METHOD AND APPARATUSFOR TESTI NG | MAGE SENSORS FI ELD OF
THE | NVENTI ON [ 0001] This invention relates generally

wo e0oa/0ewshod and apparatus for testing i mage SPOIBURRI04/026875
and, nore particularly, to a nethod and apparatus for
the automated testing of a single inage sensor or a
plurality of image sensors using both static and
dynam c test patterns. BACKGROUND OF THE | NVENTI ON
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[0003] There are a number of different types of semiconductor-based

imagers including charge coupled devices (CCD), 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.



charge level prior to charge transference.[0004] In a
CMOS i mager pixel cell, for exanple, a four transistor

w@ 400p/0pa93el , all the active el enents of a pi xePCT/®EB1004/026875
performthe necessary functions of (1) photon to
charge conversion; (2) transfer of charge to the
floating diffusion node; (3) resetting the floating
di ffusion node to a known state before the transfer of
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transistor, 4 transistor or pixels using other nu ers
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lines. The row lines are seleéectively activated by the

row driver 210 in response to row address decoder 220
and[@GRO L olFliGn 1§ bustiares|a blosk diagraeloée tcowednticmat CMOSdmager
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§PPER ustile Stik! namBels iS008 Bi@dLe Attay 200 comprises a
plurality of pixel cells arranged in a predetermined 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 selectively
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 216, 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 Vi and a pixel
2



decoders 220, 270 for selecting the appropriate row
and colum lines for pixel operation and readout, and
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reference, [0008] Exenplary CMOS imaging circuits,
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circuit are described, for example, in U.S. Patent No. 6,140,630 to Rhodes, U.S.
Patent No. 6,376,868 to Rhodes, U.S. Patent No. 6,310,366 to Rhodes et al., U.S.
Patent No. 6,326,652 to Rhodes, U.S. Patent No. 6,204,524 to Rhodes, and U.S.
Patent 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.



are subject to various failing nmechanisns, which

ultimately result in a defective imgers. For exanple,
W@Ro0sl02A8tr ays can be short circuited or open cPeT/US1084026875

during fabrication and therefore may not performtheir

proper function. In order to overcone these probl ens

and select arrays that are acceptable for use, defects

in the array nust be detected.[0010] |nage sensor
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human interpretation plays a major role in the determination of acceptable products.
Unfortunately, humans lack consistent observational skills due to their very nature
and varying levels of alertness throughout the 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 adjacenf 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.



not acceptable for high volunme, cost sensitive, inmage
sensor products. [0012] O her image sensor testing
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i mage sensors are tested using static test inages,
care nust be taken to align adjacent |ight and dark
potions of the test inmages with adjacent rows or
colums of pixels. This alignnent process can be
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plurality of image sensor devices under test.

[0016] In one embodiment of the present invention, an image sensor testing
apparatus employing a digital light projection system is used to project a high
resolutionvstatic 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 pulsé—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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projection systemconprises a |ight source,

collimating optics, digital mcromrror device, and
wo owam229g1 opti cs. The |ight source is cali bratedr/asmo4/026875

converted to a desired test image by the digital

m cromrror device using a pul se-w dth nodul ati on

techni que. The test image is then focused onto an

i mage sensor circuit array of an imge sensor device
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under test. The image is then marched across an i nage
sensor circuit array of an image, sensor device under
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[ 0020] The foregoi ng and ot her advantages and features

of the invention will becone nore apparent fromthe
det ai | ed dBB&EF@ESﬂMPTéQMFaTﬁFe%MVmﬁSS provi ded

below with reference to the acconpanyi ng drawi ngs in

whi ch: |OO FIG. 1 is a, block diagra . . il
corl To nﬁﬁi ENEBOIPRAG ro,thf'i)%fg' ﬁftagf%mg}elgéﬂgs %fltal\l& PR Hen

of i i )

Bcofilt d}ﬁﬁ)gé-%ﬁg%éc ffefﬁgglaé 8PSAEd HELipREn ARAEBpMSy embodiments

accor I ment of the invention;
provided below with reference to the accompanying drawings in which:

[0021] FIG. 1 is 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 apparatus

according to another embodiment of the present invention.



[0023] FIG 3(a) is a rendering of a magnified section
of a conventional digital mcronmrror device; [0024]
WoR@s020B) is a rendering of two nagnified i ndPET/USZN04/026875
m cromrror devices; and [0025] FIG 4(a) is a diagram
of an exenplary image sensor testing apparatus
according to another enbodi nent of the present
invention.[0026] FIG 4(b) is a diagramof an
exenpl ary image sensor testing apparatus accordin
gngs emglla:(rbe)as a diagrdne of e saemPlaEy BRGSO g dpparatus
IS a ocC |agr f an exenpl ary nethod
ac_tcesdmggo iapager SERaiEeH Slpﬁﬁsc’f’ﬁu’tﬂg’%ﬂ% ‘esent °
|nvent| on. [0028] FIG 6 is a block diagram of another
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chlsggrﬁ Qfin@poHhesre@XeMleatipnmet hod of testing image
Sensors acc rd| ng to the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0030] In the fol

de{e0L8y dECGiiph ibdork diegre othergrgmplay OE” o?gesting

acconmpanyi ng drawi ngs whi ch.forma part hereof, and in
imhgT fensers SReRud llﬁyt‘?wg‘)‘? Rsgsepf F‘}Y§f‘g]3{1'i on specific

enbodl ments in which the invention nmay be practiced.

