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[0011] Fig. 2 is an image of a point spread function
(PSF); [0012] Fig. 3 is an imge of an LED array in
accordance with Figure 1; [0013] Fig. 4 is an inmage

of the array of Fig. 3 illumnated LED in the upper

pane and diffusion of light in the | ower pane; [0014]
Fig. 5 is an expanded view of the inmagi ng system of

Ackorglhgeao the thﬁrﬂ&i]ﬁct &f @e pbeseigt iavatiaphthek i ptoveied a light emitting

%haracterlstlc

cognp&sglgh ato]]ea |OF? gg E%cg C nﬁgurﬁ %)Sdlro%cp 91%1%] to{f/!—n% an object a
hol‘ogfa;)leic diffOR1 Zdnffeuged (8 in@ecae $1nifmt3n af aoﬂlumlwni’adntensny of the

hgg ?1?(51 Ey %{eeiggﬁ%q gOOJ'lzg% S%I.g Ges an Icl ap%nﬁ?a)ﬂng{it%gcé/ﬂf%ﬂ%eﬂ to filter

the gt IhtoFd @rst Ixféqmalcﬁrbamdm@mremﬁ the NMgRATltpet intr ﬁlebﬁldyﬁequency
barﬁ Eéﬁﬁ%g%]% {kﬂw‘ollag?qlggr A n%g W1{hd[g% %JRé 293 %Ja}/g%d coupled
devitd (LCDRRCAD dakhgn in&lgmg'wgﬁaceahaskﬂd/by selnliibj?/b}ind.

' TGRS .fou?trﬂdaspect of the present inventions is directed to a method for creating an
image of a microarray. The method directs light toward the microarray having addressed
probes with at least one label that is activated by targets and filters the light into a first
fréquency band. The light is reflected, by a dichromatic mirror aligned with the
microarray, in the first frequency band onto the microarray causing the microarray to
emit electromagnetic energy from the labels activated by the target at a frequency range
that transmits through the dichromatic mirror. The method further filters the
electromagnetic energy within a second frequency band and forms an image of the entire
microarray on a CCD aligned with the microarray and the dichromatic mirror, the CCD
having an imaging surface masked by a pinhole blind.

According to the fifth aspect of the present invention, there is provided method for
creating an image of a microarray, comprising: directing light toward the microarray
having addressed probes with at least one label that is activated by targets; filtering the
light into a first frequency band; reflecting, by a dichromatic mirror aligned with the
microarray, the light in the first frequency band onto the microarray causing the
microarray to emit electromagnetic energy from the labels activated by the target at a
frequency rtange that transmits through the dichromatic mirror; filtering the
electromagnetic energy within a second frequency band; and forming an image of the
entire microarray on a charged coupled device (CCD) aligned with the microarray and
the dichromatic mirror, the CCD having an imaging surface masked by a surface having a

coded aperture array that is modified uniformly redundant array (MURA).
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[0031] In the exemplary emboediment, a digital camera with a CCD’s sensor is used for
1maging a microarray. A discussion of digital cameras and CCD’s suitable for imaging are
found 1 HanVision Product Sheet (2004) HVDUO-10M digita! color camera with Foveon
X3® CMOS color Image sensor; and Optronics Product Sheet — QuantiFIRE Advanced
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aciieV&! byRAL PG ik d kit PewSerfttatlXform of the raw digital CCD image with the Fourier
transform of the point spread function (PSE), and taking the inverse Fourier transform of that
product. The PSF is a modeled function (empirical or theoretical) describing the spread of a
point light source on the microarray plane through the aperture to the CCD imaging plane.
The deconvolution method 1s illustrated in the equations below.

[0036] Let f(x) represent the Fourier transform of signal x while () represent the inverse

Fourier transform of signal w. R is the received convoluted image on the CCD imaging
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plane. Yisa sighal representing the PSF, Thus, f(R) is the Fourier transform of the received
image, while f(Y) is the Fourier transform of the PSF. The Fourier transform product of the

received image and the PSF 1s

FRYfFY) (D

Let I represent the deblurred image. The deblurred image (i.e., deconvoluted image) is the

imnage inverse Fourier transform of the Fourier transform product (1)

I= RIS (2)

[0037] The empirical models of the PSF are readily obtained by imaging commercially
available ﬂuorcscéntly stained microspheres on glass cover slips at the plane of microarray to
be imaged. Figure 2 illustrates the effect of light diffracted through a pinhole aperture on a
CCD imaging plane. Figure 2 shows the result of a point source of light passing throngh a
pinhole aperture onto an imaging plane. Thus, Figure 2 illustrates an empirical PSF. Ideally,
one point of light should appear on the imaging plane. However, since the pinhole aperture

" diffracts light, concentric rings appear on the imaging plane. The diameter of the canceniric
rings depends on the wavelength of light, the size of the pinhole, and the focal length of
pinhole to irmaging plane. Taking the Fourier fransform of image illnstrated in Figure 2
results in the Fourier transform of the PSF (i.e., f{Y)).
{0038] An exemplary embodiment uses the PS-Speck™ Microscope Point Source Kit with
0.175 p spheres with Green (505/515) and Orange (540/560) dye labels (excitation
nm/emission nm) as fluorescent point sources for determining the empirical PSF. An
alternative embodiment uses the InSpeck— Microscopy Intensity Calibration Kits, Green and
Orange microspheres, 2.5 and 6.0 p, with relative ﬂuoresceﬁce of 100%, 30%, 10%, 3%, 1%
and 0.3% per sphere, as fluorescent point sources for determining the empirical PSF.
{0639 Soﬁware implementing aiéorithms are known fo those skilled in thé art to extract or
predict the point spread functions for a particular imaging system and use these for image
pfocess’ing deconvolution.
High power LED illuminration —
[0040] Conventional high performance confocal epifiuorescence scanning systems for
microarray image data acguisition use one or more lasers to illuminate the microarray for
excitation and mapping of probe or target fluorophore labels. The high intensity of the laser
beam provides sufficient illuminate during the bnief transit period of the scanner in serial

