METHOD AND APPARATUS FOR SHI ELDI NG CORRECTI ON PI XELS
FROM SPURI QUS CHARCES I N AN | MAGER FI ELD OF THE

wo DMERI4SEN [ 0001] The present invention rel at eBCT/0S100€031911
field of sem conductor devices, and particularly to
I mproved charge isolation techniques for inmage
sensors. BACKGROUND OF THE | NVENTI ON [ 0002] An i mage
sensor generally includes an array of pixel cells.
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array 11 includes pixel cells 20 (FIG 2A) in an

active array BAGKGROTRD! OF TEIEGRVENSBIORFI G 3) in

a dark correction region 13 that are used for noise or
[ooER]k Ccor A@GHIage sersbiogeRAallysinalusieh enmatrag ofipiagl adiis ofEach pixel cell

typical pixel cells 20 and FIG 2B is a top plan view

ofnchuidsis nathogeicpnygsionsleviga fae eoswveing light gasidentcqy the array into

20, have.the same structure and.operate.in a siml.ar..
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conigction region 13 is simlar to the active array
region 12, except that light is prevented from
reachi ng_t he photo -conversion devices of the dark
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nih sesRh ThS e seat i Elnicfies S oY 1IRAHEN cells arranged
COf EQaHIRANAISRS (C& howdl. TIRMrAG 1usedludes fRERENE 26 (FIG. 2A) in
the dark correction |evel for theé

an active array region 12 and pixel cells 20’ (FIG. 3) in a dark correction region 13
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that are used for noise or dark correction. FIG. 2A is a schematic diagram of typical
pixel cells 20 and FIG. 2B is a top plan view of a pixel cell 20. The dark correction
pixel cells 20 have the same structure and operate in a similar manner to the active
array pixel cells 20. Accordingly, dark correction pixel cells 20’ can be configured as
shown in FIG. 2A.

[0004] The dark correction region 13 is similar to the active array region 12,
except that light is prevented from reaching the photo-conversion devices of the
dark correction pixel cells 20 by, for example, a metal layer, a black color filter
array, or any opadque material, depicted as 14 in FIG. 3. Signals from dark
correction pixel cells 20’ can be used to determine the dark correction level for the
array 11, which is used to adjust the resulting image produced by the image sensor
10, by subtracting the signal generated by the dark correction pixel cells 20’ from

the signal from the pixel cells 20, which are used for image capture.



array 11, which is used to adjust the resulting inmage
produced by the image sensor 10, by subtracting the
wGar@natssgener at ed by the dark correction pi xel PCEUER06/031911
20" fromthe signal fromthe pixel cells 20, which are
used for image capture.[0005] The pixel cells 20
illustrated in FIGS. 2A and 2B are typical CMOS
fourtransistor (4T) pixel cells. Typically, the pixe

[@8B] s 20 ‘Hiiepixel ¢otld 20tillastfided ACEIGS. 21 SMPIBI At eypi@s CMOS four-
generally shown in FIG 3. As is known in the art,
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gate 27a. The transter tranS|s connec

betgien22t el phaypeintee pdyet.o- conversi on device 21 and
a floating diffusion region 25. During operation, the
TX signal_activates the transfer transistor 27 to
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di2bf U3iudmg ppgiadon 2thealid sighel dtdiese atloti Bt RisRtdreH & transfer
60 cougrl ed to a voltage supply, Vaapix, through a

c 6pacge the charge pesyamleton rgiaRsd2 o glmfaﬂoatirg didfmeibn region 25.

transi stor 28 is acti vat ed and resets the diffusion
ion 2 har | evel, th
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di ffusion tﬁS The source follower transistor 29
aY%lFECﬁHPB&e?aaawf Faugh a contact 23. In response to the RST signal the reset

transistor 28 is activated and resets the diffusion region 25 to a predetermined

charge level through a supply voltage, e.g., V.
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[0008] A source follower transistor 29, having a gate 29a coupled to the floating
diffusion region 25 through a contact 23, receives and amplifies a.cﬁarge level from
the diffusion region 25. The source follower transistor 29 also includes a first
source/drain region 60 coupled to the power supply voltage V. pir» and a second
source/drain region 60 connected to a row select transistor 26. The row select
transistor 26 receives a row select control signal ROW_SEL at its gate 26a. In
response to the ROW_SEL signal, the row select transistor 26 cou'_plcs the pixel cell

20 to a column line 22, which is coupled to a source/drain region 60 of the row
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source/drain region 60 coupled to the power supply

vol tage Vaapi x, and a second source/drain region 60
weoonezesed to a row sel ect transistor 26. The POMUS2006/031911

sel ect transistor 26 receives a row select contro

signal RONSEL at its gate 26a. In response to the

ROW SEL signal, the row select transistor 26 couples

the pixel cell 20 to a colum line 22, which is

celept mrandiaon260 Wi teaiol sefgt @RcBlbadf atthRtddWnDutput voltage is

DSVDB. 1920181. 2sel ect transistor 26. Wen the row

suitpet frgax theggzelicell 20tthraughotheaeluan pine 22! t age i s

output fromthe pixel cell 20 through the colum |ine
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diqlades rom selgor ciycuinyflr anbealvemi selpcpeir¢iioyl14Tfor avdvaaing

colums of the array 11; and her peri pher al o
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sorasschadiagang ko gheadrrayyll raaghowntin ’G. dport ant to obt ai n
an accurate dark correction level for the array 11.
probl em,encoyntered |n the conventional imge |
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aonvontionakimagelstsso2 0,0 ia gnteiferencd to Hic@i%i’al pYoURAIBy dhrk current
cror;aiecgion taken across line XX of FIG 1. Dark
o5t edlsiZn crusgr i pltors enpdng dlee 4nced2i afchderrey toghining active
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generate carriers B that may al so
tr dengeowapiloredth dighk,ssu2h'as near-iaddidd aninfrakenigteray 800-1500

um, may be reflected off the bottom 9 of the substrate 5 and generate carriers B
that may also be absorbed by dark correction pixel cells 20°. In addition, when very
bright light is incident on active array pixel cells 20 adjacent the dark correction
region 13, blooming can occur and excess charge from the active array pixel cells
20, represented by carriers A, can travel to and be absorbed by dark correction pixel
cells 20° in the adjacent dark correction region 13. In addition, excess charge from
adjacent circuitry, e.g., peripheral circuitry 15, can travel to and interfere with pixel

cells 20” in the adjacent dark correction region 13.

