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| NVENTI ON [ 0001] The invention relates generally to inmagi ng devices and nore
parti cul &Y0 20074260 het hod of reduci ng tenporal noi se i n ROT/USET/DEF6aEVi Ce.
BACKGROUND [ 0002] A CMOS inmger circuit includes a focal plane array of

pi xel cells, each” one of the cells including a photosensor, for exanple, a
phot ogate, photoconductor or a photodi ode overlying a substrate for
accurul ati ng photo- generated charge in the underlying portion of the
substrate. Each pixel cell has a readout circuit that includes at |east an
output field effect transistor formed in the substrate and a charge storage
region formed on the substrate connected.to the gate of an output

transi stor. The charge storage region may be constructed as a floating

di ffusion region. Each pixel may include at |east one el ectronic device -

such as a transistor the phot osensor to the
storage region and O&Ebﬁéwgﬁgﬁ@%@m ransi stor, for resetting
the storage region to a_predeterm ned charge |evel prior to char ge
transference. [0003] In Wﬂwﬁgﬂve el ements of a pixel cell

performthe necessary functions of: (1) photon to charge conversion; (2)
accumul ation of 1image charge; (3) resetting the storage region to a known

state bef®ig] mlh%ﬂ%ﬁrrela%s %&?érﬁﬁytte xfntagu(glae{zfcaglaﬁarmefe charge to the
storage regi on acconpani ed harge” anplification; (5) sel ection of a

pi xel ﬁéﬁmﬁf‘a@ﬁ%ﬁarﬁé@mﬁ@h‘édﬁx@iﬂgt@ JraY Qo 2207/ BEEk§2007/ 006609

anplification’of a signal representing pixel charge. hot o charge nay be

BACKGROUND

[0002] A CMOS imagér circuit includes a focal plane array of pixel cells, each’
one of the cells including a photosensor, for example, a photogate,
photoconductor or a photodiode overlying a substrate for accumulating photo-
generated charge in\g'le underlying portion of the substrate. Each pixel cell has a
readout circuit that includes at least an output field effect transistor formed in the
substrate and a charge storage region formed on the substrate connected to the
gate of an output transistor. The charge storage region may be constructed as a
floating diffusion region. Each pixel may include at least one electronic device
such as a transistor for transferring charge from the photosensor to the storage
region and one device, also typically a transistor, for resetting the storage region
to a predetermined charge level prior to charge transference.

[0003] In a CMOS imager, the active elements of a pixel cell perform tﬁe
necessary functions of: (1) photon to charge conversion; (2) accumulation of
image charge; (3) resetting the storage region to a known state before the transfer
of charge to it; (4) transfer of charge to the storage region accompanied by charge

amplification; (5) selection of a pixel for readout; and (6) output and
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anplified when it noves fromthe initial charge accunmulation region to the
storage region. The charge at the storage region is typically converted to a
pi xel oUWPROONIZIbGAge by a source foll ower output transiPESTArS20700699 CMOS
i magers of the type di scussed above are generally known as discussed, for
exanple, in U S Patent no. 6,140,630, U S. Patent no. 6,376,868, U.S.

Pat ent 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, assigned to Mcron Technol ogy, Inc., which
are hereby incorporated by reference in their entirety. [0005] FIG 1
illustrates a portion of a conventional CMOS imager 10. The illustrated

i mger 10 includes a pixel 20, one of many that are in a pixel array (not
shown), connected to a colum sanple and hold circuit 40 by a pixel output
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has it f*'agea}{t%o(.: 8,@18%6%96@ Igﬁgnﬂ( J18.aé,§i@652, U.S. Patent no. 6,204,524 and U.S.

Patent no. 6,333,205, assigned to Micron Techriology, Inc., which are hereby

incorporated by reference in their entirety.

[0005] FIG. 1 illustrates a portion of a conventional CMOS imager 10. The

illustrated imager 10 includes a pixel 20, one of many that are in a pixel array (not

shown), connected to a column sample and hold circuit 40 by a pixel output line

32. The imager 10 also includes a readout programmable gain amplifier (PGA) 70

and an analog-to-digital converter (ADC) 80.

[0006] The illustrated pixel 20 includes a photosensor 22 (e.g., a pinned

photodiode, photogate, etc.), transfer transistor 24, floating diffusion region FD,

reset transistor 26, source follower transistor 28 and row select transistor 30. The

photosensor 22 is connected to the floating diffusion region FD by the transfer

transistor 24 when the transfer transistor 24 is activated by a transfer control

signal TX. The reset transistor 26 is connected between the floating diffusion

region FD and an array pixel supply voltage Vaa-pix. A reset control signal RST

is used to activate the reset transistor 26, which resets the floating diffusion

region FD (as is known in the art).



.diffusion region FD and i s connected between the array pixel supply voltage
Vaa- pi x and the row sel ect transistor 30. The source foll ower transistor 28

convert swomopine®d charge at the floating diffusion regiwosiodeost® an
el ectrical output voltage signal. The row select transistor 30 is

controll able by a row sel ect signal SELECT for selectively connecting the
source follower transistor 28 and its output voltage signal to the pixe
output line 32. [0008] The columm sanple and hold circuit 40 includes a bias
transi stor 56, controlled by a control voltage VIn bias, that is used to
bias the pixel output line 32. The pixel output line 32 is also connected
to a first capacitor 44 thru a sanple and hold reset signal switch 42. The
sanpl e and hold reset signal switch 42 is_ controlled by the sanple and hold
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[0008] The column sample and hold circuit 40 includes a bias transistor 56,
controlled by a control voltage VIn_bias, that is used to bias the pixel output line
32. The pixel output line 32 is also connected to a first capacitor 44 thru a sample
and hold reset signal switch 42. The; sample and hold reset signal switch 42 is
controlled by the sample and hold reset control signal SHR. The pixel output line
32 is also connected t(; r;sécond capacitor 54 thru a sample and hold pixel signal
switch 52. The sample and hold pixel signal switch 52 is controlled by the sample
and hold pixel control signal SHS. The switches 42, 52 are typically MOSFET
transistors.

[0009] A second terminal of the first capacitor 44 is connected to the amplifier
70 via a first column select switch 50, which is controlled by a column select
signal COLUMN_SELECT. The second terminal of the first capacitor 44 is also
connected to a clamping voltage VCL via a first clamping switch 46. Similarly,
the second terminal of the second capacitor 54 is connected to the amplifier 70 by
a second column select switch 60, which is controlled by the column select signal
COLUMN_SELECT. The second terminal of the second capacitor 54 is also

connected to the clamping voltage VCL by a second clamping switch 48.
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[ 0010] The clanping swtches 46, 48 are controlled by a clanping control
signal CLAMP. As is known in the art, the clanping voltage VCL is used to

pl ace a W2&/B6Mhe two capacitors 44, 54 when it is ®EIYRHT096689 or e t he
reset and pixel signals, respectively (when the appropriate sanple and hold
control signals SHR, SHS are also generated). [0011] Referring to FIGS. 1
and 2, in operation, the row select signal SELECT is driven high, which
activates the row select transistor 30. Wen activated, the row select
transi stor 30 connects the source follower transistor 28 to the pixel

output line 32. The cl anping control signal CLAWP is then driven high to
activate the clanping switches 46, 48, allowing the clanping voltage VCL to
be applied to the second terninal of the sanple and hold capaci tors 44, 54.

