WO 2007/ 070461 PCT/ US2006/ 047179 MNMETHOD AND APPARATUS FOR SETTI NG BLACK
LEVEL I N AN | MAGER USI NG BOTH OPTI CALLY BLACK AND TI ED PI XELS FI ELD OF THE
| NVENTI ON [ 0001] The present invention relates generally to sem conductor

i magers. wWoreo7/@psti fically, the present invention rel aP€I/HB00eHHEII

reducti on and suppression of unwanted artifacts in sem conductor inmagers.
BACKGROUND OF THE | NVENTI ON [ 0002] Conpl enentary net al - oxi de sem conduct or
(CMOS) image sensors utilize sensor arrays that are conposed of rows and
colums of pixels. The pixels are sensitive to light of various

wavel engt hs. When a pixel is subjected to a wavelength of light to which the
pi xel is sensitive, the pixel generates electrical charge that represents
the i ' ' [ '

out purPEFHOR AND MHPRRATUS KO SETNIRG BRACR reVRr o AN MIAIERTSING
conbi ned el ectrical BQRATHOPTEGCAIIN BLACK ANPTIED PIXIIS upon the array.
Thus, CMOS inmage sensors are capable of translating an imge of light into
el ectrical signals that may be used, for exanple, to create digital inmages.
[0003] Ideally, the digital inmages created through the use of CMOS i nage
sensors are exact duplications of the |light inmage projected upon the sensor
arrays. However, various noiHELBDJDF ¢ INVENTION i ndi vi dual pixel outputs
and thus distort the resulting digital inmage. Sone noi se sources may affect

the entire r ray, thereby reguirin rape-w de.corr.ection,,of the

bi el " out puDOPTom (it Biprenl o ERor Gl ashpraly RO Bee b fmErSt Mg e

out putspedifitdly, tsspresent $Rvehtion aélatayto moiseredsaion ahd seppressions 6f inwentéd ack | evel
(descri hed hel ow). &Iher, noi se sources may only affect specific portions of
t he scdGFIsip sERNCOREPCIALUMARCES: my- specific noise may be generated from a

m smatch of circuit structures in the inmage sensors due to variations in

t he manuf act uri ng. pr ocesspaCKGROURD @FEDHEIINMENTIONhe ef fect of
rowspecific noise in an inage sensor. Js that rows or groups of rows may

exnIbIt T el BhOYE!Y Cmplementary el oxide Semfconducior (MO imake Senbbrs utifizd ™

sensor arrays that are composed of rows and columns of pixels. The pixels are sensitive to light

of various wavelengths. When a pixel is subjected to a wavelength of light to which the pixel is
sensitive, the pixel generates electrical charge that represents the intensity of the sensed light.
‘When each pixel in the sensor array outputs electrical charge based on the light sensed by the
array, the combined electrical charges represent the image projected upon the array. Thus,
CMOS image sensors are capable of translating an image of light into electrical signals that may

be used, for example, to create digital images.

[0003] Ideally, the digital images created through the use of CMOS image sensors
are exact duplications of the light image projected upon the sensor arrays. However, various
noise sources can affect individual pixel outputs and thus distort the resulting digital image.
Some noise sources may affect the entire sensor array, thereby requiring frame-wide correction
of the pixel output from the array. One such corrective measure applied to the output of the
entire sensor array is the setting of a base-line black level (described below). Other noise
sources may only affect specific portions of the sensor array. For example, row-specific noise

. may be generated from a mismatch of circuit structures in the image sensors due to variations in
the manufacturing processes of integrated circuits. The effect of row-specific noise in an image
sensd;.ig T.hét TOWS or groups.of rows may éxhibit relatively diﬁ‘éreﬁt outputs in fesponse to

uniform input light.



1 WD 2007/070461 PCT/ US2006/ 047179 [0004] In order to set a corrective

bl ack | evel and renove the effects of row specific noise, dark rows and dark
colums are used in inmage sensors, as denonstrated in FIG | th”ml show
an i mge vaeemonTle0 t hat incl udes a pixel array 110 or gRRFPEHRYEN pi xe
colums and R pixel rows. The pixel array 110 contains an active area 112,
dark rows 115 and dark colums 117. Al though not shown in FIG 1, dark rows
115 may al so be | ocated above the active area 112, and dark colums 117 nmay
al so be located to the left of the active area 112. Upon readout of a row,
paral l el pixel outputs fromeach colum (i.e., N pixel outputs) are sanpled
and stored on a set of capacitors 120, one row at a tinme. Each pixel is in
turn sent 600AJgh hnordexioxyt s comedtive hlavkdovel and tenowie thd @ffbets of fovbepatific
digitized an an -to-digital ggonverter 140. The stream iqitized

ot el BOPeatk B e Sk oelomped arEaed 3 Kogadentiss, asckEpased inFlo derkity § e
out pukhow dh fiagelseRsorBOORM ih6lutiea pikel A4yl 10226arH2ddintd ATPitdlRoRitirs ah@s 115,
a feedback loop 160 is wused to adjust the frane-w se black |evel.

Gener Rixel rowsni Bie pixelasiayd 1pcontainsan achve ara 152)dagk powspbi anstidark celuminspi xel
out S | aldl is rqqaf t or .

onal ol T AMBE R'shonfih BEG. R Rl b aihd'e RLRRU'abb R HRRGU Gren | 1,
ar e adéandidati coltunes pi X elayalsobellbateditat the thft oftthe netied area [l 1Z3hUpon readpdtur e

i mage _data. Pixel outputs fromthe dark ro 115 and dark col 117 are
Load® pEe b paciifel et Bipive T shch et 6 S o i) B st i, Pect
row sf Q%bf oftcapaditoes 120) Q06 kowaca €igel &Bdoh pixel RGH Mutient &r&x@h%%ﬁl%gtsigﬁal

pi xels in the dark colums 117 and  _dark rows 115 do not receive I'nmage data

by coR®cesiing bleck ] 3¢ beforebaing digitized by aprnalog fo-digital canyqrter 468 Thestigarh a
et al oPdrgdired PRt dre H:.ﬁ&eéeséé@mm (UK 1500 befordtiy W Sint B &1 Gutpht®

referred to as optica bl ack pixel’s. BecauSe, theoretically, no light is
sensebuller 1He Bypmooioring theldigikized data &rom the dankl ipwsHd b g fagdhaskdoep 16§/ist he
optic i S tS H I LSA: I cha ' fren
refer ?%ng t? %hﬁg(%%r ceuﬁ%rﬁl&@hgegl d%ﬁ%éﬁﬁt%g%%g&%g é&ﬁfgsésteg@gﬁ?dofﬂﬁg%ese IS
t hr ougghplieddao eadtcpikdtdtmutp:?eqamﬁiﬂ!geeidm- befolrd §r dftcache pitpet reachep tie analogetn;

Nl el SR &3k 15620°

[0005] Dark columns 117 and dark rows 115 are areas within the pixel array 110 that
do not receive light or capture image data. Pixel outputs from the dark rows 115 and dark
columns 117 are used to both set the black level for the entire pixel array 110 and correct row-

specific noise.