passage from one imaged pixel to the next.
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[0041] An example of such confocal microarray scanning instrument is the ‘aQuire gystem
manufactured by the Genetix Corporation in Hampshire, UK. This system operates with up
to three different lasers for illumination of familiar fluorophores used in nucleic acid analysis:
532 nm / 575 nm filter (Cy3, Cy3.5, Alexa Fluors 532, 546, 555, 568, TAMRA); 639 m/695
nm filter (Cy5, Cy5.5, Alexa Fluors 633, 647, 660, 680, BODIPY); 488 nm/535 nm filter
(GFP, FITC, Alexa Fluors 488, 500, 514, CyZ and Phycoerythrin). This confocal system can
scan microarrays at 5 micron pixel resolution in about 1 minute per o’

[0042] An exemplary embodiments of the present mventions uses the lower cost and longé:r
service life of effective high power light emitting diodes (LED) 6, as illustrated in Figure 1,
to illaminate the entire array surface for the period of imaging exposure of the array to the
CCD imager. Modem LED devices have been used for guantitative fluorescence analysis of
labeled nucleic acids and i)roteins in methods such as real-time polymerase chain reaction
(RTPCR). LED devices provide the advantages of longer lifetime, lower energy
fequircments, smaller size, simpler electronics and fewer operating hazards compared to laser
systerms. LED devices are available with emission wavelengths suited to the range of
fluorescent iabel options in typical use with microarrays.

[0043] As an example, any desired high power LED may be used such as the high-power
LEDs produced by the Lamina Ceramics Corporation in New Jersey. Fig. 3 shows an IC chip
20 having a hexagonal array of seven clusters (20a, 20b, 20c, 20d, 20e, 20f, 20g}, each of
which is 2 hexagonal array of six individual LED elements. Each LED element 1s embedded -
in a ceramic substrate that facilitates direct dissipation of heat from the LED.

[0044] Two examples of the B-2000 series of Lamina LED arrays produced by Lamina
Ceramiés are suitable as they provide intense, narrow bandwidth emission around 470 nm
(blue) and 530 nm (green) wavelengths. These wavelengths are favorable for elicitation of
finorescence from fluorophores commonly used in the analysis of nucleic acids and proteins,
particularly with respect to microarray apphcations, RT-PCR and other moiecular

biochemistry methodologies. Table 1 illustzates the specifications for particular LED amrays.

Series Hiumination Wavelength Power Rating | Luminous
Coler Range . Flux
BL-22B1-0140 | Blue 470+ 5nm 4.5 W 28 lumens
BL-22C1-0141 | Green 525 = 10 nm 43 W 78 lumens
BL-21E0-0131 | Amber 588+ 7 nm 3.7 W 290 lumens
BL-21A0-0121 | Red 618+ 5nm 3.6 W 270 lumens ]
Table 1.
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m%aﬁ'oﬂ@ﬁuor@b’ﬁm& apeefractive and angul ar diversity

from polnt sources on the array surface. The

[0G5574 Jf Hhoahictoprray, 28 bi typindgt is Gataichipd bmthe shdbag of iagraabparent glass slide,

prQac mains to_be t ned
or B LB Ao (P SR O S Ll PR VLR i
sudppl iThatwand pifovﬁiédu sbt@ﬂ@iassd&"@ﬁ&’lmﬂldﬂit ibedin tHYBEE the finorescent

dd | filteri
. rgroceﬁ? rﬂﬂgy E{)s or ?’Fﬂ#&:ﬁ: E‘é"ﬁd ﬁr'?,]%?tmﬁé%ft L resdmably the

ﬂu&&&dn@ﬁlbﬁ@%oﬁ?(@@%é&s COIYrE Blay be b 3038l e NRakl8S8d 8B from the back
consideration is_to mnimze nmechanical conplexity

reR3Bor Agliparee)ce siralkempiehl S dpiranetersion. lowever this latter
si ﬁahﬁ's §iRb]y GAIRN R iR qIfief P ﬁuér@ﬁ:gﬁtr{&a d B oD plane, due to

| ternative 'enbodi rent’, a high resol u%l on CCD i magl ng
refaﬁcﬁa? apdsenggiar @ye@f}' \ﬁnfrrrmpmifsp@rlcgs drethe arassuohchi Fiearactcality of

RS, S SBULAR SRRy L PR

poedigment sractival sdvahtage map bt &mhead hepelication peaditioatideconvolution
aglvanta es tover @ﬁﬁﬁ 1 EﬁJ tal camera, g]atLtI C. IarI
5 P T8 T O AR OPHICH U EREFTRogHs i gpiHucrescence

path@niai ned, it is only exposed to low intensities of

fluorescent light fromthe filter cube, and then only
Shufteriess| eXppsis EMt¢licroarray i s under incident beam

[0038) UDh\RkioA RonsRIRRRnSX RO Bre LRERHER SaRiiBRY! Ghoving parts). An
aperture are anti m(gat ed to be of signi f| cant

eX¢p Aty Prpodzeend neRs atdgitel aamers Yor raoioivpt Umdging | In enrbanative

LS TP ED bR, BT 08 e

higheentmipss of im'agimglpimbs tahePEICE avaling foushertdagk :a:ﬁ—feayanﬁf background
of R Rl B R e LB S PPEC R CoRRA e voo of a digia
casibtal Haticulaty A0SR GrRaT E&)leracﬁdﬁdC@DQE bpﬁcﬁl‘t?&érﬁ}{&ed it is only

{W ?iAstnoted ve, gflelds of astron
SXROSER BSOS AT f%igﬁﬁt hirfetn A fﬂ‘é(/@ibén%ldd gonly if 2
udLReRY BlitibAraiy ik TRGL i1 RGeS TubthaGbar bibe é;lp%&:bmmugh a

fromresolution-lim ng diffraction through snal

5

PiRfjodt PGP B 2raive PgTed it Be oY S gienns diarﬁ@orh@fcoaﬁ%mmn@tesbavmual
optical refraction for imaging, including x-ray

tel escopy or closer field |nqglng usi ng singl e photon

m ssi on conput ed tonography (SPECT). Met hodol ogi es

for these applications have devel oped to enpl oy coded
aperture arrays, with favorable results for both

i magi ng resolution and reduction of exposure tine.

