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1

PINNED PHOTODIODE PHOTODETECTOR
WITH COMMON PIXEL TRANSISTORS AND
BINNING CAPABILITY

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.

CROSS REFERENCE TO RELATED
APPLICATIONS

[This application] Notice: More than one reissue applica-
tion has been filed for the rveissue of U.S. Pat. No. 6,794,214.
The reissue applications are application Sev. No. 12/413,626
(the present application), which is a divisional veissue appli-

cation of rveissue application Ser. No. 11/524,495, which is a

reissue of U.S. Pat. No. 6,794,214, issued on Sep. 21, 2004.
US. Pat. No. 6,794,214 1s a continuation of U.S. patent
application Ser. No. 09/378,563, filed Aug. 19, 1999 now
U.S. Pat. No. 6,239,456, which claims the benefit of the U.S.
Provisional Application No. 60/097,133, filed on Aug. 19,
1998, which 1s incorporated herein by reference.

BACKGROUND

Certain applications require measuring aspects that are
based on the speed of light.

For example, range finding can be carried out using
optics. An optical signal 1s sent. The reflection therefrom 1s
received. The time that 1t takes to recerve the reflection of the

optical signal gives an indication of the distance.

The so called lock-1n technique uses an encoded temporal
pattern as a signal reference. The device locks into the
received signal to find the time of receipt. However, noise
can mask the temporal pattern.

A lock 1 photodetector based on charged coupled devices
or CCDs has been described in Miagawa and Kanada “CCD
based range finding sensor” IEEE Transactions on Elec-

tronic Devices, volume 44 pages 1648—-1652 1997.

CCDs are well known to have relatively large power con-
sumption.

SUMMARY

The present application describes a special kind of lock in
detector formed using CMOS technology. More specifically,
a lock 1n detector 1s formed from a pinned photodiode. The
photodiode 1s modified to enable faster operation.

It 1s advantageous to obtain as much readout as possible to
maximize the signal to noise ratio. The pinned photodiode
provides virtually complete charge transier readout.

Fast separation of the photo-generated carriers 1s obtained
by separating the diode mto smaller sub-parts and summing,
the output values of the subparts to obtain an increased com-
posite signal.

BRIEF DESCRIPTION OF THE DRAWINGS

These an other aspects will now be described 1n detail
with reference to the accompanying drawings, wherein:

FIG. 1 shows a basic block diagram of the system;

FIG. 2 shows a block diagram of the multiple photodiode
parts;

FIG. 3 shows a block diagram of the system as used in
range finding;

FI1G. 4a and 4b show pixel layouts; and

FIG. 5 shows a cross section of the pinned photodiode.
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DESCRIPTION OF THE PR.
EMBODIMENT

L]
Y

ERRED

The present application uses a special, multiple output
port pinned photodiode as the lock 1 pixel element. The
photodiode 1s preferably part of a CMOS active pixel image
sensor, of the type described 1n U.S. Pat. No. 5,471,503.
Hence, the system preferably includes 1n-pixel builer tran-
sistors and selection transistors, 1n addition to the CMOS
photodetector.

FIG. 1 shows a pinned photodiode with four output ports,
labeled as outl-outd. Each of the output ports 1s used to
receive a retlection for a specified time duration. Each output
becomes a “bin”. The counting of the amount of information
in the bins enables determination of the reflection time, and
hence the range.

Pinned photodiodes are well known 1n the art and
described in U.S. Pat. No. 35,904,493, A pinned photodiode 1s
also known as a hole accumulation diode or HAD, or a vir-
tual phase diode or VP diode. Advantages of these devices
are well known 1n the art. They have small dark current due
to suppression of surface generation. They have good quan-
tum efficiency since there are few or no polysilicon gates
over the photosensitive region. Pinned photodiodes can also
be made 1nto smaller pixels because they have fewer gates.

The basic structure of the pinned photodiode lock 1n pixel
1s shown 1n FIG. 1. Four switched integrators are formed
respectively at four output ports. Each gate 1s enabled during
a specified period. The different integrators integrate carriers
accumulated during the different periods. The first integrator
accumulates carriers between 0 and 7t/2, the second between
/2 and m, the third between m and 3mw/2 and the fourth
between 3m/2 and 2mtime slots.

Assuming the light to be a cosine phase, then the phase
shift of the detected light 1s given by

arctan| (L1-1.3)/(1L2-14)],

where L1, L2, L3 and L4 are the amplititudes of the samples
from the respective first, second, third and fourth integrators.
These four phases are obtained from the four outputs of the
photodiode.