[0006] One corrective technique is to ensure that pixels in the dark columns 117 and
dark rows 115 do not receive image data by covering the pixels in the dark columns 117 and
dark rows 115 with a metal plate. Pixels blocked from sensing light via a metal plate are
referred to as optically black pixels. Because, theoretically, no light is sensed by the optically
black pixels, the only charge generated by the optically black pixels is internal noise-induced
charge. This is often referred to as dark current. Thus, one method of compensating for noise is
through the calculation of average optically black pixel output values, which represent average
noise values, and then subtracting these average values from the outputs of the pixels in the
active area 112, For example, an appropriate black level may t;e set by calculating an average

Gptically black pixel output for.the optically black pixels.in the dark rows 115 (block 150), and
then Sﬁ'b'h"ac:ting‘ this average value from the 'du‘t.pufl of every pikel in thie active aréa 112 and datk ~ -
columns 117. Row-specific noise in pixel array 110 may also be compensated for by calculating



noi se val ues, and then subtracting these average values fromthe outputs of
the pixels in the active area 112. For exanple, an appropriate bl ack |evel

may be set by cal culating an average optically black pixel t or the
opti cal | YWRI28€M7Pd6kel s. in. the dark rows 115 (bl ock 156’?&"&3%06%%113%

subtracting this average value fromthe output of everypixel in the active
area 112 and dark colums 117. Row specific noise in pixel array 110 may

al so be conpensated for by calculating 2 WD 2007/ 070461 PCT/ US2006/ 047179 an
average optically black pixel output for each row of optically black pixels
in the dark colums 117 (block 150). The cal cul ated optically black pixel
average for each rowis then subtracted fromthe values of each of the

gct i veaanmirt]gn opticalle bﬁxmklrm’mqi o@otput fprreactsrovd of)dx;?tidaﬂy bl4eR@Hield in the gaxikio@mmns
ecaus r of.. pi X oui puts.ip the, pixel array 110 is read- out
soquent VEftigck £t i sefeutate futiciny Riab i Bl eradit e Yach rgmeS HERFbIREES v om
the dagént @¥Salubd 6f eddhfIRé Adtive!pixel MGle BorRspbRARE rodws 68pikelisat ed (bl ock 150)
and then applied to the successive pixel outputs fromthe active area 112

and the dark coburms 117, Row specific nqgise is then corrected by using the

al ready adj (Q04d opln Rrastice, because ¢ch gow elipprel ovtppisda the pixskamay dd Qs regdt unms
117. T Qitial Iﬂ;@é i r i in the
dar k g‘?lsgﬁ%s 1%%??5\?&??3?&& ocC ‘MJ(.%O ?Pgsnﬁle?ﬁie(ﬁﬂ{sﬁeﬁggg{rh 53’3"&{ lg’\ggsi cally
bl ack pl5dhe optically black tadkdevatisedichlated (bhaskdd0p and then appliedsto thésugsessisies

wi t hin i ve row of t acti v r 11 0 A drawback w th
DS g BPr U RE o 1 AoVl Bfeal1}S oBF o iR kSBmba 7] RASCReoie RIS et L
optic ab?qecbﬁcbb;kusiﬁg( Eﬁe&lmlaey gciljnsbd bptivally bitavkepikd] antgut s'hlﬁbsaﬁk@_rthel dakkor

i nt er nal, noi tica i xels enerate.charge, ip response to

| Pndoneoas T 17 TR bERt ilus dbe Pl Rk IS b T ot e 850 Co at o
bl ack tslumhs 1 FPareanarayed (blopk us@ hod fhea @le dVereled opfival Jebladiapivel igRRSS char ge
as a result of pixel blooning. Bloomng is caused when tog nuch |'ight enters
a pi x8jotragied ﬁ%f}lﬁr%@?@fﬁﬁ‘g‘ of the pixels withig the;fespestive row f HrACHYe A dhdb! e
to hold all of the charge generated as a result of sensed |ight.

Consequent | jopo8Y exszﬁﬁbmawmeugﬁgoﬁmh{ iR piRgs B calulatibiph KIEK RYNat e
adj acent pixels. Optically black pixels that generate excess charge as a

r esul t vaiue isghgsptisgllnblack pixsly are sensitivye de more Hianlins backgrownduendniemad noise.

Infrar thiédlﬁ)blﬁﬁg ﬁiﬁglts in?e{}sgéﬁg%t@é@a?ger iﬁsryéptonse to random, localized noise sources, thus
artificially altering the calculated black level. For example, optically black pixels may genérate
excess charge as a result of pixel blooming. Blooming is caused when too much light enters a
pixel, thus saturating the pixel. A pixel subject to blooming is unable to hold all of the charge
generated as a result of sensed light. Consequently, any excess charge may leak from the pixel
and contaminate adjacent pixels. Optically black pixels that generate excess charge as a result of
blooming will result in an artificially high black level. Infrared (IR) reflections may also result
in excess charge generation. IR reflections occur when IR radiation is incident on pixels within
the pixel array 110 and is trapped within the image sensor 100. The IR radiation, which also
causes pixels to generate charge, may repeatedly reflect against multiplé optically black pixels,
thus again artificially inflating the amount of generated charge. In these cases, the black level
sensed by the optically black pixels is generally higher than the ideal black level because of the
charge collected from these noise sources. '