[0060] Figure 8 illustrates an exenpl ary enbodi nent




I=rlUR)1(\11)) (3) As illustrated in the equation
above, an imge cannot be deconvol uted (i.

deblurred) wi t hout know edge of the partlcular
WHWEV YA ask of the coded aperture array. ThhS§T/USHR7/063721

i nverse mask of the coded aperture array serves as an
clécnotianhatee (us-H@thkgiakl) fagby a;tnpmped( QyistbQlr ofeieCEHah R8N flip of the
Igg %. LOOGZ I.n an exgg gnodlnent t he

A G D e b g e S Be G do ey oBE e AR e duder

babk@&6hdd chiftR 20RInh 0k Bhd GFRALIIN it e Y86toRBSIIHES (virtual shutter,

array that is the inverse of itself and deblurring an
10 YRS BATB)-descri bed in Gottesman, S R and Feninore, E
Cddedd ﬁ&r@EM%? amly of binary arrays for coded

aperture 1 maging. Appl Optics 28, 4344-4352; and
lﬂ%ﬂil &5 ngtaOFB)ve, therficidy efmstrogoriy, lmgxsbe@pa ped tamograplhér imailging have

n_im, n BNL - 71468 the contents

enf R Ao BRP o srec iy PP PR B BRa A ne
diffrcasrpthraizR dmbY ap@fueéeSome oAtitss QlitfisQre Wt amedgle 1o tlcal

ertgre arrays js. also found in Feniymre, E E (1978)
repdign (vempa Rt Briene & 18y taéﬁw”F‘?FB’r‘m"lj:’S?r Ui Eastnegisgangle photon

enfiBRbn CRPUER tdrhopdpRRS3E ). FeRiJIBhEies Forfhdsd %ﬁ%a@g%ve

aperture imging: the nDduIatlon t ransf er function

defvapp%‘fp FEPHYcofebiRnTakR arey -y faygsphle gwitcior hoth imaging resolution
mﬁ%@ﬁmg§7$kﬁgggﬁgg&g E Band Cannon, TM (1978) Coded

aperture inmaging wth uniformy redundant arrays.
10| Figpteidobustiates 38 Ex@uiary(cattodiommt of FUS’dPéammrmW The concept

?}%’ﬂﬁ? %eat arsl%rrrr% t mﬁol?g}gci né/ ent gcli zj)p')térr As%!? eor%né%%}, A%2 (modified)
urf ormii rgi‘lrnﬂﬁﬁ@:lrruy I(((MI)IM)I le@ut amdnvoﬂncﬂs st fupahim@edBdthd imbge source

dlsserta i on, ach setts .
aslvh%’?eidttﬁﬁoégg?ac é’ ﬁ%‘FF%l%’ % 25, ARRCAVRIGH Greet in a
migroar@gR&del troudh aﬁfb@etﬁ-@ﬁ&tﬂre ﬁﬁy(lﬂ@%'—i d&e&&dﬁq The detector 144 is

aperture for high resolution nuclear nedicine planar
any degiisddOREIRE daviEoHFB AR R 6FAl- Anger caner a:

lO e ¥ 4 aSS (9188450 e
[06 1?%&5%5111@:& H234 oh She ddEl F&@&S@é\%\éﬁﬁef%ggﬁ%?ﬁ through th

1-2417, the éntire contents o
cqqigci abripesf asvagn dés respbing emegenis bhvesd peraataitie Bstector recewes the light

it fn%lrl ?]:ﬁ% ?mhgl\%g)?%k}( ggs?reg O Iee{{eccgl{v%ﬂxg 1 ogh%aape ap be used to deblurr

convo inve ure
tharﬁsa}ylngnskael &ad sxdneple, MY ARD e@mﬁtﬁh@ﬂnﬁm ahnsform of the convoluted

. resolution a hi.n he limt dijension of t

TG ORI a1 Ty Po0e1 AT BTGl EPETeBHHE ipverse mask of

thédgticti iap@ralrt Yrraf HRY AXDOEHERNLIEEFdiRker £ R drFdNhd FBES: mask. IfI
is reduced in Broportlon to the nunber of apertures

equals theedeersiolut tehyure 9 |IIustrates anot her
enbodi nent of an |nag|qg gg@ The i magi ng
system 200 i ncl udes a n1croarray (wWith targets

Ap(zalyatechin thE@uiahdaiayat dnomage pwomecmmbit@m apiebburred) without
[ . it hroj c.
T ok G T—.
ofithagidad apdramea2dGsenies s an deteehan:s 3dial enbigtion key for enerypting
functionalities of these conponents are simlar to
i858 described for the counterpart conponents

{0deBiCTH desteinBiay gHb®iidentlhe cbﬂ@ﬂdp@ﬂuﬁé!&ﬁ?md%g HB®SDe@n inverse of
. coded ap eréure array 214 in B ace of the ol e

lsgHet R PEDG éoafrenlw gpdsd ap Trraméafé&@ﬁmv&w of #gdfand

dBRBAEMECindel a¥e deScrMiBAtSimALE Rand FLelsEH B ((%?Rrew family
or closed) “whi ch offers nearly 50% open space and

ofpnagp rrdysifascadneé apIrike epkitEe APREOPIBWES, HT444382 nagideVanier (1973)

el enent aperture. [0066] Wthin the scope of this
i nvention, the (M URA or othegzdesigns of coded

aperture arrays are fabricated for the intended

application by neans of high resolution black and
white or color filmreduction, as positive and or
negati ve i mages of printed coded aperture arrays.
Thi s approach transcends the resolution limts of