The  resejoqibpak Balpiy SRS o hib iittIRPDY BIASRhe ERRRA St or 26,

whi ch res t|ng |ffu5|on regi on FD. e S|g fromthe source
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[0012] e transfer transistor control signal TX is pulsed,
causin :ﬁ?ﬁ §g{1?§p | oating

di ffus%{)\n Sgﬁﬁaagb@ésgﬁce@g‘?gnal r%lﬁﬁz%f#rgggﬁfigeﬁggif%ﬁmg?l&le c%ﬂgrggd on the
char ge di ffusion region FD) is sanpled when the
sanpl e%@ﬁéﬁi p! xe e;%:lgﬁ %‘@ﬂé?gﬁm SHS is pulsed. At this point, the

second ca r | f oyt al signal
(VrsrVsig g grlégegﬁn dﬁgﬁsﬁégﬁf?flg d?glﬁé?ﬁ gpn% r?ﬁée%e%ﬁg’lgbr%e di Er enti al

signal ;i arﬂﬂeﬁ'ﬂlgﬁe‘ghﬁﬁh éélﬁlaﬁf@@&&gr&v@ seﬂbghhﬁéls%@ﬂerm'én%hvy@d the

anal og-to-digit converter 80 supplies the digitized
row select transistor 30 connects the source follower transistor 28 to the pixel

output line 32. The clamping control signal CLAMP is then driven high to
activate the clamping switches 46, 48, allowing the clamping voltage VCL to be
applied to the second terminal of the sample and hold capacitors 44, 54. The
reset signal RST is then pulsed to activate the reset transistor 26, which resets the
floating diffusion region FD. The signal from the source follower 28 (based on
the reset floating diffusion region FD) is then sampled when the sample and hold
reset control signal SHR is pulsed. At this point, the first capacitor 44 stores the
pixel reset signal Vygt.

[0012] Afterwards, the transfer transistor control signal TX is pulsed, causing
charge from the photosensor 22 to be transferred to the floating diffusion region
FD. The signal from the source follower 28 (based on the charge transferred to
the floating diffusion region FD) is sampled when the sample and holci pixel
control signal SHS is pulsed. At this point, the second capacitor 54 stores a pixel
image signal Vgjg. A differential signal (Vyst-Vsig) is produced by the
differential amplifier 70. The differential signal is digitized by the analog-to-

digital converter 80. The analog-to-digital converter 80 supplies the digitized
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WO 2007/ 126601 PCT/ US2007/ 006609 pixel signals to an inmage processor (not
shown), which forns a digital image output. [0013] Pixel-w se tenporal read
noi se i s W@ 0APE066UNt pi xel performance paraneter. A hiR§T/VR407/096608 e
degrades the low |light inmaging performance of the imge sensor due to a
reduced signal -to-noise (SNR) ratio. For exanple, if a pixel has a read

noi se of about six electrons, the pixel nust capture six photons to achieve
a signal-to-noise ratio of one (excluding photon shot noise). If the read
noi se can be reduced, then the sensor can achi eve the sane signal-to-noise
ratio at a reduced exposure, which wll inprove the |ow |ight performance
of the .inmage sensor. [0014] Accordingly, there is a desire and need to
mtigate the presence of noise, such as e.g., pixel-w se tenporal read

noi se, pixelig 5 %0 aB e[PrOCEYSBT (bt $PowWih): vIRAMIdIERS [20digHial fhegé or egoi ng
and ot her advantages and features of the invention will becone nore

appar eplutptim t he detail ed description of exenplary enbodi nents provided- .
bel ow with reference to the acconpanying drawings in which: [0016] FIG1 is

a di agr anjoofl3pPpealivies temparalipiadatoisdMsGrn mrpertant bl perforfaandei s a tim ng
di agram of the operation of the FIG 1 imager; [0018] FIG 3 is a diagram
of a peakhmetai A&hjREeddnoRe degindéesihrdod, Mgt inshigingdpdrfomhancd k8] FIG 4
is atimng diagramof a typical operation of the Fl 3 imager; 5 WO
2007/ 1266gt sehdornihizd 0 a@ea66& sighaReg-nbide (SBIR )sragiol i Forrexathpley #ra pikelan
operation of the FIG 3 inmager

has a read noise of about six electrons, the pixel must capture six photons to

achieve a signal-to-noise ratio of one (excluding photon shot noise). If the read

noise can be reduced, then the sensor can achieve the same signal-to-noise ratio

at a reduced exposure, which will improve the low light performance of the

-image sensor. 3

[0014] Accordingly, there is a desire and need to mitigate the presence of"

noise, such as e.g., pixel-wisé temporal read noise, in imagers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The foregoing and other advantages and features of the invention will
become more apparent from the detailed description of exemplary embodiments
provided below with reference to the accompanying dréwings in which:

[0016] FIG. 1 is a diagram of a portion of a typical CMOS imager;

[0017] FIG. 2 is a timing diagram of the operation of the FIG. 1 imager;

[0018] FIG. 3 is a diagram of a portion of a CMOS imager comprising 4-way
shared pixels;

[0019] FIG. 4 i5 a timing diagram of a typical operation of the FIG. 3 imager;



according to an exenpl ary enbodi nent of the invention; (0021] FIG 6 is a
di agram of a portion of a CMOS i nager conprising 2-way shared pixels;

[ 0022] FI WO 2007/826801t i mi ng di agram of an operation of theP@G2067/006809€er
according to an exenpl ary enbodi nent of the invention; [0023] FIG 8 is a
timng diagramof an operation of the FIG 1 imger according to an

exenpl ary enbodi nent of the invention; [0024] FIG 9 illustrates an i mger
according to any exenpl ary enbodi nent of the invention; and _ [0025] FIG
10 shows a processor systemincorporating at |east one imging device
constructed in accordance wth an enbodi nent of the invention. DETAILED
DESCRI PTI ON [ 0026] There are many known sources of pixel-w se tenporal

noi se. The 1/f and thermal noi se associated with the source foll ower and

the bias fgb?@];i?ﬁ%%@ﬁ?nin ek Aeh o ahoRakieh &QHEF@[@UB%gEP t he

pi xel -wi s ead nol se problFem “The inventors have determnéd that a
dom naﬁgc&@fﬁg%% ' agfémﬁadaiﬂﬁnibem@ﬁ%nmwer spect rum (herei naf t er
e "hig reque

referr to a ncy noise"). This type of high frequency noise

! t ! . . o
I s no regjg%gn@ 8% & BiyRah 6ra oEﬁSH'&K‘&!@@IGS‘&HagiéE c@gp&gggégg«(gfu e

sanpl i ng he 1 nvertt ors have det er m ned t hat to

si gni fisgantd ¥ixegduce the noi se associated with the high frequency 6 WO
2007/ 156601 éIC'IE'!féEJSZOOW 006609 power spectrum by addi ng an increased

capaci t i V@OEQFY*IGW i 5%1\5?% BHEPath df@nfoperafBh WFthe FIQYE ilaBgr Or the pixel
output. [0027] Referring again“to FIG I, although there-is~sone parasitic
capaci ap6@ling to an exemplary embodiment of the invention;
[0023] FIG. 8 is a timing diagram of an operation of the FIG. 1 imager
according to an exemplary embodiment of the invention;
[0024] FIG. 9 illustrates an imager according to any exemplary embodiment of
'~ the invention; and

[0025] F1G.10 shows a processor system incorporating at least one imaging

device constructed in accordance with an embodiment of the invention.

DETAILED DESCRIPTION

[0026] There are many known sources of pixel-wise teméora] noise. The 1/f
and thermal noise associated with the source follower and the bias transistors are
considered to be key contributors to the pixel-wise read noise problem. The
inventors have determined that a dominant source of noise has a high frequency
power spectrum (hereinafter referred to as “high frequency noise”). This type of
high frequency noise is not reduced using conventional techniques such as
correlated double sampling (CDS). The inventors have determined that it is

possible to significantly reduce the noise associated with the high frequency



associated wth the output of the source follower transistor 28, nost of the
capaci tance seen by the output of the source follower transistor 28 during
the samwopm7apeontions is a result of the sanple and RET/USWAHAPPor s 44, 54
in the colum sanmple and hold circuit 40. Thus, it is possible to reduce
the high frequency noise on a colum (i.e., the output of the source
follower transistor 28) by increasing the size of the sanple and hol d
capacitors 44, 54. [0028] One drawback to this approach is that die area
woul d al so need to be increased to increase the size of the sanple and hold
capacitors 44, 54. In addition, the current flow ng through the bias
transistor 56 will need to be increased to charge the |arger capacitors 44,
54 qui ckly enough to avoid adversely inpacting the frame rate of the imager

10. | ncgg\%gg \%g?étp@m.qgf L@Ring BhGHERasdPcapictvé IGHIBt4 @bIURANWUtbu e RUSS