[0011] These sources, and others, cause inaccurate dark correction levels. When
enough carriers are absorbed by the dark correction pixel cells 20°, the signal

generated by the dark correction pixel cells 20 will be artificially high, such that the
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bright light is incident on active array pixel cells

20 adj acent the dark correction region 13, bloom ng
w@av7oz58r and excess charge fromthe active aPCHYS2006/031911

pi xel cells 20, represented by carriers A can travel

to and be absorbed by dark correction pixel cells 20

in the adjacent dark correction region 13. In

addi tion, excess charge from adjacent circuitry, e.g.,
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rows may appear in the inage, even though they shoul d

appear bri giBRIPFISSNMARY ORTHEINVENTRON [0012]
Accordingly, it would be advantageous to have an

[0018]r ovedExemmghrsembodiniérith of gatligechtdit pidvRiceNb&riep for isolating
dark correction pixel cells. BRI EF_SUWARY CF THE
| Kasetlerk oppgRBpIXEk efphampge passer nbhe barier chmprises a charge
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Thixekdraayy el Tebdmrge algsorbiniangion absorbk eireleys setferasd 8§ lateral

the.dark correction region of a pixel array. The
ca‘g@ﬁ’é’naﬁ%rls ragpdr g ared i gellesrad Gpm Gérhattara @f e silicon

8 o 40 e P R 2458 Lo

pixels. This absorbing region prevents carriers from being absorbed into the dark

[0

correction pixel cells and causing row banding and other image distorting effects.
BRIEF DESCRIPTION OF THE DRAWINGS
[0014] 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 drawings in which:

[0015] FIG. 1 is a top plan view block diagram of a conventional image sensor;
[0016] FIG. 2A is a schematic diagram of conventional CMOS pixel cells;
[0017] FIG. 2B is a top plan view of a pixel cell of FIG. 2A;
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substrate, and charges from other sources that may
diffuse into dark correction pixels. This absorbing

WO e@iromspr events carriers from bei ng absorbed Pet/vS10n€031911
dark correction pixel ceils and causing row bandi ng
and other image distorting effects. BRI EF DESCRI PTI ON

OF THE DRAW NGS [ 0014] The foregoi ng and ot her
advant ages and features of the invention will becone

[0018] € appErE s 1sfar&H§stsQ@u&?BPgﬂ g%%@%@ﬁéoﬁ’to PRGOY . taken across line

exenpl ary enbodi ments provi oW W t refetence
t%eGacconpanyi ng drawi ngs in which: [0015] FIG 1 is a
top plan view bl ock diagram of a conventional inage

Ooigﬂsor; 016] FIG 2A is a schematic diagram of
[0 8hvent i1F8al @mml%vemwéﬂw dippEarpf & imagBensoractagling to

%g%}ﬂfg%%@f ﬁ?l i Féloefé‘ulf)lg’aa g'erss section of the

i mage sensor of FIG 1, taken across line X-X; [0019]

[00BOG 4 iH@ 5ti9R c%s@@céﬂcﬁl"‘bibiqo%fxggg%g f? 1%2;1;& Sﬁxgsor of FIG. 4,

sensor according to an exenp
italemnacirons linteD¥P] FIG 5 is a cross-section of an
enbodi rent of the imge sensor of FIG 4 , taken
oss |line Y-Y;, [0021] FIG 6 is a cross-section of
[OOZ%t her T 6ds msrass-s¢ctiomeof] amgleermmmht 6f the ithage sensor of

e [0022] FIG 7 is a .
t%;?g}g% gag{: |a§rrﬁ)ssogn }fgher enbodi nent of the inmage
sensor of FIG 4, taken across line Y-Y; [0023] FIG 8

[0023 a cr g36: 5%35@%@ tl%{l‘t% he |

szélnsor of FIG 4 1 %g%ﬂngt%%é S %gd(@'%%mi %‘%‘2]1%5?5?6@“ of
HGa‘l;:tabssa&@sihrmYm anot her enbodi nent of the inage
sensor of FIG 4, taken across line Y-Y; [0025] FIG

is a_block diagram of a processor system accordi ng
[00%’8 FIG. 8 is a cross-section of another embodiment of the i image sensor of

FIG. 4, taken across line Y-Y;

[0024] FIG. 9 is a cross-section of another embodiment of the image sensor of

FIG. 4, taken across line Y-Y;

[0025] FIG. 10 is a block diagram of a processor system according to an

exemplary embodiment of the invention; and

[0026] FIG. 11 is a processor-based system according to an exemplary

embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0027] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof and illustrate specific
embodiments in which the invention may be practiced. In the drawings, like
reference numerals describe substantially similar components throughout the several
views. These embodiments are described in sufficient detail to enable those skilled

in the art to practice the invention, and it is to be understood that other
5
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exenpl ary enbodi nent of the invention; and [0026] FIG

11 is a processor-based system according to an
wez@mot#sy enbodi ment of the invention. DETAI LECI/US2006/031911

DESCRI PTI ON OF THE | NVENTI ON [ 0027] In the foll ow ng

detail ed description, reference is made to the

acconpanyi ng drawi ngs, which forma part hereof and

illustrate specific enbodinments in which the invention

masbodimpemnts tayebk utilizdd) end Itlﬁ?altlls&@aturhl} logidabhed @RERIcal changes may
Errera S descrl be substanti al | y simlar conponents

Hedepagigng frop dgspirTradescepbofithegtseng inwention.
descrlbed |n suff|C|ent detail to enable those skilled

seithe a I act g iLnvention, nd it is to.b
u n erst orollélnc (S YV#S ir@tz (9168?9 Eﬂﬂ"&a‘i‘%’érﬂsén eIUdm%
L n
2?‘%%‘%‘?.82%?%%2%5&%‘@%&@% T bR B SR Fithnclgg doped
t fud gpdopttd mmnicendm&oﬂf epibiad l58RBf silitg @ﬁpﬁcﬁl‘tcc[ 8P28hse

The tergs ‘waf er" and "substrate" are to be understood
a¥iuRen ‘éﬁtﬁ’g foyndatien, 3151 @ﬂ’@bﬁﬁf@lﬁondlwbmtmct(l@@ Eurthxrrmore when

h ¢ ch y
A N MR
Syﬁﬁ@%ts@éﬁ)s Waﬁhﬁ@%cﬁ%ﬁ@@%%ﬁ&ﬁg{%?ﬁé?@&cﬁgﬁ the base

ot her semni coniductor structures
r@ﬁmn:@mrbe:toxsstuauierdar faunded @t " [roaddisohsthe 3 ®icondutdd® need not
foll, des rlptlon previ ous process steps may have
bR&# ?RIP F‘Sféld Fbc@léﬁlrhcrté*g"?cbﬂ% siieongaunimng, igermimiubg o gallium-
s%gé duct or structure or foundation. In addition,

seni conduct or need not be silicon-based, but coul d
be based on silicon-germani um germani um or

[O@@F' | uMBTBe fdrAe«pik @9 %} «pThE d1eT ﬂér}"crptd(gblcu?x{c elBh&& unit cell

| " referstoaplctueeement uni t*cell” containrhg

acopitgnmgrophetosiavedsiui devideofor comugting B ctromagnetic radiation to an
el ectra?ma netic radiation to an electrical signal.