* . [0009]  Inresponse to the disadvantages of using optically black pixels to set the
biack Tevel value, i aliéfnative teckiniduie for corrécting rioise in a pixel array 110 i toitié the:
photodiode‘of the piiels in the dark rows 115 to a fixed voltage. The fixed voltage is, in
essence, a fixed black level for the pixel array 110. The advantages of this method is that the
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i TTEXTESS charge generation. IR reflections occur when IR radiation is

i ncident on pixels within the pixel array 110 and is trapped within the

i mge sensor 100. The IR radiation, which also causes pixels to generate
charge, WBkosmRgaed y reflect against nultiple opticaPCIERHERH el s,
thus agarn artificially inflating the amount of generated charge. In these
cases, the black |level sensed by the optically black pixels is generally
higher than the ideal black |evel because of the charge collected from

t hese noi se sources. [0009] In response to the di sadvantages of using
optically black pixels to set the black Ievel-value"an alternative
technique for correcting noise in a pixell array 110 is to tie the

o SR BB o i L il 4 e i =

advant uymsafcohhlnat andtdmoliangng blatk tavel. :ﬂmm,amms areROF /seitMD@ab @dy 179

bl ack l.evel ca Iatl not i nfl, enc.ed m n IR reflections, etc.,
ond+ religes fterk sfiser or ool BavisPeaifE RS sclterSu Lo plagk TavELgere

Howev egtiliZihg ed F“@' Smay ﬁotrye&uﬁwp,s bérhpéhshte faithe n6i3aRamsediby dhalk kurseht ent or

ot her row specific noise sources. Thus, a black |evel generated wutilizing

tied pixels_may_not_accurat conpensat e for, the noise caused by dar k
current. [O0AUPlTheFkers s, ﬂleﬁ%efl’éq"ér”ée B“%S@Heﬁ?fc?’a@ cdeand gpparatgs fofod and

appar aéméxefn% geﬁénfat.ﬁ gt épblﬁﬁ@ %rsawmaamvawae WiliAnd &ﬁtﬂeﬁeﬂ% B tied pikels

val ue utilizing %eneflts of tied pixels and optically black piXxels to
t he piansl OMmaﬂmbbackfpnsplastol thelpiehoutphtsmiersolid statedmagpt, dor examplisa GMBSer .

BRI EF RY OF THE | NVENTI ON [ 00111 An i naging pixel array is provided,
that inc es an active area of pixels, organized into rows and col unmms of
pi xel s. The array also includes a plurality of dark pixel colums adjacent
to the active area of pi BRIEFSUBMMARY QBHTHEINYENEIGN n the active area of
pi xel s extend acr oss the plurality of dark pixel colums. The plurality of
dar k pi xel r udes a
plurality omc}qﬂ: pi xe éﬂgg ag%ggintﬂr%d%wtz%?‘]—&\;% aglrarggi‘%?lleﬁ%fgﬁgishnd t he
pl ur al erggnizéd thao kows anel codahosmfpixelsh Thh atray alsomrdudss aglwality oﬁdaﬂhpixel

columns adjacent to the active area of pixels such that rows of pixels in the active area of pixels

extend across the plurality of dark pixel columns. The plurality of dark pixel columns are

composed of tied pixels. The array also includes a plurality of dark pixel rows adjacent to the
active area of pixels and the plurality of dark pixel columns such that columns of pixels in the
active area of pixels extend across the plurality of dark pixel rows. The plurality of dark pixel

rows are composed of both optically black pixels and tied pixels.

[0012] Similarly, an apparatus for providing pixel correction values for an imager is
provided, as well as a method to provide the pixel correction values for the imager. Both the
apparatus and method utilize a pixel array that is composed of an active area, a plurality of dark
pixel columns and a plurality of dark pixel rows. The plurality of dark pixel columns are
composed of tied pixels while the plurality of dark pixel rows are composed of a both optically
black pixels and tied pixels.

[0013]  Animager and an imaging system are further provided, both utilizing a pixel
array that is composed of an active area, a plurality of dark pixel columns and a plurality of dark
pixel rows.. The plura.hty of dark plxel columns are composed of tied pixels whxle the plurahty

ofi dark pixel tows are composed f a both optically bléck pixels anid tied plxels



active area of pixels extend across the plurality of dark pixel rows. The
plurality of dark pixel rows are conposed of both optically black pixels

and tied pixels. [0012] Simlarly, an apparatus for proyidin i
correcti WO @7 0@d6f or an i mager is provided, as well aBC Wﬁ&”ﬁg‘gﬂ% provi de

t he pi xel correction values for the inmager. Both the apparatus and net hod
utilize a pixel array that is conposed of an active area, a plurality of
dark pixel colums and a plurality of dark pixel rows. The plurality of
dark pixel colums are conposed of tied pixels while the plurality of dark
pi xel rows are conposed of a both optically black pixels and tied pixels.
[0013] An imager and an imaging systemare further provided, both utilizing

a pixel array that is cgrmg@qg,s Rﬁ”!]" ?3” ality of dark pixel
colums and a plurality o s I Xe I@?%{\Rgeﬂﬁ_ plﬁggdgglty of dark pixel
colums ate conposed of tied pi xels while the plurality. of dark pixel rows

are conposed [#143 boFIG.dpisiapdmage binso® pi xel s abd tied pots. 4 WO
2007/ 070461 PCT/ US2006/ 047179 BRI EF DESCRI PTI ON OF THE DRAW NGS (0014] FI G

1is an img SOl n
oxer! ary o ont PP 1 ah il sdasbCadt PG GRRH g CHR ARt oP U] |
accordihgwnnmuwmnher exenpl ary enbodi nent of the invention; [0017] FIG 4
shows the operations of a black |evel correction circuit according to an

exenplary e irent e _i.nv

based syst em@ﬂa i ngﬁ.} diag agr%g’ ﬁa%én%g%%cgggl%%% %(ergpia%' &ng&ﬂﬁ%ﬁé&(&e
enbodi ninveentidn;t he i nventi on. DETAI LED DESCRI PTI ON G: THE | N\/El\ﬂ'l ON [0019]
one exenpl ary embodi ment of the invention, an inage sensor utilizes both

Lived and opt i}, PREK ot e bBerkBbSYrTiTack 130 RofPhaiRbrd FShondlgS b
exemplary embodlment of the invention; and

