Feb. 27, 2001 Sheet 1 of 3 US 6,194,696 B1

100 110

—||£ ~102 _”f

108 4
o2 ®\174

FIG. 5



US 6,194,696 B1

Sheet 2 of 3

Feb. 27, 2001

U.S. Patent

£ i
L 2dNTD
L 73
L] LI [dN1O
L Hs
— siibis LT
Al
z ‘9i4 T
W 19 I
LI S
N/ Y14 r0c ! W
s - 0. ﬁ H Eu_r% — WHI.
100 _ W s Vﬂ £9 . D s
wm | / ) I_! J |
; 73S o0z 1 1%
2
N k- Joll

cdiV'1D

¢l
NE



US 6,194,696 B1

Sheet 3 of 3

Feb. 27, 2001

U.S. Patent

v "9ld

_moss\
0
ZaN
(V]
mos\@ms oY w As
I e s
Sea/ Sl ngo=1

nsL=m U:s\ :.@I\.\ ui

gz =L SONN ¥ (SONN | 1554
O ngp=7pz=m A

M N QQN ng0=1 I
50T 9N

poA
0 0~ 0G| sng @\
Mﬂ vnooz
—=A0C ||% \_mm l\_f el

t\_h_ + 2\_ A .& m\_lﬁ

SEI/ PPA  UIA  J2IA Uip [/

PP



US 6,194,696 B1

1

ACTIVE PIXEL SENSOR WITH CURRENT
MODE READOUT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
application Ser. No. 60/077,603, filed on Mar. 10, 1998,
which is incorporated herein by reference.

BACKGROUND

Active pixel sensors often are arranged in arrays of pixels.
Each pixel represents one part of the image. The pixels are
read out in groups, €.g., one column at a time. It is desirable
that these columns be read out at high speed. It is also
desirable that the active pixel sensors have as much resolu-
tion as possible. This requires a larger array—that means a
larger number of columns and a larger number of elements
in the columns. Each device in each column is in parallel
with a switch controlling when the device is turned on.
Therefore, adding more devices puts more devices in par-
allel.

An exemplary device is shown in FIG. 1. Each column
100 may have a large number of devices in the column. The
source follower 102 drives the entire column, and hence
drives the entire analog bus capacitance of the column. A
column select switch 104 selects the column. A larger
column requires a more powerful column select switch and
a more powerful column source follower in order to drive
the entire analog bus capacitance. The more powerful switch
typically requires a larger transistor, with a longer channel.
This itself makes a higher total bus capacitance, and makes
it even harder to drive the bus. The stray capacitance 112 of
the bus therefore increases. Therefore, the transistor size
increases, causes the capacitance to increase, and therefore
to require an even larger transistor to drive the capacitance.
Eventually the system reaches a point of diminishing
returns.

SUMMARY OF THE INVENTION

The present system describes an alternative technique
which allows certain of these issues to be obviated.

A first technique operates the system in a current mode.

According to a preferred mode, the current mode readout
allows the entire sensor output to keep different parts of the
readout bus at virtual zero potential, or at constant potential,
so that the stray capacitance does not require a charge.

Accordingly, the system of the present disclosure pro-
duces a number of advantages which are described in the
following

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the drawings will now be
described in reference to the attached drawings in which:

FIG. 1 shows a voltage mode device;

FIG. 2 shows a preferred mode which operates in current
mode with virtual zero potential on the bus;

FIG. 3 shows a timing diagram of the device;

FIG. 4 shows a schematic of the detailed implementation;
and

FIG. 5 shows a schematic of the device in the preferred
application in an active pixel sensor.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 2 shows a schematic for a current mode readout
chain of the preferred mode. A simplified timing diagram is
shown in FIG. 3.
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All pixels in a column are connected in parallel with
switching circuits controlling which of the pixels of the
column is output at any one time. The signal from each
selected pixel arrives on the column input 200. The signal is
typically a negative charge amount that subtracts from the
high level reset. A correlated double sampling operation is
carried out as described herein. The following describes the
operation for each one pixel.