[% ring to the drawings, FIG 4 depicts a top

pl an VI ew of an inage

[0030] Referring to the drawings, FIG. 4 depicts a top plan view of an image
. sensor 400 constructed according to an exemplary embodiment of the invention.
The image sensor 400 includes an array 411 of pixel cells arranged in columns and
rows. The array 411 includes pixel cells 420 (FIG. 5) in an active array region 412
and pixel cells 420’ in a dark correction region 413 that are used for row-wise noise

or dark correction while having additional protection against noise.

[0031] After pixel cells of array 411 generate charge in response to incident light,
electrical signals indicating charge levels are read out and processed by circuitry 415
peripheral to array 411. Peripheral circuitry 415 typically includes row select
circuitry 416 and column select circuitry 417 for activating particular rows and
columns of the array 411; and other peripheral circuitry 418, whiéh can include
analog signal processing circuitry, analog-to-digital conversion circuitry, and digital
logic processing circuitry. Peripheral circuitry 415 can be located adjacent to the
array 411. The configuration of image sensor 400 is exemplary only. Accordingly,
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sensor 400 constructed according to an exenpl ary
enbodi nent of the invention. The i nage sensor 400

WO pozs81 an array 411 of pixel cells arrangedP@TUS2006/031911
colums and rows. The array 411 includes pixel cells
420 (FIG 5) in an active array region 412 and pi xe
cells 420" in a dark correction region 413 that are
used for roww se noise or dark correction while
hamagegseastdti 4000nedd pecibelatie @Bri%ﬂ@aﬂékdﬂ@y 4¢5 aﬁﬁ@@l%‘] to the array
After pixel cells of array 411 generate charge in
réébonse to incident |light, electrical signals
i ndicating charge | evels are read out and processed by

jCUi tr 15. peripheral t rray 411. Periphera

[O@‘} cuit r%lé'lg 15 %ﬁogsaqu}oP r‘f’g toagay dhl sdieaacress Haeilt¥ pf FIG. 4.
4 : I bt .Cuitr for .actihyatin .
oo PRUSRentna DErSih of e dlrkiobitadon g 85414 3 dbortion of the
oddhive apay kqgien &l 2¢ iTiikel Hidkycoddeltiomhé&Bn A8V HIGS| VA& 3 ), the
anal og signal processing circuitry, analog-to-digital
creested daresareastionyregiondt Id igicluales Hadd corprecdon piichgells 420°.
cireuitry, Peripher circyitry 415 can be | ocated ]
cbeh e e o frechig Yot AR Gur e cvorAeions g the pixcl

: _ ' 6 .
SESoy 0y S SRl K010, ERAN Xy Sy

peninpis raheal lged, bblackldladilegaptay| 6r ddieoptigidmfddal. While the
hggBZ] FIG 5 is a cross-section of the array 411

1ok somestinnsragion4 i3 yothomings bavingTiheed dakicormdetore el 420° and
par.:t i of the rk,correcgtion region 4 and a

ISt Slabteal it 402t P Py REfHB Dl S30KE shawd be noted that
QBE @&t ABn I€Y5pl; 3 If{}gj Lididstrated .

dar k correctf%%ﬁ?hﬁgg%%cﬁloc u e@aég?{ﬁg%#?érgisi%ﬁ%mlted to
plaxisig thedd pixel2@ cachnegibentBdihghick tsrrpeerad 4130Md active array
r eachi t he photo -conversion devices of the pixel

TEFO8 nay Jayeogapkicyst peels shdesigion suitsblpyorsthe image
shigl.d 414 conprising, for exanple, a netal l|ayer, a

b ac[E' color filter array, or any opaque naterial.

While the dark correction region 413 is shown as

00 o sl A 0L A0 5L L
idesatibodlaBobeispuoeided iat the dark correction pixel cells 4207 by forming a
structure or structures to absorb the carriers generated by lateral diffusion caused by
blooming in active array pixel cells 420 or near-infrared or infrared light reflected
off the bottom 409 of the silicon substrate 405. In the embodimeént depicted in
FIG. 5, there are two sets of structures for absorbing carriers. A first n-type implant
9 is formed under the dark correction pixels 420’ to provide an effective carrier |
absorbing region below the dark correction pixels 420°. The first n-type implant 9
will protect the dark correction pixels from being affected by the carriers that are
generated by light that gets reflected off the silicon bottom 409 of the silicon
substrate and by other sources. A second n-type implant 7 is formed on ecither side

of (or around the perimeter of) the dark correction pixels 420°. An n-well 8 is also

formed around the second n-type implant 7 so that the n-well 8 makes contact with
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the illustration is a sinplified cross-section and

that the invention is not limted to having three
w@Roolss58n each region. Both dark corrective regi/osedd®1911

and active array region 412 may have nore or fewer

pi xel s, as desired or suitable for the inmage sensor.

[ 0033] Protection against tenporal noise caused by

| oose charge carriers descri bed above is provided for

t fee BiaslknCPr TREldARgRIARIN $iBlides 4 28ntiRYod g}rﬂégr i i

stru%%re or struct gr es tnolﬁgbso?b t%e c%rsﬁli S cglonsurroundmg

geredakedrioytiompiekl42d0 6 psovide amufedivbyablcpabiabidgiregion
rray pixel, cells 420 or near-infrared or

activ
iﬁ@@gﬁéqu@@}morrc’éﬂp@a%s #29’.t he bottom 409 of the

silicon substrate 405. In the enbodi nent depicted in
5, re are two .sets of structpures fqr absorbing .
[O('c):%&} i er s&ﬂ S?clorngtn'hﬂc)}B’eD lm%éﬂ?y gc Pgﬁl‘gglpﬁaaplgg(f@pcqrﬁganon
deifal Bem-Rell BARdRhY Tt t8Pe ikl V;%;Hﬁi?% - i i
carrier absorbing reéi on%%gllg%atg{%g ar &)%ﬁg?ﬁﬁg}zﬁmﬁmgba

pilaping cofG¢ntrafiva than she first ypgpt ipbRaAt 99 Thid firsh AyRCimplant 9

t he d(glrS correction pixels frombeing affected by the

cBRQVIQSS SOV 1FREI 60138 Eptatasiderd yhatiagh genarated detthe epitaxial layer

r f he silico ttam 409 of the sili.co

s u%rls%%%?% ‘gaﬁ% Cé‘iﬁ%%’e?”‘%@ L‘#@e's .gmﬁc %ifﬁana Hrype unppants 7 and n-
| wellse®have 4 Righef 886ingNoakte el rioH o B

peri met gre of )ght he 1:);I!iéllrgk 0cor r e&i o%%?&%ﬁg&fg@?%hﬁ?% the
neawaéts vall ioyerflosofrbor the dirsr iyt itdpdarsecions tie hywpels 8, and into the

inmplant 7 sp that the n-well 8 nakes contact with '}'
DSkl foves aplnke’ i Hiamaske secome instype inpljnesd i the carriers are