The first pinned photodiode 100 1s connected to an output
drain 102 via gate 1, element 104. This receives the charge
for the first bin. Similarly, gates 2, 3 and 4 are turned on to
integrate/bin from the second, third and fourth periods.

It 1s 1mportant to obtain as much signal as possible from
the photodiode. This can be done by using a large photo-
diode. However, 1t can take the electrons a relatively long
time to escape from a large photodetector.

The present system divides the one larger photodiode nto
a number of smaller diodes, each with multiple output ports.
FIG. 2 shows the system.

A number of subpixels are formed. Each includes a num-
ber of pinned photodiodes 200, each with four ports. Each of
the corresponding ports are connected together 1n a way that
allows summing the outputs of the photodiodes. For
example, all the gate 1 control lines are connected together
as shown. The outputs from all the port 1s are also summed,
and output as a simple composite output. Similarly, ports 2,
3 and 4’s are all summed.

FIG. 3 shows the circuit and driving wavetforms for the
system when used as a range finder. A pulse generator drives
selection of the active output. Each time period 1s separately
accumulated, and output. It a 40 MHZ pulse generator 1s
used, 25 ns resolution can be obtained.
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FIGS. 4A and 4B show representative pixel layouts. FIG.
4A shows a 6 by 6 square micron pixel layout while FIG. 4B
shows an 82 by 82 micron pixel layout. In both Figures,
four outputs are shown.

FIG. 5 shows a cross sectional potential diagram of an
exemplary pinned photodiode.

Assuming the operation frequency of modulated light 1s
10 megahertz with a 25 nanosecond integration slot, the gen-
erator carrier has a time of flight within this limit. This reso-
lution time constrains the size of the detector. In addition, the
characteristic diffusion time 1n a semiconductor device is
[*/D, where D is the diffusion coefficient. This time origi-
nates from the continuity equation and the diffusion
equation, and defines how soon the steady state will be
established 1n the area of size L. Hence, for a 10 cm square
per second electron diffusion coellicient, the characteristic
s1ze of the pinned photodiode could be less than 5 microns.

Other embodiments are also contemplated to exist within
this disclosure. For example, other numbers of output ports,
¢.g. 2-8, are possible. While this application describes using
a pinned photodiode, similar operations could be carried out
with other CMOS photodetectors, e.g., photodiodes and
photogates.

Such modifications are intended to be encompassed
within the following claims.

What 1s claimed 1s:

[1. A method, comprising:

accumulating photocarriers 1n each of a plurality of pho-

tocarrier integrators and successively enabling each of
said plurality of photocarrier integrators to connect to a
common photodiode, each of said photocarrier integra-
tors connecting to said common photodiode through a
respective photodiode output port, said plurality of pho-
tocarrier integrators accumulating photocarriers gener-
ated by said photodiode during different time periods
from one another.}

[2. A method as in claim 1, wherein said enabling com-
prises actuating a gate that 1s connected between each said
photocarrier integrator and said photodiode.]

[3. A method as in claim 2, further comprising, after said
enabling, detecting a number of carriers accumulated 1n said
photodiode during at least two of said time periods by
detecting the number of photocarriers accumulated 1n at
least two said photocarrier integrators. ]

[4. A method as an claim 2, wherein said photodiode is a
pinned photodiode, and further comprising, after said
enabling, detecting a number of carriers accumulated 1n said
pinned photodiode during at least two of said time periods
by decting the number of photocarriers accumulated in at
least two said photocarrier integrators. ]

[5. A method as in claim 1, wherein there are four of said
photocarrier integrators, and said successively enabling
comprises using a first photocarrier integrator to accumulate
photocarrier between times 0 and /2, a second photocarrier
integrator to accumulate photocarriers between times /2
and m; a third photocarrier integrator to accumulate photo-
carriers between times 7 and 37/2, and a fourth photocarrier
integrator to accumulate photocarriers between times 3m/2
and 2]

[6. A method as in claim 1, further comprising detecting a
phase shift of light received by said photodiode by detecting,
accumulated charge in at least two photocarrier integrators.}

[7. A method, comprising:

generating photocarriers 1n a photodiode within a pixel

during a plurality of time periods;

accumulating photocarriers 1n each of a plurality of pho-

tocarrier integrators within said pixel such that each
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photocarrier integrator accumulates photocarriers gen-
crated during a time period different from a time period
in which other photocarrier integrators accumulate
photocarriers; and

sampling said photocarriers from said photocarrier inte-
grators;

determining a range of an object using said sampled pho-

tocarriers.]