[0067] The application of mcrofilmas a substrate

for generation of the coded is aperture arrays for

this invention has simlarities to a | ow cost
WGS9y for manufacture of photol|thogra%'WF’USZ“O"""0‘537:ZI

masks in MEMS manufacture. A description of MEMS is
Improyvinched il sodBbemonre therdal ikution Pmagin@ BWLMVAZRIGS 2003 — CP, the

t . VEMS h
colP R USSR HE R e HEh TP buzomce. A
dis®pdsidn df2084)apettite agisiiE fs€ fvhe i Berﬁ’&oféhE @'(19783 Pli‘&ﬁﬁbc{‘
i_.ncorporated by reference. [0068] ur t her nor e

PefREnaBrEe eolBiorly JrdpdrE Ay |AIPH1 @etm@ér?e?#iiﬁzeﬁﬁﬂe%mmore EE
(1%@? @Hé@aﬂéﬁ%ﬁmgélﬁg tRe S0 QRRGSH s fey fdn@n&hﬁ)r Q&M f:éfdundant

his invention Erlnar or second ary |ntegrat|

aﬂéfs éprl @aﬂICS(EQn@/’éér% }: Hepjmesei i § anf Conrgn, THé (lﬁ%bﬁ:mﬂesﬁeapcrture
I I

LSS Bl AR GO pI5 B

4, 2990801 gamsﬂharaaﬁupamthw}g_y\c&ms R @A0OtDasizneff ntdrdeRd coded aperture

ca P S L b b B RS ke Bl dssrsion
Mabahoddit MegLapst TechRSés), UseBriige, ML ; manAERed W &5Rbarini, F and
particul ar mcroarrays_are |ntr|nS|caII of simlar

Laggas RE GRE ORI 2P YIS B g fE%?é‘é@na]b‘é‘F?fdP"ém&F? plgnar imaging with
a HB&nEBSa) QNG ESaRReM eXpiMeial RS ABEE Pfant NuS Science 48, 2411-2417,
invention. Translation of raw i mage data to deci sion
thermdirs eaptanisf Grvpagh lonall ajaye poled Apfesnetismee hegein ipcorporated by
refexGpPl ary embodi ment of the present inventions, any
esired CPU processor is connected to the CCD through
IOQﬁW GbsFowtr irmsénirarsed ddneolDEbh pithdesweershaShacededwpsrture array
e, t.hat stor SF, irical el.s..and t he
it P10 s - Pl bt 3BT PP R s Mo g he

codaf atﬁﬁﬁ{ue a6t y'E IndnMaEpihBsle Bmixfe@fsmm;tﬁﬁibﬂﬂ)'& e exposure time for the

t ransf or ns, ot her desired gorith on any
(3w, éoecléfﬁdﬂﬂ‘?éjg‘ afpypgrta%cso ﬁt@rfamrsba@rzog Fipee 4} or
{0062y & S&te MAGKsafes andtig %ﬂlb@ﬁ%&l@'&%ﬁf&aﬂi system 200 The imaging
Li kew se, those skilled in the art W F recogni ze

sy§terg 208 iEludgin BrcrerT 203 (piB é@g@;@?i)%wna@l%ﬁbm%@n array 204, 2

, %h?ﬁixﬁﬁ&gﬁ !ev?cxtg &i ﬁltéor‘%()gsa dléhrgl%rrﬁ%if QW& ?ﬁ-ﬂssmn filter
exenp ary enb |nent uses a glta

21%;@@@9@@@ n@m plehg 1’*2)],6 Witiph drtertbedl Gan Thh émctrmgﬁmgs of these

com%ésxt:xe%rg Gaé—% {éorlpté%sre F‘?%Cﬁﬂ% u% ﬁ % rtrﬁé éq%ﬁge]é)oarr&gmpgpgﬁ %%;crébed m Figure

5. &b, nnfaﬁlﬁcr E’Sﬁﬁ:nﬁﬁ@f} tise€ A bodE d@brture ik NY BY 96 l4at8 oK tHefpirdhole aperture
% g aperture array. MJRA Apertures - Preparation of

g8 gﬁ%ﬁﬁf [0071] As seen in Figure 10, the

[0665 Ntrrelx @818 codted by S iagkvplREdre) bsa@y 1 88RerféEpen or
was phot;&raphed i gital image in M crosof

erjaRer riOar opsa, SP%Frﬁfdmg 23968 imep Mw%gmr@g power of a
sitf B LR 580F. di aneter as the cap imge. On the

printed copy the geonetric center of the circle was
lﬁQﬁéﬂ eWrthimelc yppt nf Bisseepiion tbé (MWRS ec aesdesikns hﬁcrqnled aperture

%eﬁl‘s f&%@&t@d |fosf t Sx%%n&ed %p ge;th n|hD§' n%eea% 5 101(1) lreg'so{u on {Jﬂg}( and white
or coldt ﬁhit mﬂub.wnZdeQaasﬂfﬁh amt aIpnBMe 1mages of prmted coded aperture arrays.

2007/.104057P S2007/ 06 cIa d_to a woode
T ARTIRG ST RS T r Al OGO G e e today (sbout
25364t h0QdpiProphe finstredRltioh RY farhSiatimeso A16h/ @idrbficht BERUERS (1 to 5 ).
the cap and enlarge the center hole increnentally
from1/16 inch n 1132 inch increnments. Final dianeter
selected to be just larger than diagonal of MJRA
el enent to be nounted. The frgnt edges of opening are
bevel ed using a coni cal stone or a 1/8" piloted
router bit with the Drenel handtool. Those skilled in
the art will recognize that a standard canera body
cap i s not necessary, but used for a conveni ent
descri ption

cl



[0072] In another exenplary enbodi nent, the CCD

device is masked by any desired surface having a

pi nhol e aperture or coded aperture array, such as

V) 206813405712 i | lustrated in Figure 5 and el enBRT/U33097/663721
iIIustrated in Figure 6, respectively. Any surface

DG Tk AbpREAAlc8 rAREHENES, dubstrAE B rg%rat@n%%m BHANR aBerture
bI i nd. 8073] An exenpl ary enbodi nent uses

arfgpE ﬁérﬁlﬁﬁ inygntfapchap piplaglesina iow copgrgtapdelogh éorrre@uég@m:
PR IRE WS haRNRAR, A Aol OB s provide i
Dgray N&dK ny, Rebtané diaann, i (20BEnLow cest (\MS’ procedstrgdechniques.