P ' ﬁ&ﬁ;t' n- ion surrounding th
d%@ﬁ}ng(g‘ftrtgf:t | ond %ﬁgf%ouﬁ%ﬁgtt%ﬁg? SWbcé{eéﬁtoe‘?’Fesgf‘?r{FEn'typc
ciaplarer7. Do dbping doRge@RasPoNthelfig Hafle RRNILRS ht

pi xel s 4201'5. [%%4] The second r?— t ype%i;ﬂrfr:pll‘;[g{}t s 7 31/36 from
bagt 1hi Yhiertatoppergneotcamutdi s 36" thams pliecm? wiht d8ping

and the first.n-t I mpl ant. 9 d the n-well 8 may

RS YRS Oéﬂﬁ‘ﬁi%égﬁ éd&‘éﬁﬁSF é‘iq%gg‘?%xtlﬁg FPMStPeR cmy s about 1
I PHARE oS fi X ' rQvides :

"ow: ener gy¥ g{kgrrl aggﬁé gérgp l?:lg%?flgé}g}%%t gfat#{g%éceoﬁléf DRf pplant 7
trhey bpfivaxat®ut!lay 0" atoms per cm® to about 1 x 10* atoms per cm®. The
doping concentrations may be modified and optimized to any concentration

suitable for the configuration of the pixel array.

[0035] In one exemplary embodiment, the first n-type implant 9 is formed to a
depth d of from about 0.8 pm to about 1.2 pm, more preferably 1.0 pm, and has a
thickness t of about 0.5 um. The n-well 8 may have a width w of about 0.5 pm.

However, the first n-type implant 9 may have any depth and the n-well 8 may have
any width suitable for the conﬁguration of the pixel array.

[0036] In another embodiment of the invention, a first n-type implant 59 is
formed under the dark correction pixel cells 520’ of image sensor 500, as shown in
~ FIG. 6. As with FIG. 5, it should be noted that the embodiment jllustrated in FIG.
6 is not limited having three pixels in each region. Both dark corrective region 513

8
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beneath the dark correction pixels 420". Since the

second n-type inplants 7 and nwells 8 have a hi gher
waloprogiseoncentrati on than the first n-type i npCEIS$2096/031911

the carriers will overflow fromthe first n-type

inmplant 9 into the n -wells 8, and into the second

n-type inplants 7 . Fromthe second n-type inplants 7,

the carriers are drawn out through a power source Vcc

t had atdveCRiyaelReh 312 e haRCABE Br FHRE piviR Q{Hes?re%@%uitable for

dopi ng concentration of the first n-tyge I irpl ant may

behe inmngeabosar. The A6t tyreoimplper5T BRotmedbaddér the Hall0ddrection
concentration of the n-well

ato . gnB. The dopi ng s ) ]

sPWs”G 5&2’ f ?’oﬁ‘?F%% BrtyRe ¥RBAES A isiesmed oncither sidalsé(or around the
X per The :dapi-gg, cencent i.op of .the :
Reona R B B FORpcil S OP 598, CRRZEBHE B i Forfies uider he
ateeoRd petype Haplait B7aUtthdt ¥ ndddi8 c&QPBwRE ghcc Hond Iﬁ‘—atgpe implant
dopi ng concentrations nmay be nodified and optimzed'to

ahy as s anthafiison-type traplaet 59 Thiveprooides §doatingsusat-type region

th | 0035] | | mbodij ment ,
B P G cororann pel el §2RE0 Mo mbbept 17, Rohnd 59 may

f L 2..mm _nor referably 1.0
SORARAR I 4R eyl 6o RS LBl fpec
8FIGY6 fsave thatvwhe skcoNdaf-typleQitpl e S5 Mhd HOWBNEE 8 h%vh:ea higher
first n-type inplant 9 nmay have any depth and the

ndeRing cenernyratigncthamghenfict h-tgpe traplhet 5@r Allﬂemativelz, they may be
ctoﬁgfiﬁura%iontgfeﬁhe pi xel array. [0036] |In another

BTG R DB theebavs kil Growar Hppige cenegpseations! Becase the

F d . r Lan,pixel cell 20'
PRSI, 98080 S5O SRR AR o e

Hirst f-tgproinhslaies N dtre dhd havellsH8, afb aaio@Bkeddddus: tiﬁr%lams 57
ac

in FIG 6 is not limted having three pixels in
ra@gii f5pm s secansh ik-tynsrimgdarity 87y su¢eothe5aBids are drawn out through a

3.1920181..2and active aryay region 512 may have

T SPUREEs v R et 4 5h VeroBil olime ABPBI 67 -t he

i mge sensor. The first n-type inplant 59 is forned

oospper t hgagalkempr. bOFink iR | on-gpy
it S X Eplab RO ok end i S AR 8 TR
illustrates an n-well region 68 being formed such that its bottom extends to the

=

upper-most portion of a first n-type implant 69. Unlike the embodiment of FIG. 6,
there is the n-well 68 does not have a surface that éontacts a surface of the first n-

type implant 69.

[0038] FIG. 8 illustrates an n-well region 78 being formed such that its bottom
extends to the lower-most portion of a first n-type implant 79 and the lower portion
of n-well region 78 is in contact with the outer edge of n-type implant 79. This
forms a continuous n-type region around the dark correction pixel cells 720 with

an n-well 78 that has a surface that contacts a surface of the first n-type implant 79,

[0039] FIG. 9 illustrates an n-well region 88 that intersects with a first n-type
implant 89 in an intersecting n-type region 80. This forms a continuous n-type

region around the side and below the dark correction pixel cells 820°. The doping -

9
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perimeter of) the dark correction pixels 520'. An

n-well 58 is forned under the second n-type inplant 57
wG@ooorhatssit nmakes contact with the second n-tyPer/us2006/031911

i mplant 57 as well as the first n-type inplant 59.