T@ﬁg%ﬁm(ﬁ[ 0 ets 3 H6& &8 fﬂ Q?ﬂldtﬁeﬁéﬁcﬁﬂé@ﬁhetﬂ@d&lf ltesting

of ~ordin skill in the art to make
u?lQ c E@Eofsha%cbﬂﬂﬁlid i pramﬂlt nﬁvemono be understood t hat
uctural, logical or procedural changes may be nade

to t he speC|f|c enbodi nent s di scl ﬁ
depar t i MYETAGREIhDESGRIRTIAN @ aﬁz Wpégent
|nvent|on [0031] FIG 2 is a representation of the

e
33} ; Sﬂl@%&éﬁ%\‘{&’g&?&% af c&'e%cﬁ]g&c% fljﬁf/égcr#c? éﬁﬂfaﬂé $6 the
3§§€ %ﬁtlﬂ%% §§§‘9 %gg g i%rﬁlx' agpir@ hetdo@hindpinoelsisss ishown by way of

I'e -of - proj ecting highresol uti
ﬁﬁ%ﬁ)@dﬁc@ﬁ@ %mﬂm@mcﬁeﬁmme}dm m@emmmay@tprewa These’

20, such™as the

embodiments are described in suﬁiaent detail to enable those of ordinary skill in the
art to make and use the invention, and it is to be understood that structural, logical
ot procedural changes may be made to the specific embodiments disclosed without

departing from the spirit and scope of the present invention.

[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 detector 30 capable of
reading the output of the DUT 20. The DLPS 101s 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 sensot signal detector 30. Exemplary
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CMOS i mager descri bed above, and an inmage sensor
signal detector 30 capable of reading the output of
w0 b@s50etp3R20. The DLPS 10 is capabl e of creati nBCT/E82004626875
test patterns for the DUT 20, which allow testing of
an entire imger pixel array. [0032] As shown in FIG
2, the digital light processing system 10 consists of
a light source 12, collimating optics 14, |ight
filters 16, a digital nicfgnirror devi ce

(DVD), 18,., . . .
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S S e SR b AL PR S S Y
}V?‘%ﬁﬁ?%th%cﬁegéﬂ\%fse RGLBlcCnd Q?aﬁﬁ%’l&%@@knﬁ&?ﬂp{x@v&engﬁ band

iI'ters 1 nclude wavel ength sel ection ters, )
from el lagitisogree; PRIctt filtéray fondilteling giih Infrancehigheagtdhflattening
band fromthe |ight source; IR cut filters, for,
filtensefor sgmpening thednespsity ghthe light spricer ehficniperisity &f such filters,
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Furthernore, while the collimt]j ngl optics 14 and

#4 4 siagle wnib s KHan2 adics myiy eenatively hedwn @stinct yiisy They

al ternativel e two.distinct unit e N i .

ol ER it et arnbs sl BEtepfeluiRnc T LA ighe co

i‘rlﬁe It G Cnidrb8iro} cdife18! dhkdbe OPiids 0¥ colaptisea k8s or series
e tocusing optics 19 conprise a 1ens or serles of

behses dsiingdad foous acinmgarnfrimube digimhmtitrondirgr davice 18 onto

mcromrror device 18 onto the device under test. 20. .
Ao a0 nBodpte s i naOP g Tyl fsbsiag opgics 19 of

Hut

f the pr.esent invention are [l known in the art.

?16‘0 er%HW?ﬂb"d’earfe%e l?nos‘,’YngHla’%llxﬁaaé%‘ector 30 is a system
such as an inmage acquisition card or franme grabbing

car 309393 'ﬁéﬁﬁg&%@ﬁé&@% detBct3E300s b 8EREMBuch as an image

out putted data fromthe ce under test 20. | maggq )
seqsitionuhplibr framarprhlytieg ciyl used in vagpinsdos ovitlsa Fhato receive
detector 30 by conparing the out ted signal to Iheal db
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abVI EWr) or . MATL, NP ' §
B MRS At st ol SorbAng BEGHERRCAIRERPS che
AG5REI Hgnal using data analysis software such as LabVIEW® or MATLAB®. Thus,
the detection process is automated and human observational 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



I mge sensor defects is substantially elimnated.

[ 0034] According to a first exenplary enbodi nent of

w0 b@spem3ent i nvention, |ight rays fromthe |iPRgit/usS2004/026875
source 12 are coliimted by the collimtor |ens 14,

which then directs the coliimated |ight rays onto the
digital mcromrror device 18. The path of the |ight

r?ys is indicated by arrows AB, CD, and EF in FIG 2.

