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ORARATHS FOR TESTI NG | MATK
W E %ﬁ [0001] This inventi ogdsel at es generPATINS2¢H/036875

met hod and apparatus for testing inmage sensors and,
nore particularly, to a nethod and apparatus for the
autorrat ed testing of a single inage sensor or a

mga S‘{u\gg?&g} ensors usi ng both static and
b DENGHEMAGENSENSIORS

[0002] A conventional image sensor is conposed of an
array of individual 1light sensitive circuits called
pi xel s that are organized in rows and columms. A row
of pixels has a common |ine connecting the contro
gates of their rddpedt OPeTHECBESVENTRNSI stors. Data is
passed froma pixel through its access transistor to a
dahﬁ@ |3§ Each- col um of pixels is connected to a
90dd: L5 p entigpstesrnesalirie 2ampthvidemdaipparatus for testing

e uct or -,based, i nmager
heFCa ng char 95 BT eaaab B LB anpbtbukpshe awomaced

aestagsof aadskle ﬁ:rﬁﬁgl'l RAVHALYD TR oOXlLe ST stati
(CMOXS) imagers. A CMOS w%i)ger c(l)r cua%’t% Tor %%#‘p%%smm and
| ORGP kRS, pl ane array of pixel cells; each cell

i ncl udes a phot osensor, for exanple, a phot ogat e,

phot oconduct og substrate

for produci ng a p@@mﬁ%?gdl%ﬁwg?\a doped

region of the substrate. A readout circuit is

pr o06ed]f ¢ cenehtiphd @hageddns@g cbﬂx‘ﬂo@ﬁéf zﬂnt arl'a?%sftmcﬁvxdual

ource follower transistor and a row sel
t ﬁé‘?f@tt'éfﬁ CH 6‘#1t5c@Uqu Pﬁglsm Foorgmifed thmm amd asigirsis OA row of

nn Qu line. The pixel cell_ also
tp%fm cal tl’1El ARG tE‘f ﬁ@?tﬂiﬂl Fa8epeP! thelp FsReqtivg agesss

tehr 1@@&@ Dfa t BBass@UR6@ £ Bik
s tatil Ea Lot osgﬁ Jélgér[’@clﬁléékg gﬂ%c'écgs%?m%&?rtgg data line.

%ener at ed bky)

ach gelugmn abpliecls Freonpesigéto peyprahsodanadingde a

transi stor for transferrl ng charge fromthe

phot, or the 1l 0a ffusion ode and
anot[ﬁg_?g? r agé(%gt oraf‘%lin Fre% @%ﬁﬁé‘tﬂﬂjéisp SFapirpRAuctor-based
dink £¢16 irafudifgE ehirge BoWSIEIBERELY (TRED), photodiode arrays, and

complementary metal-oxide semiconductor (CMOS) imagers. A CMOS imager

circuit, for example, includes a focal plane array of pixel cells; each cell includes a
photosensor, for example, a photogate, photoconductor or a photodiode overlying a
substrate for producing a photo-generated charge in a doped region of the substrate.
A readout circuit is provided for each pixel cell and includes at least a source follower
transistor and a row select transistor for coupling the source follower transistor to a
column output line. The pixel cell also typically has a floating diffusion node,
connected to the gate of the source follower transistor. Charge generated by the
photosensor is sent to the floating diffusion node. The imager may also include a
transistor for transferring charge from the photosensor to the floating diffusion node

and another transistor for resetting the floating diffusion node to a predetermined

charge level prior to charge transference.
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charge level prior to charge transference. | | | | |
[1IDIIDIrID I ~~~~ ~1~ *000007* WO 2005/ 022931

32004/ 026875 [0004] In a CMOS i mager pixel cell
‘?gﬁ&tﬁgﬁg e, a four transistor (4T) pixel, al [PGTHE2004/026875
active elenments of a pixel cell performthe necessary
functions of (1) photon to charge conversion; (2)
transfer of charge to the floating diffusion node; (3)
resetging the floating diffusion node to a known state
bef or[@004d tInan€MOS dhagdhdiee LR foi dyanld) S tion of .

cel | for readout;égnd (5) outp t’fﬁ%hg%ﬁn&sor(4T)puch

a pi xel

anagfl th jaHys dements of a pinghedl] Pafres dntricdgssayfesions of (1) photon
val.t pi xel, si gnal .voltage based on the photo -
Cgéﬁvcggfgé ?%gﬁ;%rs%@s. _>/£_‘1“g§é af thagge i%%_fhfrﬂq%mg diffxson node; (3)
Cireattiihg GREAGHRS EIFMiGRRYe t@ﬁimém}, %%gmg?gﬂ,réea&sf er

transistor for transferring charge ¢ transfer of charge to

pHBt &5 esessiontaf apreel Crlbfutriraglond 4diS) Qs RURNM AN cation of a
cQ Ia_ﬁrsc the floating qi ffusi on region and phot osensor
t oﬁ’[ et “FOUt5T IEMOS AR gRt & Pixed siganeritpy bkedwn @rGhoto

ar®nthraclangshs. 108 & é%%& '

5 For {31 Noon et al . 286 x
256 CMOS Active Pixel Sensor' ‘Cdrera Bt hORHRES siopifagy, but omits

Jourarafer ofanSetor torStaisrGhd ebirks fro¥Plh : :
2046- 2050, 1996, Mendi s et al,g "cwoép}(]:oﬁ%}é“%ﬁ?éf‘c fioating

I gL prgifpsand qqupiesthe fAsating diffsion rEfientah@bHRYBET together.
Vol . 41(3) pp. 452-453, 1994 as well as U.S. Patent -

No. %06057 2¢3viend 4, Patent No. 5,471,515, all of
whi CE ar e] herein i nggll‘rsr%? R0} \Ifoé‘fr’ei”léﬁgé.dﬁ[%@@éﬂ for example, in

FINGxod et 4ll,U966at 25 aMb9 g g, ventianal,

CX[B ina%:r, devi ce 908 havi ng éﬁg%&rgglééa%%ga of ap@ﬁ‘@h IEEE
cePy@al oiplid-prate @EClgtstVahﬁliﬁb}pp@(ﬁ%m%tlQQ(Si Mendis et al
cel | ’

Pin usi ther nugbers of transistors. Pixe
ar r&g‘il/é’ﬁ dbgédg:’cg) rrP.é)“‘{re’ll grélgg%\ 5Py al FEY Tsansprgasts apeFlestron Devices, Vol.

aril 3)qas 450-45 Pneveterneds supher, of §?b§;2?:§oag{égges Patent No.

rows. _The pixel cells of each rowin &
aP47tluy e dllon vdich 4re heenime irtdorporatedabyreRirerze! ect | i ne,
and the pixel cells of each colum are selectively

out p r ective colum select |ines. The row
line %@%] sg?@c i%“éf‘i’z“&&tbr%a‘&@%%v effecangontityiay EMOSGmager

| devicee8P®RASENE Qn : aggl 220 and, t he .colum |
sel é,ct l'i nes gar eragé\% ect F\?/gi?(;p&glg’?‘%g%én& YRy 3 HALEBP friransistor

dPf Rigels 2sipg dther mgploors of trand@byMPiad dEIES S IEFPESH chg

Tﬁﬁl VB | ma]ge I s operated by the control” circul )

 plaratity H( pixgkee aaqr@r%d In a predétermined number of columns and rows,
The pixel cells of each row in array 200 are all turned on at the same time by a row
select line, and the pixel cells of each column are selectively output by respective
column select lines. The row lines are selectively activated by the row driver 210 in
response to row address decoder 220 and the column select lines are selecdvely
activated by the column driver 260 in response to column address decoder 270.