A first source follower M3 clamps to a reference voltage
of 1 volt during the time that the pixel signal is active. This
clamp ends when the signal is reset. The sample and hold
transistor M2 is maintained on during that time, by the S/H
voltage that drives the gate of the S/H transistor M2. The
signal is passed while the S/H is high as shown by the timing
chart of FIG. 3. While that voltage is high, the charge-
induced voltage passes through the sample and hold
transistor, and is accumulated by the capacitors C1/C2. The
capacitor is connected from S/H node to ground and the
second capacitor C2 is connected in series with S/H.

The clamping value CLMP1 that is applied to the source
of the transistor M3 is turned off. The reset operation begins
at this time.

The outputs are connected to capacitors C1, C2 which
carry out a correlated double sampling operation between
the output voltages that are output at the different times. The
first output voltage is the level of the reset. The second
output voltage is the level of the photocharge induced signal
added to the reference voltage (here, 1 V). This difference is
a level that compensates for biases of the circuit elements,
fixed pattern noise, and KTC noise, providing an output
equal to a pure reset-signal+1 v. This signal is applied to the
gate of the source follower M4.

M4 forms a voltage to current converting column source
follower with an input gate, and two output legs. One of the
output legs, e.g., the drain, forms an output node 202. The
other leg, e.g. the source, is connected to a resistor. This,
thereby provides good linearity of voltage to current con-
version. A current that passes through the resistor R1 is
proportional to its voltage. The source follower M4 hence
converts the voltage driving its gate 204 to a current at its
drain 202.

The output node 202 of the source follower, e.g. the drain,
is connected to a column select switch. When the column is
not selected, this switch is maintained “off”. No current
flows in the source follower during this time.

Current only flows once the column is selected. This
preferably occurs after the end of the photoperiod. The
column is selected by driving the column select transistor
MS, bringing the SEL line to active high as shown in FIG.
3. At this time, current proportional to the difference of the
first correlated double sampling result (reset level minus
signal plus 1 volt reference) minus (M4 threshold) is applied
to the inverting amplifier stage which includes op amp 210
and feedback resistor R2. The capacitor shown as C3
represents the stray capacitance of that bus. The path
however, remains at constant voltage by the op amp 210, so
there is no charging across the capacitance. This bus,
however, is applied to the op amp’s high impedance input.

After this voltage is sampled, and while the column is still
selected, the drive to the gate of the clamp transistor M3,
CLMP1, is turned on again. This provides a reference level
for the second double sampling. This second reference level
is proportional to the reference minus the M4 threshold
(M4,).

The op amp 210 produces an output based on the inputs
which are received. At the first time, the output, O, equals
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(reset—signal +reference—M4;). At the second time, the
time of reference only, the output O, equals (reference—
M4,). The net difference between these two signals equals
the incoming signal voltage, minus reset voltage, hence a
level that is completely corrected for thresholds and reset
levels. This pure level is recovered by correlated double
sampling across capacitor C4. This signal is buffered by the
source followers M7, M8, and provided as the active pixel
sensor output output.

The actual correlated double sampling is carried out
inside the column readout without separate buffers.

The op amp 210 is preferably a transimpedance op amp
which uses a current pump [,.. 220 that biases the op amp to
a desired operation point, to extend the dynamic range of the
signals. The value Iref is chosen to be the average current
that passes through the column source follower. One
embodiment therefore provides Iref as a variable signal
which can be changed in order to bias the op amp to the
proper level to provide improved dynamic range.

The second correlated double sampling is carried out by
C4 and M6 which provides the difference between the signal
and the reference, and removes any offset of the op amp. The
output driver is also a source follower.

This circuit is well suited for n*—p photodiode-type active
pixel sensors. In that preferred mode, the signal coming
from the pixel is a low signal, followed by a high reset.
During the time of the signal, the input of the source
follower is clamped to the reference voltage, ¢.g., 1 volt. Just
before the pixel reset, the clamp MOSFET M3 is turned off.
The pure difference of the reset minus signal plus the
reference therefore appears at the input (gate) to the source
follower M4. This value is maintained until the column is
read out, and during this time no current flows since the
switch is off. The column is selected to turn on MS5. At that
time, a current proportional to the difference signal (reset
minus signal plus reference minus M4 threshold) is read out
using the op amp 210. Then, the clamp transistor M3 is
activated again. The reference current, proportional to ref-
erence minus M4 threshold, is read. The net of signal minus
reset is recovered by second correlated double sampling
across capacitor C4. This voltage is buffered and forms the
APS output.