I ncreas consunption and may al s0 reduce the gain of the source

fol | owe ' ; ffect anti-eclipse circuitry (not
Eglﬁﬁﬁpéhgﬁdﬂ:' 1irtd) &‘Wte@e[:lg%tgrg]u?

shown) often us n i‘'magers. FIG 3 shows of a portion of a CMOS

: o a | ‘ . \ . o
| mager q%%@gi%@%ﬂglﬁéﬁgﬁy to BI@I€ meisgh&hé?@}s sbiife PRSI O 4 ALIRAINGD

frequency m-can be particularly troubleSone to the FIG 3

| mager JdBciaffd GAMh B 885t dEBelsBRER follberl tBEdiSRE 28, Riosebs ted t hat-

contai ns four photosensors 22Gl, 22B, 22R, 22@& and transfer transistors

24GL, 241 3citaARe s@dBy thE LAMPREOS theBoBANEIOIRW &S AnSiStICIY @Yng tM® green GL,
&, a blde B and a red R pixel portions. 7 WD 20071126601 PCT/ US20071006609

(00301 éaﬁnG{ihﬁ%id eratioAs B kRIS theGaniple ahld' isdldd4RiteRs140548nRhel

portions hare a floating diffusion region F reset transistor 126E..

source E&hhw@ampqé AARAI Y18 ciret®0. AKlig, Wis RIs8ible t6 28GhEd Ble HIBRE Wi th two

ot her pixel portfons in an :
frequency noise on a column (i.e., the output of the source follower transistor 28)

by increasing the size of the sample and hold capacitors 44, 54.

. [0028] One drawback to this approach is that die area would also need to be
increased to increase the size of the sample and hold capacitors 44, 54. In
addition, the current flowing through the bias transistor 56 will need to be
increased to charge the larger capacitors 44, 54 quickly enough to avoid adversely
impacting the frame rate of the imager 10. Increasing the current through the
bias transistor 56 will cause increased power consumption and may also reduce
the gain of the source follower transistor 28 and may also effect anti-eclipse
circuitry (not shown) often used in imagers.

[0029] FIG. 3 shows of a portion of a CMOS imager 110 comprising 4-way
shared pixels 120. The above-noted high frequency noise problem can be
particularly troublesome to the FIG. 3 imager 110. As can be seen, the imager 110
includes a pixel 120 that contains four photosensors 2231, 22, 22R, 222 and
transfer transistors 2431, 24B, 24R, 24G2, arranged in a Bayer pattern to achieve

two green G1, G2, a blue B and a red R pixel portions.



even nunbered row of the inmager 110 pixel array. Simlarly, the second green
and red pi xel portions &, R share a floating diffusion region FDO reset
transi stowol@eg}%é‘ﬂurce foll ower transistor 1280, and r REKES20H006¢04nsi st or
1300 with two other pixel portions in an odd nunbered row of the imager 110
pi xel array. [0031] A shared colum output line 132 is connected to an even
colum sanple and hold circuit 140E and an odd col um sanple and hol d
circuit 1400. The even sanple and hold circuit 140E includes a first
capacitor 144E, second capacitor 154E, sanple and hold reset signal swtch
142E, sanple and hold pixel signal switch 152E and a clanping switch 146E.
It should be appreciated that biasing and columm select circuitry (such as
these shown in FIG 1) are also used, but not shown in FIG 3. Sanple and

hold res e{OOQbPH?Hl@ins%téd@xﬁa'gér tI0) thekirtbrebi atd Slvepisarpoionsdzol d
reset control” signal SHR EVEN. "Sanpl e and hold pixel signal switch 152E is

cont r ofg ghrb¥ %%ﬂﬁf@eﬁﬁh@e FDﬁ,drdaéﬁ(@hnﬁgfdirrl%ﬁ, sbaRRl folbReEVEN.. The
e

clanping switch 1 is used To plaCe a charge on t two capacitors 144E,

154E wWhehhsidtor 5284 Sinideebw @eRict rankiifor 1IBDRi wRRAWY Seerpigepsrtionseapact i vel y.
[ 0032] The odd sample and hold circuit 1400 includes a first capacitor 1440,

second eGRRARIrhBéredrtv of @dimagad Topistel £5ay. Sirgilatlyshd %toﬁﬁzfeeﬁaﬁm e and
hol d pi xel signal switch 1520 and a clanmping switch 1460. It should be

appr ema@tﬂ%dﬁﬂ&b%ﬁbﬁﬁiﬂb@ﬁﬁﬂ sh@f@ﬂﬂo&ﬁh%@ﬁffﬁisifo@wegidré azug),adesa used, but not

shown, 8 WO 2007/126601 PCT/ US20071006609 in FlI anpl e and hol d reset

si gnal tsaMsidtbr 1268, ssureediblloWee trabyisedt Tabh, i we saledt bahdist@sBocgont r ol
signal SHR CODD. Sanpl e and hol d pi xel signal
with two other pixel portions in an odd numbered row of the imager 110 pixel
array.
[0031] A shared column output line 132 is connected to an even column -
sample and hold circuit 140 and an odd column sample and hold circuit 1400.
The even sample and hold circuit 140g includes a first capacitor 144, second
capacitor 154, sample and hold reset signal switch 142, sample and hold pixel
signal switch 152g and a clamping switch 146g. It should be appreciated that
biasing and column select circuitry (such as these shown in FIG. 1) are also used,
but not shown in FIG. 3. Sample and hold reset signal switch 142 is controlled
by an even sample and hold reset control signal SHR_EVEN. Sample and hold
pixel signal switch 152 is controlled by an even sample and hold pixel control
signal SHS_EVEN. The clamping switch 146 is used to plafe a charge on the
two capacitors 144g, 154 when it is desired to store the reset and pixel signals,
respectively.
[0032] The odd sample and hold circuit 1400 includes a firsf capacitor 1440,
second capacitor 1540; sample and hold reset signal switch 142(), sample and

hold pixel signal switch 1520 and a clamping switch 1460. It should be -

appreciated that biasing and column select circuitry are also used, but not shown -
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switch 1520 is controlled by an odd sanple and hold pixel control signal
SHS ODD. The clanping switch 1460 is used to place a charge on the two
capaci t orWoIXA71266B40 when it is desired to store the rdE/USA/96608]
signals, respectively. The sanple and hold circuits 140E, 1400 are
connected to anplifier and anal og-to-digital conversion stages 170E, 1700,
which forma digital signal output fromthe differential signals (Vrst,
Vsig) received fromthe sanple and hold circuits 140E, 1400. [0033]
Referring to FIGS. 3 and 4, in operation, after the tw floating diffusion
regi ons FDE, FDO associated with the pixel 120 have been reset by asserting
the reset control signals RST<n> RST<n+l1>, the even sanple and hol d reset
control signal SHR EVEN is pulsed to store the reset signal value generated

by sour e],gtgg N8W; Nedl f i on region
FDE) mﬁggpcgg%tor f)1144E h&’?‘?gﬁt? g%{ 13 éﬁ:ﬁ%@% td;lépdggléddqga%lge&%nd hol d

reset Cée‘%khg?é arsdl BORL Feﬁ%'a&%w DI SERE BGOSR Iéﬂ&aﬁ%g% ?’f ‘ral ue

gener at y source | ower 0 (based on the" reset o
di ffusi 59 Qthfdile‘aatPﬁﬁhthdésﬂﬂ le 4rid A Méﬂ | 9934]
Afterwa?‘gltrCﬁqh &‘l rst transfer gate coﬁterol 0 n T)%A<n+1§1gfhs pul sed to

al | ow chpIggesDHI @metamﬁi , gsm&m 4% 1§95édﬁfﬁfa%é a(aﬁa@ ébﬂrmb_mr 24B) to

the even floating dif n regi on FDE and ar ges fr m t he second green

por tiong éébrsﬁ&é’(gsi wh@nw@ra&sﬁteartoze&z)mé?egéa%na xfeiélglsél%% di ffusion
. The ev E

region F rrp e and d pixel control si Nis

pul sed gﬁ@{, &Shrldét ower
128E (bgsﬁkgﬁ&ﬁ]ﬁ{%ﬁ mcﬁlgdrl é‘é’i‘?n t hlety%ﬂg\ogg%%%&%ml eEPCT/ USEOO?# 006609

%en F1 aAkiRG16E-td-dssien dRfic?RoRldRgdsni7RRC #FRS! Which Rith b\digitadigsh) 152E) -

output from the differential signals (Vyst, Vsig) received from the sample and
hold circuits 140, 1400.