This provides a continuous n-type region surroundi ng

the dark correction pixel cells 520'. The inplants 57,

58, and 59 may be formed with a different doping

Castenirh@bh 0P BRcHRSE RAVED Waltber {
6, such that the gecond n- tyge i npl §¥t§%§gg%d0$ﬁcq ﬁlng

5&rvaneagoin ghewetlapgion &oankfitst attypnichblant 89e first
n-type inplant 59. Alternatively, they may be forned
h t .they have equal or |ower dopin
[Omcent r Kl élﬁ% Pogélélﬁlﬁg éavmavap%pamgm T%;ESI ty@ndeggn between

FHHE R EORE R B BRIS BT e bR SAehE bihstats, Heveser, it should
amnd)ﬂéﬂcthﬁﬂ"‘ﬁescﬁ&l@ egrr@cﬁ%ﬂ;ﬁxbl%h@mbé Zoﬁpfétélg Qﬁﬂrgﬁ'ﬁdcd by a

second n-type inplants since the carfier

d:rqulwtlcnutegidxr musphaca tpoween saypergiig dueab the p@%ﬂ @@Ih@éi V..
t he second n-type |ag§| ant 57. [0037] O her

PG A rienHwd ithianed atiacept fegiansated in FI Gs 7- 9.

FIG 7 illustrates an n-well region 68 being forned
[00ddEh t habedatis thetdankcextairadspikels 4D6’, BRPEIGAMST2POBLO VS FIGS.
l'—i'{ a first thype i npl ant 69. Unli ke the enbodi ment of
e

I queqqx{é a—ﬁﬁsccmécwlwrr owggled bygleplationaggioas sudf ace-wells

(OB B Gt B St 0 NRee i B oy e they are
frs RS MCebh dhidation BALE 818 [%a&t&frm? 8&2%& @@%sltﬁ 40?%5 605,

portion of a first n-type inplant
pe1, i80A. dFhanefmed, la pregommctMisipsovided Omt(amichtﬁdﬁdithorrCCUOn

out.er lant 79. This forns a
chﬁ‘PPﬁgggf::Sgt@ée%ég% , - Honadt he dark correction
cells 720" with an n-well 78 that has a surface

[004% cont almddé?egmtﬁédeatahe corfigiragen of thepexélnplla, 20°, 420,

, Fl Il .region 88 that
Ié%to QE%& 0 (?9{9 gzpl '};{6, @yg‘g f‘.}gpﬁﬁton@gcgeﬁl ary and that various
IcRh @SS 8hdy BOnTAdE YPSre I8 inB%e a}_péj%i &Elr@% 90?81 'm%%g Yensor

n-type regi on around the side and owt
oy leot |omhcrmonﬁgumidns &0 exanipie, el the invention is described in

connection with four-transistor (4T) pixel cells 20, 20°, the invention may also be
incorporated into other pixel circuits having different numbers of transistors.
Without being limiting, such a circuit may include five-transistor (5T') pixel cells,
six-transistor (6T) pixel cells, and seven-transistor (7T or more pixel cells. The 5T,
6T, and 7T pixel cells would differ from the 4T pixel cell by the addition of one,
two, or three transistors, respectively, such as one or more of a shutter transistor, a
conversion gain transistor, and an anti-blooming transistor. The circuit may also

include three-transistor (3T) pixel cells.

[0043] . Also, while the above embodiments are described in connection with p-n-
p-type photodiodes as photosensors, the invention is not limited to these

embodiments. The invention also has applicability to imagers en‘lploying other

10
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9 DSMDB. 1920181. 2concentrati on of intersecting n-type

region 80 may be the sum of the doping concentrations
w@boononsBl region 88 and first n-type inplant BOI/US2006/031911

[0040] It is also possible to have spaced openings in

the n-type regi on between the dark correction pixe

cells and the bottom of the substrate. However, it

shoul d be noted that the dark correction pixel cells

Wb oPBhEQITRIBRcRlidn SLFiEQY "Iﬂeﬂdg:l/ o1ft VGER:I @k1a8BvE E@bB8inhdhts are

spaces between n-type regions due’to the power source

Yecritbedahd glsantddehiss fawing ;Inrcyqibgdmbaﬁatas end nﬁ.@gt @fiflants, the

[ 0041] Because the dark correction pixels 420 20’

Byontiony yonot lgpited &3 prypssulbstgtesy é[‘g}gelgwn,tg}ryls agp]ecablc to n-type

sur unde etlon regi ons and/ or
&RFB?E§%3 ﬁénﬂﬁﬁﬁgﬁ gi ons, they are isol ated

from any ground source since they are no longer in

0SNS5k 1 CHAS RS0,

@@@mcﬂi@hstacpm«imgtzudl Badlag in eefiveiriyd lffcglﬁﬁlélqasa.rﬁi]c&rk

513, 613, 713, 813 round. [0042] It should be

FRILESEION; fegiont 4. thﬁ pg@ caficagh e wdi errpy 431 aceall Surﬁ@d on at the
0, 720'

5 i Yy e seliid fine P Hidts Sl s looi AoslonmyeTbutput
pp4l @oME&e&Qﬁ\é’n A %]tﬁ%%ﬂox@ Q%d@olﬂﬁ{m Rk §r's_:3§ro%d§d for the

i'mage sensor may ha er configurations.
extanplmy 440t hough the invention is described in
connection wWth four-transistor (4T) pixel cells 20,
die invention nmay al so be incorporated into odier
[004;§ xel crRetew émﬁwewg cqiivate aesivatasubibdresront dnvcr 32in mponse to
rcu

ltowgclﬂhrg oc%:é:o%ifzrvé(s1 bel gxrnn( sgc%ct B.ﬁé(seafrg g Fﬁ:téve y actlvated by the

I t [
é(ij%lzﬁl_srﬁlgcrﬁ*ﬁ%% ?g%fﬁ%ll;m@td(?luﬁrﬁedﬂ%é Qfécé@éf?ll A Tﬁ'ﬁ‘? astBW and

aodiing addlnttssi isgprbiieled ffopeachipixel T THex@M @8 lithagar 4100915 opcratcd by
t%.gdl ti oF on§ hlv\g or three transistors
SPBEPH Gt 44 whichsogfrelspaddies deegd eas A4 &or sclecting the
' ntransist
%ﬁ?‘?ﬁ%ﬁ% 8‘??,” r‘?“g‘d;‘t?g#gﬁs g{lfoq%ﬁvécl JLt é)blt,t v%ﬂ%ccrﬁumn driver
circuitry 32, 36, which apply driving voltage to the drive transistors of the selected

row and column lines.