[0018] FIG. 5 is a processor based system that includes an image sensor according to

an exemplary embodiment of the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0019] In one exemplary embodiment of the invention, an image sensor utilizes both

tied and optically black pixels to calculate a stable black level value for generated images." FIG.
2 demonstrates an image sensor 200, e.g., a CMOS image sensor, that includes a pixel array 210,
a set of holding capacitors 220, an analog signal processing block 230, a set of analog-to-digital
converters 240, a set of read-out buffers 270, a black level correction circuit 250 and a feedback
loop 260. The pixel array 210 includes an active area 212, dark rows 215 and dark columns 217.
Within the dark rows 215 -are rows 285 of optically black pixels (i.e., optically black pixel rows
285) and rows 280 of tied pixels (i.e., tied pixel rows 280). Only tied pixels are in the dark
columns 217. Because the tied pixel rows 280 are not sensitive to dark current, the output levels
of the optically black pixel rows 285 and tied pixel rows 280 will vary. The variance between
optically black and tied pixel outputs may be compensated for by calculating the difference in
readout levels between the optically black pixel rows 285 and the tied pixel rows 280 (black
level correction circuit 250) and then applying the calculated difference as an additional black

: _level con-ectxon value to. the whole ftame (feedback loop. 260) For example, circuit 250 cOuld

) 1calcu1ate an average optlcally black plxel output ortied pixel output for eacti tow of the dark
rows 215. An average optically black pixel output could then be calculated for all optically

~ black pixel rows 285 in the dark rows 215, and an average tied pixel output could be calculated
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2 denonstrates an i mage sensor 200, e.g., a CMOS i mage sensor, that includes
a pixel array 210, a set of holding capacitors 220, an anal og si gnal

processi ng bl ock 230, a set of analog-to-digital conve r set of
read- out ¥WORPWHI04Y0 a4 bl ack | evel correction circuit %E%@%@%gm?zgedback

| oop 260. The pixel array 210 includes an active area 212, dark rows 215 and
dark colums 217. Wthin the dark rows 215 are rows 285 of optically bl ack
pixels (i.e., optically black pixel rows 285) and rows 280 of tied pixels
(i.e., tied pixel rows 280). Only tied pixels are in the dark colums 217.
Because the tied pixel rows 280 are not sensitive to dark current, the
output levels of the optically black pixel rows 285 and tied pixel rows 280
wi | | varfyr alTtied pixel soves2 8ieinvkedark apivs 285.] Finallpcahe differéncetbepivecl the uivdrages nmay

be conpensated for by cal culating the difference in , readout |evels hetween
he opt PPRRRLY Blesk RIS Ralput wiho Bsragefed eikel s could Hecgaiciiaed Bhsealcusied o
cor r ect igfferchéSHtivedr the a@@ﬂag% e pBiP bitpifarid e a3érage éﬁtﬁﬁllg'ﬁié&rﬁf@ %Hé}ﬁ:t gn
additional black level. correction value to, the whole frane (feedback

| oop 26@pplied-ay 2 blagkl¢vel carrection valws @feedback loem2éQ)l at e an average opical ly
bl ack pixel output or tied pixel output for each row of the 'daik rows 215.

An average Oﬂggg@ Iy *A%%ﬁé xlnny%ﬂéég \gﬁ%ﬁ&cﬂg@éﬁ%@?ﬂ% L fbifikRfenfldws.

optically b pi xe an average tie
pi xel oWhen a cow ivdttbeithea bpti¢adly ddack onticd it OisGadpled@nd UBa0DG (e ARR®shry  al |

i ed pi 280 i dar k 15. Finall dif f b
the. aver RlpulaE R ot (o e VA Af ¥BaAe by ko Spelic il he BBEHRRIEI out put
coul d béntesdueell diyeew-speeificaloiyecan 8d oveélicbine byaverainigwied cufmitefiemagsifficiest

Dl ok | Byliber 3 mudins AP jealioo ks S Aok B8 SrpndBbgn findoe Bl dibhesmes Psern s may
ari se Waglre @eSRafe! mrca%iewicgwmh@@p&éxqmtﬂhfvfaﬁ{e?ga ah@Y8raged b@PuBir6@Y W th

either optically black of tied pixels is sanp and then average val ues are
cal cul asudicient number phtied pixel rows 280. Joeifrtively avernge pwpnypewrpeelfigapise. The

pi el ofpnireh ApRRRHARLLHirh ARE dk FixBPbaitt AR taSambRies T Bl AR 0

rows 28%hirtyrisvo losvs can ibdiancpropiishdd by everaging singterow sample ovexthitte twaframes,

aver age ARG S8 ldhwhadk o RlidGEmIY 1Pkt VALY Se? BinWn RS LRIG IR IPHE iR
user must wait for thirty-two frames before a new correction factor based on the new gain setting
is generated. A preferable method is to establish the correction value during readout of the dark
rows so that a new correction factor is computed before the first active row is read out. This, of
course, suggests the necessity of introducing thirty-two physical dark rows to be read and
averaged and then compared with the tied pixel output, thus obtaining a reliable value for the
black level average for the given gain and integration time of the imager. However, the large
number of necessary dark rows is undesirable. Not only does the large number of dark rows 215
affect the area of the pixel array 210 by increasing the array’s size and expense, but the increase

in rows also affects the frame rate of the imager, since read-out of each frame will take longer.

[0021] In an improved exemplary embodiment of the invention, as demonstrated in
FIG. 3, an image sensor 300 contains both optically black pixels 385 and tied pixels 380 in each
row of the dark rows 315 of a pixel array 3 10. As depicted in FIG. 3, image sensor 300 also
. .'includes a set of holding capacitors 320, an analog signal processing block 330, a set of analog-
‘ to-d:gﬂal converters 340, a sét of read-out b}iﬂ‘ers 3:7 0, a black level correction circuit ?50 and a
fosdback 1oop 360;. The pixél artay 310 inéiudes an dctivé ared 312; dark tows 315 arid dark
columns 317. As indicated above, the output from both optically black pixels 385 and tied



sufficient nunber of tied pixel rows 280. To effectively average out any
rowspecific noise, however, approximtely thirty-two rows per pixel color
nmust be sanpled. The averaging over thirty-two rows can ?ﬁmgﬁﬁ g gshed by
aver agi ng ??ﬁ@ﬂ%6¥om15anple over thirty-two frames, although & drawback
to this nethod is that when new gain settings are applled to the sensor, a
user nust wait for thirty-two frames before a new correction factor based on
the new gain setting is generated. A preferable nmethod is to establish the
correction value during readout of the dark rows so that a new correction
factor is conputed before the first active rowis read out. This, of

course, suggests the necessity of introducing thirty-two physical dark rows
to be repikelrd80 \eﬂflevaayganki At bdnmoumﬂﬁned—ldwwer,tthd ingstoped embediinenit of thdus