[0033] Referring to FIGS. 3 and 4, in operation, after the two floating diffusion
regions FDE, FDQ associated with the pixel 120 have been reset by asserting the
reset control signals RST<n>, RST<n+1>, the even sample and hold reset control
signal SHR_EVEN is pulsed to store the reset signal value generated by source
follower 128g (based on the reset even floating diffusion region FDEg) in capacitor
144E (via switch 142]3). Then, the odd sample and hold reset control signal
SHR_ODD is pulsed to store the reset signal value generated by source follower
1280y (based on the reset odd floating diffusion region FD(Q) in capacitor 144¢y
(via switch 142(y).

[0034] Afterwards, the first transfer gate control signal TXA<n+1> is pulsed to
allow charges from the blue portion B to transfer (via transistor 24g) to the even
floating diffusion region FDE and charges from the second green portion G2 to
transfer (via transistor 24G2) to the odd floating diffusion region FD(. The even
saimple and hold pixel control signal SHS_EVEN is pulsed to store the blue pixel

signal value generated by source follower 1285 (based on the stored charge in the
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the odd sanple and hol d pixel control signal SHS ODD is pulsed to store the
second green pixel signal value generated by source follower 1280 (based on
the storW® ¥WAHIZEIL n t he odd fl oating diffusion regi on FIOYS200HW6@paci t or
1540 (via swtch 1520). [0035] Although not shown in FIG 4, the two
floating diffusion regions FDE, FDO are reset again by asserting the reset
control signals RST<n>, RST<n+1>. The reset signals and the pixel signal
values fromthe red and first green portion are then readout and sanpl ed.
The tim ng for the subsequent sanpling of the reset signal values and the
transfer and sanpling of the red and first green pixel signal values follow
the FIG 4 timng diagram (except that TXBcn+l> is generated instead of
TXA<n+1>). In a preferred operation of the FIG 3 circuit, the first and

second e%ﬁ%aqidgleaifwéﬁ 9€gio§1m irdth @a 9@1&&@54% (iesharm 1325)) Fhepd hol d
circuit 1400 while the red and blue portions R B are routed {0 sanpl e and

hol d  ghé BHidsabAPR: arld1HS1d Pl BEn@ol Sighhl SEISCES pankdaortepthannel . To
acconplish this,” another selection signal and additional sanple and hol d

i nput  ssMA{ & glﬁéer( g&tel §1’_‘g91\étl‘)zaﬁf( x e td by 8lifeelfBBoRed 1286 (basédendRsi I ed

sanpl e and hold apacitors. 36) As nentioned above, r'mager 110 suffers

- from t ke, fr 58 WY BRE Y dA Fl i ZRIEGh ﬁ'ﬁi@gE'ﬁ&bic@ 8EiteP PI & (VACT easi ng
t he si z?%?g%}lﬁeécapaci tors 145‘@?‘& 1440, rﬁgp, 1540 couPd mtiga e( itahi S

probl emyyik#f 18%-y1ot a suitable solution. According to the present
I nvention, however, the high frequency noise problem can be substantially

T PrLe G Ahdg oSG o i B Al p\ROR, L LD,

PCTI USZ98)4/08 %688 again by asserting the reset control signals RST<n>, RST<n+1>. The
reset signals and the pixel signal values from the red and firs't green portion are
then readout and sampled. The timing for the subsequent sampling of the reset
signal values and the transfer and sampling of the red and first green pixel signal
values follow the FIG. 4 timing diagram (except that TXB<n+1> is generated
instead of TXA<n+1>). In a preferred operation of the FIG. 3 circuit, the first and
second green pixel portions G1, G2 are routed to the same sample and hold
circuit 1400 while the red and blue portions R,B are routed to sample and hold
circuit 140g; thus forming a red/blue channel and a green channel. To
accomplish this, another selection signal and additional sample and hold input
switches (not shown) are used to route the signals to the desired sample and hold
capacitors.

[0036] As mentioned above, imager 110 suffers from the high frequency noisé

problem. As also mentioned above, increasing the size of the capacitors 144,
1440y, 154, 1540 could mitigate this problem, but is not a suitable solution.
According to the present invention, however, the high frequency noise problem
can be substantially mitigated without increasing capacitor size by operating the

imager 110 in a different manner than the manner shown in FIG. 4. FIG. 5
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Il lustrates an exenplary operating nethod in accordance with the present

I nvention; which is designed to cause nultiple sanple and hold capacitors to
be conneMO20T2660ie col uim out put |ine, during nost of RORUSANMI06609
operations. Thus, the effective capacitance seen on the colum output |ine
Is greatly increased without increasing die size or the size of the sanple
and hold capacitors (or adding other capacitors to the imager 110). [0037]
According to the exenplary enbodi mrent of the invention, after the two
floating diffusion regions FDE, FDO have been reset by asserting the reset
control signals RST<n>, RST<n+1>, all four sanple and hold control signals
are asserted at substantially the sane tine. That is, the even and odd
sanple and hold reset control signals SHR EVEN, SHR ODD and the even and

o ﬁ;’@%ﬁga@@?ﬂ%@&%ﬁ%@#&%ﬁﬁﬁ meth@th AocbiadntE it B3R B0 | vat e
' . . S ' ' 142E,
Tud0. 1 3pEe R Wil Seihed it inpRiple St IE A Ih IR GpACRGA QI 1100

1440, 15 Ny i o

Essen i ?,%Fetﬁgté’t t?‘&;%@ﬁ‘?%‘ﬁé‘%@“ftq#ﬁeaﬁrnhg 3’3%%?’35?% S&Q‘i’éﬁ %ﬁ%&fgﬁﬁf' 1540 are
gubgt aﬁlﬂ?‘gﬁt’ F@é ﬁff“? ?%ﬁ?géﬁ%?tgah%?%gﬁgﬁéy%g}%&%gwﬁi}gé?e sfgnal _ val ue
from so‘H*_cedqfe lv!g:?l\fgﬁt &‘%ﬁgasgllgg?f %I?Efﬂ% Sﬁé%tf tﬁg?@%ﬂ’f}%gﬁ?'m di ffusion

regi on FDE) | oredinca via sw . fterwards, the

oo A PR B e AR IR oS Y S col umm ot put |1 e
132. A [ : .
Fiont i ng AT A< alf KFole ARgHE Ent Rt ol iR, Aeb PR 210 °

two floating diffusion regions FDg, FDQ have been reset by asserting the reset

control signals RST<n>, RST<n+1>, all four sample and hold control signals are
asserted at substantially the same time. That is, the even éﬁd odd sample and
hold reset control signals SHR_EVEN, SHR_ODD and the even and odd sample
and hold pixel control signals SHS_EVEN, SHS_ODD are activated at the same
time. The activation of all four sample and hold control signals SHR_EVEN,
SHR_ODD, SHS_EVEN, SHS_ODD activates transistors 142g, 1420, 152g, 1520,
which connects all four sample and hold capacitors 144g, 1440, 154, 154Q to the
column output line 132 at the same time. Essentially, the capacitance of the
capacitors 144, 144, 154E, 1540 are added together and applied to the column
output line 132, which substantially mitigates high frequency noise. ‘