- [0046] Each column contains sampling capacitors and switches in a sample and
hold (S/H) circuit 38 associated with the column driver 36 reads a pixel reset signal

Vst and a pixel image signal Viig for cach selected pixel. A differential signal (Vg
Vsig) is produced by differential amplifier 42 for each pixel. The signal is digitized

by analog-to-digital converter 45 (ADC). The analog-to-digital converter 45
supplics the digitized pixel signals to an image processor 50, which forms a digital

image output.
[0047] FIG. 11 illustrates a processor-based system 1000 including an image
sensor 400 of FIG. 4 having shiclded dark correction pixel cells according to an

11
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include three-transistor (3T) pixel cells. [0043]

Al so, while the above enbodi nents are described in
waeoemneztsson with p-np- type phot odi odes as PCT/US2006/031911

phot osensors, the invention is not Iimted to these

enbodi nents. The invention also has applicability to

i mgers enpl oyi ng other 10 DSMDB. 1920181. 2t ypes of

phot o- conversi on devices. In addition, while the above

embboliiment of aicindesdor. DEHe phckebdor babéhéyeenh 2000 & ERShplary of 2

p-type substrates and n-type hgglants, the invention
iSgSthex having digifal grqyits yhat coulhd inchitdesmagh eensov devicen Wathout

i cable t -t substrates havin -type inplants
TR0l RS sRoll R T0R] [t i) sisteoo gcimpyscem,
f, ¥ . . 14 incl i xel
seiner AEhERAR, Hcle HiGidaIBE i Bnb e AR ACE I Fom, auto

docusesystenn) stae giaokerdfdem] Aok @dtsctiin Sk, lifWgk BradillA¥ion
411 are all turned on at the sanme tinme by ‘a row sel ect

SYstemapRd oHecr systemsnaplopagrndolagen are sel ecti vel y
output by a columm select line. A plurality of row and

um ld,nes are ovi.ded f the entire array 411.
[Oo%gﬂms] R o FoRbacd swtem A0, fon crampls 3 srmdrasystems generally
MWDk [ decoder 30
and P?ﬁes fgﬁﬁaﬁ bgoe‘{cectgplﬁﬁé@gmfgﬁ g%?ﬁ? (§/‘°’e‘il JUCTOPIQRET Y, that
byrininenicarbsiwithdini ivptit, Gfutpiir (IFEPARSR 1D RANBIS Image
decoder 34. Thus, a row and colum address is provideJ

pesoB48H afsoemmuynisatenmith tedePUAIB0 even bes d068. BEhd p@cessor-
tr [ it, 40 ich controls addre decoders
BERS5 e LG00 bse it S SR GRS e mao  BAMLL 80 Ghmnd can
indese f ' rjver ,
it fRloablahehERl Ub4, S0 of AIAACH0Y, e blsh ppumunicate
wiith/6PLr b6 srarthe blus 1063s dhragt echsbpw0omthycld ed@bined with a

| ines. [0046] Each col um contains sanpling capacitors
BIRFESSRI 1 SRR &8 p B sdigirbsignal priegessor SpHniarppiagiesso8dwith or

%@gtﬁlc grllegoarws{&aé@ &n %%L{ngp m‘%éér‘éteeﬁ cefr6cu1rteoardosh 3 dﬁ%é)égllt chip than
the processor.

[0049] It is again noted that the above description and drawings are exemplary
and illustrate preferred embodiments that achieve the objects, features and
advantages of the present invention. It is not intended that the present invention be
limited to the illustrated embodiments. Any modification of the present invention
which comes within the spirit and scope of the following claims should be

considered part of the present invention.
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V -s and a pi xel image signal Vsl-g for each sel ected
pixel. Adifferential signal (Vr st-- Vsr) is produced
whypoodiot4ser enti al anplifier 42 for each pixel. AEEUS2006/031911
signal is digitized by anal og- to-digital converter 45
(ADC). The analog- to-digital converter 4 5 supplies
the digitized pixel signals to an i nage processor 50,

which forms a digital image output. [0047] FIG 11

illustrates a processor-b gstem 1000 including an
i mge sensor 400 of FIG avi ng shi el ded dark
[0@R " ect | g 'isxﬁlljlgrr&@ dshACLRT §esh8d &8 b@ﬁprggected by Letters Patent of
.1920181. 2enbodi ment of the invention

ptiecBared Skased: syst em 1000 i s exenplary of a system
having digital circuits that could include inmage
sensor devices. Wthout being limting, such a system
coul d Hriuxdaeay, CURPIYRE: system canera system
scanner, machi ne vision, vehicle navigation, video
phone, a pliryléyldfaste: aystsixels antaubsedts; system star
tracker system notion detection syst em i nmge

Stab"Aé@gggcg]o YRHCH A8 Y o Y amsgfgn!wig%' ng an

i mager € processor - ase syst

exanpl e a canera, system ge er al rises a centra
pr oces¥t Haplam Fegg Jaqe@eeal J}Eﬁi‘%{ aﬁkﬁ‘?‘éﬁﬁ%’é’essor

that comunicates with an input/output (1/0O device
1061 opigels dodatsodlflfg cadrivrge sensor 400 al so
conmuni cates with the CPU 1060 over bus 1063. The

pr oges 0. cess
Tersr y TBRG 1020, Sa eantrieal UL inpaEe o ae”
1064, such as flash nego : h al s connunlcate

wi th CRPIYRDE 1y R@ Eﬁg‘m{@%@ P r?a"&itagé ASHC-400 may
be conmbined with a processor, such as a CPU, digital

si gdal The poet sony obclaim ¢ [ whewessd implant region isi t hout
menory storage on a single integrated circuit or on a

di T er gheatRedshBOtwebE sHHPEGIRQ of 200 4SHredton Pixdgai n
noted that the above description and draw ngs are
exenpl 21d a bottom of said substrate.

4. 'The pixel array of claim 1, wherein said implant region is

located at least between said plurality of dark correction pixels

and said plurality of active array pixels.

5. The pixel array of claim 1, further comprising a connection to
a ground voltage between said plurality of dark correction

pixels and said implant region.

6. The pixel array of claim 4, wherein said implant region is a
continuous region surrounding said plurality of dark correction

pixels.