PRtiebaf e 2P A e B e SR oA (Y b guire contens of

whith Bichefeimcd@orabdtyigieened. di nensi ons 4 inches by 6
bﬁﬁhF The size of the square MJRA in the center of
[0 wiheEmeTs b M o cplor frﬂb%pe%ﬂ%ﬁléra}%efx@atet@ aperture masks
rb&Ré B SO t
prb seoap?eftﬁgga s I&;]ré ﬁﬂg{s lmega%&:l ﬁcﬁ?ﬂ&l ortsg&nﬁﬁrﬁf%ﬁegranon of
operersissien} BtTmEdireusinie @W@ﬁmmtuomg@am ef the aperture
aIE@f)tographed onto bl ack/white negative film (see
, the approximately four-fold reduction of the
[opeqt ’élmg fsedngisghneg asétmnqsre'sally viabla anp qudity-&seleé pathtvay for
the fi 20 nd 240 ..
oo Bl e o RO RGPS PR E b 1 thes mglations. T
is else wert (HURA pme&&lthogmp&b rnmsks?&@d il the mahi Ryt ipdaRE1aa
bl ack backgr.oun correspondi ng negative
ml&F‘%méfW%G =LA SW% ”f éca FRSPBBHRIY ﬁf’h‘ge FRy4pyrEure array

desIFRYESHMOSI M SeSbARGIHAs RIMER. t 0 approxi matel y
2.22, 4.44 and 8.88 nm si des, respectively. Diagonals

Tismshagign of sy Mpecai st deripen guality fermasintoxi nat el y

4 T | :
o} r s 8 4 PR GERARY oY S RbL L dosved U
proadsor @sagmnwttdﬁtoapeﬁcaqhmumnfdesxroﬁ ingpfaro XThee@ Bl prabkSor has a

inch,, 1/ 4 d inch
mbfle aetis? el SRR PR e o SRREER bk Sikrselmadl oy goded
apleﬂﬁg&ﬁ"apsf THECRIN el SeftViRAT | gﬁgfa@e& f&i&r@hﬁh@%&?&ﬁ&nsfems or
Ni ko ra) usin mm _Ni r M ens,
Oﬁh‘:ng%nga g5 L%*Ppal 6%? LPETUD) 5@%%%?@@%—‘&1 model, or
inWikd @adlegaldoues hiekihe SHa9. pri nt ed MURA i nver se i mages
were illum nated on a copy stand with four 5200 K

photlgk¢wisel thasapkiliapinth arﬁﬁtllé Fepogmzec i any mumher fdsisrmapcessor

t S |
g A R GO T A
exm@mm@nsﬁﬁxﬁ@wussz@@zm@@znpmmmmsgmp Einblemsasd in the

._devel oped nual ck nd white I ocess,

iR SR e Bt e buor SRR 2 kSR, on any

infa@s tidptusred 8% a lGT khoOPSIC emhiyiriaalcnodul, tog itveRa Srp:alt 8L YodRE @periure
pically with exposures two to three tinmes greater

mﬁ%an the gray card netering - ie about 1/60th sec at

M&&Ah@ﬁ%&@@@@ﬂfﬁﬁmldm@aymp&mmty of bl ack but
al so result _in 1 ncreasing gay tone and

l‘){’?ldnéf) sredde e théafmelasef e aiaé%ard kbelvel}zstm kpdy pgp 240 was
p
e D™ hous brpkafegmposed
cn@i@wgwn éwsae GAngen 45, tha dapiotage. ald ey 9(tdd copy the geometric center of
e t e
o PG Saethind fy st S OR' FLAE, AR bR Bhpcy s vsed o pitr
the howerdet ditling epfmurrgcheher spr Agemitode zt;iaﬂur]:/ﬁmldmai&d by 240a. The cap
opening in a N kon body agai nst which the MJRA i mage
is mounted. 100771 The sel ected negative i nages of
the MURA aperture arrays are t¥inmmed at corners of
the slide to fit as centered wthin the 37.5 mm
di aneter inner plane circle on the back of the Ni kon
BF- 1A body cap. A 40 mm nounting disc is cut from
bl ack pol ystyrene sheet (Evergreen Scal e Mddels,




[0079] Figure 13 is a flow chart illustrating an
exenpl ary nethod for creating an i nage of a
mcroarray. Step 300 emits light froma |ight source.
VW WRT/HES57f | ters the emitted |ight into a fi PET/USZ007/063721
frequency band. Step 304 reflects light in the first
is éipmgttbﬂ&mwdnﬂiﬁﬂ wariting gurfice B ede] BE&4tdoN@nliB® speed setting to
m C{oa]r.ray to.em.t %e‘?%[tﬁnagnetl c, energy. Step 306
Pr{YePtIBFEnE HBUSE A PR g e o Rf ghlatgerthi GFnier datedprtementally

frdnf @8RG DaNGhch HPBnH RFiial BiGknstel ddtedtrh bOUG 2conal
pi nhole blind mask. In _an al t]er ngt ive leerr‘ood%\er??g,mthan diagonal

of i ldRATirment fochergoynterht Therfras gdees obenenmgardizavieled uaing a conical
3] . ' f the .
SR LR b o b @Yl A0 oD, FholRSedth o win
reghgnier it b oasdand ciohee kedy eupfib o nebrasarg, tehesel dotbeconvenient
de%$?5§t ood as representing nodul es, segnents, :
portrons of code which include one or nore executable