[8. A method as in claim 7, further comprising controlling
cach of said photocarrier integrators to be connected to said
photodiode during said different time period.]

[9. A method as in claim 8, wherein said controlling com-
prises enabling a gate, said gate being connected to said
photodiode and to one of said photocarrier integrators.]

[10. A method as in claim 9, wherein there are four of said
photocarrier integrators, and wherein said enabling com-
prises successively enabling a first photocarrier integrator to

accumulate photocarriers between times O and /2, a second
photocarrier integrator to accumulate photocarriers between
times /2 and mt; a third photocarrier integrator to accumulate
photocarriers between times m and 3m/2, and a fourth photo-
carrier integrator to accumulate photocarriers between times
31/2 and 2x.]

[11. A method as in claim 7, wherein there are four of said
photocarriers integrators, and said sampling comprises sam-
pling photo carriers which are 90 degrees out of phase with
one another.}

[12. A method, comprising:

sampling a plurality of different samples of light 1n a

photodiode, each of said plurality of different samples
being 90 degrees out of phase with one another; and

successively gating photocarriers representing each of
said different samples from said photodiode through a
respective output port, each output port associated with
a respective photocarrier integrator, such that each pho-
tocarrier integrator accumulates a different sample than
other of said photocarrier integrators.]

[13. A method as in claim 12, further comprising detect-
ing a phase shift using said samples of light.}

[14. A method as in claim 12, wherein there are four dif-
ferent gates connected to said photodiode each gating a dii-
ferent sample.}

[15. A method as in claim 12, wherein there are four pho-
tocarrier integrators, and wherein said act of gating com-
prises successively enabling a first photocarrer integrator to
accumulate photocarriers between times 0 and n/2, a second
photocarrier integrator to accumulate photocarriers between
times /2 and mt; a third photocarrier integrator to accumulate
photocarriers between times m and 3m/2, and a fourth photo-
carrier integrator to accumulate photocarriers between times
31/2 and 2x.]

[16. A method of operating a range finding sensor, the
method comprising;

providing a plurality of photodiodes, each photodiode

having a first output port for switchably coupling each
respective photodiode to a first photocarrier integrator
in a same pixel as said photodiode and a second output
port for switchably coupling each photodiode to a sec-
ond photocarrier integrator in a same pixel as said pho-
todiode:

generating first photocarriers 1 said photodiodes in
response to light recerved during a first time period;

transierring said first photocarriers to respective first pho-
tocarrier integrators via said first output ports;

generating second photocarriers in said photodiodes 1n
response to light received during a second time period;
and
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transferring said second photocarriers to respective sec-
ond photocarrier integrators via said second output
ports.]

[17. The method of claim 16, further comprising output-
ting said first photocarriers from first photocarrier integra-
tors and outputting said second photocarriers from second
photocarrier integrators.]

[18. The method of claim 17, wherein the act of outputting
said first photocarriers comprises summing outputs of all of
said first photocarrier integrators, and wherein the act of
outputting said second photocarriers comprises summing
outputs of all of said second photocarrier integrators.]

[19. The method of claim 16, further comprising counting
the amount of photocarriers 1n said first photocarriers inte-
grator and counting the amount of said second photocarriers
in said second photocarrier integrator.]

[20. The method of claim 19, further comprising deter-
mimng a range of an object using the results of said acts of
counting.}

[21. The method of claim 16, wherein said act of provid-
ing a plurality of photodiodes includes providing said plural-
ity of photodiodes within a common pixel.]

[22. The method of claim 16, wherein said act of transfer-
ring said first photocarriers comprises transierring said first
photocarriers to respective first output drains by operating,
first gates connected to said photodiodes and said first output
drains, and wherein said act of transierring said second pho-
tocarriers comprises transferring said second photocarriers
to respective second output drains by operating second gates
connected to said photodiodes and said second output
drains.]

[23. The method of claim 16, wherein each photodiode
turther has a third output port for switchably coupling each
photodiode to a third photocarrier integrator 1n a same pixel
as said photodiode and a fourth output port for switchably
coupling each photodiode to a fourth photocarrier integrator
in a same pixel as said photodiode, and further comprising:

generating third photocarriers in said photodiodes 1n
response to light recerved during a third time period;

transferring said third photocarriers to respective third
photocarrier integrators via said third output ports;

generating fourth photocarriers m said photodiodes in

response to light recerved during a fourth time period;
and

transterring said fourth photocarriers to respective fourth

photocarrier integrators via said fourth output ports.]