[0038] A reset signal value from source follower 128 (based on the reset even
floating diffusion region FDE) is stored in capacitor 144g (via switch 142g).
Afterwards, the even sample and hold reset control signal SHR_EVEN is de-
asserted. This removes sample and hold capacitor 144 from the shared column
output line 132. A reset signal value from source follower 1280 (based on the

reset odd floating diffusion region FD(Q) is then stored in capacitor 1440 (via

11



WO 2007/ 126601 PCT/ US2007/ 006609 sw tch 1420). During this sanpling, three
sanpl e and hol d capacitors 1440, 154E 1540 are connected to |line 132.
Subsequen?GQ2007/1266%Jdd sanpl e and hold reset control si gREI/USHR/@ODII s
de-asserted, which renoves sanple and hold capacitor 1440 fromthe line
132. [0039] Afterwards, the first transfer gate control signal TXA<n+1> is
pul sed to allow charges fromthe blue portion B to transfer (via transistor
24B) to the even floating diffusion region FDE and charges fromthe second
green portion @ to transfer (via transistor 24Q&) to the odd floating

di ffusion region FDO. It should be noted that at this tine, the even and
odd sanpl e and hol d pi xel control signals SHS EVEN, SHS ODD are stil

mai ntai ned at a high level, which nmeans that capacitors 154E, 1540 are

still &onaeaLzd)! Durhey ek saimglings tHi32 safrgsipeeid Neldycapiagitofstiddghes 152p,
1520). Once tﬁg)charg?% fromthe even floating diffus?on region FCE-are

t r ansf e84 d 54 @rellon@ieptetelo g 16, Subsequentlp deosdd gariple and halidiower  128E
is stored in Capacitor 154E. During this sanpling, two sanple and hol d

capaci feescdittbl si'%ﬁélCBHlR?_ ODDrie deadsénted, whidSRmb P& AmpleareiRoldanpl e and
hol d pi xel control signal SHS EVEN is then de- asserted, which renoves

sanpl ec%it@h@;@a@gﬁ{ tlidd#g2.fromthe line 132. The second green pi xel
signal value fromsource follower 1280 (based on the transferred charge

stored inoody Addrihadd,ithe fiditf trassdfengate@ontrdf Bignal TXA.ai-ad ik Hulsapasi t or
1540 (via switch 1520). As such, the only tine nmultiple capacitors are not

connechBéwtchatfiés £oht! i Plitepdrton® td &dnkfer ¢uial thgndiior 2agptd e &fert he odd
pi xel signal value (e.g., green pixel @&). [0041] The inventors have

det er nfloglng dafuSiopregi@y FBCand chagek Sragh eht bycorid grergdbatidns@Rsbant i al | y
mtigated by operating the inmager 110 in accordance
transfer (via transistor 24G2) to the odd floating diffusion region FD(. It should
be noted that at this time, the even and odd sample and hold pixel control signals
SHS_EVEN, SHS_ODD are still maintained at a high level, which means that
capacitors 154, 1540 are still connected to the column line 132 (respectively via
switches 152g, 1520)). Once the charges from the even floating diffusion region
FDg are transferred, the blue pixel signal value generated by source follower
128 is stored in capacitor 154g. During this sampling, two sample and hold
capacitors 154g, 154 are connected to line 132.

[0040] The even sample and hold pixel control signal SHS_EVEN is then de-
asserted, which removes sample and hold capacitor 154 from the line 132. The
second green pixel signal value from source follower 128y (based on the
transferred charge stored in the odd floating diffusion region FDQ) is stored in
capacitor 1540 (via switch 152(y). As such, the only time multiple capacitors are
not conhected to the column output line 132 is during the sampling of the odd
pixel signal value (e.g., green pixel G2).

[0041] The inventors have determined that high frequency noise is greatly

reduced and substantially mitigated by operating the imager 110 in accordance
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12 WD 2007/ 126601 PCT/ US2007/ 006609 with the FIG 5 timng diagram
Reduci ng the high frequency noise |leads to inproved readout and a vastly
i nproved WOrY@12680ut . The timing of FIG 5 will incrc¥cEUPHA7/A66®) i ng tine
of the colum line 132 since it will take a longer tine to charge the
| ar ger capacitance seen on the |line during nost of the operations. This is
typically not a problem however, because the inager 110 runs at a reduced
frame rate (where pixel timng width can be increased without any effect on
frame rate) for low light conditions. In bright Iight conditions, the pixel
readout can revert to the timng illustrated in FIG 4, since there is no
need for inproved read noise performance in bright |light conditions (where
phot on shot noise is the dom nant noi se source). [0042] Moreover, by
opt i m zwith thaFIGi Jtimsingf diagramanpeducing thohighciraquency soigrdeéads tohe i nvent ors
determ ned that the settling time requirenent is less than two-tines the
r equi r dmgproyedfreatieurai@l advasily imgprovieddmagelmdpute Thethoinghoft Fiés.& wilk a
heavi er capacitive | oad, the widths of the SHR ODD, SHS EVEN, and SHR CODD
si gnal snareasetsosétting diaeel of e cdluain bng 13hsince dswild taltea longradimets t o
begi n chargi ng sooner than they normally would using the FIG 4 tim ng.
[ 0043] dHafge the rgedcappcitaneé seepon tthetine Auairgud®st wh iee opdrtioospidhds ng a 2-
way shared pixel 220. That.is, each pixel 220 conprises tw phot osensors
2220, i22ppically not argoblerny howiesenbecaasthedaiger [1d0trinasiat husduetded | nager
210, the photosensors 2220, 2221, and transfer transistors 2240, 2241 share
a fl oatframpe rdtd (whererpixehtioringpyidth san berinersasedbwitamit amuetfectionl | ower
transi stor 228, and row select transistor 230. A shared pixel output |ine
32 i s coameoate) foplewdightmonditiens. dndrigittdightaonelitions the gixel readoutabove
with reference to FIG 1).

can revert to the timing illustrated in FIG. 4, since there is no need for improved

read noise performance in bright light conditions (where photon shot noise is the
dominant noise source).

[0042] Moreover, by optimizing the widths of the sample and hold control
signals, the inventors determined that the settling time requirement is less than
two-times the requirements of the FIG. 4 timing. This is because although there
is a heavier capacitive load, the widths of the SHR_ODD, SHS_EVEN, and
SHS_ODD signals are also increased, which allows their associated cap'acitors to
begin charging sooner than they normally would using the FIG. 4 timing.

[0043] FIG. 6 is a diagram of a portion of a CMOS imager 210 comprising a 2-
way shared pixel 220. That.is, each pixel 220 comprises two photosensors 222,
2227 and transfer transistors 224q, 2241. In the illustrated imager 210, the
photosensors 222(, 2227, and transfer transistors 224¢, 2241 share a floating
diffusion region FD, reset transistor 226, source follower transistor 228, and row
select transistor 230. A shared pixel output line 32 is connected to a column

sample and hold circuit 40 (described above with reference to FIG. 1).

13



13 WD 2007/126601 PCT/ US2007/ 006609 [0044] In order to reduce and/or
substantially mtigate high frequency noise, the inmager 210 is operated in
accor dancWORMH1I266d exenpl ary timing diagram ill ustrat RETES2007®66D9t 0
connect nultiple sanple and hold capacitors to line 32 during at |east a
portion of reset and pixel signal sanple and hol d operations. [0045]
Referring nowto FIGS. 6 and 7, the row sel ect signal SELECT is driven

hi gh, which activates the row select transistor 230. Wen activated, the row
sel ect transistor 230 connects the source follower transistor 228 to |ine
32. The clanping control signal CLAMP is then driven high to activate the
clanping switches 46, 48, allow ng the clanping voltage VCL to be applied
to the second termnal of the sanple and hold capacitors 44, 54. The reset

si.gnal  RYDous] Irherlertol reddick andgdd S(ﬂis&ﬂtlm%yr egaterkighi fsé@ierd?tnoing)i ch
resets the floating diffusion region FD. Then, the sanple and hold reset

cont r olh8ifager HdRsapbrahRl FodmRbedaddnithl te Rik¥siplapptitdihgdiggRdmSHS are

activated at "'the sane tinme. In doing so, the capacitances of both

capaci {Phsirfdd iIRFIGN 7tthRohARE! Ruatipleantbleiandhbldiépicitors eliaeBed to |ine
32. [0046] The signal on the floating diffusion region FDis converted to a

reset cﬁirﬁ%ai\t Mhsia PYriidie of eelet AnHPikeMEEnAXMBnpld dritPRoR! ep&dtionst he fir st
capacitor 44. Once VWrst is stored, the Sanple ‘and hold reset control signal

SHR i s defomaspReadringMbwitoFIES! 62V, ahepew selédtelp el SRIHET id @fivéd from
line 32. Afterwards, the first transfer transistor control signal TXOis

pul sed highushitth £dtiages fHeorow Belekt frahsisfr@30s aMhen a2@RAtdd) theréwansferred to
the floating diffusion region FD. The pixel signal Vsig fromthe source

f ol | owgeled? BahbiREsiR3ncdritecty BRSIoRire€fbl IR ansisidi@28(tbaitld 3%y Thd f usi on

region FD) is then stored in the second capacitor 54. A
clamping control signal CLAMP is then driven high to activate the clamping
switches 46, 48, allowing the clamping voltage VCL to be applied to the second
terminal of the sample and hold capacitors 44, 54. The reset signal RST is then
pulsed to activate the reset transistor 226, which resets the floating diffusion
region FD. Then, the sample and hold reset control signal SHR and the sample
and hold pixel control signal SHS are activated at the same time. In doing so, the
capacitances of both capacitors 44, 54 in the sample and hold circuit 40 are
connected to line 32.