[00733 tihustthemesefnplary epb&iimedt theg CXLBEdVideds inagde@ @y any desired surface
b funct i.rgln or st eps@(’g; the process, and alternate WO

P87 IO PEETF B S0 08T S FT A YRS featerbhls diugirated m Figure 5
anti BRAdSET! 2Vill hdtiafedtif 81 S0P fephctiRB. SR HRIACh L TROALIRNL aperture
. of the present invention in which functions nay be
1s EfEEgteds donhele bpder from that shown or di scussed,

ar 1 ; . ver
O S e A Ay £ IS St and
repretshicsqyare M dB Asapsourelyrayhesd gk ithiges followihe thar dxplicit algorithmic
Vi I eadi |,y di scernj . ifications . . .

des o pioRideBuD e b RR e eI [ Dlaal GuRP S oh oPRve mage i
coigslrdcieg fivty h(txafckN&"rﬂ'thea'i?@a\z‘;ﬂ'c)zltq sraiCcthisrigage ik beﬂtf&e& Eﬁhﬁf aDtivﬁictjé fgctang]e of

.be under.st .00 at within the scope e appende
iRFogt e F DES PHUGTED e T HORE SR DR ERARSE" o laree
re@8nglie eyridaliglatidas @8 36 FepReht ReAAIqHare BOINSXABRES, o M drfay at 0.01
_%g ribed in _ternms_of both software and hardware )
n ﬁ%& s O3 tiatta cVhGeihy coroppele sectangle ang cprgered MURA image are

ph@frégia?ﬂﬁ it Hohitk NEBYS ﬁ%g@ §;§rlﬁ4év?, g%f #&éﬂiﬂa@ fggﬁ fold

icticed entirely-in soft _ re m
re@ehoripele rastangiedy ¢inepsignsabsulls imapgrieteistenomt sipesi @athe film of 60y,

' .0 frequency or audio frequency carrier
12@\%\%‘? 2{%‘033%%8@ the foregoi ng di scussi on discl oses
{06 Klewe!lil bbsiraes e 3§ xSV emphait WA diitenir6f250NThe array includes
resent inv ion, As will .be understo by those .
» B paDn M « COmSboruRERER Yy Lo by whit
baededide T ht Re@iiRe imsaguiresark 01788 toveliRR W afRRARlAdNI2 22, 4 44 and

fromthe spirit _or_essential characteristics thereof
8RBT NGFRPE Hdy- aP Reprditebese sqimee MLIYe Heagen @eafbion
ap%n%xinﬁhttﬁ? dad £9shbgd i3 kaisit ?Eép\é&iv\tzg)?‘t'l’h@&tﬁﬂr{qﬂg bi; POin@loes arc then
he scope of the inventi on, "as well as ot et ¢l al e,
cemied dhd mognigd entoi tedly gatisnttaeneningaitinheyers pEapprovibiately 1/8 inch, 1/4
noaLhaN f . chings herein, define, in part,
Fhe gco%gﬂg?épgﬁne‘;eﬁgr egoi ng claimterm nol ogy such
Filoh simages of MAGRA| apersumbpeays patter i s dedicated to the

I AII\/BV\hﬁ% is clai i S: 1. :
o A5 a]%lg%kd\g & lmages otihe nggﬁemgg THEESs ang @Pb%gr?pé;}g (Nikon N80
camoripnsisg 8GO mm Nikkor MICRO lens, with slow Iiford Delta 100 (ISO 100) 35mm
black and white negative film. The printed MURA inverse images were illuminated on a
copy stand with four 5200 K photoflood lamps approximately 40 cm from the camera, and

exposure speed settings at Jens opening f8 are bracketed about the gray card metered speed of

15



at least one light source configured to direct |ight
toward the m croarray havi ng addressed probes with at
| east one label that is activated by targets; an
WRROYEn filter configured to filter the | FGHESPR7R3721
a first frequency band, a dichromatic mrror
1/ € dtigsee d Fikint wastdeeclopazinpataiay by blaek ahdohiiiermbit I frobdsB,oith extended
configured to reflect the light in the first
e AL FUPB G, BEEHE i Gk A5 e W amsparemey are
tyPicAORIEH SpobiBeliicio SArestih N Banet thén BB FG¥afd BBLile - ie about
bels activated by the target at a frequency range -
1/6(hatec e f8n dAn8% ckpRsBIrg Ancrsec epacHy ehipleske by algogesult in Increasing gray
toR R Thed D Bndbhieh& of 4RO fhAY tQ filter the
og?ectronagné%k% gﬁ%rgy mgtﬁﬁﬁmégsecond frequency
[0876] dfig akcshows images of mepgiivey soanined af 36§A&pi on HR offheejet 5500v. The

oA SBERA S O AP v

THeGRahavd -ngteanl dxpagirng 1$100" aee isreakked ibihedowirpaat 260b to show
l.J such t hat e he. pi nhol e hl.jnd receives .
i e S TR BTG Y PP GRTPRB e Er Bt et whish the MURA
inlagB@endusitedl eat ed of the entire microarray. 2. The
wggﬁaratus according to claiml1, further conprising

afhe ie6ied 8% ve SRtacH aF Be MURACPErve 2R Fradyemed at comers of

th BR1e86 b} SeflefddOATHi RS PRT digh DR i&{ﬁ&%}&%_%&a\é%l{%é Bk of the
by nultlagylng a Fourier transformof the imge o
¥