[24. The method of claim 23, further comprising output-
ting said first photocarriers from said first photocarrier
integrators, outputting said second photocarriers from said
second photocarrier integrators, outputting said third photo-
carriers from said third photocarrier integrators, and output-
ting said fourth photocarriers from said fourth photocarrier
integrators.]

[25. The method of claim 24, wherein the act of outputting
said first photocarriers comprises summing outputs of all of
said first photocarrier integrators, wherein the act of output-
ting said second photocarriers comprises summing outputs
of all of said second photocarrier integrators, wherein the act
of outputting said third photocarriers comprises summing
outputs of all of said third photocarrier integrators, and
wherein the act of outputting said fourth photocarriers com-
prises summing outputs of all of said fourth photocarrier
integrators.]

26. A method comprising:

providing an array of pixels of a CMOS active pixel image
sensor, the array comprising a plurality of rows of
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pinned photodiodes and a plurality of columns of
pinned photodiodes, and including first, second, third,
and fourth pinned photodiodes in first, second, thivd,
and fourth different vows, respectively, of the plurality
of rows;

providing an in-pixel buffer transistor comprising a gate
and coupled between a supply voltage and an output
node, wherein the buffer transistor is configured to con-
trol a transfer of charge between the supply voltage and
the output node in accordance with a voltage applied to
the gate;

providing a first transfer transistor coupled between the
first pinned photodiode and the gate, wherein the first
transfer transistor is configured to control a transfer of
charge between the first pinned photodiode and the
gate;

providing a second transfer transistor coupled between
the second pinned photodiode and the gate, wherein the
second transfer transistor is configured to control a
transfer of charvge between the second pinned photo-
diode and the gate;

providing a thivd transfer transistor coupled between a
thivd pinned photodiode and the gate, whevein the thivd
transfer transistor is configured to control a transfer of
charge between the thivd pinned photodiode and the
gate,

providing a fourth transfer transistor coupled between a
fourth pinned photodiode and the gate, wherein the
fourth transfer tramsistor is configured to control a

transfer of charge between the fourth pinned photo-
diode and the gate; and

providing a veset transistor coupled to the gate, wherein
when the reset transistor is enabled, charge is trans-
Jerred to the gate.

27. The method of claim 26, further comprising enabling
the first transfer transistor and the second transfer transistor
during a same period of time to bin charge from both the first
pinned photodiode and the second pinned photodiode on the
gate.

28. The method of claim 26, further comprising enabling
the first, second, thivd, and fourth transfer transistors during
a same period of time to bin charge from the first, second,
thivd and fourth pinned photodiodes on the gate.

29. The method of claim 26, further comprising providing
an in-pixel selection transistor.

30. The method of claim 26, wherein the veset transistor is
coupled between the gate and the supply voltage.

31. The method of claim 26, further comprising.

providing a first charge collection vegion in a semiconduc-
tor material adjacent to the first and second pinned
photodiodes, wherein the first transfer transistor is con-
figured to control a transfer of charge between the first
pinned photodiode and the first charge collection
region and the second transfer transistor is configured
to control a transfer of charvge between the second
pinned photodiode and the first charge collection
region,

providing a second charge collection region in the semi-
conductor material adjacent to the third and fourth
pinned photodiodes, wherein the third transfer transis-
tor is configured to control a transfer of charge between
the third pinned photodiode and the second charge col-
lection region and the fourth transfer transistor is con-
figured to control a transfer of charge between the
Jourth pinned photodiode and the second charge collec-
tion region; and
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providing an electrical interconnect above the semicon-
ductor material to couple the first vegion and the sec-

ond region to the gate.
32. The method of claim 26, wherein the first, second,
third, and fourth pinned photodiodes are in a same column

of the plurality of columns of pinned photodiodes.
33. A method comprising:

accumulating charge in a first pinned photodiode of a first
pixel that occupies a first row of an array of pixels of a
CMOS active pixel imager comprising in-pixel buffer
transistors;

transferring charvge from the first pinned photodiode
divectly to a first diffusion region via a first transistor,

accumulating charge in a second pinned photodiode of a
second pixel that occupies a second vow, below the first
row, of the array,