obtaining a reli vaIu for the | evel age for the given gain
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set of read-out buffers 3 bl ack |l evel, correction circuit 350 and a
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tied pi outp coun oW Speci noi se I'Xels on a
row " seecal¢diated bleekrdewsl.speci fi c noi se, so values fromtied pixels 380 can
be conpared with values fromthe optically black pixels 3 85 w thout the
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a single dark
dark rows 315 can be a checkerboard pattern, with individual pixels alternating between

optically black pixels 385 and tied pixels 380. Alternatively, dark rows 315 could be split in the
middle, with optically black pixels 385 on one side of a row and tied pixels 380 on the other. In
the event that rows are split, it is preferable to alternate the sides of the rows whereon the
optically black pixels 385 and tied pixels 380 are located, so as to facilitate the averaging out of
any noise artifacts arising from localized defects of the pixel array 310. Any other repetitive
pattern of n consecutive tied pixels followed by n consecutive dark pixels could be used, where »
is an integer greater than one but less than half the length of dark rows 315. In general, any
symmetrical physical arrangement of tied pixels 380 and optically black pixels 385 of dark rows
315 is appropriate. '

[0023] The operations of the black level correction circuit 350 are summarized in
FIG. 4. As pixel values from the dark rows 315 are readout, the black level correction circuit
350 determines the average optically black pixel value and the average tied pixel value for each
“foW in the datk rost 315 Q:lock 41 0) For each row, the daﬂ‘erence between the average
'optlcdlly black plxel vélué'and the average tled p1xe1 value is calculated (block 420) “The *
processes of blocks 410 and 420 are repeated for each of the dark rows 315 (block 430). Once



sufficient to generate an accurate black | evel value. The average out put
fromtied pixels 380 in the rowresults in an initial black |evel value;
t he di ffewﬁ)@ bRkyeen the average tied pixel output angcfbeos/ardge
optically b acL pi xel output in the same row results in an additional
corrective value. Both the tied pixel value and the additional corrective
val ue are calculated by the black |evel correction circuit 350 and are
sumed together to generate a result which is applied to succeedi ng pi xel
out puts (feedback | oop 360), thus setting an accurate black level. In
practice, a few dark rows may be necessary. for both redundancy and to

further refipe th cal cul ated bl ack, level .. [0022] T physi cal .organi zation
of tied &@ﬁege@sg’emn_ Pwﬂsey?mcal!kgbpi& pitel ¥ib gad _ﬁw‘@rafgemd @1@?&11:\6 be a
checker BoadHinRaw i€ Ealculttelad Betr¥gLotahe aiﬁe?érfce@istcalrcﬂmdl&l!@aé RSN THEPL i cal |y

bl ack pixel's 385 and tied pixels 380. Alternatively, dark rows”315 could be
split i eakcnlatedivetigs ofithe diffepericesiisi symihescwith i tiefl pixl 8alugto oreatesindwersll backow

and tie [ t v to | i S
pref er ag?‘}eyl ?gﬂugl@g&ﬁ ggoe) ) []ﬁne‘&té Fl eels V%)lpcst %Q%rtgev\g‘%' té‘?%én] %O‘ﬁida?‘%g?‘ﬁ’%&% tF’V g‘ltcac k
pi xel s 3é&ddoat)blickddvgdicsmrbaticiStcarschy subhétthg the oaerall bldchkdevdl value fidnethe value
aver agi ng oyt of |, npi se artjfacts, arjsin rqm.l | ized defects of the
pi xel aP?&?l"li@i‘lf?l 'Rﬁﬁg%w&@?ae%gﬂaq‘iﬁékcmgﬁ;éﬁoﬂ( gé@secuti ve tied pixels
foll owed by n consecutive dark pixels could be used, where n is an integer

greater than [goB4]but Theabovdideschidbd einbedinRAGtdT i indesition &relirddted tdwargener al ,
any symmetrical physical arrangenent of tied pixels 380 and_optically black

pi xel s~ §etingananproprigigcblack ksvel by pesfosmingblack leyelcoreetien prosedireponsthganglpg

bl ack | ?Y)ﬁ:'l s H&%{l(@ 3f &,is)[efs‘ihta pixél ﬁl‘ég THTERIogHadkNeyel cBireftion 1 impieRlented
values fromthe dark ro 315 are readout, the black |[evel correctfon
ci r cui t by3soblack tavel earsection cireuitaZ®) ayk 3 Pndythefegdbackileeps 264 and HA(FIGS 2

e T oad 5 ahEYer BeaciOley S hecl Sl plolleddils MAY KSOUS opted M BERar R 0"
and t he signabowtpetst e thipease] the lickdevel comtationairtaits 250 aak3 YP4Y) as ddveribed, but

(ol ok Taciredbaskdoses 28 SO0 70 iea EUELDE GaRbaTEQIsck Ve ale the pEF 15

output is digitized. By applying black level correction to digital pixel outputs using noise

correction modules 250, 350, the black level correction may be implemented as either a
hardware or a software solution. As a software solution, the black level correction may be
implemented as either software integrated with the imagers 200, 300, or as a stand-alone

software product stored on a carrier medium and installed on a computer system.

[0025] A typical processor based system 1000, which includes an imager device
1030 according to the present invention is illustrated in FIG. 5. A processor based system is
exemplary of a system having digital circuits which could include imager devices. Without
being limiting, such a system could include a computer system, camera system, scanner,
machine vision system, vehicle navigation system, video telephone, surveillance system, auto

focus system, star tracker system, motion detection system, or other image acquisition system.