The CMOS imager is operated by the control circuit 250 that controls address

decoders 220, 270 for selecting the appropriate row and column lines for pixel

operation and readout, and row and column driver circuitry 210, 260 that apply
driving voltage to the drive transistors of the selected row and column lines. The
pixel column signals, which typically each include a pixel reset signal V¢ and a pixel
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decoders 220, 270 for selecting the appropriate row
and colum lines for pixel operation and readout, and
nd columm driver circuitry 210, 260 that apply
“&??@gﬁﬁmvoltage to the drive transistors of tR€I/US2004/026875
sel ected row and colum lines. The pixel colum
signals, which typically each include a pixel reset
signal Vrst and a pixel 7 WD 2005/022931 PC
/ US2004/ 026875 i mage signal Vsig, for a pixel cel

semast ki¥liW oD lum line are read by a

sanpl e Snd Ko d %?F%gll {Cﬁﬁglg&g!scs}o%?[ﬁ{céﬁmotahc‘ﬁﬁ‘@ﬂé@lﬁ @rerread by a
drshiviBle @0 dirak; .act ed. amplifier 267 to

fgrg?g %%Lfereﬁ?%gﬁézgghéi Grg¥g¥h%§$§ g5 R0 ppd are
cebtrodied hy amphifipd 247 edfcanch difernghoiitiAE byyanal o :

to dé}g}i@t al converter 275. The anal oéét%evdftgi }ng%r Ech pixel

c SRl Bihidirs 2mplifohved tiwntdigitized ok asoandl RS lerer 275 The
s%ggals to.%%gital signals, which are fed to an inage
procegsd AIBBHTRRYCFIGF AY 2 comgictsahe repatyed ap@iog pixeT bignals ro digiral
OpRhAk! WRicR r. col |l ecti of the CMOS i mager
i'soknown i %ﬂ{ {%g tgr lgﬁ%c Prsocﬁggﬁgggéﬂ form & Qigipahimage.
publ%cgtiﬁns such as Mendis et al., "Progress in CMOS

Act i Y@0®T kellht mpgetiBangeiceharaPtilvab 33 kel
1993);% vendis et al., "COMOS %&%Pi ve Pi Qé’ﬁj‘ﬁ%g@%éﬁgﬁgs known
f 8t adh?‘l}/l ¥ rﬁcéﬁﬁé‘@éﬁ sevigeed pnglisyne sech as MEREs 041 N@kogress in

2

0 i Ao : i rcuts, Vo )e 1997; and Eric R
FE%‘?S" r% Ak ?ﬁﬁg%gggﬁgm 5? I%%’g trid BP CHtr@Pd 994; Mendis et
Chl. p CMCEDMe el Pix 85 @@ 88nsbis | 088 ’
ob?g}rs ﬂpUbl i cations. Thes ensgogr? g%en e Q%)r&é'"ﬁlg%c\c@frba% gtems,
h

erebropyal pefelidkhiae C{roooswﬁmm .f},awgcm, ; Eh_@‘ligg:%%um,

Ch [ @CeSSsI| st eps ereor, an_ etall e
degm%t%fnéﬁg o1°°%fh QE‘FEﬁ’i%‘gF 8?%“‘-’6? opar¢hins’ BN ¥bk @8 miages 17-
025 EIOPFRGIVAY a5 DItk G IbliRdifor e Saf.l gxample, in
U.S. Patent No. 6,??0, 630 t O Rhggée)‘gt?“ﬂt‘%.rs af¢ Renpraggl herein by
6re8760@68 t 0 Rhodes, U.S. Patent No. 6,310,366 to

Rhodes et al., U S. Patent No. 6,326,652 to Rhodes,

U. S. nt=No. .6, 204 4 tq Rhodes, and U. S. Patent

o KT R R 1S rndidng Piiiis prassssus semsitaoiof, and
t derall@f GRERSHAHDF tERERY ! reference.
herein in their entirety?h{gg%g¥%$ggggﬂ%%ﬂ§8?“ﬁ*%%Pnﬂ?ﬂg

afifeisare datsribad, fohex:OMIS ih Tage Paas BId. BEOLEONY & RLEIE. TS
iling mechani sms, i ch o

syhi e to.varj Qus fa wh
uf%lﬁraciﬁg, 6.3y B T o s e Tttt Now 6,310 366 to Rhodes et al, U.S.
Patan No. 6,326,652 to Rhodes, U.S. Patent No. 6,204,524 to Rhodes, and U.S.

Pat;nt No. 6,333,205 to Rhodes. The disclosures of each of the forgoing are

hereby incorporated by reference herein in their entirety.

[0009] Image sensor pixel arrays, such as the CMOS imager described above,
are subject to various failing mechanisms, which ultimately result in a defective
imagers. For example, pixel arrays can be short circuited or open circuited during
fabrication and therefore may not perform their proper function. In order to

overcome these problems and select arrays that are acceptable for use, defects in the

array must be detected.
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I magers. For exanple, pixel arrays can be short
circuited or open circuited during fabrication and
e may not performtheir proper function. In
‘%@%@Wkﬁgﬁ overcome these problens and sel ect BfFH§204/026875
that are acceptable for use, defects in the array
nmust be detected. WO 2005/ 022931 PCT/ US2004/ 026875
[ 0010] I mage sensor arrays, such as the CMOS i mager
descri bed above, have traditionally been tested using

a cal00te} edinast strisar drrghfsushus 68 CRIOBGRLLY d LB A%bove, have
progfctl n testin an |nage sensor woul d be exposed

t &ra %?CWWE ’lemlgt erlibraged, seatigi izt Sowne bITgpikaliyo during
' . ; are taken .o deternine. the o )
r O e bR B R Ie Y ol S B 225 i R imedntensicy

t estgingfrbABgeckS@NSRiS, MIAWR¥Rlents e Bal&ANS %rcpcrmgr?cr the response of
exanple, if two neighboring pixels were shorte

t Sefeartrer Ty dcagrach ef thimmeflemt off testingintaRssnsdrfiiowever, is a
measur ed,out put mofld be the same as if thegﬁixels
\/\é?%cmhoFo%W%ﬂPéﬁ 1t By PRghbOrRG Bk ctirs shrredimgetur [uring the

Pime@hiBichR el intensity of .

PR PORG reerr i AR OB 6O Tiat o febe pixels we
umpt thdrted togethicc eThis qacag ddcitie oBY pixeRRAN bt &5¢:88sed to the
under."realcégfld" conditions. [0011] Defect detection

| SUBSIHEETSHY (o Light dygng thafeen The defectepangenndoncthdnmril the
0 vat i y {  as displ ayed t he.vi ew ng
aeor e Pl il o b 4B o P RSN P or foniplena

di spl ay panel). For exanple, when photons strike an

| MgPOBEN| 0Defect dettcadn ip&MIS diffRARWIESE i dBndent on human
above, the photosensitive region of the sensor

c ORvEYationt i dhe RIS idisphyedion et vitwirtg devicilese gleethiody ray tube
PP PR, KRt ot RSt g s,
el o CRICUTLSRE /B S, AR ORI o o
Spewicas the a%l@ﬁong ijtg quergof thed isfsabsdquentiy peuveplgaidedgital to

¢ Sy £l ince Ard P i e 407 Bt T e ot 06 the number of
P Bl IO AP SRR g

atedemersaultrineghb uhirtimeis dayuircihfor eiOhemah bsertetR@ndfeven then,
stin%vis naqt a;ggptable for high vol une, cost

t
S gHglia'll EPIritEgR PSEr s dRapt ¢ e deggpinat@irhef ackepaglale products.
s SntHuddeth) Ml RoRnl AHERATY B AR BB g i e gery nature

[
exarrp_ e, en | mage sensors are
t exsd vdrping develsadlatertist tisuglakfRhe day. Therefore, this type of testing is

not acceptable for high volume, cost sensitive, image sensor products.