[0046] The signal on the floating diffusion region FD is converted to a reset

signal Vyg¢ by the source followe;r 228 and then s'to.red in the first capacitor 44.
Once Vgt is stored, the sample and hold reset control signal SHR is de-asserted,
which removes (via open switch 42) capacitor 44 from line 32. Afterwards, the
first transfer transistor control signal TXO0 is pulsed, causing charge from the first
photosensor 222 to be transferred to the floating diffusion region FD. The pixel
signal Vsig from the source follower 228 (based on the transferred charge on the

floating diffusion region FD) is then stored in the second capacitor 54. A

differential signal (Vyst-Vsig) is produced by the differential amplifier 70. The
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differential signal (Vrst-Vsig) is produced by the differential amplifier
70. The 14 WD 20071126601 PCT/ US2007/ 006609 differential signal is

di gi ti zedWORWHE66Mal og-t o-di gital converter 80. The and(THUS20¢7/W9pe§Pt al
converter 80 supplies the digitized pixel signals to an inmage processor
(not shown), which forns a digital inmage output. [0047] Although not shown
in FIG 6, the floating diffusion region PDis reset again by asserting the
reset control signal RST. The reset signal Vrst and the pixel signal Vsig
fromthe second photosensor 2221 are then readout and sanpled using the
sane timng di scussed above (except that TX1 is generated instead of TXO.
[0048] FIG 8 is a timng diagramof an operation of the FIG 1 imager 10
according to anot her exenplary enbodi nent of the invention. In order to

reduce 4 andeRtaiHbIIAN U Gdatd hy HRALRIGE 40 dig RAURRRr A 812 Tid\gnaggoer 10 1S
eain ance e exenp

oper at acco tht ry ttrmng diagramillustrated in
FIG 8 40 ' . ' ' ring at
east  ondfERl Eohyelt 80 M oo RE IR bl el ARREIS i g Boctssl .

[ 0049] @?’Fgﬁ{’%'. @ﬁm&g{ﬁnﬂgdiéﬁﬁq& S%{}Eu{_ow sel ect signal SELECT is

driven ctivates The row : ct transistor 30. \Wen activated,
i me 92, EF AhOUEh FERndMCRNCE GG RoREN RRE SRR ERBINE Vate”
pp | e e e s o e B TRREn e 04 %5
aiy o T SR Vb AP ot et ] B b e 2nd o ¢
reset cORhbRld GéifiBahe SHR AN iR LaBEVE L&A TR geNerated

instead of TXO0).

[0048] FIG. 8 is a timing diagram of an operation of the FIG. 1 image.r 10

according to another exemplary embodiment of the invention. In order to reduce

and/or substantially mitigate high frequency‘ ;loise, the imager 10 is operated in

accordance with the exemplary timing diagram illustrated in FIG. 8 to connect

multiple sample and hold capacitors to line 32 during at least a portion of reset

and pixel signal sample and hold operations.

[0049] Referring now to FIGS. 1 and 8, the row select signal SELECT is driven

high, which activates the row select transistor 30. When activated, the row select

transistor 30 connects the source follower transistor 28 to line 32. The clamping

control signal CLAMP is then driven high to activate the clamping switches 46,

48, allowing the clamping voltage VCL to be applied to the second terminal of the

sample and hold capacitors 44, 54. The reset signal RST is then pulsed to activate

the reset transistor 26, which resets the floating diffusion region FD. Then, the

sample and hold reset control signal SHR and the sample and hold pixel control

signal SHS are activated at the same time. In doing so, the capacitances of both

capacitors 44, 54 in the sample and hold circuit 40 are connected to line 32.
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signal SHS are activated at the sane tine. In doing so, the capacitances of
both capacitors 44, 54 in the sanple and hold circuit 40 are connected to
i ne 32. WO 200/20600/ 126601 PCT/ US2007/ 006609 [ 0050] ThePEi/gsrad7/96600he
floating diffusion region FD is converted to a reset signal Vrst by the
source follower 28 and then stored in the first capacitor 44. Once Vrst is
stored, the sanple and hold reset control signal SHR is de-asserted, which
renoves (via open switch 42) capacitor 44 fromline 32. Afterwards, the
transfer transistor control.signal TX is pul sed, causing charge fromthe
phot osensor 22 to be transferred to the floating diffusion region FD. The
pi xel signal Vsig fromthe source follower 28 (based on the transferred
charge on the floating diffusion region FD) is then stored in the second

capaci t or @50} Théis{greil ontthalflcatigpadiffu¥ici régio8 FD & oridaeRbitddy rédee
differential anplifier 70. The differential signal is digitized by the

anal og- mdl 9L Aby ERO¥SILRfoBEwer D8 andahefl stéeddndhe#rse eapimifordd80 suppl i es
the digitized pixXel signals to an i mage processor (not shown), which forns

a di gi t @indeNPe iPstoped, the @8mdle Bh&hdld irbbdtondic? sighd)ISPUK isliaakserépr a nore
conplete CMOS i mager 400. The inmager 400 includes a pixel array 410. The

pi xel akyifvh 4dfhRRERViIaSESerfswitth 12} Edpacior Atedr latd 3m0adidrivaadgibeet er m ned
nunber of colums and rows. The array 410 may utilize one of the pixel

conf i gukinsRrSrahdiswircahfdl kignal TR is bulded, Rhubing dharge k&a thé each row in
array 410 are all turned on at the sane time by a row select line and the

pi xel s ghotdeins6 AN barrarséread ity he/ floating ditfMsianaeEiBTIFDS eltecpirel ne. A
pluralify of row and colum lines are provided for the entire array 410.
[0052]  Ffpman Wy Exe6 the Sosredollowel 28 Bidedrdre thdirahberfdlcitirgén the2 in
floating diffusion region FD) is then stored in the second capacitor 54. A '
differential signal (Vpst-Vsig) is produced by the differential amplifier 70. The
differential signal is digitized by the analog-to-digital converter 80. The analog-
to-digital converter 80 supplies the digitized pixel signals to an image processor
(not éhown), which forms a digital image output.
[0051] FIG. 9 illustrates a block dia grarﬁ for a more complete CMOS imager
400. The imager 400 includes a pixel array 410. The pixel array 410 comprises a
plurality of pixels arranged in a predetermined number of columns and rows.
The array 410 may utilize one of the pixel configurations illustrated in FIGS. 1, 4
or 6. The pixels of each row in array 410 are all turned on at the same time by a
row select line and the pixels of each column are selectively output by a column
select line. A plurality of row and column lines are provided for the entire array
. 410.
[0052] The row lines are selectively activated by the row driver 432 in
response to row address decoder 430 and the column select lines are selectively

activated by the column driver 434 in response to column address decoder 436.