I f necessary, the coilimated light rays may first pass .
wierconyerted fQ htgérrremlu@pnsmag@s wchy are e f Qc%‘lalé?d apee thedevice
g%lrtlo enIhe colggmﬂtlng optics 14 and the
REEast tem 18, as shown in FIG

g. The Ilght rays |nC| dent on the digital mcromrror

ev v [yt

e L GFE5F RRERA iRl AR O, AR RGBT Ef o the
tats compopthesf 4R digiRlght Ei‘tﬁ:cdmg tyatenrand @ohsistoof an array of
device 1 illustrated in FIG 3(a), is _the centr

et tisty mireorsi 3. t Bescntiahi tisrBEERrs i3AAcs §s b light switches
B afcepd feg e B o asghgl 3 e £ U e T Pl B4 mirvor 32
V‘%‘f il i%altrgﬁ}oxﬁﬁ‘?ﬁ%p&cv?%g9 BIBE[Bl%ﬁimd’t@lryCi% @3 TH@s'ermier%HB§ consist of

put optica mrror inth
stveidl adyertiigcladiny O megteoty cell B4, apgionhiimgd %yarnﬁnu‘fbtewﬂon 38,
mrrors 32 consist of several |ayers including

aeilustyatediin F3G, 3(l). sEah mirrpyep@gon a3f$d15 #Ner@rmﬁ‘é‘? it fwo states,
3 s illusgr d El G

250 Bt SRR A B oL P R P b i
e e
Estaenateo adslon, stdeclighe fromrolighpoeptitars fhojeatdtimough the focusing

on state, light froma |jght source is projected
phtiesad g{@ts-ﬁl@oqjgcprﬁ@spgpmnggp%@ [tlp@ﬁt:\gcqungcr test. When the

corres ondi nder

FRFEPERORON PRADRSY ot Ty HEAEAPA'EpriEtan T b dpiected

?WE{ BRE {Hcof%cﬁﬁﬂg%guhﬁaﬁ BHeaTrRYp SR il 'oﬂl?e device under test
ocusi ng optics e correspondlng pi xel of the

devhige dutkder test remains dark. [0036] During

gperat:on of fheldigitalllight processing system a
igita nal electrica addr e th

3086 Bootng bromri ot b i oaged o digt s

clectrically addresses the memory cell 34 below each mirror portion 38 of the digital

micromirror device. Responding to this electrical signal, each mirror portion 38
interacts 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 time-modulated bundles, which are outputted to the
device under test. This switching scheme is termed pulse-width modulation and is
used to produce high resolution images, which, according to the present invention,
are focused onto the device under 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.



m cromrror device. Responding to this electrical
signal, each mrror portion 38 interacts with incident
wo p@hn2fBom t he |ight source as descri bed aboveCT/WB1004/026875
the i nput signal controlling how |l ong each mrror
stays in either the on or off state. Thus, the
incident light is switched into tine-nodul ated
bundl es, which are outputted to the device under test.

Thi 1.} ching schene is termed pul se-w dth nodul ation
andfﬁ)@%i: eE“ focenshiercamagyembadimgpr ehthepigient inyensnn, the

[ .t h ' tion, f
FER ORI B ERE Thr, £ FPyrrRIRY e 5 FoetucPh
B oeoca R Sod R g8 bge sRin g B0 20, S il lishe
pudjeaton Psooe elimmis tGliEHirsVeorer2fi39, cohbadiarene destiribgd abeve, the

M crqfabricatjon, (1995), which is hereby incorporated
Woflgfeé?féﬁléé}{ PORES AFRSGY taStEcAnar e ahiherBresanb deticntiap employs a
. r . invention, the i e sensor testin
B D o YR b SRS, bus
Sihivd ahé’éi%%“ﬁkﬁ&ts RBédeNthaBePbioA] ft)ﬁJYalf%ff of BBH&sSHIIRE Bt 20.
devices 20, using a single light projection system
Siaurbang tocthishexefriplay cexeniiinany thetngiahmitroddaor dbeee 18 of the
bove, the second exenplary inmage sensor testing _
Lighspreeesing Sﬁt%@gfﬂ PIoitsEN? piogledmmnze pyema ghyilitilof adjacent
' r yale) temto,create both static and
AR B30 20° TR R R o S oy must be greater
thABGRS 1Ol RsSlublbHHiht Wet ' unger,
Accor dit ng t cs) this exerrglegr ?/ngyrgbcgglésrtreggﬁ c%ekgé%}lg?%ratle“ may be
alignedmwith spacd beiveeeniBichidetice, diagiytight oghthepdigieisiihn ?)rocessing
S steg%%? grojects a single imge over a plurality o .
%%‘jeab Al heeween igetevicas iindey, testwidl nqtiadiereds| tast drhe devices
' irror arra st, be eater. than th
gt G R O gl it 2o HhE BBt D RpieBe and dack et
idlRitle R8& AHIABEreb RS d jakd ' i
1eac devi ce, raesﬁg%y&??%ﬁtg djfg %%?ﬁ%é%‘f’ﬂ?‘tsgﬁaﬁ’gﬁnv\%@ﬂ device

mdwressi ng systemthat falls between the devices under
test will not affect the test. The devices under test,

1S e B Bk 0 SO BN
@g&gg%gﬂn@é&ﬁ{pﬁ&vﬁnlﬁ{&&%hy 40%:iR04 & c%pe, gﬁé’ hﬁaegeusrégsecgr'testing
apparatus 205, as shown in FIG. 4(b), is capable of testing a plurality of 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 parallel 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 example, adjacent pixels sharing row or

column lines may become shorted together. This can be detected by comparing the
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[0038] In a third exenplary enbodi nent of the present
invention and simlar to the second exenpl ary

werisgayent descri bed above, the inmage sensor PEBFUBIVG4/026875
apparatus 205, as shown in FIG 4(b), is capable of
testing a plurality of inmage sensing devices using
static or dynam c test images, but utilizes focusing
optics 219 capable of splitting the test inage
recei ved fromthe djgital mcrog}g ror device 18 into a

fﬂsn%ﬂe.q fywerorgapes 46&@6@?&@?@5@&@ hs aad drereaegsQf iger image.