[0012] Other image sensor testing techniques have problems as well. For
example, when image sensors are tested using static test images, care must be taken
to align adjacent light and dark potions of the test images with adjacent rows or
columns of pixels. This alignment process can be difficult and time consuming.
Furthermore, static test images are not capable of testing an image sensor for various

failing mechanisms across the entire pixel array.
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to align adjacent |ight and dark potions of the test

i mges with adjacent rows or colums of pixels. This

al i gnnent process can be difficult and tinme consum ng.
&ﬁ%?ﬁ%re, static test images are not capalt@Edoye2esrs

testing an image sensor for various failing

mechani snms across the entire pixel array. 4 WO

2005/ 022931 PCT/ US2004/ 026875 [0013] Therefore, there

is a need and desire for an automated apparatus and

nmet f efficiently.testi entire array of image
sen@ ojris"ﬁt hf;li]crg\? é?’p%ﬁ%és t H%ff&gﬂcila?sé%rﬁoﬁﬁ%a%@"yamé apparatus and
RGNS &ﬁ@&nd}eﬁﬁtﬁr# %ari S610LAUS Df 1B ERn MRS e o HdE the

| NVENTI ON [ 0014] Enbodi ments of the present invention
ghragicodengspyarcavuyegabieskingretchodgief.or t esting i mage

sensors using a digital light projection systemto
generate s i 19! t i 0015]
Enbodinents&gﬁiﬁﬁgﬁgggégﬁgb%ﬁt@%ﬂ?ggﬁgﬁiP e a testing
devie conprising a digital light projection system
cappii et |0f ERbeLBRLHHSF eprofint §SRhHbA ?ﬂovi&t pafatQies and
dynam c test inage onto an i mage sensi ng device under
mettodarfor @eringragage sseosonsisg griigitad dRepiofrtorapsehfiadb generate
analga{gg}the outgut of said inmage sensing device

tHAder® AMIG RSt YPFEFal |1 ght projection system

further conprises collimting optics, a digital

M C[ W 3] OLmBSUirh&nts @F‘Ehcf;%&&?ft 09 BAbh Geciudd J‘Fcrsting devie

desi rabl'e apparatuses of the present Invention

toropuseg i nigal Sehspojdcaot symerledpaids of piidying @ gh-resohation
digital light projection system capable of projecting
sfatl¢ QF AYNagHC §G5h HRRES QUG AN|IFAAGE SEMRE AeVigs|undsT fasyard an image
' - ' est 16] L n,one : ,
RS B ek G R, My KB e SR b i BR e ppgipe device

tinddri ag. Taepigaillighe prljayiongyaeti @irthatl cdh@hdes collimating optics,
projection systemis used to project a high
P &Ll migRmairar deviserand fasusimeapticra Qsheedrsisble eppasatuses of the

gg:?r%?ti ﬁ@c%%gnﬁﬁaﬁﬁé gilxztw%l sc:k%%&?:ﬁir%@%vﬁcég Is%ﬁo?ésgt %E}&itﬁlallight

ses I'g source, |

P& IOl sy §ttm APWHIE Bf pajetrhn@Caishiido OB labe teﬂ_f"ﬁn%gc%ﬂto a
source is calibrated and converted to a desired test
Phaglisy oy imtge s¢nepirtdeiiced exderitestor devi ce using a

pul se-w dt h nmodul ati on technique. The test imge is

t hefO()ngsﬁg ol tcr%b%ﬁinilcnr}%%? the ch’c%ntcllnrrc%%ioh & {rngcosfcn?or} testing
apparatus employing a digital light projection system is used ro project a high
resolution static image onto an image sensor device under test. The digital light
projection system comprises a light source, collimating optics, digital micromirror
device, and focusing optics. The light source is calibrated and converted to a desired
test image by the digital micromirror device using a pulse-width modulation
technique. The test image is then focused onto an image sensor circuit array of an

image sensor device under test, the output of which is read by an image sensor signal

detection means and correlated with the input digital test image.

[0017] In another embodiment of the present invention, an image sensor

testing apparatus employing a digital light projection system as described above is
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I mage sensor device under test, the output of which is
read by an i nage sensor signal detection neans and

vﬁ?E&ﬁ%?%?p with the input digital test imge. [0017]
n-another enbodi nent of the present inventi ORCTAIS2004/026875

i mage sensor testing apparatus enploying a digital

i ght projection system as descri bed above is 5 WO

2005/ 022931 PCT/ US2004/ 02687c used to project a

dynam c test inage, which is projected onto an i nmage

SIS0} dEY HERNMBURE ith88d, williB id fBELdID b ER #IBEE f&ding

across an inmage sensor circuit array of an inmag

devisonndevicte Thndmnrge sshen rhachut puossah imhgeienissr cigmgt array of

by.an i mage sensor , signal detection neans and
BB PRGN LALST 1t RO FOSTh ARG Jroima: sensor
LB oY &le 8RN S TRE %H@med%?&%c nﬁ%?, g:lfgr%tgai [eegion. an

st uriage,
| mage sensor testing apparatus e di gt al
i ght projection systemas described above is used to

projf@eis pi fineet anbeter emtiodiyranbe th§tschimgasici e itfige sensor
i mage sensor circuit arrays of a plurality of image
$SHES RPRURTUS SBPINTHYF 2 digital ligbopoyecting spres entlescribed above is

i t | s:apart.icul afl seful for testing a wide . .
VRt SREE e Mt Fosh et Al D afinpr circui
atth@nafta pigralifeof imRge sGRBS GEviceStddag resPr OCess. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0020] The foregoi ng and

ot her advant ages and features of the invention wll

bec o1 Pbr &bapparaninvention shprdetaly wdfull s aritty owidefvariety of
enpl ar rbodi nent.s rowi ded bel.ow with reference

F A G e RaPiaPa AR 48T PHOWRRER 1Y s peposcsting
ipfocsd! ock di agram of a conventional CMOS i mager;

0022] FIG 2 is a diagramof an exenplary inmage
sensor tesé%gﬁgﬁggératus accordi ng to one enbodi nent

of the i nvebtiEnDESORIBITIONGOBTHE DRAVINGSeri ng of a
magni fi ed section of a conventional digital

: : i ce: 241 FIG 3(D) i ' I
o 0020 Ol 0 e £ G Bl oG h St b v
[R635E nidrGapAdradt fismahdidegiiRE REcriBBo %8 RISy dBES iments

sensor testing apparatus
provided below with reference to the accompanying drawings in which:

[0021] FIG.1is a block diagram of a conventional CMOS imager;

[0022] FIG. 2 is a diagram of an exemplary image sensor testing apparatus

according to one embodiment of the invention;

[0023] FIG. 3(a) is a rendering of a magnified section of a conventional

digital micromirror device;

[0024] FIG. 3(b) is a rendering of two magnified individual micromirror

devices; and

[0025] FIG. 4(a) is a diagram of an exemplary image sensor testing appiratus

according to another embodiment of the present invention.



accordi ng to anot her enbodi nent of the present

invention. 6 WO 21105/022931 PCT/ US2004/ 026875 [0026]
WeB05/epe93) i s a di agram of an exenpl ary i nage s
testing apparatus according to another enbodineﬁg%%%nﬁs“
the present invention. [0027] FIG 5 is a block

di agram of an exenplary nmethod of testing inage

sensors according to the present invention. [0028]

FIG 6 is a block diagram of another exenplars= nethod

of [0836i nFlGi Atlges s drsors 0hen cxahplgrit mnagtecpyaesening apparatus
I nventi on. OOZgl FIG 7 is a block diagram of another
BRI Bdipgat ?Iﬁg‘c Predens ‘s accor di ng

to the present invention. DETAILED DESCRI PTI ON OF THE

N;f ?\Iﬂl@O 301 » biydhe, bl &‘%@cﬁﬁta@g‘f hf&hod of resting image

descrip reference i's made to t acconpanyi ng
sdhes ngerdibg e tfcoprascat parchcber eof , . and in which is

shown by way of illustration specific enbodinents in

whi ch the invention may be p%actlced These

et W29 n thd Ca Oas @ dleak BedamrPidaPiice icEFRPHEY Sicthqdyof testing
{80 bR o Mn A MDA echkldbndah L he | art 1o make and
In e

Avent | Gh under st ood t hat
structural | ogical or procedural changes may be nade
to EUIE!EQD&WG i7Cis erthodk diephis: off Swkiosescmiptdipeiethod of testing
departing fromthe spirit and scope of the present
PAZSFERSOFS. 2CCOORAY TG, PIoseps IyeREpR-esent ati on of the
i mge sensor testlng apparatus according to a first

exenplar CﬁﬁTﬁg @ﬂ@f + The
apparatus 5 conprlses a ?3??2? FtE procggglng

system (DLPS) 10 capabl e of prorectrng hi gh-

respbdeadjonin ﬂﬁgfeﬁowmtgodcanlcdrmgm;&ms rafgredey isaradendahe

t est (DUT 20,  such_as_the ger descri bed
ABOVANEAYE A iPERYRidREs R %ﬁf@h%rr«ofd afdin gy hpyup Pg way of

afustr%ts #géﬁtrt g&%muﬁts% vr’hl}c% M&%ﬂoﬁ%a@#’g ?ralcﬁcéds These

capa I'ng various test patterns

3QLbo‘M3h@rﬁs adel dweritesitin I’ngfﬁfcnaﬂelﬁﬂtnb egabisagese gfioteéinary skill in the
array. [0032] As shown in FIG 2, the digital light
prigeendicngdsys r%mfenre@hepéﬂéw o &e undgrsfoad thag stryerural, logical

?ﬁ?lg!r%%ﬁt Iagghadxo tcs L%Sé\ Iﬂ\lﬂ f ' l %{escr%gb chiézgqxgcfl%sacﬁ awthout

&Vl ce- C usi ng op
YR phiAG FroHe BSOS ﬂﬂﬂicoﬁ@bﬁﬁic@&c&@t uﬁi&ﬁﬁﬁhar y

[0031] FIG. 2 is a representation of the image sensor testing apparatus
according to a first exemplary embodiment of the present invention. The apparatus
5 comprises a digital light processing system (DLPS) 10 capable of projecting high-
resolution images onto an image sensing device under test (DUT) 20, such as the
CMOS imager described above, and an image sensor signal detecror 30 capable of
reading the output of the DUT 20. The DLPS .10 is capable of creating various test

patterns for the DUT 20, which allow testing of an entire imager pixel array.