Thus, a row and column address is provided for each pixel. The CMOS imager
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response to row address decoder 430 and the colum select lines are

sel ecti vel activated by the colum driver 434 in response to colum
address d¥QeW7/126881 Thus, a row and col urm address i s PEDUSZOWOd6609 each
pi xel . The CMOS i mager 16 WD 2007/126601 PCT/ US2007/ 006609 400 i s operated
by the control circuit 420, which controls address decoders 430, 436 for
sel ecting the appropriate row and colum |ines for pixel readout, and row
and colum driver circuitry 432, 434, which apply driving voltage to the
drive transistors of the selected row and columm lines. [0053] Each col umm
contains sanple and hold circuitry 440 associated with the colum driver
434 that reads a pixel reset signal Vrst and a pixel imge signal Vsig for
selected pixels. Adifferential signal (Vrst-Vsig) is produced by

di f f er anbiigbperatki byethedthtfalrcireaittd2p) wiliclaoonirelsdidyiress ddediders 430,

anal og-to-digital converter 480 (ADC). The analog-to-digital converter 480

suppl | %thbﬁsélbeﬂih%mél apFi:dpﬂia&ixgnahﬁdtolxﬁnnilh‘mgéoppbcniseanbw@andwbmh f orms
a digital image oufput. In a preferred enbodi nent, the control circuit 420

oper at eaxdt dstudin dyivezRirclitrpdsaraddnedich dpplyhdriappy opltage eo thewrigeof the
I nvention. As stated above, it is possible for the control circuit 420 to
utili zerdrgstord of tHeeselepad irbar arshopluenmatides.hol d operations for |ow |ight
conditions and use standard single capacitor sanple and hold operations for
bri ght |i 053t @adhtdobumsin ddntaiesisantple @AdItldireuitt 4dliassodytedewith00, a
typi cal processor systemnodified to include an inmaging device 400
const r heedhana dyiecrdBtithat readoa pixet eesat sigrah V gndred arprel infagehsignalvent i on.
The processor system 700 is exenplary of a system having digital circuits
t hat calgig fonst¢leded pingls. e iffereteial sighal (W ispoly oisiprodukcedblyi ng, such a
system cotl d i nclude a conputer system canmera system

differential amplifier 470 for each pixel and is digitized by analog-to-digital

converter 480 (ADC). The analog-to-digital converter 480 supplies the digitized .

pixel signals to an image processor 490, which forms a digital image output. In a

}

preferred embodiment, the control circuit 420 operates the array 420 in

accordance with the appropriate timing of the invention, As stated above, it is

possible for the control circuit 420 to utilize the multiple capacitor sample and

hold operations for low light conditions and use standard single capacitor sample

and hold operations for bright light conditions, if desired.

[0054] FIG. 10 shows system 700, a typical processor system modified to

include an imaging device 400 constructed and operated in accordance with an

embodiment of the invention. The processor system 700 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,

scahner, machine vision, vehicle navigation, video phone, surveillance system, -

auto focus system, star tracker system, motion detection system, image

stabilization system, and data compression system.
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scanner, machine vision, vehicle navigation, video phone, surveillance
system auto focus system star tracker system notion detection system

i mge stWOI2EYR6HBN system and data conpressi on syst eRCTITS2040/@0@Y/ 126601
PCT/ US2007/ 006609 [ 0055] System 700, for exanple a canera system generally
conprises a central processing unit (CPU) 702, such as a m croprocessor,
that communicates wth an input/output (I/0O device 706 over a bus 704.

| magi ng device 400 also comunicates with the CPU 702 over the bus 704. The
processor system 700 al so includes random access nenory (RAM 710, and can
i nclude renovabl e nenory 715, such as flash nenory, which al so comunicate
with the CPU 702 over the bus 704. The imagi ng device 400 may be conbi ned
with a processor, such as a CPU, digital signal processor, or

M Ccr opr 0c§80B5] Systdri 700, fort damtplewmnyerasystagegemerallyi cogherisestegr at ed
circuit or on a different chip than the processor. [0056] The processes and
devi cescedefl fprbesksatipunit (QRISY 702, suct e emizdopradebsels thatconyputitdateevi ces of
many that could be used and produced. The above description and draw ngs

i |1 ust raith arbgdityepit (W0)devdadT/evdrebusB)Lcimagirgpievies 40aattoadvant ages
of the present invention. However, it is not intended that the present

i nvent i @@mhRuttdtes Wiyh lthelQRid 702 ovbeetiedowe7@k sThe ipedcessor sydtémsA00atlsel
enbodi nents. Any nodi fication, though presently unforeseeable, of the
pr esent inchudastiaadonh atcess memory (RAM)YTELG phdi dancinglisdopenodabléendmbipwi ng
clainms shoul d be considered part of the present invention. [0057] What is
cl ai med7s; saewas fldsh eqernedyf which gsocentradninaté etittetise CRUETO2 owdr thke Uni t ed
States is: 18

bus 704. The imaging device 400 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.

[0056] The processes and devices described above illustrate preferred

methods and typical devices of many that could be used and produced. The

above description and drawings illustrate embodiments, which achieve the

objects, features, and advantages of the present invention. However, it is not

intended that the present invention be strictly limited to the above-described and

illustrated embodiments. Any modification, though presently unforeseeable, of

the present invention that comes within the spirit and scope of the following

claims should be considered part of the present invention.

[0057] What is claimed as new and desired to be protected by Letters Patent

of the United States is:
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CLAIMS 1. A method of operating an imagi ng device, said method conpri sing
the acts of: resetting a pixel floating diffusion region; electrically
connecting a plurality of capacitances to a pixel output line

si mul taneously; sanpling fromthe line a first signal fromthe reset
floating diffusion region; renoving only a first capacitance of the
plurality of capacitances fromthe Iline; transferring charge froma first
phot osensitive device to the floating diffusion region; and sanpling from
the line a second signal fromthe floating diffusion region. 2. The nethod
of claim1, wherein the sanpled fir€LAIMMal is stored in a first capacitor
associated with the first capacitance. 3. The nethod of claim 2, wherein the
sanpl ed second signal is stored in a second capacitor associated with

anot her of tihe plAumathbd yf Slerstigagiimhagifgdevice, sald thetditothpaking i adisbff urt her
conprising the acts of: resetting the. pixel floating diffusion region;
el ectrical ly connecti FR§ettingapixst Bpating diffusiondagipRances to the pi xel out put

Line , similtancousy; oMb ErhERRLLMrbi0SE furhbidfesh 4NHa bEQIE reset

floating diffusion region; ‘renovi e rst "capacitan e plurality
of capacitances fsmortapéraslyi ne; transferring charge froma second

PRt peerl Ve eV e S IS Al B ST By el T rom
region;
removing only a first capacitance of the plurality of capacitances from the
line;
transferring charge from a first photosensitive device to the floating
diffusion region; and

sampling from the line a second signal from the floating diffusion region.

2. The method of claim 1, wherein the sampled first signal is stored in a first

capacitor associated with the first capacitance.

3. The method of claim 2, wherein the sampled second signal is stored in a second

capacitor associated with another of the plurality of capacitances.

4, The method of claim 1 further comprising the acts of:
resetting the pixel floating diffusion region;
electrically connecting the plurality of capacitances to the pixel output line
simultaneously;
sampling from the line a third signal from the reset floating diffusion region;
removing‘the first capacitance of the plurality of capacitances from the line;
transferring charge from a second photosensitive device to the floating diffusion
region; and

sampling from the line a fourth signal from the floating diffusion region.
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19 5. The nmethod of claim4, wherein the sanpled third signal is stored in
the first capacitor. 6. The nethod of claimb5, wherein the sanpled fourth
signal is stored in the second capacitor. 7. A nethod of operating an

i magi ng device, said nethod conprising the acts of. resetting first and
second pixel floating diffusion regions; electrically connecting a plurality
of capacitances sinultaneously to a pixel output Iline electrically
connected to the floating diffusion regions; sanpling fromthe line a first
signal fromthe reset first floating diffusion region; renoving only a
first capacist anc@hemethod of claimalj whereih theagapledthicd sighal asistoted in thadirsthi

sanpling fromthe line a second signal fromthe reset second floating
diffugé%?mW%gion; renoving only a second capacitance of the plurality of
capacitances fromthe line; transferring charge froma first photosensitive
device to the first floating diffusion region; transferring charge froma
second phot &sensilhe methednf egm@ &> vharendeoyrmpleddauitngenal i &tw@g #hthe sefiopd;
sanpli%mﬁﬁﬁgnthe line a third signal fromthe first floating diffusion
region; “renoving only a third capacitance of the plurality of capacitances
fromthe line; and sanpling fromthe line a fourth signal fromthe second
floating diffusiaon regi The nethgd,of cla