13
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and illustrate preferred enbodi nents that achieve the
obj ects, features and advantages of the present

WO pooe2458n. It is not intended that the preseneCT/US2006/031911
invention be limted to the illustrated enbodi nents.
Any nodi fication of the present invention which cones
wWthin the spirit and scope of the follow ng clains
shoul d be considered part of the present invention. 12

DSNDB. T2 Pik@l arg&yt &f d¥lini 20RAtreWhaiid irfiplah@idpesh as new
and desired to be protected by Letters Patent of the

Uni t ed . (P . . xel arra conprising: a
pl ural Clot%yﬁtclﬁﬁgc ftv%ggér%/twﬁ?&%ﬁl% pgqfalétyrsqfﬁfﬁf ate; a
plurality of dark correction pixels on the substrate;
and arcqrRsHaptPirdyerha heftaseat saichsubsphterand ¢ seconddar k
correction pixels for absorbing carriers. 2. The pixel

array mfionl bdtiicdn syl @l@iaficysst dirl BeHrédton H9EI9And3adan
n-type conductivity and is connected to a voltage

sour leuféggggfa&ivé%lrra EAY of claim1, wherein said

i npl a on 1S I"ocafed at | east between said
plurality of dark correction pixels and a bottom of
sai si]lefsPlﬁcﬁlt arayzof clape? pvheseinggicirsofegiomismot,
wherein said inplant region is |ocated at | east

bet weedonsactdd pb whidlseéyndfegitat,k correction pixels and
said plurality of active array pixels. 5. The pi xel

ar rsay 'Tiie kel ditay, off dldii B wk@ Bl saftl R28018d SPIHEERI PN L0 a
ground vol tage between said plurality of dark
correqh ol Rt S0 e 3RbE chiPLahrst 82490
10. The pixel array of claim 9, wherein said second region has a
doping concentration in the range of about 1 x 10" atoms per
cm® to about 1 x 10* atoms per cm® and said first region has a

doping concentration in the range of about 1 x 10 atoms per

cm?® to about 1 x 10" atoms per cm®.

11. The pixel array of claim 7, wherein said second region has an
implant region on its sides and bottom having a dopant
concentration of about 1 x 10" atoms per cm?® to about 1 x

10" atoms per cm®.

12.  The pixel array of claim 7, wherein said second region has an

equal doping concentration to said first region.

13.  The pixel array of claim 7, wherein said second region has a

lower doping concentration than said first region.

14
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6. The pixel array of claim4, wherein said inplant

region is a continuous region surrounding said
w@bwrab4issy of dark correction pixels. 13 PCT/US2006/031911

DSMDB. 1920181. 27. The pixel array of claim4, wherein

said inplant region conprises a first region between

said plurality of dark correction pixels and a bottom

of said substrate and a second regi on between said

plyraldty .of, dark .corregtion .pi xel aj urality
ot c iS50V SeSBn R R R ST OB PR T 7
wherein said first region is not connected to said
secondprediapenings. The pixel array of claim7, wherein
sai d second regi on has a hi gher doping concentration

t Aén dai dndgerssnsaregemprising: The pi xel array of claim
9, wherein said second region has a dopi ng

conce iy @ive Arraf ré%l@n loANDSiRfraRBY bederdtid® Ad i@bees per
cnB to about 1 X 1018 atons per c and said first

regi on. has .a_dopi oncentration in the range of
about Sig@f@%“%ﬂ%%g%ﬁgﬁ cnB to about 1 x 1017 atons
per cnB. 11. The pixel array of claim7, wherein said
second: daskiconrehtien segipmonahe snbyrash fargdnesatinighedarkng
bott om havi ng a dopant concentration of about 1 x 1016

at ons effecEiBB slpghaPROESrrdctdallOdir@itoaRd Pew-wig8. 12. The
pi xel array of claim?7, wherein said second region has

an equal_do uﬂg concentration to said first region.

13. The"FR%EI" A

_ fray of claim7, wherein said second
regron, F&'ﬁn@tcr isolation structure surrounding said dark

correction region for absorbing carriers from lateral diffusion
from said active array region;
an underlying isolation structure between said dark correction
region and a bottom of said substrate for absorbing carriers
traveling through a lower part of said substrate.

16. The image sensor of claim 15, wherein said underlying
isolation structure is a first n-type implant having a first doping

concentration.

17. 'The image sensor of claim 16, wherein said perimeter isolation
structure comprises a second n-implant region having a second
doping concentration and an n-well region having a third
doping concentration surrounding said second n-implant

region on its sides and bottom.

15
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| ower dopi ng concentration than said first region. 14
DSMDB. 1920181. 214. The pixel array of claim7, wherein
wa@ aiod/ossgond regi on has spaced openi ngs. 15. APCT/DSpe6/031911

sensor, conprising: an active array region on a
substrate for generating an i mage signal frominei dent
light; a dark correction region on the substrate for
generating a dark correction signal to correct dark

c e r - r | SE5 )
S o T ke N SR BATRE G herBl A piBel WBlflon |
region for abhsorbing carriers frogmlateral diffusion
fr om SHUFTEEHs PecontaghyviF said undgrying dlatamyrycseicat i on
structure between sajd dark correctjon region and a
bok% ord lat imzgecsensarseficdaim Forwhassisrsidperiagter splption
traveling through a | ower part of said substrate. 16.
The i negRns@ASAbt Bf cattaitWillbsaidMaadeilying sdothrivider | yi ng

isolation structure is a first n-type 1 nplant having a
firstiggghaﬁ concentration. 17. The i mage sensor of
cl ai mIb, erein said perinmeter isolation structure
conprises a second n-inplant region having a second
dAfl ngllewineasn scasqronf cdavar bh wheremy saideligsodopiagi ng a
third doping concentration surroundi ng said second
n- i mpl cvdicesite@icinisan thé Fangeddabandl kat( daondsSper cm?
to about 1 x 10'® atoms per cm?, said second doping
concentration is in the range of about 1 x 10" atoms per cm?
to about 1 x 10" atoms per cm?, and said third doping
concentration is in the range of about 1 x 106 atoms per cm®
to about 1 x 10" atoms per cm®.
21. The image sensor of claim 15, wherein said perimeter isolation
structure is connected to a voltage source.

22. The image sensor of claim 15, wherein said underlying

isolation structure has a plurality of spaced openings.

23. An image processor system comprising;:
a processor;
an image sensor comprising:
an active array of pixel cells on a substrate;
a dark correction region on said substrate; and
an implant region adjacent to said dark correction region for

absorbing carriers.