| |
K- dosh PRER, hSPitee ol i Bohtge Htiel F% MAREH h83ber as well
9 PELaRh § Plest E@%ﬁ: g%e)%c{e%l%ntbm {eRfiof %?Qn M%@&r@&dmay cause

en f cuses Si test i mage onto each
{1 PoEPIn Iheoad aeaioninitheusral ao lighg ever bianiginso light froanthe test
cause defects in an inmage sensor. Many_of these
adge ‘ﬁ@s wémaw ‘éfmssea%d sestigneef the apmp érrlé HOE él@faw ogsible to

th e sen For exa
B i aRb-Slioerh g B Raser el R e gsiible o
@%95&%&1985&13%031%% fng%k%k%hwop OTﬁéEﬁc{tﬁod and
eresponse of two or nore adjacent pixels at a |ight
appshratas of edgsresdnt andepsion] hageverNsapaiid¢ af detiectng defects in both
however, may respond as if they are shorted together
%@aWé’ltlandF’@Fl %&WF@XC’& test inmage projected onto a
flrst section of an inmge sensor nmay cause a pixel in

S B of,. t he 4. gh
" SFEORTLPE% 20 Sl Dbl e RS s IRE D ing
ﬁﬁ&%té &Hsc% a&é@ﬁdﬁ@rt@ya mbthdBeliBbdidt AR YEe PRESAMhGerdton. Referring
expl ai n such™non- adj acent pi xels respond together
now toFIQ. QadmbEK} PR sEsthheFIG. Hbbetikci0,nHighi fwinx ehelight source 12
across an array wll exhibit this behavior. The nethod
wralibm gt sichghara kpevp insadty @&@ﬁﬂ% BRutEE e ¢a¢ di gl@r

' & a %g‘gﬁglg gﬁ‘?lg%) igt :I\Etg(t da%d)jﬂﬁks H ,&\h@ glll!{bsr%gédgfglr% negl COIlVCl‘th toa
a&&méatd@&amﬁag? {iarcht pakerptR hibdiﬂ'%d&ﬁte@ﬁmhﬁé Hb%xb‘eﬂ%@ve As '

"sensors accordi ng to a net hod -enbodi nent the present
shrovem bt block B2f s digirahimegeds Bid@ foRusmddorfeb @ dejcefimdst fest 20,

?Ltsch;ggmm?@%% Pé’ffi ﬁel{sr*alta' éﬁi@%&ﬁ%{‘% %ctgr teéfa ‘{'%ﬁﬁllr}%g% the
BQ i of End 8ex;1cheeux(1jcicq"t 120 is then read as a voltage by the image sensor
signal detection means 30 and compared to the amount of light input into the
digital micromirror device 18, as shown at block 53. If a good correlation exists

between the two, the device passes.

i

[0041] Use ofa 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 pixel 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” input to the digital micromirror device then the pixel passes. The present
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m cfbmrror device 18. Next, at block 51, the

calibrated light is then converted to a desired
waele@snz193i mage via the pul se-with nodul ati on tRCHORH0€026875

descri bed above. As shown at block 52, this digital

image is then focused onto a device under test 20,

such as an array of pixel cells in a CMOS i nager as

descri bed above. Finally, the output of the device

under, test 20 is then read as, a voltage by the ima

v

: S then, ) e
HWRBBAN shefieNer denet imisd e Asringo sngle pord ak e dM% bR gan be used

BEBiHRLe Baae Vel i Rsiplagbe shOEa bbb TR R Rrds, o the
gf&ﬁéé Snd&tcaae it e, thO8idHAY K& oRARDS Hevik®Ohlhisd/Be

a digital mcromrror device to generate a test
pragemasediesanichatic a0 waagd arosxanplrew,/ablhowsofm inepgesensor
to be sent to a single pixel, producing a sharp .
pirsl arsast, epablipsshedestingref the eatiraimpgsdratiag errdy Pk the device under
Fixels. For exanple, "A" amount of light is input to
He qi gital mcromrror device, which is programed to
transmt an image fromthe mcromrror 32 at

row PR ' 105 DD e BRNEHIAG e f testin
rom}gg%%ﬂn pixgﬁgggﬁ?gégig% fheggigﬁge und§% tégﬁd?f 8
irhegeoathpors atcardinghe thopgecaeinyontiqn el ingigeadotoesesting apparatus
correlates to the amount of light "A" input to the

dP gastdasciibed ahaver Srused i PEOjedSFRticHEstIMagEs paée agevippander test

esentinventiaon, however. .is not limted to testi
EPndieosTiRg ro 5 srotpay piterh A tagte S ge Qe Stmaees
K&ih8 0Pk ithSsd sckABY Bext RUCHe RSl 48R RIrSar8 Plojected onto the
checkerboards]; to the device under test. Furthernore,
tbdcadiigiéradest@ G r The edge Devieen thalight sl darkprmage aentieas is then
to march the test inmage across each row colum of an

plignssl erapdy bepyera|twaradpagenicpize) ohgmpn ef thesdsving wider gest 20.