[0032] Asshown in FIG 2, the digital light processing system 10 consists of a
light source 12, collimating optics 14, light filters 16, a digital micromirror device

- (DMD) 18, focusing optics 19, and an image sensor signal detector 30. Exemplary

7



7 WO 2005/ 022931 PCT/ US2004/ 026875 |ight sources

i ncl ude uni form DC |ight sources having no nore than
wdaxanigiion in intensity and wavel ength during
opérati'on. Exemplary light filters include WwR(¢EUSHWHA26875
selection filters, for selecting a particular

wavel engt h or wavel ength band fromthe |ight source;

IR cut filters, for filtering out Infrared Iight; and
flattening filters, for danpening the intensity of

t fiehdl solftes BRUIESunilie D sobr @l KAUER rlo! b A! Shan 1% variarion in
however, is dependent upon the desired-test parane(ers

f owermitpand vewtlgngdedirog epeteton.t Estmplry eediigirdigkde

such filters are_not essentjal to the present

i Houtnesh sartP e doprlectiag, 2 mirieHer werdengsh or srav¢length band

c [ 00 LC Ilters 16 sh _as }
<] R URNDs Rk & AR 1 Aftche Gy bl iy, Ay frucening
dfilsérs,fot dammptsing the inteidyiofahé NghORIUrES e GOty T sfch filrers,

l ens or series of |lenses designed to direct light to
t heweNcgiis dEperdans pen oe drsiried eest parafieers dous paticolpt dedce under

19 ¢ Lise.a l.ens or. series of |enses designed to
f Bl RORACTHERE A FIRGF arcgReLsSTRE] ST B veetapand may
OBt Bmitthe HEMhEBnHRIGhid BRLcAlma B Bp%l e £9d gﬁ?‘g "18%re shown

optics 14 and focusing optics 19 of e pres

i mvennglomnarie Fi€t.12, iknywnayi dtdrheratyt be (0O 3BLindthenitsnage:
sensor .si gnal tector 30 is a systemsuch as an inmage

£ imaiFs BRtEs [ cmPRichisng Oa BT  beises desianeriro direct light to

CANY HPEH QR M tQ rgeeive . outputied data from :
R 4B R AR, TG YR R L 8 R0
avfleyige detigned be fddim @e iBARSPOHmShE it &hieEndFrod @eRYe 18 onto
conmparing the ouéButted signal to the inputted signa

udiergvisstiadsh &sy $0s Bosht thverallimadng aptitabd/hEiNacpsiog optics 19 of
g&ﬁ@&g}h“EﬁﬂgnaF;@gl?&&%gtigﬂz rocess i s autonated
n

a uman observati onal error in detecting inmage
sensor defects is substantially elimnated. [0034]

Acco[@li38] t Tha ifnhgs feneoigHad B e P HBRYst@h shbas an image
present invention, |ight rays fromthe [ight source

1 e rart pitfeanggraphagcard hisrglt iorconpmtivon witkhi BB to receive

th N S e.collimated |i ays onto the .

d Pgﬁ“g’{“i %ﬁgar i(C)rgmpﬂr S rClet‘fI1 evi e e“l@.s%eim%%& HFO8PT QUTRUS I gRglyzed by

I eyeSimlage iseihios aio@d] dte@br S0V6y ABmpaRne 3Hd kfad KloRal @ ch

If necessary, the coIILnat%d Iféhtgrayggﬁgy fﬁfgp -
pEpaticd rswg};uang idrtaeanalygs snfrwmrcisech of LIBVIEWS ot MATBAB®. Thus,

sitioned between the caollimtin tics 14 and the
gﬂlﬁ (ﬁ%ffcqqnggpfp%srsd%@gg{nﬁﬁgsayg{%mia_g oggcrvational error in detecting

image sensor defects is substantially eliminated.

[0034] According to a first exemplary embodiment of the present invention,
light rays from the light source 12 are collimated by the collimator lens 14, which
then directs the collimated light rays onto the digital micromirror device 18. The
path of the light rays is indicated by arrows AB, CD, and EF in FIG. 2. If necessary,
the collimated light rays may first pass through a filter 16 or series of filters that are
positioned between the collimating optics 14 and the digital light processing system

18, as shown in FIG. 2. The light rays incident on the digital micromirror device 18



18, as shown in FIG 2. The light rays incident on the
digital mcromrror device 18 8 WO 2005/022931

WE’)CT/ US7§(OO4/ 02687r, are converted to high-resol ution

fHGES Wi ch are then focused onto the devi dwT/usrdenn26s7s

test 20 via the focusing optics 19. [0035] The digital
mcromrror device 18, illustrated in FIG 3(a), is
the central conponent of the digital |ight processing
systen1and consi sts of an array of thousands of tiny

Et Véﬁg tta{(g ﬁgch eﬁbﬁdgé cug%’%gsélweh(l: ri'ca W\%FH%C%Z%‘%IP%E? gc"lcc

nnﬁht&mﬁﬂdv@uhﬁw&aﬁn&d@ﬁLsm@rds Each mirror 32 in

the digital mcromrror device is approximately 16

|.c . These mirrors 32 consist of several |ayers

i ncI[QQr’)ﬁ@; d hredieityl misrom@ar degicsil8nilivsuged 36 FI@nal(), is the
mrr ortio ustrated in FIG 3(b). Each
sepidedeho obic 4 BTg)ight Blriva's wiom W Sciss an array of

thOudREs 8€8nf BlirroRM2, %sscxﬁ&ﬂqeﬁfc%ﬁﬁcﬂp 52 ag {] dlél@ﬂ light switches
t hereby control an individual’ pixel

dbzm a@ecmr@djmrlccaémorésoac thels Enpiutahrllc;/ouﬁphe Dpﬁcalirm’dr@sf Each mirror 32

gﬁrotMes o its on state, Ilghtfromall ht
g'lt BopRLted ‘T‘Wdﬁ@f”?ﬁ’éﬂaﬁﬂﬁ d&ithg Thepr mémorsid consist of

S ) C () O, C de
E‘éﬁm@%"s R DR rontPy hec® € ptEoEpproon 55,

Sﬂs ﬂhﬁtrafcdghfFIGr G(ib)p Pach BeidrgrorEonBEEs Atsle Bé iR i8® two states,
y fromthe focusin ptics and the correspondi ng
ﬁ%@éicgé?wtf% %el%ﬁ%%wc festoff} @rﬁaﬂwschyaadmou 80 36]ividual

| | rocessin
i BOULREGRE LBRCCLbORe A, Bseately) yREGE FaGoR Bopinn 38

n‘et‘ﬁ@isycoci@ dn éiétebﬁl:cl@ﬂ/\fr@ﬁ@mglﬁt lsb@fce P@ﬁrbﬁ&&dﬁ:@&gﬂ 1€ focusing
digital mcromrror device. Responding to

EIPEEY %‘Pféhgh%ﬂ’(ﬁ’n?afmf@ﬁ@ﬁdlﬁg Pies optretdegive 3181dcr mse rédtes the

Y0 R b 1, LB ot s, diser Lt o

emh £f00k R forhams opBicLidd@E bh@s 4y o%ftg&

the  incident | %%p IS sw tcchedsl nto %@E ﬁg\{xé—%ﬂﬁdﬂ rest
wemdineslarkahi ch are outputted to the device under

test This switching schene is ternmed pulse wi dt h

| nd IS __used p hi gh resol ution
nd 085635 B Beet iR of s iRt enl offcrRiembtesn » digital sgnal
a:n&tﬁ@guaadrc@ﬁg ehd hRnfRy EQr3 4 BEBL éa@ﬁtmu BP nga *é %k the digiral
| i ght processing technique is further ri

Diugiamadrraridghice PRespeslingtoatids dENBcal Figmel, ya@ommz@gpcs}@an 38
fmtcraacts with incident light from the light source as described above, with the input
signal controlling how long each mirror stays in either the on or off state. Thus, the
incident light is switched into ime-modulated bundles, which are outputted to the
device under test. This switching scheme is termed pulse-width modulétion and is
used to produce high resolution images, which, according to the present invention,
are focused onto the device u.ndcr test. This digital light processing technique is
further described in Digital Light Processing and MEMS: Timely Convergence for a
Bright Future, Proceedings SPIE, Vol.2639, Micromachining and Microfabrication,

(1995), which is hereby incorporated by reference.