Nikhe BEritA riapr Sat0rmamp mguriing dike iy ¢ué fromridenkfrolysioénesheet

i.nt f [ : [oJoY] r fungt | .
RSPy SPUER LG 60901 ERERS LAIEEL P v
ceater yle Bl cine el tiglenthed ppatiog & tht body dap. ThetrEaied film negative

o [ l.ane.. 3. The apparatus according tq. clai.ml,

is PP RGP SHecy Chyand covered hensppihg SplVeeing figS.ephih isin turm

ﬁiddﬁﬂt}ﬁ@}am%w?)_kﬁﬁc adhckio@sbo@ Re ciediintfblef. di ode and
the excitation filter; and "~ the hol ographic

104781 s aliemat T omRaditeents the peded aperRire 87a dojizped durough the
s R e
pregrairmUsingthedesign implamasteddn shené P tvegrevecthe torked@EBture array is
PSRN BUITEE-RRLALE. BAOOSLE BR3P 9,24 n e
beglymhpben egperd. Uhemwhenplatye:n rafieernf the hieotofesistaadskay a pBotoresist
wgflé;e}?atv%dg' an area 1 cm’. The coded aperture array is etched in a 3 mm’ area in the center
of the photoresist wafer with pinholes having a 100 micron diameter.

{0079] Figure 13 is a flow chart illustrating an exemplary method for creating an image of a
microarray. Step 300 emits light from a light source. Step 302 filters the emitted Light into a
first frequency band. Step 304 reflects light in the first frequency band onto a microarray
causing the microarray to emit electromagnetic energy. Step 306 filters the electmmagnétic
energy within a second frequency band. Step 307 directs light through a pinhole blind mask.
In an alternative embodiment, Step 307 directs light through a surface having a coded
aperture array. Step 308 forms an image of the microarray on a CCD.

[0080] Any processes descriptions or blocks in flow charts should be understood as

representing modules, segments, portions of code which include one or more executable

mstructions for implementing specific logical functions or steps in the process, and alternate
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5. The apparatus according to claiﬁ11, wherein the
pi nhole blind is a |l ens cap having a pinhole

: ! 6. The apparatus according '
W§%3M§f0§i n the CCDis further configured to %@é%z\?{ém“nl

an el ectronic signal whereby the CCD is flushed of
lm@ﬁ@ﬁﬁét“ﬂ?@mﬂﬂfi?%wghm the scope of thaeremppanp erabefiment of the present

iveR SR it W Rin ik magr'be AT AT Pfor frrw’htd'{1 %gwn or discussed,

i ncludes a nunber of 1 nmaglng we
mCh@n't&ﬂub@tﬁntfaélatcuncelsr ently ¢thie revecsemndey.. dependm g updn theh@nctionality

r cor | ai m.5 erein a ratio of
un%ﬁ%gﬁ%h%z?@g mlemt ﬁéWJ&FF§ggF Fﬁ@ to the nunber
0081} fGdadaisBs re@lﬂﬂ}i ﬁl@cdﬁmmb @suidi Raatibss il vbﬁﬁfahs 8bthd present invention

r at or cr tln an |mage
arergﬁoEsﬁgg ru? g g]ﬁjarbpgi tgan % 1s thereforg ig bedﬁ)éleqs;ogﬁ hat within the -
scopOdf 3R a@@é}fdb& blaffk, (R 1ﬁ1\lrdhﬁ§ﬂi maly ggbra&%ro%e%e than 25 § ecnﬁcally
m_croarray_having addressed probes with at | east
descelbel hareint Fpisexgeple, whdedesyribesigdergss ofhothxefrvare anthardvware
coxﬁﬂ)éﬂeﬁ{s 119(9&&1 b @&p%ﬁtl;lé lng? Eﬁt‘itgﬁ a{eg Iﬁ‘iat lt}ﬂzt stQI]n egcng»ed herein

requency tic mrro
mawa: mracnéedﬁxmr@am Wwared iid ESOW@MIHI}IYQIGI ﬁmbmined @ a carrier such as

£ t he the fi
el SAubECh Bk 6 0r85b ik Bl midifand e
{0082 rT(has lt]a;/foteigoergl discebstt di@imgnaid dsaiet gigrdy omnidhey
{"ng %ﬁfg'vat ed. b the targ%t at a frequency.range
emp e S ARTIEST IWERIGR: (& BiPE HASRPRLHPTeHilled i the art, the
preddht @ eB8610Ray bd E8boBQIThiogeE §6kctR hihd ®fihdud @epartmg from the spirit
el ectromagnetic energy within a second frequency

or gagTdal elifgpcteristics therepivateaneiinglyt thadisgpwde of ththprekat invention is

r it
o B g e L B G B E of iyt R, WpiTel ot
claimzsy i Thy dawlqsnmgmn@dsurahawdﬂaéisednibk auriguis bathe idabisugsigerein,
rtur r suc at_.when the coded . :
aeffhee AR, PRSEOM' < SR oS R imitIER: OSBRSS Ry snsive subiec
Hmﬂhﬁséﬂ&sﬁmbmtﬁ&ﬁﬂﬁk, an image is created of the
entire mcroarray, wherein the coded aperture array
is a nodified uniformy redundant array (MJRA)

m
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10. The apparatus according to claim9, wherein the
encl osure further conprises: a data processor
configured to receive the inage of the entire

m croarray and perform i mage deconvol uti on by

mul tiplying a Fourier transformof the image of the
entire mcroarray wwth a Fourier transformof a

CLAIM® erse of the coded aperture array. 11. The
according to claim9, wherein a dinension
“ﬂmt%gﬁfﬁéa%%RA is at least 211 x211 el enments. 12.