?gtﬁhx%\]ggiﬁg%ggf Fcigg&lifgcg?c fof ?{Xﬁoref éd;’ﬁlc%ﬁc\(l)itn?éar uslnt?-xgregp%%gé of two or
SXRERUALYNIEEDO S O HoBt hhAHaHIBGR: SRS Mhnig@CRaFHEMoreQany
the preesent” invention, an inage sensor tesSting

pixehraataess tidentire atheag chitheed nabboceted & the ght anddaikexcige of the
static test images on to a device under test 20,

PesE BRaBTOBUL %eVFﬁgéle%Pﬁﬂ% &P fﬁ»@ttﬁ%dr,nasc giilhplse begletected.

i mage or series of inages

[0043] In accordance with a second exemplary method embodiment of
testing image sensors of the invention, the digital light 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 combination 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.
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havi ng a dark inmage section next to a |light inmage

section are projected onto the device under test 20.
wabmseeyel bet ween the |ight and dark i nage secPCDOS2008026875

then aligned exactly between two adj acent pixe

colums of the device under test 20. The inage sensor

signal detection neans 30 then conpares the response

of two or nore adjacent pixels at the |ight and dar k

edge of the image. Furthernpre, any pixels ross the

Eott ¢mxsl¢,rfax}mgﬁa@cmnmﬁsqceé@i ealyavith p@artiqyiar cgmpination of

R e e

@(?:ﬁBﬁﬁﬁBﬁ?O &@13 doRE Ql!%%c@ﬁﬁﬂ@% ersyz@ehhg% SRR fBAimage.

testing I mage sensors of the inventi the digital

Faghtrnpsres bg sicpging)ittages dfoseahdendynamys it ie possiiage sest every
to the device under test 20, allow n% the ent| re arrzih(
p!eri imeidye eotirsYIY, rathpethaagusd PRy ceafility to

S G T P RETASERRS B A e B i RReEe a@lﬁona' tsq yfiffthe edge
{%@g&% A il hgﬁ@aﬁchﬁa&%ﬁgé kQRick e H%éc?f Bedhtd Gy dTR V\ﬁﬁ@eﬁ‘i‘c PRl rows

n using~a static te I mage. exanpl e, en a
&t adlumrsestrhe da@ec asdatassard(badd dhewdoivs thisedting plocesn®
conbi nati on of ht and dark pixels residing on only
bemqnmceﬂtqrmegnage sensor array of the device
under test is used to test the array. Thus, only those

ai | hani s as mnth t hat l.ar .
conbd 0BT o iR arecRian? G BhFS Bl BerRRLbEPUBlapy of cstivg
\M%Sk RnsH8 3 ice IS ShtiddTB qﬁgfﬁms LERRAR RE{AFH Bited @ﬁggtaneously
ing array, however, [tipl e conbinations of |ight
by dsidgrakdipitaleight @II'@CUS@ﬁ systerh dOttotprejear 4 sipgledmage over a plurality
exanple, faili ngﬂmecham sns associ ated onl

pﬁd@m@e@ltmdeétﬁ% &S dﬁacrﬁeci bgve aaﬁéhe‘é(p@ gffﬁe ﬁg:ﬂc FG& is a
PE LS N S B PR §EH S g sensors

H&oRding tdRamventi6a! Ref@afg o tFBIED6 8nd PYGS #eHPA BGht source
I mages-across the entire array, it is possible to test
&9 éy yalipraced, block 56, ant thea @nvented irabhetesirbdidigitabimage using a
portion of them Flnall the abilit 0 step t he, test,

ligltr prosessing sawtmyl abe@ntaﬁ@ ?%d%h e ofligiglimge is then

bR eng s efrgimal KBRS, &ﬁ 1o BIER e sy R HBsotution of
the micromirror array must be greater than the total resolution of the devices under
test. The devices under test may be aligned with space between each device, 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 Between light and dark image sections correspond to |
two adjacent pixel rows or columns on each device under test. Finally, as shown at
block 63, the image sensor signal detection means 30 then simultaneously analyzes
the output of all devices under test 20, thus automating the method of testing

multiple 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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or columms of the device under test 20 and thus all ows
the testing process to becone nore automated. [0044]

wo poogoestdance with a third exenplary nethod erdDUS20841026875
of testing imge sensors of the invention, a plurality
of image sensors is tested sinultaneously by using a
digital light projection system 10 to project a single
i mage over a plurality of devices under test 20, as

d i bed ab d sh [ G 4 . Fl 6 i .

LR T SO L AE
f testi I p i j i .