Bright Future, Proceedings SPIE, Vol.2639,

whl 2065086371 ni ng and M crofabrication, (1995), ' '
hereby incorporated by reference. 9 WO 2005/ OZ%‘%Q&OWONWS

PCT/ US2004/ 026875 [0037] In a second exenpl ary
enbodi nent of the present invention, the inmage sensor
testing apparatus 105, as shown in FIG 4(a) is
capabl e of simultaneously testing a plurality of imge

send 08§ 7devincescand cuanpha esiboghtehd dfithe phéRheGiveRBon. the
E%%tem Simlar to the first exenplary enbodi nent ’

EF PHEAT LiSBYS appHatussidtinre seoemin FIG. £(mdecaabiosf
i fus of the present inventjon_enploys a _

SRR AT LIS Bliing oBBREntonyRerdsutces RO peisk asingle light

jecyor siis€enh M8 EBSar ' B@JE&Q ' s L.hese
?mrrgjges ofﬁso a plur alt:att%/lcgé%egé\?i és E?&éﬁ@gﬁfg%?lgcgabwe’ the
A _xﬁglptlﬁy tinkge eomsnplatingepbadiumiflthe bh@edi Bivkation employs a
r&}clgagi?g&r or d%w ce 18 of the digital Id;ght processing
Sy bPISCE]SEE Ystemy f gicats hefgetasiceandadysiagmialimbgeso but
il i test 20. Thus, e. resol ution
e o€ e B oAl ofrde Vi Al etent 20

Poteddingsothis eamnsthryt d8bEGYE GRS t T0S. Gevi
devi ces under t eslfmrr}r’tay be aﬁ@%gﬂaﬁ?!ﬁ%%%@%re?%%r}s of the
ul hﬁl‘?’“ processmgayyicn 46 projeomatsheslelight@bvdriaGiirality of adjacent
[ OCeSSi _s&ﬁt?ﬂ{th t falls between the devices
ﬁﬁ‘&%‘?s "c‘l&@% 6 - notsarretsolien afshe nibemiendraemy must be greater
e t.be aligned.such that the
o P cesBUARK L sl i€ B HeR A dteseommete test may be
digiedspioh §pice HerReadbASEMyi R 1 s, an :
each device under tost. [vbd%%f&q}nﬂéﬁtfﬁélnrlgﬁémgggt processing
Sistson s dallsdfetwhen predevitesiumdentdsowilang: Stkadc ke tcs{f:.gghe devices

t‘E‘g secoHd exenpl ary enbodi nent descri bed above,
HMagdcLeASYFYretY Shéc abigart srchsthpothc esge Sivoweeri gl Ad dark test

Do sl i lurality of i
Bk bR TRERo 1 BRb PR Baf ik T o Coliminap each devic

imderttdtl i zes focusing optics 219 capable of splitting

the test inmage received fromthe digital mcromrror

device 18 into a plurality of parallel test inmages

and QGRS  brashing cxtreptaes emiboegestfithe presehtfdbhtidn and similar

devi ces unpder test 20. Accordingly, the inmge sensor

s isﬁif%d;ﬁ%ﬁ“é&l&%’ crélé%mﬁn@ gcg:trgchaabpvgrtbc imsge beIBQEtesting
R RACHOSIL RO AN FIREUBHW EGROR Aot s blrai D image
sensing devices using static or dynamic test images, but utilizes focusing optics 219
capable of splitting the test image received from the digital micromirror device 18
into a plurality of paralle! test images and then focusing the test images onto a

plurality devices under test 20. Accordingly, the image sensor testing apparatus

generates at least one test image for each DUT 20 and then focuses single test image

onto each DUT 20.

[0039] There are numerous failing mechanisms that can cause defects in an
image sensor. Many of these failing mechanisms are related to the architecture of
the pixel array of the image sensor. For cxample, adjacent pixels sharing row or
column lines may become shorted together. This can be detected by comparing the
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[0039] There are nunmerous failing nmechani sns that can
cause defects in an inmage sensor. Many of these
“foai,[\/ g;mechani sns are related to the architecture of
”p(lpx)e3 array of the inmage sensor. For exarf§ITé[S2004/026875
adJ acent pixels sharing row or colum |ines may
becone shorted together. This can be detected by
conmparing the 10 WD 2005/022931 urr T/ L' S2004/ 026075
response of two or nore adjacent pixels at a Iight and
desplonedgfervef olembRs4djiceBROSxels ¥R 1isfi AGE ORI i
however, may respond as }iei?( t hey gre ortegégggaeﬁwst”nagc
al*sowqillaccm Poiclsehawptes, may teopond nuifeher of ekbeel QpEteAas well,
B ka8 ct| n of an |ma g sensor may cause a pixel in

secon BT BB PIORETE ORAY atf’cSStI SF@‘#!H ofapeimagh @Ugsnr may cause
R0 § Ipriyindg RS MR RO OND, Akl GfEd Bgm the s

section of the array. It Is ot

elmpgfawms shioyvrserc therseteratjeaten of ﬂhexzﬁh% resPendik89 %B&%lc to
nor ‘hsughways ossible to predict which piXel

5&?15@3“' JAEDEREEIDF fESP@hﬁSiO@%havmmns 1t1§heavﬁ@bkkildc to

e Rres L.V ho er,
?apa gﬁ p g?’ec{ols%%l SPet Cﬁhhblb ‘ﬁt’o%}%cﬁ‘{ﬁ Od and
Rppar aﬂﬂs af el prigione h&cnﬁ@@%wfv’cﬁzs éa#aﬁlc%f%c?&%ﬁmdefccts in both

illustrating a first exerrplary ‘et tes
RHBEW! sef onsadiasent pikely to a met hod enbodi ment the
present invention. Referring nowto FIG 2 and FIG

5, i Fi boc 50,.a light fromthe |ight
sour[bééé %Iké %g |%r%xiagbl NSRS Sécmﬂllﬁf@ﬁél%fyﬂsmg

@hagd @htors Scdofding t€d rh@hbi € nfl i L o
device 18. Next, at bl ock 51, th%léllétaﬁhg] rgastggldml‘crbtfﬂn Referring

ooy grqne‘lcﬂl(b aaﬁrscu,e@]?rlé‘d Sdblgiit &0, 4 h@geroth *hd Rene source 12

ul tion technique descri bed above.
% @mﬁ”ﬁm goég ‘%“H} WIGEWY Phlishivg drpyrtedithghe Higiuak ed

ﬁﬂ&x@nﬂrrdﬁ&é\ﬁ& UNAREext 88bio205] BHC 8?211:%&11&_6}‘% égn converted to a

pixel cells in a CMOS | nager as descri

F*F-wamd}gxmd Az Idmpxdﬁc -tvht rde&ml@@omtﬁiﬁmqhe%sc%@cﬂﬁbovc As
g lﬁé a, vol. e by the inmage sensor sign

St Znidus dme%ﬁath%‘a ot enadec et gt 20,

B ahrb}ﬁ?ftotf'fuxcpé@lk ﬁ?!ﬂ. dﬁi@rs acrg:ro a(sl aet%;./%t%:%&ogff Sﬁmallv the

shown at oc' - a 900 corre :

bet;we oh thehdeviasoindieheestl20 iscfi e A&RIES .2 \[&Qéé-ﬂ) o c@cnsor
gtda mcromrror device to generateatest m§

sighial detection means 30 and compared to the amount of light inpur into thc

digiral micromirror device 18, as shown at blogk 53. Ifa good correlation exists

between the two, the device passes.