FIG. 4 shows a schematic diagram showing further details
of the implementation described above.

FIG. 5 shows the preferred embodiment used in a pho-
todiode pixel. A plurality of photodiode pixels, each having
a photodiode as a photoreceptor, and at least one buffer in the
pixel. The pixels are placed in an array 400. Each element
is connected to the input circuit 403, e.g. the first correlated
double sampling portion of FIG. 2. Each column is sequen-
tially selected by selecting the corresponding transistor MS.
Only three MS transistors are shown for two different
columns, but it should be understood that a typical number
of columns might be between 256 and 1024 although that
number certainly is not limiting. The large number of
columns produces a high capacitance, but the capacitance
C3 becomes effectively irrelevant since no current flows
until the M5’s are initiated.

Although only a few embodiments have been described in
detail above, other embodiments are contemplated by the
inventor and are intended to be encompassed within the
following claims. In addition, other modifications are con-
templated and are also intended to be covered. For instance,
although the embodiment describes a photodiode pixels,
other photoreceptors could be used; including a photogate,
a pinned photodiode, or any other kind of photoreceptor.
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For example, although FIG. § shows the circuit as being
outside the pixel, in fact the circuit could be in the pixel.

What is claimed is:

1. An image sensor device, comprising:

a plurality of image sensor elements, each element detect-
ing a pixel of an overall image, said image sensor
elements arranged in groups such that a group of said
pixels can be output at one time to produce first pixel
outputs;

a first circuit element, which changes said first pixel
outputs to a current that is indicative of the first pixel
output and adjusts said current to remove at least one
offset of associated circuitry used in obtaining the first
pixel output, to produce a first corrected pixel output;
and

a common bus, selectively connected to a plurality of said
pixels; and

a second circuit element which prevents current from
flowing during at least a portion of a time in which said
pixel outputs are being obtained.

2. A device as in claim 1, further comprising an opera-
tional amplifier, with a high impedance current mode input
maintained at a substantially constant voltage, connected to
said common bus.

3. A device as in claim 2, further comprising a current
source, feeding a bias current to one input of said operational
amplifier, said bias current selected to correspond to an
average current flow.

4. A device as in claim 1, wherein said second circuit
element is a select transistor, which turns on to select one of
a plurality of groups to be connected to said bus at any one
time.

5. A device as in claim 4, further comprising a second
correlated double sampling element, which removes at least
one additional offset other than said at least one offset.

6. A device as in claim 5, wherein said at least one offset
includes at least signal minus reset, and said at least one
additional offset includes at least an offset of said transistor.

7. Adevice as in claim 1, wherein said first circuit element
comprises a source follower with a gate connected to receive
an input voltage, a first output leg having a resistor con-
nected to ground and a second output leg producing an
output current indicative of the input voltage.

8. Adevice as in claim 1, wherein said pixels are arranged
in an array, and said groups are columns of the array.

9. An image sensor system, comprising:

an image sensor element which produces an image sensor
output indicative of incoming light;

a converter, connected to receive said image sensor
output, said converter including a transistor having an
input connected to receive said image sensor output, an
output leg having a resistor connected to produce a
current flow proportional to said voltage, and another
output voltage producing a current proportional to said
voltage, thereby producing an output current propor-
tional to said voltage.

10. A system as in claim 9, wherein said converter is a
source follower, further comprising a group select switch,
coupled to the output of the source follower, and turning on
to enable current flow therethrough.

11. A system as in claim 9, further comprising a plurality
of said converters, each connected to a separate image
sensor element, and each having a group select switch, all of
said group select switches of all of said converters being
connected together at one end to form a bus.

12. A system as in claim 11, further comprising a current
mode operational amplifier, connected to said bus.
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13. A system as in claim 12, further comprising a current
source, connected to said operational amplifier, and biasing
the operational amplifier to a specified operation point which
enhances dynamic range of the signals.

14. An active pixel sensor device, comprising:

a plurality of pixel elements, each pixel element including
a photoreceptor and at least one buffer, and producing
an output indicating a value representing an amount of
charge accumulated by the photoreceptor; and

a sensing circuit, connected to receive said signal, and
operating such that no current flows during at least a
portion of a time when charge is being read out from
said photoreceptor.