16
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DSVDB. 1920181. 218. The i mage sensor of claim 15,

wherein said perineter isolation structure is in
w@eowazessi t h sai d underlying isolation structeeBEUSEHB6/031911

The i mage sensor of claim15, wherein said perineter
~isolation structure is not in contact with said

underlying isolation structure. 20. The inmage sensor

of claim 17, wherein said first doping concentration

vt TG bGP B Sihert of AR WBERSIR S ARy

concentration is in the range of about 1 x 1017 atons
per cniEgien sisenncated ta @rltagesaitper cnB8, and said
third doping concentration is in the range of about 1
x 49161he snaspprocesser stamoficlaum 233 wherein said ipglantns.
21. The image sensor of claim 15, wherein said

peri neﬁcg[oﬂﬁglﬁih%esédﬂtﬁfcuﬁ@y,i S connected to a
vol tage source. 22. The inmage sensor of claim 15,

Whes ei Thé ahsd pebREdspE BBrdns OF alhirn® 23S Whefdin sAd RaPlat
plurality of spaced openings. 23. An inmage processor

syste 0 i Si Rg: @.processor; an i e sensor

conpr in?s? %h"g‘%aﬁna %‘g?cfr&gpué)ruls gﬁp’d’ﬁ’ cﬁ‘%?%ﬁltrg%g?ff TYn a
substrate; a dark correction region on said substrate;
and arcampyiseset kagfi @i s secinn havingai fitstdepingor r ect i on -
region for absorbing carriers. 16 DSVDB. 1920181. 224.
The | NRGRcAIrACES 8AM a SYEIRIVebfio havift d3ecomtPdspingsai d

I mpl ant
concentration.
27. The image processor of claim 26, wherein said first doping
concentration is higher than said second doping concentration.

28. The image processor of claim 23, wherein said implant region

has at least one opening.

29. A method of forming a pixel array, the method comprising the
acts of
providing a substrate;
forming an active array of pixels;
forming a plurality of dark correction pixels on at least one side
of said active array of pixels;
forming a horizontal doping implant in said substrate under

said plurality of dark correction pixels;

17
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region is connected to a voltage source. 25. The inmage
processor system of claim 23, wherein said inplant

WO e@romsBas an n-type conductivity. 26. The i nBgBUS2006/031911
processor system of claim 23, wherein said inplant
regi on has a di sconti nuous dopi ng concentration and
conprises at |east one first section having a first
dopi ng concentration and a second section having a

secon %Hﬁg@\%\;\ﬁ@ﬂ ﬁ%ﬁfﬂégi?ﬂgﬁﬁts ol sa‘é'J RGL 4 RIS RIAGHS SO

of clarm erei rst dopi ng concentration

is higher than.sajd second dopi ng concentration. 28.
The i %@%Fb%%%%?%ﬁ% Pg#ﬁﬁ%zcszrr%ﬁepwl% Reaveempl ant
region has at |east one opening. 29. A method of

f or mi ngideplpiatie} ofdariycorichBompixetncloaiol icgivagriapef act s
of : providing a substrate; formng an active array of
pi xel s;ixdlQrpng a plurality of dark correction pixels
on at ‘I east one side of said active array of pixels;
form a, hori zontal doping inplant in said substrate
under qg%{rlalg;ﬂqmnsww GUPLBE R VOHARR EQULER topaid vertic
DSMVDB. 1920181. 2form ng vertical doping inplants in sa
d subdtapstrgs.ar ound the perinmeter of said plurality of
dark correction pixels, between said plurality of dark .

a0, eCFh O ELScIANT26 HutiRE LONBridhi e Qe B AFhg aNd

wells having a first conductivity around and in contact with the

sides and bottoms of said vertical doping implants.

31. The method of claim 30, wherein said steps of forming a
horizontal doping implant and forming said wells includes
forming said horizontal doping implant and said wells to be in

contact with each other.

32. The method of claim 30, wherein said steps of forming a
horizontal doping implant and forming said wells includes
forming said horizontal doping implant such that they are not

in contact with said wells.

33. The method of claim 29, wherein said steps of forming a
horizontal doping implant and forming said wells includes
forming said horizontal doping implant and said wells such

that they are not in contact with each other.

18
DSMDB.1920181.2



form ng connections coupling a voltage source to said

vertical inplants. 30. The nethod of claim?29, further
w@owpi24s8ng t he act of forming wells having a PCT/E$2006/031911

conductivity around and in contact with the sides and

bottons of said vertical doping inplants. 31. The

nmedi od of claim 30, wherein said steps of formng a

hori zontal doping inplant and formng said wells

| 3al, udRte hefFder ahd300rh&Rn @ld ARPLHShIRAFGNS arnd
said wells to be in contact with each other. " 32. The
nmet hod of clai,m 30, wherein said steps of formng a

hor i z8hVRF C888P%‘2;"‘Wrrp| ant and formng said wells
includes form ng said horizontal doping inplant such

tBat  tiheymethodmeficlim 3Qywhetinmaidfistcdndwdtivity i88p- The
nmet hod of claim 29, wherein said steps of formng a
hor i zeygedondiRititigly. mpl ant and forming said wells

i ncludes form ng said horizontal doping inplant and

s3bd k8l oF (;ngggsiﬁ ey are not in contact with each
" %1 018é1

ot her. 18 DS .234. The method of clai m 30,
wherein,saj.d first conductjvity is an n-type
condud#f Iajt‘ .Oflééaverﬂ%am?fﬁ’a&“o%‘thsgmso, wherei n sai d
first conductivity is a ptype conductivity. 36. A
pi xel a phuralitycdidark somecticn pilkels @nithy sobstexttj ve array
pi xel s on a substrate; a plurality of dark correction
pi xel 8 betrohh fepddi $if §48d Substrate under said plurality of dark
correction pixels for absorbing carriers; and
a surrounding region in said substrate surrounding said
plurality of dark correction pixels for absorbing carriers.

37. 'The pixel array of claim 36, wherein said bottom region is not

connected to said surrounding region.

38. The pixel array of claim 36, wherein said bottom region is

connected to said surrounding region.

39. The pixel array of claim 36, wherein said bottom region has a

plurality of spaced openings.

40. The pixel array of claim 36, wherein said surrounding region
has a first region having a first doping concentration and a
second region surrounding said first region on its sides and

bottom having a second doping concentration.
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a bottomregion in said substrate under said plurality
of dark correction pixels for absorbing carriers; and
wW@2®@a02458ndi ng regi on in said substrate surrouPdi/Ig006/031911
said plurality of dark correction pixels for absorbing
carriers. 37. The pixel array of claim36, wherein
said bottomregion is not connected to said
surroundi ng region. 38. The pixel array of claim 36,
Wagr effhessikél am&t&maﬁﬁgew @vnéeﬁ%&@%@&o% sai d
surroundlng regi on. The pi xel array cIa|n136
wher ei n sai d botton1re on has algi rality of spaced
openi ﬁﬁgce%f?uoﬁﬁégﬁ‘?ai &?F% 56¢° ‘EWHIEG “wher ei n
sai d surrounding region has a first region having a
first cdoginptiomncent rati on and a second regi on
surrounding said first region on its sides and bottom
havi ng a second dopi hg concentration. 19
DSMDB. 1920181. 241. The pi xel array of claim 37,
wherein said first doping concentration is greater
than said second doping - concentration. 20
DSMDB. 1920181. 2
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