[0041] Use of a digital micromirror device to generate a test image as
described above, for example, allows an image to be sent to a single pixel, producing
a sharp contrast between a light pixel and adjacent dark pixels. For example, “A”
amount of light is input to the digital micromirror device, which is programmed to
transmit an image from the micromirror 32 at row /column address X, y to the
corresponding x, y row/column pixe! address on the device under test. If the
output from the image sensor pixel at address x, y correlates to the amount of light

€A - . : : :
‘A” input to the digital micromirror device then the pixel passes. The present
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descri bed above, for exanple, allows an image to be
i a single pixel, producing a sharp contrast )

WOE@’?A%%%% light pixel and adjacent dark pi xel BCT/Egf004/026875

exanple, "A" amount of light is input to the digital

mcromrror device, which is progranmed to transmt

an image fromthe mcromrror 32 at row colum address

X, y to the corresponding x, y row colum pixel

ROARSS HRRE (BN ERick AP Fectifisty o y;s? HB

the 1 mdge ségﬁgégﬁ%ﬂl 1>i;ﬂ§1twat a%s%'?lgsas&ﬁ,lc c%??gl a éé’ u% gm be used

tohyend nowide vatietyl ¢fftest imAges, Bttt ad @iap6RalslhAd ERéckerboards, to the
m cromrror device then the pixel passes. The present

deviopmupiyy 5¢ 02 Fosthepapve SR04 BL B8 miinov eaviconan also be
however, s notglt{}mted to testing a single pixel at a

REOgEAMEBGH (RJRAIGR th Kt IRIBCATHRSS £ deWy §PInEIT OlAn irpage sensor
i . i a0 .ch. d t h .
RS, SR RO o AR A0 i B bl evice under

tascrom rror device can also be programed to march
the test image across each row columm of an inmage
sensor i xel array, enabling the testing of the
ent ﬁQ%Zfra@@fcsmg agan ao £, 3f it e filwy exeenplagenethiodsdf. testing
i%%%% Referrigiglaga{bnto FIG 2, in the first )
BIQFS ARSI e BISSHYE MVARGRU-SENISRASS SRS Leting apparatus
e [N ' [ ensaor testing .

L, s M Bl o IR it s G- ARG S 30 pMbrigg pncir test
20.ak€ordasd td ﬂﬂgey&n@mutyqn@ch%a\,/h@@adérté&magé for s&fks of images
According to this exenplary nmethod, a stafic test
havinga dearksienigssseafon nages a lightiingga seaida irapgejesedtdma the

ext to,a light jpage section ar rojected onto the
%fé/%ccléﬂféﬁ% aw%'besiﬂéefgw% éh%gsﬁk@rfi tlark 1mjagp secqioms is then

[ | .S Al i ctly.between
B PR, BERLR D0 sk A b (oG, BB At Rl Resc 20
PRe imI§esdniBgsigad Riztictidh Gictins Gt @ehi mpRa the 38spoRsHof two or
conpares the response of two or nore adjacent pixels
more pdjarengpixedne Badigheard datk ¢dgs ofithgemagar Faerhomnere, any
an i xel,s across the entire,array that. are t
F%s APPSR R Y U GRmP kAl a5rt0 Heht gl fank pdge of the
- t ' i) |

B B R
exenpl ary net hod enbodi nent of testing imge sensors
of [OR43vEnutandaideavidh gséaind dxghiplpfasehst Rentohneht of

18 sends dynamic test inmages to the device under test

teating, [inggi srgsersefdhe inventen ahestigitatdight processing system 18 sends
dynamic test images to the device under test 20, allowing the entire array of image
sensors to be tested. Exemplary dynamic test images include marching rows,
marching diagonals, and alternating checkerboards. Use of these dynamic test
images allows the detection of more failing mechanisms than using a static test
image. For example, when a static test image as described above is used, only one
combination of light and dark pixels residing on only a portion of the image sensor
array of the device under test is used to test the array. Thus, only those failing
mechanisms associated with that particular combinaton of light and dark pixels can
be detected. When a dynamic test image is stepped across an image sensing array,

however, multiple combinations of light and dark pixels are used to test the array.

12



sensors to be tested. Exenplary dynami c test inmages
i ncl ude marching rows, marching diagonals, and
3 ing checkerboards. Use of these dynam c test

“?Léﬁ%@ﬁg?loms the detection of nore failing nEEHEABHE687S
than using a static test image. For exanple, when a
static test inmage as descri bed above is used, only one
conmbi nation of light and dark pixels residing on only

a portion of the inage sensor array of the device
Wtesain@y Gl disechan@ntsesiodilied Bhf¥id I?H&icui%? ¥ b8 %n of
failin mechani sns associ ated with that particular
digisiap@ dadnpingls Fargb detneted dnksypimeatisallg ightihe diffireat ed.

Wie IS stepPed across an i nmage

.a d i [ [
TR EREN CT TR e LT

IBughieraRe:. @RlskpBintS: to.test the array. 12 '
VIO 2005/ 30 PR T ReS LS 5Rs SRRl R fptte ro it cveny
fpadlibm gheneuranirsyTRathss dangtiech @ithivnWrtheR. Pt Citkalbiliny ro
conbi nation of |ight and dark pixels can be detected -
5P L ETrRR AT ssIthey AtRhBe Bt e emobleontimaingansligh the edge

' | ¢e under test 20 using a dynamc
el 81 UeRP P U TS Sl B8 b e el u Miacgaspiel rows
tdreotthihy 6f the dayice ihddrieROBAR] €1k AIGESThe QY& plEE& o
in the entire array, rather than just a portldhpof

tI5EAINC MOFSI2M{omathd. abi | ity to step the test image
across the array negates the problemof having to

[ t the i ght d dark i
Cect 00  JAAFr B TR PR e B ed gt of esting
GOk peRsofs Jffige Hﬁyﬂltﬁ‘(ﬁl, lé"lﬂ@lrahﬁeéft er&%c §£}Qolsrl%1 gc(i&ldl[ sgr\gsﬂfncously

the testing process to ‘becone nore autonma

1B wsingor digireldiahic phojactidri sysitean &fimb projedretshnde BARQNHVER Atplurality
o fL&sLd ng, i nag s%g§ors of the invention, a -

o GFRFFE VST " hade® SERdiReg above and shover mFtGirelsFYG. 6 is a
Yodksdingram idi@idily thé @ittd RXQhAGL 1949

project a single Fmage over aﬁ%{)ur?gﬁh?)txysf}f%%%mgél\ﬂag%gcnsom

argingestthe gveagonle Keferbing naboeeF i@ ¢ SRIOMIG. i41a [l Geht source
a). FIG 6.is block diagramillustrating the
ﬁr(?i ‘% Gt lpgk G nctsn cPEEHTHGInRgesidrigra image using a
[ he . td - ing nhow.to.FlG 6
SR RO R g PR, A0en o FhbIoRe L i i i  then

§dojeamed dohen phaonligof devicatinder 885 B16ck 61.9ThR!. thfBYBlution of
gﬁlgg a digital light processing systemlS, ‘as shown
¢ BROCRUBR! arfyemysiic gicatchalps ths totabresolprion ef tieddevi¢as under

?%92.2 ;i{%@:dg&%%s?lin&?\@s? %?ay%rc]:dﬁ{gngc? xsvt;‘ﬁh s%lacocctlfetv%gén ;:Tc Sdcv}crc],e as any
light from the digital light processing system that falls between the devices under
test will not affect the test. If static test images are used, the devices under test must
be aligned such that the edge chrccn light and dark image sections correspond to
two adjacent pixel rows or columns- on each device under test. Finally, as shown at

- LD : M : o :
block 63, the image sensor signal detection means 30 then simultaneously analyzes

the output of all devices under test 20, thus auromating the method of testing

muldple image sensors.