R 15 AU o A g SEHIG" 0 #1887 febbetiagram

%%sﬁ%lgﬁg?@fo@r&d@xcﬁi nf@hod od tdshap iﬁlfagc\! e¢risegh dcobmlidg to the

sire gital image using a digital |rght processin
Biweheon.l Refaring mowntoaf LGl baid BIG. 4k, ailight sdurcerhgés ¢adibrated,

then projected onto a_plural]j of devices under. test,
blosisi70s 2hd Thepsconviseted éatg) raﬂitwig élrglf@ﬂlénqrﬁ% A Ggital ight
array.nust be.greater than t e | WL i t
iRt herdy 1BobrhOmet FotCL ThE b B Betf b8 dlon' Brem, for
918 Al i liefing FcBE dpis 219 capabl
PLUARES R AORER e e uasaly SPuBmng el 1> o
beiplkeng theimey ffan thadegita esitronikior Wevicafritect pltrbadity of images.
test. If static test inmmges are used, the gevi ces h
Fhd eligital sest pmegestse shangiosases Rfoarppralife ob dejaces ek st suc
l,i ght .and dark . e sectijon or .
g}ﬁ% é’@gﬁfni) PES}C test ARNAgES 18 Do egts?(&oor{{tg Zégﬁ'P ggxbllgec{éﬂ\%’cr{ c}gsrt, block 72.
Fﬁﬁﬂl& & e%’w‘nyat HScISTP e %a%ée &‘Hﬁ()ﬁﬁ%naﬂ R td e e ELR U then

sign tection nmeans 30 then sinultaneously analyzes
tiheuleuepusly ahalptds thevitges ofal elevicesund, testiAs thus automating the
automati ng the nethod of testing nultiple inmge

swathod of t4stogapuifipledsage 4aOES-wi th a fourth exenpl ary

net hod enbodi nent of testing i mage sensors of the

i nv [ , lurality of i ' :

o1 P PR Lo SR it S T R R A gl nBdiments of the
S¥RhEBh vt Besl ARcHBOE NS MisEh AL Pravtitd bpHR presdnt invention is

i mages, as descri bed above and shown in FIG 4(b).
BbElimitddstoause lof ok lydbmgofuinesd ¢xestplatyiomgbadimehtsr@he or more of
exenpl ary nmethqd of testing inmage sensqQrs accggdingfﬁgru)

theemppdinenp of Q&WFq%@WMaﬁu%uS?géWﬁF OLAL

% | i ggt source.l2 is calibrated,
etect defects 1n a1l image Sensor.

[0047] Furthermore, while exemplary embodiments of the invention have
been described 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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bl ock 70, and then converted into nultiple digital
i mages using a digital light processing system 18, as
W@ b@a2281 bl ock 71. The digital |ight projectiBPeI/US2004/026875

system for exanple, nmay create nultiple test inages

10 by utilizing focusing optics 219 capabl e of

splitting the image fromthe digital mcromrror

device into a plurality of imges. The digital test

i mages are then focused g plurality of devices

under test such that onlﬁﬂéggﬁ§f the test images is

proj ected onto each device under test, block 72.

Fin g : [ WaleF1l

B T e R
UnitedoStafadtis;of al | devi ces under test 20, thus automating

the nmethod of testing nmultiple i mage sensors. [0046]

Wi | e separate exenplary apparatus and net hod

emBodiAremparafis fordestingdmags nCRIOFs SHEAPPaEsRes | bed and

illustrated, practice of the present invention is not

| mit &QTPSS of only one of these exenplary

enbodi nents. One or nore of the enbodi nents of the

presentd;i [ : enkRgaLher

O e A o R

Fur t heligied ecst whage sadetipicany saidbiodgaeon® afleashene

i nvention have been described and illustrated, various

changé®agaeenseiondcat i ons may be nade wit hout

departing fromthe spirit or scope of the invention.

Accor di_ngl t L.nvent | is not limted by the
for eg&flﬁg’aé%é%rgfe)f)tﬁfgg%&%éd to]il's only limted by the
scope of the appended cl ai nms. CLAIMS What is cl ainmed as

new, anch af 26k b0clfith Py wheeltshidyest higkarPahgnt of
the United States is: 1. An apparatus for testing

i mage imegenr s, sai d apparatus conprising: a digital
| i ght processing control system capabl e of generating

di gi.t t est inagpﬁ.ang dhrecthn said im ea.onto~at
| edst eapparatus Claim 1, wherein sal test umages are dynamic

images.

4. The apparatus of claim 3, wherein said dynamic test images
comprise one or more images selected from the group
consisting of marching rows, marching diagonals, and

alternating checkerboards.

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; and focusing
optics, for focusing said digital test image onto an image

sénsor.
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i mage sensor; and an i nage sensor signal detector. 2.

The apparatus of claim1l, wherein said test inmages are
wat@bsioz2zosmages. 3. The apparatus of claiml, WhET/E52004/026875

said test images are dynam c i nages. 4. The apparatus

of claim3, wherein said dynam c test inmages conprise

one or nore inmages selected fromthe group consisting

of marching rows, narching diagonals, and alternating

checkerboards. 5. The apparatus, of claim ], rein

sabd WhgmppmnhmgﬁthpnébéﬁgrﬁgS@éﬂt PO%V§ﬁ%ﬁP8@ i ses

a light Eource a digital mcromrror device, for

conveP§ Hg 4$ﬁ%?:fron1sald light source into a digital

test inmge; collinmating optics, for directing |ight

from sq %Hééx?HIs STUERS QM QeiBRh (ﬁgﬁhﬂl?éhtlﬁréée@ﬂhgf or

deVi ce; ocusing optics, for focusing said digital

test toMI6l Kiem ﬂlmthcaagmpslem&iter@puwéoaﬁhmng lighof
claim5, whérein said |ight source is a_ uni.formDC

li ght froousaie light sortrec befose hivdireted (st Si8ier ei n
said digital |ight processing control syst em further
conpr F@é‘?f?lﬁq’fé{%"lﬁﬁtl cs, for filtering light fromsaid
l'ight source before it is directed to said digital

meg S:Tr?rcs %?éxqgtyé &fecl ifhr 1, PBerRRPRIRHIsSaPliglel protesting

igital |ight processing control system

I s capahtrdl §ktepe neﬁpibla of gepdrating atpjurdligi digitalitesst
i mages.
images.