15. A device as in claim 14, further comprising a corre-
lated double sampling circuit, using a capacitor element to
determine a difference between signal level and reset level
of said photoreceptor.

16. A device as in claim 15, wherein said converter device
comprises a source follower, receiving said value at its input,
and a second electronic switch, in series with an output leg
of said source follower, selectively actuated such that no
current flows through said source follower until said second
electronic switch is actuated.

17. A device as in claim 16, further comprising a
controller, controlling a select signal to said second elec-
tronic switch, and controlling a time of acquiring said signal,
said select signal provided after a time of acquiring said
signal.

18. A device as in claim 14, further comprising a sample
and hold switch, selectively actuated to allow a signal from
an associated photoreceptor to pass.

19. A device as in claim 18, further comprising a source
follower, which does not conduct current at its gate until
actuated and a selective actuator, connected to an output leg
of said source follower, said selective actuator controlled to
conduct during a different time than a time of conduction of
said sample and hold circuit.

20. A device as in claim 14, wherein said sensing circuit
includes a buffer circuit, receiving said signal at its input,
and outputting said signal to its output.

21. A device as in claim 14, wherein said sensing circuit
includes a source follower which converts a voltage input to
a current output.

22. A device as in claim 21, wherein said source follower
includes a transistor, receiving said voltage at its input gate,
and including a resistor, said transistor having an output leg
connected to ground via said resistor.

23. A device as in claim 14, further comprising a first
correlated double sampling circuit which removes offsets of
the transistors thereby providing an output proportional to
signal minus reset.

24. A device as in claim 23, further comprising a current
mode amplifier device, receiving an output from said first
correlated double sampling circuit.

25. A device as in claim 24, further comprising a second
correlated double sampling circuit, coupled to an output of
said current mode amplifier device, producing an output
which compensates for offsets of said current mode ampli-
fier device.

26. A device as in claim 25, wherein said current mode
amplifier device is an operational amplifier.

27. A method of operating an image sensor, comprising:

attaching a plurality of image sensor outputs to a common
bus;
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driving said outputs into a charge storage device, which
stores a signal indicative of the charge from said image
sensor outputs, during a time when no current is
flowing; and

after storing the charge, allowing current to flow, to
thereby obtain an output indicative of said image sensor
outputs.

28. A method as in claim 27, further comprising carrying
out a first correlated double sampling on the input pixel
information, to remove buffer offsets therefrom, and to
provide a pure output indicative of signal minus reset.

29. A method as in claim 28, further comprising, when
current flows, converting the first correlated double sam-
pling signal to a current.

30. A method as in claim 28, further comprising ampli-
fying the current indicative of the first correlated double
sampling signal.

31. A method as in claim 29, further comprising ampli-
fying the first correlated double sampling signal.

32. A method as in claim 30, further comprising carrying
out a second correlated double sampling, to remove offsets
caused by said amplifying.

33. A method as in claim 31, further comprising carrying
out a second correlated double sampling in a current mode,
to remove offsets caused by said amplifying.

34. A method as in claim 27, further comprising

converting, when current flows, the output to a current;
and

amplifying said current to produce an amplified current
output.

35. A method as in claim 34, further comprising convert-
ing said amplified current back to a voltage to output a
voltage output signal.

36. A method as in claim 27, further comprising biasing
the current mode device to an amount of an average dynamic
range of the signals.

37. Amethod as in claim 28, wherein said first correlated
double sampling by using two capacitors connected to a
node receiving said signal, and wherein a first of said
capacitors is connected to ground, and a second of said
capacitors is connected in series with said node.

38. A double sampling pixel sensor device, comprising:

a plurality of pixel elements producing an output indicat-
ing a value representing an amount of charge accumu-
lated by the photoreceptor at a signal node;

a first double sampling element, including two capacitors
connected to said signal node, one connected to ground,
and a difference between signal and reset levels as a
first double sampled result;

a clamp circuit, connected to said second node, and
selectively producing a reference voltage on said sec-
ond node;

a buffer circuit, passing said first double sampled result;

a second double sampling element, connected to an output
of said clamp circuit, and operating to remove at least
said reference voltage from said first double sampled
result, and to remove at least one offset from said buffer
circuit;

a sensing circuit, connected to receive said signal, and
operating such that no current flows during a least a
portion of a time when charge is being read out from
said photoreceptor.
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