[0026] A processor system, such as a camera system, for example, generally
comprises a central processing unit (CPU) 1010, for example, a microprocessor, that
 communicates with an input/output (/0) device 1020 over a bus 1090. The imager 1030 also
- Corithinieates Wit {He gyt SOmpoHents Sver bus 1000,  The Gotpister sjistén 1000also
" includes random accéss \mém;olry (RAM) 1040, and; in the case of an imaging system may
include peripheral devices such as a removable memory 1050 which also communicates with
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the difference between the average optically black pixel value and the
average tied pixel value for each rowis calcul ated, an average of the
differencg§05anﬁ%hgplated (bl ock 440). The calcul ated a¥€fﬂ@ﬁm@%fﬁ?ﬁ
differences is sunmed with a tied pixel value to create an overal | ack

| evel val ue (bl ock 450). When pixel values fromthe active area 312 or dark
colums 317 are readout, black |evel correction occurs by subtracting the
overall black |evel value fromthe value of each pixel in the active area
312 and dark colums 317 (bl ock 460). [0024] The above-descri bed enbodi nents
of the invention are directed towards setting an appropriate black |evel by
perform ng black | evel correction procedures on the anal og pixel signal

out put s GPUMIOABlover thedupil@B0. Imager 1030 isprefiecablyjconstuktcdas eh integratedicirowit i s

i mpl ement . b he.bl.ack | evel [ e i r.CuUid 0 and.350,and t.he

F cedbaciovpigh A PR S fifia RO ekl daitfiolodots pirciies cheineer
corr ect i W30pheckslcombingd ywith & praeessapuciess DOPU) digital si@hxlgirocesi;cﬂfw| out puts.
In this case, the black |evel correction circuits, 250 ag ,350 act %%é)
descri beBICTPRIPCESEPfe Wi withoyt segsaory stpragein gl intearatedcircuit; Qranay br.on a
frame- W §ffelnfbikip teMEhe ¥rb&ssdrNe Pi xel output is digitized. By applying

bl ack | evel corrgction o digital pixel outputs using noise correction
modul es 250, 350, the black |evel correction may be inplenmented as either a

har dwar e or al08271 war Whilg|varipusempadimentsof fiterraesest invieption haws hsen drscribed |
correcti i j I r it

i magers @86%58%%%?%&%5@%@%& %%nﬁeah}gg gﬁ%%li%r %}SE@? os?%gérjn ’oirg]dyagar rier
medi um dinditaticgt, dk wild be mpparentmoteesons plkilledrin the @¢leyant att(s) itieat vapiowsoshesges ibased
system 1000, i i ncl ude n_iLmager device 1030 accordi,ng to e _present
Thvent | dnmentdefat oo e dnide e BABhut REBe o thelpial B dfoneor BRI )

of a sysheghtivay iThuisOhe ipkésentinfentidrtshotiidatot be lihfited s/ dnyeofithagive dievdribesd .

Wt hout Dbei Iinitqu, such a systemcould include a conputer system

caner a §?§F@ﬁ$y§35ﬁﬁ€P}“%nachine vi sion system vehicle navigation system

vi deo tel ephone, surveillance system auto focus system star tracker
system notion detection system or other inmage acquisition system [0026] A
processor system such as a canera system for exanple, generally conprises
a central processing unit (CPU 1010, for exanple, a mcroprocessor, that
comuni cates with an input/output (1/0O device 1020 over a bus 1090. The

i mager 1030 al so



communi cated with the system conponents over bus 1090. The conputer
system 1000' al so includes random access nenory (RAM 10411, and,' in the
case of an inmaging systemmy include peripheral devices such as a
renmovabl e menory 1050 which al so communi cates with 8 WD 2007/ 070461

PCT/ US2006/ 047179 CPU 1010 over the bus 1 ger 1030 is preferably
constructed as an integrated circuit whi CQQBAI @aes pi xel s containing a
phot osenﬁor such as. a phot o%gte.or_ phot odi ode. The inmager 1030 may be
conbi ned 'widTh 28R RXELHFAY: EBAFISIRE'S CPU, digital signal processor or

m croprocessor, with or without nmenory storage in a single integrated
circuit, or BvOhreR of fixblsCogMiz&lhdh SNt BroNsQRE 8 RimnsIPRRELs; Wi | e
vari ous enbog?a)r{r]eér%t\s] ofe Pﬁgxprs’eslgntlzﬁvenl%i on )Lavg Seen descnrsi bgd Sé ove, it
shoul d be understood that they have been presented by way of exanple, and
not |imtati onplutalitywf darbpixalparaegdd inat frastsmeof pldel tevds dnd fiked cokinmgaritich
art(s) that yarious ,changes in, formand detai] can be nade therein w thout
depar t i ng*§ 34 Asank gad etyerar @é%f)éaléfplwﬁety;ﬂafé@éwxelﬁ SOWRIFIHA prrvﬂhb/,bﬁqﬁie
present i i Of : L - i

excorpl ar oo Rt pbin ol % bEHe BATY of oot AP QUSEES i itmbers
active arfapti€alpi Madkspixels gadtiedpixals atrapgddrialai goyti@f off thevdarkpiixed ebwisttimt of

pi xels; and a plurality of dark pixels arranged in at |east one of pixel
rows and SAITREPONS fryiekh Whththe active agea of PB#iS-sai d active area of pixels, said
plurality of dark pixels conprising optically black pixels and tied pixels,
wherein r . ralq o] i ri. / . of
opt 1 cal 1 v £y 5 s ie it s oF Ll U R B By SRS P iRHTHENR

pi xel rowuraligitof dagk pigslpondsird drguhidédini dheckdiboard batt@nar ea of pixels. 2. The
i magi ng pixel array of claim1, wherein the optically black pixels and tied
pi xel s in the

3. The imaging pixel array of claim 1, wherein each portion of dark pixel rows includes a first
half of only optically black pixels and a second half of only tied pixels, the first and the second
halves of adjacent dark pixel rows being located on alternating sides of a vertical axis marking

the midpoint of the dark rows.

4. The imaging pixel array of claim 1, wherein the optically black pixels and the tied pixels in

the plurality of dark pixel rows are organized in a symmetrical pattern.
5. An apparatus for providing pixel correction values for an imager, said apparatus comprising:

a black level correction module that calculates a black level correction value based on
output values of optically black pixels and tied pixels from a same row of a plurality of dark

pixel rows of a pixel array;

an averaging module to calculate an average optically black pixel output and an average

tied pixel output for each row in the plurality of dark pixel rows;

a determining module to determine a difference between the average optically black pixel

output and the average tied pixel output for each row in the plurality of dark pixel rows; and
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plurality of dark pixel rows are organized in a checkerboard pattern. 3. The
i magi ng pixel array of claim1, wherein each portion of dark pixel rows
includes a first half of only optically black pixels and a second hal f of
only tied pixels, the first and the second halves of adjacent dark pixel
rows being located on alternating sides of a vertical axis marking the

mi dpoi nt of t Healsalating sipdulegto clealaterigibiagk e yed porgatiny vakueas ap quragw@h@. n

t he optl %@‘lelr%ugh‘a%erpﬁgégl s and the tied pixels in the plurality of dark
pi X rows are organized in a symmetrical pattern. 5. An apparatus for

prOV|d|ng pi xel correction values for an inmager, said apparatus conprising:

a bl ack lbeVEle #ppir@slof oRimBdwhercimae optitalyl Hickspirelbhaded ginels i tierpderaligrof
val ue based on output values of optically black pixels and tied pixels from
a sane r ¢arkopixel rpwe e regnigrd iy qheckarkeard pafi@nof a pixel array; an averagi ng
nodul e to cal cul ate an average optically black pixel output and an average

tied pix ut put each.rowin th | ur.al it i X [Q

deter mi niing TotatR et SRFD suifirdh Rl o Bl mbelbe e Pt Eroahd Bisefisd 1
bl ack pi g a frdt it andntseb bl B £ tiR0Brst ha@flcdthp®in@uibtiially biick paeks, ﬁﬁ)&\tﬂe@eédhﬁ
plurality of dark pixel rows; and 10 - --------2-- a calculating nodule to

cal cul at datflremipriaiog tleé\lpe)lel&tor rection value as an average of the determ ned
differences. 6. The apparatus of claim5, wherein the optically black pixels
ar k | xel

and tied S in the ni z in a
hecker bollr d s apbapys 05 Bl . whihsipa S en g 8 eer s S AEECHE FeB o ne
plural i tyefatag g,dpg NeldjdceMedarR pReP@iszed into a first half and a second
hal f, the first half conprising optl cally black pixels, and the second half

conprising tied pixels. 8 The apparatus of claim?7, wherei n the first and
t he seconf. adlewapparefus pff xlais 5awbeleuctht egtically tﬂa\cﬂ@ixds ambthsitidd pixels iadhacent
dark pix ws.. 9. Th aratus .of, claimb5, V\/r]erelnthe optically bl ack
pi xel s arpéurlaﬁg qf;dagk Im(aerpgg e qrganized in a symmetrical pattern

10. A method of correcting pixel signals of an imager, said method comprising:

calculating an average optically black pixel output and an average tied pixel output for

each row in a plurality of dark pixel rows in a pixel array of the imager;

determining a difference between the average optically black pixel output and the average

tied pixel output for each row;
averaging the determined differences to generate a black level correction value; and

using the black level correction value to correct the pixel outputs of each pixel in the

imager pixel array that is not located in the plurality of dark pixel rows.

11. The method of claim 10, wherein the average optically black pixel output and the average
tied pixel output for each row are calculated from a plurality of optically black and tied pixels

arranged in a checkerboard pattern within the plurality of dark pixel rows.
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plurality of dark pixel rows are organized in a symmetrical pattern. 10. A
nmet hod of. correcting pixel signals of an inager, said nethod conpri sing:

cal cul ating an average optically black pixel output and an average tied

pi xel output for each rowin a plurality of dark pixel rows in a pixel
array of the inmager; determning. a difference between the average optically
bl ack pi & TBe OdaefdﬂalﬁblOaM%FglétheﬁngﬁPR@Fa?'dd%’f&@tpuﬁgPHB&I&WC? @\ﬁr,average
averagin } i I I T ion
Voo gt Bl GuBhrtoP Bikactbly £6 EAEECH T F A Rh AN Br Bhghy R apfi el 6K

out put s afrasgedhin pisyeimetricdl pettern vegen thei ptedaligrofalark piatl rossnot [ ocated in the
plurality of dark pixel rows. 11. The nethod of claim 10, wherein the
average optically black pixel output and the average tied pixel output for
each rowlar Andglager. semarisingm a plurality of optically black and tied pixels
arranged in a checkerboard pattern within the plurality of dark pixel rows.
Il 12. The nethed,of clai m.lqi .wherein the average optically black pixel

out put and th‘gp%eérarara%, coMREg! &i'xel out put for each row are calculated froma
plurality of optically black and tied pixels arranged in a symetri cal
pattern w thi gnbbgvddres 8t pik¥lsontiskd B pes ah@\6Blumind-of PlkelsTBAEr , conpri si ng:
a pixel array, conprising: an active area of pixels, conposed of rows and

colums of pixels; and a plurality of dark pixels arranged in at |east one
of pixel rows agharapiyxe]dadopieissrangesin astegstau af pixel wavschndgiixel eolmaa vdfich

pi xel s, said.plurality. of pixels conprisi ptically black pixe and, tied
Dl el 5. fcpisTibge pooBiariaTairess TG RigaD e P somnthi elalgb ek Prbe)
correcti gng vigd pireRaggf on the outputs of the optically black pixels and the
tied pixels In a sanme row of the plurality of dark pixel rows; an averaging

nodul e to cal cul ate an average optically black pixel output and an average
tied pixel outapldckilevel ealchlatingvmiodutetthatplalouddtésta/black ldaelicopestédn vabwashased on

the outputs of the optically black pixels and the tied pixels in a same row of the plurality of dark

pixel rows;

an averaging module to calculate an average optically black pixel output and an average

tied pixel output for each row in the plurality of dark pixel rows;

a comparing module to determine a difference between the average optically black pixel

output and the average tied pixel output for each row; and

a calculating module to calculate the black level correction value as an average of the

determined differences.

14. The imager of claim 13, wherein the optically black pixels and tied pixels in the plurality of

dark pixel rows are organized in a checkerboard pattern.

15. The imager of claim 13, wherein each row of the plurality of dark pixel rows is organized
into a first half and a second half, the first half comprising optically black pixels, and the second

half comprising tied pixels.
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a conparing nodule to determne a difference between the average optically
bl ack pixel output and the average tied pixel output for each row, and a
cal culating nodule to calculate the black | evel correction value as an
average of the determned differences. 14. The imager of claim 13, wherein
the optically black pixels and tied pixels in the plurality of dark pixel
rows arel®r dAnimaser of claire HécwbesButhg fipd apd the. seqand hakyesiofgpists as¢ lacatgd oy 3,

wherein ]?SQ - OW - : raly ark pixel rows is organized into a
first ha? a%&%\é@éesc%% J%gﬁl{fﬂr% h%(eﬁfopgt hal f conprising optically black
pi xel s, and the second half conprising tied pixels. 12 16, The i mager of

cl ai m 1517 wWinae @hager BE clairh 9B, @hereimte spiailg bk vesel 9findoihx eied pixes ih dleaplachlion
alternating sides of adjacent dark pixel rows. 17. The imager of claim13,
wher ei n pﬁgar&spnxe&awg/ar@loagamfﬂdxelawwtm%ép@treé@ pixels in the plurality of
dark pixel rows are organized in a symetrical pattern. 18. An inmaging
system ri.sing: n_i mager... conprised of. a pixel array, conprising: an
active aﬁga m}?igglgls e 11 BUH"8f rows and col ums of pi xel s; and a
plurality of dafikagirx&rmsprvedafiged in at | east one of pixel rows and pixel
col ums which are adj acent said active area of pixels, said plurality of