transferrving charvge from the second pinned photodiode
divectly to the first diffusion rvegion via a second transis-
lor;

accumulating charge in a third pinned photodiode of a
third pixel that occupies a thivd row, below the second
row, of the array,

transferving charge from the third pinned photodiode
dirvectly to a second diffusion region, separate from the
fivst diffusion vegion, via a third transistor;

accumulating chavge in a fourth pinned photodiode of a
Jourth pixel that occupies a fourth row, below the third
row, of the array;
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transferring charvge from the fourth pinned photodiode S

directly to the second diffusion region via a fourth tran-
sistor;

applying charge from the first diffusion vegion to a gate of
a fifth transistor coupled between a supply voltage and
an output; and

applying charge from the second diffusion vegion to the
gate of the fifth transistor, wherein the fifth transistor is
common to the first, second, third, and fourth pixels.

34. The method of claim 33, further comprising turning on
the first transistor and the second transistor during a same
period of time.

35. The method of claim 34, further comprising turning on
the third transistor and the fourth transistor during a same
period of time.

36. The method of claim 33, further comprising rvesetting

the first and second diffusion vegions via a single rveset tran-
sistor.

37. The method of claim 36, wherein the CMOS active
pixel image sensor further comprises in-pixel selection tran-
sistors.

38. The method of claim 33, wherein the CMOS active
pixel image sensor further comprises in-pixel selection tran-
sistors.

39. The method of claim 33, wherein the first, second,
third, and fourth pixels occupy a single column of the array.

40. A method comprising:

enabling a CMOS active pixel image sensor to be exposed
to light, wherein first, second, thivd, and fourth pinned
photodiodes disposed in first, second, third, and fourth
adjacent rows of photodiodes, respectively, of the
CMOS active pixel image sensor are configured to gen-
erate first, second, thivd, and fourth chavges upon expo-
sure to the light, vespectively;

enabling the first charge to be transferved to a gate of an
output transistor via a first transfer transistor between
the first pinned photodiode and the gate;
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enabling the second charge to be transferred to the gate
via a second transfer tramnsistor between the second
pinned photodiode and the gate;

enabling the third charge to be transferred to the gate via
a thivd transfer transistor between the thivd pinned pho-
todiode and the gate; and

enabling the fourth charge to be transferred to the gate via
a fourth transfer transistor between the fourth pinned
photodiode and the gate.

41. The method of claim 40, wherein the enabling the first
charge to be transferved and the enabling the second charge
to be transferrved occur during a same period of time.

42. The method of claim 40, wherein the enabling the first
charge to be transferred, the enabling the second charge to
be transferved, the enabling the third charge to be
transferved, and the enabling the fourth charge to be trans-
ferred occur during a same period of time.

43. The method of claim 40, further comprising enabling
the gate to be veset via a reset transistor.

44. The method of claim 40, further comprising enabling
pixels of the CMOS active pixel image sensor to be buffered
using in-pixel buffer transistors.

45. The method of claim 44, further comprising enabling
pixels of the CMOS active pixel image sensor to be selected
for readout using in-pixel selection transistors.

46. The method of claim 44, wherein the first and second
transfer transistors sharve a common first source/drain
region adjacent to gates of the first and second transfer
transistors, the thivd and fourth transfer transistors shave a
common second source/drain rvegion adjacent to gates of the
third and fourth transfer transistors, and the common first
source/drain rvegion is coupled to the common second
source/drain region via an electrical intevconnect disposed
above the first and second source/dvain regions.

47. The method of claim 40, wherein the first, second,
thivd, and fourth pinned photodiodes ave disposed in a first
column of photodiodes.

48. A method comprising:

providing a device containing a CMOS active pixel image
sensov, the sensov comprising an array of pixels and a
plurality of pinned photodiodes arranged in rows
including at least first, second, thivd, and fourth sepa-
rate rows of photodiodes, each pixel including at least
one pinned photodiode, the device configured to expose
the CMOS active pixel image sensor to light, in
response to which each pinned photodiode of the plu-
rality of pinned photodiodes is to generate charge;

providing a first circuit configured to operate a gate of a
first n-channel transfer transistor coupled between a
first pinned photodiode of the first vow of the plurality
of pinned photodiodes and a gate of an n-channel
in-pixel buffer transistor, whevein the buffer transistor is
coupled between a supply voltage and an output;

providing a second circuit configured to operate a gate of
a second n-channel transfer transistor coupled between
a second pinned photodiode of the second vow of the
plurality of pinned photodiodes and the gate of the
buffer transistor;

providing a third circuit configured to operate a gate of a
third n-channel transfer transistor coupled between a
third pinned photodiode of the thivd row of the plurality
of pinned photodiodes and the gate of the buffer transis-
lor;

providing a fourth circuit configured to operate a gate of a
Jourth n-channel transfer transistor coupled between a