[0045] In accordance with a fourth exemplary method embodiment of testing

image sensors of the invention, a plurality of image sensors is tested simultaneously
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the mcromrror array nust be greater than the tota
resolution of the devices under test. The devices
5Lest may be aligned with space between each

“Hggﬁg%“%gs anz Ilghtgfron1the dPgltaI li ght PCT/Us20041026875
processing systemthat falls between the devices under
test will not affect the test. If static test inages

are used, the devices under test nmust be aligned such
that the edge between |ight and dark i mage sections

Clor ngspodititablightprordjiae 8ntemilXab sifBlkarousl9 | e m@Riple test
each device under test. Finall as shown at bl ock

6Bageh@s dﬁsagbc%@b@@ranéuséﬁ‘ap igdtl6c tilon Flansis3tblotediagram

S. tan anal ut aof all devices
IR PRIRY S RV méPOA PPt hedion SHROLEE e o e
Nk &R Ré}’&gﬁw%?d%% BIG [ﬁ%é]mt;mx%c%%@&ﬁu& § i@ alibrated,
fourth exenpl ary nethod enbodi nent of t&sting 1 mage
selinslo?8, apid thhe comten:til inrp, maliple dedidat imafes unnge dgind dieht

is tested simyltaneou 13 WD 2005/ 022931
%?F%?éé"ﬁt% b Seg s e P A aiekd bt prajsaienisesiem, for

| mag S :l'fgavt eéaz% E’LL%@Q %%g\f}:éé(ga& dﬁ@fuﬁﬂ%&x E(%)c(egs{n%?ct&UCs 219 capable

Fd)iGphEhngStha ibb@c ko @@ digital ivhicttshitRiridagict Rerofalufabity of images.
exenplar met hod of testing i mage sensors according to
t Rlae dj ﬂ@%ﬁqu igrRecRet dher ﬁgummr@ Fplaralivy efdevideSund¢rrpst such

I sou 2 is calibra
i Y BT % W GRRY o480 e S ek 72
| Figiblly, aﬁﬁtﬂﬁﬁﬁ&' B18cI8 YS! @Rich8 ge dhs8NQYRal MetdkiBE kndihs 30 RBen
digital light projection syStem fof exanple, may
cyiead tengpyisly |apla1e2¢setht ourmyes allGichieutiddrain@0f doussiungnating the
opti.cs 9 capa of spllttlng the image fromthe
dgﬁﬂFﬁﬁoﬁ?ﬁFbﬂ?’ i MRARCSENIHE0 a plurality of irmges.

The digital test images are then focused onto a

pl ur @0461 ofvhele Véfalsie Bﬁ@ﬁ}?lahe%paﬁ%ﬁ@an& Hﬁ‘:hdﬂ%rﬁb@&ﬁlcﬁts of the

t he i mages i's projected onto each device under
t ewentdsl bk been dcﬁlﬂh’atﬂ Iayd ﬂa&t&tﬂdwpraatlccbbﬁd’k pi3sent Im@ention is

PR roaLer ey 9oCer e BPRORY srbadieay Qu or more of

updeimi&itedl ’ofméjércééﬁtqwdtﬂﬂl Lh%e JTBY Q%‘Qm&tzly o?%&é&gcr to

mul tiple i mge sensors. [0046] Wile sep

edenp dufectaippariatags sasdr.met hod enbodi nents of the

i nvention have been described and illustrated,

prac present.invention i s  not limted to

use @&@do&%ﬁéﬁ@orm@& Seamit e hadinantyh tae ingeriiasy have

ML @scribed and illustrated, various changes and modifications may be made
without departing from the spirit or scope of the invention. Accordingly, the
invention is not limited by the foregoing description, but is only limited by the

scope of the appended claims.
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the enbodi nents of the present invention can be used
separately or together to detect defects in an inage

sensor. [0047] Furthernore, while exenplary LLOYD WISE

enbodi nents of the invention have been described and
illustrated, various changes and nodifications may be
made w thout departing fromthe spirit or scope of
the invention. Accordingl ?LAIN@S i nvention is not
limted by the foregoing description, but is only
limted by the scope of the appended clains. 14 LLOYD
W SE CLAIM 1. apparatus for testing. i e . s
sendor s. AnarariayapERAEEbHge vSRG: Sl BT Comghine
pr ogeisstan g gkiqitbE@bing ¥siteiNsgagakhgabtd ofi@neratihi digital test images
digital test images and directing said inmges onto at
andl digeqting saidjimages Gup ableast PpE INBIS§FEBYIH cs capabl e of
splictti ' b t Al i : :
o uf S SHBFs Plpeb oF Qi Xne dSbid RARRey e into a pluralit
of tmdigestand for detecting a signal fromsaid at |east one

i mge . sensor. 2. e apparatus .of claim1, erein .

oo dnimaes sevyesens Pl Rt Yelrdiyie e StgPolthan spiich Srafsone image
sebrcl@aiml, wherein said test inmages are dynanic

I mages. 4. The apparatus of claim3, wherein said

dynam c test inmages conprise one or nore inages

sel ected.fromthe ou onsi sting, .of .marchi ng r.ows
mar i ng TReABBRTARS ST aftn TV FeF R g dBeserp Sah g Reass
The apparatus of claim1l, wherein said digital |ight
processiﬁﬁ@control system conprises a |light source; a
di gidt al rhiherpniratusef glaim dewhergn seishiggimages are graantic JRages.
said light source into a digital test inmage;
collimating optics, for directing light fromsaid
li ght soumeeppatatussdicthich Yiviteteifisaid @yhamar testeuiages cdprise one
The apparatus of claimb5, wherein said |ight source is

or gpg R ElEReq fight (s SLRipEonHS e HEHIPETRINS. GRATCHIRg iagonals,

anﬁ,altg\d;{gﬁ% sl fofdigi tal 1ight processing control

5. The apparatus of claim 1, wherein said digital light processing control
system comprises a light source; a digital micromirror device, for converting light from
said light source into a digital test image; collimating optics, for directing light from said

light source onto said digital micromirror device.

6. The apparatus of claim 5, wherein said light source is a uniform

DC light source.

7. The apparatus of claim 5, wherein said digital light processing control
system further comprises filter optics, for filtering light from said light source before it is

directed to said digital micromirror device.

8. The apparatus of claim 1, wherein each of a plurality of said digital test

images is split by said focusing optics.
15



system further conprises filter optics, for filtering

light fromsaid |ight source before it is directed to

said digital mcromrror device. 8. The apparatus of

claim1, wherein each of a plurality of said digital LLOYD wiSE

test images is split by said focusing optics. 15

LLOYD WSE 9. The apparatus of claim38, wherein said

plurality of images is a plurality of identical

i mages. 10. An apparatus for sinultaneously testing a

pl udal i t fhefapparage of ehgods whemirdsaidplyaaliy @ images is a plurality of
id rising: a digital |ight processing control system
! e@HE%r‘V@???g an i mage generator for generating static

and dynamic digital test inmages and a test inage

director for S|nultaneously directing one of said

statllc arfen sgpseicarmimeienspsly tespngip Rlyrelty it imaggensors, said
apéeﬁgr?lg’rcém alflsan image sensor signal detector for

ensi ng esp%ctlve signals fromsaid i rage sensors,

V\heraedtgltahlll(ghd ipgdcdesding icghtlrolps)csmmsjong)r'rsbm ao| inggs t gemerator for

rises; a,light i tal crom r.ror
el i SURESr AR ARGt IBTESSa| f giE! SBgF dliector for
sdﬁ“a‘i’le&lsw Qirt@in gtd?l%tof isARGeaticCRl | dyABhicNieha@Bd b&is a ;ﬁlﬁfallty of image
directing light fromsaid |ight source onto sa
semiogd; kad i cromi rror device; and focusi ng optics, for

focusi.ng sai d

ind S feE Rl EvD ek FRE [y RReo Rt eriRa R AT said image
sefPkd, tting each of said directed digital test images

into a plurality of identical images. 11. An apparatus

f or \’dlﬂ@ﬁﬁ@lédilglwgéhtﬁﬁ@@wng eatiohgysteaicamapprsr at us

conpri si ng gl tal light processing control system

conpri Si r?g 'ght source;

a digital micromirror device, for converting light from said light source

1gh§l soyree

into a digital test image;
collimating optics, for directing light from said light source onto said
digital micromirror device; and
focusing optics, for focusing said digital test image onto image sensors and
wherein said focusing optics are capable of splitting each of said directed digital

test images into a plurality of identical images.