pi xel s conprising optically black pixels and tied pixels, wherein each row
of the plurality of Pidek#ray s@nprigisgpri ses equal nunbers of optically bl ack
pi xel s and tied pixels arranged in a portion of the dark pixel rows that

correspond in width wth, 5%19? Ach ioYﬁixg{sgcgkn?p{osgcg ﬁﬂo%«}s A0 LoRinls3F iJe?%%d

cal cul ating nodule that ¢ ul at'es e correctron value based on
the outputs of the equal nunmber of the optically black pixels and the tied

pi xel s. a plurality of dark pixels arranged in at least one of pixel rows and pixel
columns which are adjacent said active area of pixels, said plurality of pixels
comprising optically black pixels and tied pixels, wherein each row of the
plurality of dark pixels comprises equal numbers of optically black pixels and tied
pixels arranged in a portion of the dark pixel rows that correspond in width with

the active area of pixels; and

a black level calculating module that calculates a black level correction
value based on the outputs of the equal number of the optically black pixels and

the tied pixels.
19. The system of claim 18, wherein the black level calculating module further comprises:

averaging module to calculate an average optically black pixel output and an average tied

pixel output for each row in the plurality of dark pixel rows;

comparing module to determine a difference between the average optically black pixel

output and the average tied pixel output for each row; and

calculating module to calculate the black level correction value as an average of the

determined differences.

13



19. The system of claim 18, wherein the black |evel calculating nodule
further conprises: averaging nodule to calculate an average optically bl ack
pi xel output and an average tied pixel output for each rowin the plurality
of dark pixel rows; conparing nodule to determne a difference between the
average optically black pixel output and the average tied pixel output for
each r ow20ante spdtamloéitiang 18pahereirnt the optiaallly dMasktpveel bhraktied myek ircthe pbotlityof

val ue as an average of the determ ned differences. 13 20. The system of
claim 18}1&1\%{1@?‘ iTAWE A BE Py? PheckeRbRHABME NG tied pixels in the
plurality of dark pixel rows are organized in a checkerboard pattern. 21
The syst i " re t I f 4 [ r ows
is or gan?g]égfheﬁksﬁ%ﬁlg%? %a}xﬁ?%hﬁgegﬁ%@ggﬁggﬁh& kllala?{,ﬂ{f?g“# l?( gtroﬂ%l#or@%ﬁ%q si ng
opti cal | yntblaefirkt hal bemld s, seaord] hdif; tisefionichlf dvahfristgnppticallnylatk pikefs, a2 the s@&dnd The
systemof claim21, wherein the first and the second hal ves of pixels are

| ocat ed &AIf AMPEPRELIEAGSiIdMes of adj acent dark pixel rows. 23. The system of
claim 18, wherein the optically black pixels and the tied pixels in the
plural ity ofhed06dn BirXfabm 29 "R nlefh ME SRR A thel Boh SRR FLARYs BEIdER0n24: A
carrier nediumfor carrying’a programtor operating a processor to perform

t he act s afitinatig@sides dtadn@edrdasly pixap@wspt i cal |y bl ack pixel output and an
average tied pixel output for each rowin a plurality of dark pixel rows in
a pi xel arr%y; deternmning a difference between the average optically bl ack
pi xel out?ButThgsustern of slaém d§ewheteithp prié¢ally tlgnkipixals andhibi tied wixelsiathgplheplithe
determ ne(il di,ff.erences to %ﬁ%ne rate a bl aclf vel correction val ue; and

I
usi ng the Sﬁg(ﬁéxﬁlé?,‘g? ACST? 9dR AP Bgt??rg'ct t he pi xel outputs of each

pi xel in the pixel array that is not located in the plurality of dark rows.
25. The QarrA edrribBebdiintor 6Ardyifly 8 ProgtB TS dhekdiRgaMRbadSorad hedainh thelcRIS:

pi xel output and the average tred pixel output for each row are cal cul at ed
froma plurality of optically black and tied
calculating an average optically black pixel output and an average tied pixel output for

each row in a plurality of dark pixel rows in a pixel array;

determining a difference between the average optically black pixel output and the average

tied pixel output for each row;
averaging the determined differences to generate a black level correction value; and

using the black level correction value to correct the pixel outputs of each pixel in the

pixel array that is not located in the plurality of dark rows.

25. The carrier medium of claim 24, wherein the average optically black pixel output and the
average tied pixel output for each row are calculated from a plurality of optically black and tied

pixels arranged in a checkerboard pattern within the plurality of dark pixel rows.

26. The carrier medium of claim 24, wherein the average optically black pixel output and the
average tied pixel output for each row are calculated from a plurality of optically black and tied

pixels arranged in a symmetrical pattern within the plurality of dark pixel rows.

27. An imaging pixel array, comprising:
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pi xel s arranged in a checkerboard pattern within the plurality of dark pixel
rows. 26. The carrier nmediumof claim24, wherein the average optically

bl ack pixel output and the average tied pixel output for each row are
calculated froma plurality of optically black and tied pixels arranged in
a symetrical pattern within the plurality of dark pixel rows. 27. An

i magi ng pi xel awractiye arcoApPixsisneranizecads apibrality el ieavs@nd gphagns of pglsnpackd as a
plurality of rovvs and colums of pixels; and a plurality of dark pixels

d d
oo o aeti ve. arthiSaR byl Franf S o ROs Gt pRR IR i) ep By M e
opti cal | wrdbhdadent ik gtfveainch df ﬁﬁel@'séﬁ@'p%ra%@%f@l‘afk 1I§1§lélb cmwngh bpcaillyblaki ty

of dark pixel's conprises equal nunber s ptic bl ack |xels and tied
pi xel s arprlmhsg@di i IaX§ds;rwlnem¢in@ac}t toav olathik pblradéy of dw;k Pixeds commsees@mh dembers

wdth wt s_and t.he optic ack |xels and tied
pixel's & @pBra PR il bivis dmphessr aaphionid) the as il Rt
corresponds in width with the active area of pixels and the optically black pixels and tied pixels

are organized in a checkerboard pattern.
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