Jourth pinned photodiode of the fourth vow of the plu-
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rality of pinned photodiodes and the gate of the buffer
transistor; and

providing a fifth circuit configured to operate a gate of an

n-channel veset transistor coupled to the gate of the
buffer transistor to reset a voltage on the gate of the
buffer transistor.

49. The method of claim 48, wherein the first circuit and
the second circuit are configured to operate the first transfer
transistor and the second transfer transistor, vespectively, in
a manner that causes charge from the first pinned photo-
diode and the second pinned photodiode to be binned
together on the gate of the buffer transistor.

50. The method of claim 48, whervein the first, second,
third, and fourth circuits arve configured to operate the first,
second, third, and fourth transfer transistors, respectively, in
a manner that causes charge from the first, second, thivd,
and fourth pinned photodiodes to be binned together on the
gate of the buffer transistor.

51. The method of claim 48, further comprising providing
a plurality of in-pixel selection transistors.

52. The method of claim 48, wherein each pixel includes
at least one buffer transistor.

53. The method of claim 48, wherein the veset transistor is
coupled between the gate of the buffer transistor and the
supply voltage.

54. The method of claim 48, further comprising:

providing a first charge collection region in a semiconduc-

tor material adjacent to the first and second pinned
photodiodes, wherein the first transfer transistor is con-
figured to control a transfer of charge between the first
pinned photodiode and the first charge collection
region and the second transfer transistor is configured
to control a transfer of charge between the second
pinned photodiode and the first charge collection
region,; and

providing a second charge collection region, separate

from the first vegion, in the semiconductor material
adjacent to the third and fourth pinned photodiodes,
wherein the thivd transfer transistor is configured to
control a transfer of charvge between the third pinned
photodiode and the second charge collection region
and the fourth transfer transistor is configured to con-
trol a transfer of charge between the fourth pinned pho-
todiode and the second charge collection region.

55. The method of claim 54, wherein the first charge col-
lection rvegion is a drain of both the first and second transfer
transistors, and the second charge collection region is a
drain of both the thivd and fourth transfer transistors.

56. The method of claim 53, further comprising providing
an electrical interconnect above the semiconductor material
to couple the first vegion and the second vegion to the gate.
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57. The method of claim 48, wherein the first, second,
third, and fourth pinned photodiodes are arranged in a
single column of the plurality of pinned photodiodes.

58. A method comprising:

exposing a CMOS active pixel imager to light;

generating signals vesponsive to the light in an array of
pixels of the imager using photodiodes and in-pixel
buffer transistors, comprising the steps of.
activating a first transfer transistor to transfer charge
from a first photodiode in a first vow of the array to a
gate of an in-pixel buffer transistor of the image sen-
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SOF;
activating a second transfer tramsistor to transfer
charge from a second photodiode in a second row of
the array to the gate;
activating a thivd transfer transistor to transfer charge
from a thivd photodiode in a third vow of the array to
the gate; and
activating a fourth transfer transistor to transfer
charge from a fourth photodiode in a fourth row of
the array to the gate.

59. The method of claim 358, whervein at least two of the
steps of activating occur at a same time.

60. The method of claim 58, further comprising activating
a reset transistor to reset the gate.

61. The method of claim 60, further comprising activating
an in-pixel selection transistor to selectively vead an output
1o Jrom the in-pixel buffer transistor.

62. The method of claim 61, wherein the activating the

first and second transfer transistors transfers charge to a

common drain of the first and second transfer transistors,

and the activating the thivd and fourth transfer transistors
35 transfers charge to a common drain of the third and fourth
transfer transistors.

63. The method of claim 58, wherein the activating the
first and second transfer transistors transfers charge to a
common drain of the first and second transfer transistors,
and the activating the third and fourth transfer transistors

transfers charge to a common drain of the third and fourth
transfer transistors.

64. The method of claim 63, wherein the first, second,
thivd, and fourth photodiodes arve disposed in the same col-
umn of the array.

65. The method of claim 358, whervein the first, second,
thivd, and fourth photodiodes arve disposed in the same col-
umn of the array.
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