9. The apparatus of claim 8, wherein said digital light processing
control system further comprises focusing optics capable of
splitting said digital test images into a plurality of identical

images.

10. An apparatus for simultaneously testing a plurality of image

sensors, said apparatus comprising:

a digital light processing control system capable of
generating digital test images and simultaneously directing said

images onto a plurality of image sensors; and
an image sensor signal detector.

11. The apparatus of claim 10, wherein said test images are static

images.

12. The apparatus of claim 10, wherein said test images are

dynamic images.

13. The apparatlis of claim 10, wherein said digital light processing

control system comprises a light source; a digital micromirror
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9. The apparatus of claim8, wherein said digital
i ght processing control systemfurther conprises

WO o@was229g1 opti cs capabl e of splitting said di gPCHUS100$026875
images into a plurality of identical inmges. 10. An
apparatus for sinultaneously testing a plurality of
i mge sensors, said apparatus conprising: a digital
| i ght processing control system capabl e of generating
digital test images and simultaneously directing said
i magesdwineofar qonuemingtlighs frameejd lighhswirss ingna dgitilnage

sensor si.gnal detector. 11. The apparatus of c¢l.aim 10,
nhor i e alge: GbmANG QBTG CoL G Rg by Som y5d gk
appar (o) [ Qi 4mk: ' i.d .t Lmges are
dgﬁam%g%?ﬁa%%g . Sﬁf@%ﬁ‘e@%@@?ﬁ@ of”’ %?%lfdﬁ% wherein

sai d dirgicsafor E&@ﬁin(?b%@i&%&bﬁ@s@i@iﬂg&@nt@%ﬁh@dﬁdh@ﬁ@“ ses
I gl

a light source; a tal" micromrrordevice, for
converting light fromsaid |ight source into a digital
t ekt i 'Hagyeppacyns pfrelriond Oppihicrssn s#iddigital Eght prpcessiyta
fromsaidli%ht o said digit m cromrror

l..
dovi o &OnEol ST AT SApaBlstql et PRI Dh iR F808  { a

test i : ' ensors. 14. The apparatus of
claim 1%# ﬁ%@iﬂﬁ@gﬁg‘%’di gital light processing
control systemis capable of testing a plurality of
| nege ‘Blengepasatus bfigain d0noherdiesdid idigige lighSprotbsing
apparatus of claim 10, wherein said digital |ight
pr oce<ONHE] eVsERR é capyBlecrh paingmBlsrality pf inaagd segsers

Pl ur e Pl RYSREREREZeUSI N0 2 plural ity of test

16. The apparatus of claim 13, wherein said focusing optics are
capable of splitting said digital test images into a plurality of

identical images.

17. The apparatus of claim 13, wherein said light source is a

uniform DC light source.

18. 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
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16. The apparatus of claim 13, wherein said focusing

optics are capable of splitting said digital test
wopwge29nt o a plurality of identical inages. RET/UTI004/026875

apparatus of claim 13, wherein said |ight source is a

uniform DC |ight source. 18. An apparatus for

aut omat ed i mage sensor testing, said apparatus

conprising: a digital |ight processing control system

conprising: a light source; a digital mcromrror

devi ce, f orfoasingeoptiaagforifgtisirtg wid digital tosigagedur ce

into at |east one of a static and,dynamc digital test

i mage; col I9MGRER HHABHIGSSTr dere WRILEESthg | ght from

said light source onto said digital mcromrror

devi ce;_ .andf ' j : sing said digital

t est iajr‘rlalgleageg‘;:’:#é?)sk Eél%niﬂ%%%&gre%}gﬁlggg] ce under test; an -

i mage sensor signal detector conprising: an input

means, for adnnppét megnsa fednpuninguscaitnaius ignel om nage
-sensor device under test; and a neans for

aut onat i calanyinegepensondewss undergish adom an i mage
sensor device under test to said test images inputted

by said digital Iight processin . 0.
The appar atUSHH #8? 5?5’??’1%{?‘@%%?%? %r%géwgagél al%élﬁ{ ig%] a|llg ht
processing 1@‘&?& 51508 Meti8MheCRRAR! idofest igsdgelg a
plurality o nage sensors using a single test imge.
20. The appapeadred bpkaidldigiml light phuwessing seritboldygemal
i ght processing

19. The apparatus of claim 18, wherein said digital light processing

control system is capable of testing a plurality of image sensors

using a single test image.

20. The apparatus of claim 18, wherein said digital light processing
control system is capable of testing a plurality of image sensors

using a plurality of test images.

21. The apparatus of claim 20, wherein said focusing optics are
capable of splitting said test image into 2 plurality of test

images.