iop. 8, 7, wherein the sanpled
first signal-is $tBf 4 p ORFT3tingan ImagRGEFYies, U s Oét"@@pﬁflflﬁaleﬁétsﬁ’}:_rst _
capaci tance. 9. HaguiigiiQdn®tecohdpittPoaigtiffuSioheiaRl! ed second signal is

stored in a secon
electrically connecting a plurality of capacitances simultaneously to a pixel output

line electrically connected to the floating diffusion regions;
sampling from the line a first signal from the reset first floating diffusion region;
removing only a first capacitance of the plurality of capacitances from the line;
sampling from the line a second signal from the reset second floating diffusion
region;
removing only a second capacitance of the plurality of capacitances from the line;
transferring charge from a first photosensitive device to the first floating diffusion
region;
transferring charge from a second photosensitive device to the second floating
diffusion region;
sampling from the line a third signal from the first floating diffusion region;
removing only a third capacitance of the plurality of capacitances from the line;
and

sampling from the line a fourth signal from the second floating diffusion region.

8. The method of claim 7, wherein the sampled first signal is stored in a first

capacitor associated with the first capacitance.

9. The method of claim 8, wherein the sampled second signal is stored in a second

capacitor associated with the second capacitance.
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capacitor associated with the second capacitance. 20 10. The nethod of claim
9, wherein the sanpled third signal is stored in a third capacitor
associated with the third capacitance. 11. The nethod of claim 10, wherein
the sanpled fourth signal is stored in a fourth capacitor associated with
another of the plurality of capacitances. 12. The nethod of claim7 further
conprising the acts of: resetting the first and second pi xel floating
diffusion regions; electrically connecting the plurality of capacitances
simul taneously to a pixel output line electrically connected to the

f1 oating di flPusi dhe mediode claya fpwhergintthesgmpind thirdsigealfis stened 40 gHhéd f rom t he
reset f] . | i j [.Qn; renoving the first capacitance from
the li r?gé;&gstg%?%%%gﬂl{eﬁgﬁ??%%aging?xt h signal fromthe reset second
floating diffusion region; renoving the second capacitance fromthe |ine;

transferring,charge fro hir hot.osensi t|ve devi.ce to the first floating
di f fusi on rgéi on; FWH@F@?FF‘H@ lgh‘gl_ﬂeé%‘nf eoﬁﬂna_lefjgﬁ‘t‘rﬁh“%fso%‘gﬁ ing PEtevi ce to
the secapghitht £3ddidted with hhdtBé T theSinalty oTARkitAed. " OM the line a seventh
signal fromthe first floating diffusion region; renoving the third

capacitance fromthe line; and sanpling fromthe line an eighth signal from
devi ce. compri?s; nd e REEEE i TSR camPasn YRS Shnal 1rom a col um output
l'ine connected t gesattiff ¥eJ fired dndisbdond Wikel Hoingldiffididringgiehs;capacitors are
simul taneously electrically connected to the |ine; . ]
electrically connecting the plurality of capacitances simultaneously to a pixel
output line electrically connected to the floating diffusion regions;
sampling from the line a fifth signal from the reset first floating diffusion region;
removing the first capacitance from the line;
sampling from the line a sixth signal from the reset second floating diffusion
region;
removing the second capacitance from the line;
transferring charge from a third photosensitive device to the first floating
diffusion region;
transferring charge from a fourth photosensitive device to the second floating
diffusion region;
sampling from the line a seventh signal from the first floating diffusion region;

removing the third capacitance from the line; and

sampling from the line an eighth signal from the second floating diffusion region.

13. A method of operating an imaging device comprising the acts of:
sampling a first signal from a column output line connected to a pixel circuit
while a plurality of capacitors are simultaneously electrically connected to the line;
removing only one of the plurality of capacitors used to store the sampled first
signal from the line; and

sampling a second signal from the line.
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removing only one of the plurality of capacitors used to store the sanpl ed
first signal fromthe line; and sanpling a second signal fromthe line. 21
14. The method of claim 13, further conprising the acts of: renoving only a
second one of the plurality of capacitors used to store the sanpled second
signal fromthe line; and sanpling a third signal fromthe line. 15. The

nmet hod of claim 14, further conprising the acts of: renoving only a third
one of the plurality of capacitors used to store the sanpled third signal
fromthe line; and sanpling a fourth signal fromthe line. 16. An inmaging
devi ce conpritsi ndhe meplodofriainy 135 fuphstepmpsipatieset ofnt o rows and col umms;

sanpl e and hold ¢j By V] u tput |ines;
and a control ci ?éétﬁfﬁf?ﬁé%r%fygg%{arﬁg%ﬁg%%tﬂ% h@?aé@pn%@gcﬁtékﬂgﬁgtoc%}gﬁét to sanple
a first sigrahpled s¢voad sighdl Sioncthle life; andt put [ ine while a plurality of
capacitors are sinultane ugly electriﬁally connected to the line, renove
only one of the ,5%1?151&%t§lr plepaldmm thsliesed to store the sanpled first
signal fromthe line and sanple a second signal fromthe line. 17. The
device of claim 16, wherein said control circuit further controls the sanple
and hol d ci rléui t The methodwd chims dé oindharcempfisinpthepictsrod] i ty of capacitors from
the line, and sanple.a third signal, from.the line. 18. The device of claim
17 wher ei n sar dPBHRfITE POt fha AR opeom Uit e TR o
circuit to mgﬁpgguﬁﬁbhﬁhgﬁﬂﬂgn@f the plurality of capacitors fromthe |ine,

and sanple a fourth signal fromthe |ine.
sampling a fourth signal from the line.

16.  Animaging device comprising:

a plurality of pixels organized into rows and columns;

sample and hold circuitry connected to the columns via column output lines; and

a control circuit for controlling the sample and hold circuit to sample a first signal from a
first column output line while a plurality of capacitors are simultaneously electrically connected
to the line, remove only one of the plurality of capacitors used to store the sampled first signal

from the line and sample a second signal from the line.

17.  The device of claim 16, wherein said control circuit further controls the sample
and hold circuit to remove a second one of the plurality of capacitors from the line, and sample a

third signal from the line.

18.  The device of claim 17, wherein said control circuit further controls the sample
and hold circuit to remove a third one of the plurality of capacitors from the line, and sample a

fourth signal from the line.

19. A processor system comprising:
a processor; and
an imaging device coupled to said processor, said imaging device comprising a

plurality of pixels organized into rows and columns, sample and hold circuitry connected
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19. A processor systemconprising: a processor; and an inmagi ng device
coupled to said processor, said inmaging device conprising a plurality of

pi xel s organi zed into rows and colums, sanple and hold circuitry connected
22 to the colums via colum output lines, and a control circuit for
controlling the sanple and hold circuit to sanple a first signal froma
first colum output line while a plurality of capacitors are simnultaneously
el ectrically connected to the line, renove only one of the plurality of
capacitors fromthe |ine and sanple a second signal fromthe |ine. 20. The
system of clathecalgmngpiarcelummseytputdvas, aad a gpnteol pircuiifor patrofingthosamplhe sanpl e
and hol d ci i . g f it . Lt.ors from
the 11ne, anlt HdKRaiEBYRoR SESERRP R Y el S Mt b bk R EIRREGE ° | o
20, wher ei nofeadpdcitooire simudianeausly dlectridatly cametted tsthe hiae, sempieconlponk dfaha

circuit tor ve third one of .the plurality of. capacitors fromthe |ine,
and sanpl o RISy P FPEFitgRRro thiing Ad SppBle asedond signal from the line.

20.  The system of claim 19, wherein said control circuit further controls the sample
and hold circuit to remove a second one of the plurality of capacitors from the line, and sample a

third signal from the line.
21.  The system of claim 20, wherein said control circuit further controls the sample

and hold circuit to remove a third one of the plurality of capacitors from the line, and sample a

fourth signal from the line.
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