11.  An apparatus for automated image sensor testing, said apparatus
comprising:

a digital light processing control system comprising:

a light source;

a digital micromirror device, for converting light from said light source
into at least one of a static and dynamic digital test image;

collimating optics, for directing light from said light source onto said
digital micromirror device; and

focusing optics, for focusing a digital test image onto an image sensor

device under test; and
16



a digital mcromrror device, for converting |ight

fromsaid light source into at |east one of a static

and dynamic digital test image; collimting optics, LLOYD WISE
for directing light fromsaid |light source onto said

digital mcromrror device; and focusing optics, for

focusing a digital test image onto an image sensor

devi ce unah,l Eshiodithal Gk Sfag: an | mage sensor

signal detector conprising: an input neans for

i nputti ngnanplﬁnheimsoﬂzr ispgtiag af caminaeusi m@eé fsangorimage sensor

devi ce und and a neans for automatically

comds¥iFRyn |tﬁ ﬁngn from an i mage sensor device

under t esat mEleSﬂ)'rdautcﬁﬁeitwhﬂ?@@&phln@g»l%&lﬂC%léhél $edrfl an image sensor
di gi tal rlght processing _control system. wherein sa

i d

di gidewice |unghit 95t G eaisi 165 Boaaer dPP%Vét@hﬁ?‘é @aﬁ%lbil@td?rocessmg
test] Riurality of image sensors using a
pluraﬂ%p%}sgg%est i mages, and wherein said focusing
optics arvmeeapabddemgial dighi procergingaiodirbleststemrasgmpabie of gesting a

Iurallt¥ identical test inma e?. 12. A nethod of
t estHElIL A BageToss U@B&ﬁrphgﬁwg oftsbimestiang a
di gi tal t@gdheih %ﬂ%c&s%g 6§tic@9re9@dpgbl@'og 'sfaﬁ'ﬂtm@@ﬁfﬂ tb§fB&Age into a
into a plurality of inmages; applying one of sa

pl urphirality offidéntmmglgsstamages. at | east one i nage sensor
inputting a first signal fromsaid i mage sensor; and
correlating said digital test image to said first
si gnal fromesRidbfieae imessRhsord Sompiangret hod of claim

12, wherein said digital test image is a static image.

14. gfh@ram hdipitef tegtl 1miage:12, wherein said digital test

;
mher@] m§§?§¥g?gg%?&r? 1nm155g%ggﬁ%ﬁ g%;gneCIgthéfe

| mageslysdl @t d@daidrdmatitieofgmagys chabsi khitge dihagaseabirng

rows, marchin dlagpnals
inputting a first signal from said image sensor; and

correlating said digital test image to said first signal from said image sensor.
13. The method of claim 12, wherein said digital test image is a static image.

14.  The method of claim 12, wherein said digital test image is a dynamic

image.

15.  The method of claim 14, wherein said dynamic test image comprises one

or more images selected from the group consisting of marching rows, marching diagonals,

and alternating checkerboards.

16.  The method of claim 12, wherein generating a digital test image is

performed by a digital light processing control system.

17. The method of claim 16, wherein said digital light processing control

system comprises a light source; a digital micromirror device, for converting light from
17




and al ternating checkerboards. 16. The nethod of claim
12, wherein generating a digital test inmage is

performed by a digital |ight processing control LLOYD WISE
system 17. The method of claim 16, wherein said
digital light processing control system conprises a

| ight source; a digital mcromrror device, for

s@ YR ouRg 1hﬂo@h&1gft£lqgit ulﬁ%eL'me%éNn%F@ptl%@fgr Jin&'ﬁhg ]ight from said

source into a digital test inmage; collimating opti
lighgrsortice expta prjd digyied nfieromigai devicyland Joursing epiics, aifocusing said

i.Lal reor device; and focusing optics, for
dl%%dégnng% Iggkﬁﬂnm%e$m?gst i mge onto an i nmage

sensor. 18 The nethod of claim17, wherein said
digital ght processing control systemfurther
compk¥: sesT Ipedhodppf jckadm § B whereine paich ligifad hiight rrvpsessing control

systedPfur@QMEGR d‘g L i ggtlds_r{;orq'fl{eﬁﬁ%gghtt ffo %51(31 lféi)g kb Ake before it is

m cromrror Vi ce.
divdeeadgp waidrpgital mgromifror davieei gnal fron1sa|d i mages

sensors and correlating said digital test inmage to

said first signal are perforned by an inmage sensor

S' gnaj deTRE hRthod 28-claliel YeikRGh Afpuill I%ike sig meﬁ(ﬁh Raid images

pplying said test inmage fo an i mage “sensor furt er
S%&fﬁ@ﬁéé@nﬁlﬁﬁng«ﬁﬁ@ digitel teesimagaegesatdofizst glanakiiet perfofmed by an

mhﬁ@ggmgpggga§%mg&¥aThe nmet hod of claim 12, wherein

eneratin test inmage further conprises
generating a plurality of digital test inmages. 22. The

met hod of _claim 17, wherein said focusing optics are
capadl-e ofhe §]§Fh0ldt @ﬂ]@la@aula HingicirappRlEige Jaithipst imageotoaan image

Seg%#mfﬁl‘b}lla%]régﬁlf %sagc?% tul}'l{ggg?(i/a 8%§al%agetah§ﬁg$8$5$rs

conpri si ng: generatlng a plurality of digital test
i mges usjing a digital ?ht processing contro
system api jeHpdaf ‘Flﬁlléht cyhers@nmfa@agu%é@éalomtolmage further

Joyr, i nputting a
co‘?@;ﬁﬁe@éer@ra‘ﬁ gaa}thxtaMﬁfrdé g?ests

plurality of “signal a|d ge sensors; and
correlating said input digital test i mges to said

| np%2 S| gﬂlel ‘?’neft}{o oP%lacljml [[?,gv%herein said focusing optics are capable of

splitting said digital test images into a plurality of identical test images.

23. A method of simultaneously testing a plurality of image sensors
comprising:

generating a plurality of digital test images using a digital light processing control
system;

applying an identical generated image onto each of a plurality of image sensors;

inputting a plurality of signals from said image sensors; and

correlating said input digital test images to said input signals from said image

SEnsors.

24, The apparatus of claim 23, wherein said test images are static images.
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sensors. 24. The apparatus of claim 23, wherein said

test images are static images. 18 LLOYD WSE 25. The LLOYD WISE
apparatus of claim 23, wherein said test inmges are

dynam c i mages. 26. The nmethod of claim23, wherein

said digital light processing control system

conprises a light source; a digital mcromrror

devige, foPpe WYaQu§ & Gaitnl B whifetMaid &'sfjmldggpﬁre%?%rﬁﬁ images.

into a digital test image; collimting optics, for

directing Iight fron1sa|d Ilght source onto said

Focutng LE SUdidbr dRtcel. PRks” S P et roceShing control

sys&ms oémpiases allight meﬁﬂ&@da afgital ﬁil(!’fb]%ﬁror\/m,@[d%l forSedindlerting light from
ital |ight processing control systen1further

aé‘b § Sgégcefm@taeqhgts@}ttp%tsma% rcotlimatisgiapges. ifghdirgctipenlight fom said
llé]k‘lit%t]ﬁrcé Q)%d:?a eVI %{a? nggrohﬁjﬁordﬂé'\ﬁ? équ ;fg ﬂlg opgfégl Foialfocusmg said

cromrror
dighartest imégeeorac tin ohagepyehsdrng an i denti cal generated
i mge conprises splitting at | east one of said digital
test inages into a plurality of identical test

i mages. 2Phe TEhdEbLhRMIAS 26 @h&’e%?’sala\nﬁél?dl Ni Ogh@ Pbddsiiflg control

a first signal fromsaid im sensors an
systsny Birer eqmptaded fidieypptids, foadi termagghtt foors anid light source before it is

dlgée?era%) sﬁﬁ dié{%l;n%rg%%o 4e3fL 1 Mage sensor signal

28.  The method of claim 26, wherein the act of applying an identical generated

image comprises splitting at least one of said digital test images into a plurality of

identical test images.

29.  The method of claim 23, wherein inputting a first signal from said images
sensors and correlating said digital test image to said first signal are performed by an

image sensor signal detector.
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