22. A method of testing image sensors comprising:
generating a digital test image;
applying said digital image to at least one iinagc Sensor;
inputting a first signal from said image sensor; and

correlating said digital test image to said first signal from said

image sensor.
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control systemis capable of testing a plurality of

i mge sensors using a plurality of test images. 21.
wab@sapgear at us of cl aim 20, wherein said focusPEmUS2004/026875

optics are capable of splitting said test imge into a

plurality of test images. 22. A nethod of testing

I mage sensors conprising: generating a digital test

i mage; applying said digital imge to at |east one

I mge sensor; inputting a first signal fromsaid imge

s28soThe amthod of elazhi22g whairain diiditesimpges aE §8HE t o

said first signal fromsaid i rage sensor.23. The

nmet hodR#\CSc| ai m 22, wherein said test imges are

static imges. 24. The nethod of claim 22, wherein

21 98 moffBEER AL 4 ke (ARIER i R TR

one Ofmimke i mges sel ected fromthe group consisting
of marching rows, marching diagonals, and alternating
checkerboards 26. The nmethod of claim 22, wherein
geBer Themgethodiagictaith 22 sthereingeidi dynpaxe EshHERESy a
digital light processing control stem 27. The

et hooBpTith AR PEBIO MBS TG T e P yht
processing: co : source; a
digitg nﬁgglaﬂ??%%Pﬁ%%%ﬁﬁ%?ﬁ'oﬁhigﬁggﬁé%%%kﬁight from
sai d hLjtahbris@ehedkeittdaeda digital test inmage;
collimating optics, for directing light fromsaid

i ght source onto said digital mcromrror device; and
f @6usilig method of claim 22, wherein generating a digrtal test

image is performed by a digital light processing control system.

27. The method of claim 26, wherein said digital light processing
éénqd system comprises a light source; a digital micromirror
| device:,.f.d com‘ferting light from sai-d light source into a digital
test irhagc; collimating optics, fo; diréct'mg light from said light
source onto said digital micromirror device; and focusing
optics, for focusing said digital test image onto an image

s€nsor.

28. The method of claim 27, 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.

29. The method of claim 22, 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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optics, for focusing said digital test inage onto an

i mge sensor. 28. The nethod of claim27, wherein said
walk@isnadesl i ght processing control system furt hB€T/US2004/026875

conprises filter optics, for filtering light fromsaid

I'ight source before it is directed to said digital

m cromrror device. 29. The method of claim 22,

wherein inputting a first signal fromsaid i mages

sensors and correlatin 23 said di gltal test image to

€

sad@ fThemeshodhaf claire 23¢wheraim applyingrsaichigsteimagsSor
signal detector.30 F%Ee net hod of, cl a%ag%ZZ wherein
appl yi HYLRIGE SRS TUrthSH EOPBUISES 2PRIYIS $ih &GSt 10R3E 10t
conpri test image to a plurality of

i mage @ens?fehﬁﬁ& %ﬁg&ﬁet hod of claim 22, wherein
generating a digital test image further conprises
ge3Er alhdehcthdd OF alairh P20 Ivhdicih pomerhng aidigigdsest32. The

met hod of claim 27, wherein said focusing optics are
capabl l@l?@'e fgpihﬁt cwmgms'aug@n@nagng alpleality @“gﬁgéél tepft 0 a
pluralit identical test inmages. 33. A nethod of

simult Ersly testing a plurality of inage sensors
conprising: -.generating a plurality of digital test

| MBgesTHs h{EQhé‘d d grahg b7, wﬂafenp L0 FS&IsHE SOMMtsrapd

system applying sal drgit images to a plurality of

I mge agablerstspliftpiy iaidldxg&abﬂewmiagt:ymb agplgraditysof r om
sai d i mage sensors; and correlating said input digital
test iidgntenl testémiges nput signal s

33. A method of simultancously testing a plurality of image sensors

comprising:

generating a plurality of digital test images using a digital light

processing control system;
applying said digital images to 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.

34. The apparatus of claim 33, wherein said test images are static

images.

35. The apparatus of claim 33, wherein said test images are

dynamic images.

36. The method of claim 33, 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
20



fromsaid i mage sensors. 34. The apparatus of claim

33, wherein said test imges are static imges. 35.
wab@sapar at us of claim 33, wherein said test POBYSR04/026875

are dynam c i mages. 36. The nmet hod of cl ai m 33,

wherein said digital |ight processing control system

conprises a light source; a digital mcromrror

device, for converting light fromsaid |light source

into a digital test image; collimating optics, for

di r ectsontre oughtsaidr digitalanigromigrersdayicse anh farusiaigd

digital mcromrror deyvi.ce,, and focusing optics, for

f ocusiyc >aii'r08 QeI digttal 'i‘?ﬁglgla@ﬁto&t%gr“ilﬁﬁé% sensor .

37. The,dgthod of claim36, wherein said digital Iight

processing control system further conprises filter

optics, for filtering light fromsaid |ight source

bed7or €l'lid mieshall ofelhiad 36 pwhadeth didytigital gl mrdicessoig

devi ce. 38. The nethod of claim 36, wherein said

f ocusicegteb system dnghergampprscs filtepopties; fy Meariedighitt al

test i es.i.nto a plurality. of identical .test inmages.

3. THEOHSRRIEBFORcs tsfors Y indireese g 88 a 11 rst

si gnal  frams&i gevidrages sensors and correlating said

digital test 1mage to said first signal are perforned

by an i mage sensor signal detector.

38. The method of claim 36, wherein said focusing optics are

capable of splitting said digital test images into a plurality of

identical test images.

39. The method of claim 33, 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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