The appar at us according to claim9, wherei n the coded
ap%& &if;ﬁra%ﬁsﬁ@l/cfe& axf i ngigfe%@ahﬁc@@ﬂhjﬂlcﬁniﬂiﬁMgnVer se

cH P 1 sl eovure e ngieat el By BT s ey naving

addresdq:d prober witlhhgidt st obelabelghattihactivataddadargotse em tti ng
Qﬁltéﬁlﬂm ﬁlh.’éé’ ??ﬁ%ﬁerr@(ﬁ {PAdrithd ﬁéht @04 first fredufcy band;

ntigured to jncrease
Bromaty mjfronaimed oy Faﬂcrp?ﬁr@hélﬁficfcl&rpmaﬂen}m@monﬁgvred
to reﬂ@;iﬂlietl%t fr[thﬁﬂré’tefreqheﬂoﬁaﬁhd omte thé giirospayr @Bsing the microarray to

emit e%cﬁ?%%%neﬁg gﬁé\{gt X %s@cﬁ%ﬂé@ ig{relﬁa e{ ot azﬁ'e{qﬁency range that
Ummnn@d@ﬁUQp@WﬂhmxmeHQﬁpHﬂgsequal to a second di st ance

bgt é’iﬁi@ﬁoﬁ ﬁﬁemo@;ﬁgafeaaa fiRkAAE cRBEO AehFi0 UREHg RETHiRIA Second
arr&*H_ the image of the mcroarray is created.
e

frequepey paratus according to claim9, wherein the
Cﬁ]m@nfgunﬁthzéngn&bwﬁthglnﬂ wibroorayend lthfedla]nroadaac tiorof, ¢he imaging

unit mﬁfug{h%ual \Mtapggﬁl%uﬂl@@ a&ER %C%I%jﬁ HREED Hhay g%%agngg surface masked

e apparatusS acco

by a pishalerbligd syiicthal whenihe piaboke lind gpceives Pl?&@gmagrﬁ@ﬁ@a?rgﬁ ffrom the

emissibABGEs) gn WahdeSis Biegled of tHeashtite MivFetayof features in the
m croarray.

2. The apparatus according to claim 1, further comprising

a data processor configured to receive the image of the entire microarray and perform
image deconvolution by multiplying a Fourier transform of the image of the entire microarray
with a Fourier transform of a point spread function, the point spread function modeling a
spread of a point light source on the anay plane through the pinhole blind to the CCD

1mag1ng plane.
3. The apparat'us according to claim 1, further comprising:

a holographic dlffuser located between the at least one emitting diode and the

excitation filter; and
the holographlc diffuser conﬁgured to mcrease umfomuty of a illumination intensity .

of the light emitted from the at least one light source.
4. The 'appa,rat_l_ls of claim 1, wherein a first distance between the CCD imaging

surface and the pinhole blind is equal to a second distance between the microarray plane and
the pinhole aperture when the image of the microarray is created.
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17. The apparatus according to claim 16, wherein a
rati o of the nunber of inmaging wells of the CCD to
t he nunber of features of the microarray is at |east

25: 1. ' 18. A light emtting unit, conprising:
ats I18RbpaRes hé QlinS RIS e £oRidaN BRDiAIRDIEbRRES al 1b@ap having
toward an object; a hol ographic diffuser

a pinhedmdriedfiureed to increase uniformty of a illumnation
intensity of the l'ight emtted by the at |east one
I'i ght source; and an excitation filter

c @nflihg upatiz®addotdifs tol d1find 1,8MHerdiRtHe @CIDIig fidrther configured to
frequency. band, wherein the Ilght filtered into the

receivejapglectrpiigseanelwheehy the G(dP isdbusaer eficharegiaseimamations.

mrror aligned with the object and a charged coupl ed

OSSR T pAE T A LR IR B b
imagigg Q311 RghathAdREANBHr oF fERGEOR thédhicr6FaN | Si ng:

irecting light toward the nicroarray having
addressed probes with at | east one.label that is

agt irvat ed argets: . fil i i i L

751 PR A GLAEhE o it i o Mo W phifhh R imaging

wells of ©B I td the Aumber ofdtdtgRe df Wetohictoagayriscit Gasy 2y, t he
light in the first frequency band onto the m croarray

causing the microarray to ent electronagnetic energy

B e b A

datclhgso pad light soumoe porffigutet toriiretiiezhetoseird teagioriaray having
addressod probes with ltedst Sae BB i AaNGted 1 St ge

an excitation filter configured to filter the light into a first frequency band;

a dichiorﬁatic mirror aligned with the microarray and the dichromatic mirror
configured to reflect the light in the first frequency band onto the microarray causing the
microarray to emit electromagnetic energy from the labels activated by the target ata
frequency range that transmits through the dichromatic mirror;

an emission filter configured to filter the eléctr’omagnetid energy within a second
frequency band; and A 7 '

an imaging unit aligned With.the inicroarray,. the dichromatic mi_rfor, the imaging unit
including a charged’couple,d device (CCD), the CCD having an imaging surface masked by a
surface having a coded aperture array such that when the coded aperture a;rréy receives -
electromagnetic energy from the emission filter, an image is created of the enfir‘e nﬂicroarray,

wherein the coded aperture array- is a modified uniformly redundant array (MURA).

10. The apparatus according to claim .9,(wherein the enclosure further comprises:
" a data processor configured to receive the image of the entire microarray and perform ‘
image deconvolution by multiplying a Fourier transform of the image of the entire microarray

with a Fourier transform of a inverse of the coded a;;erture array.

19



formng an imge of the entire mcroarray on a
charged coupl ed device (CCD) aligned with the

m croarray and the dichromatic mrror, the CCD havi ng
an i magi'ng surface nasked by a pinhole blind. 20. A

ggi,gﬁlﬁ% ;%rft&se&tcbp é:ltlarrm . ! a m &égng{c{n% 'the MURA is at least
211 xdilteleatensy havi ng addressed probes with at | east one

| abel that is activated by targets; filtering the

light into a first _frequen band; reflecting,

byZ-aTht ameties dceording torclaim; % wéhgrain the cotied atﬁectrltﬁaarraays
configuf& thlcBhthinl the i@rdeidfelf.r €quency band onto the

m croarray causing the microarray to emt

el ectromagnetic energy fromthe | abel s activated by

t he The gwhrais acbrddgpie ntymriafgéer bahptisisgismi t s

t hrough the dichromatic mrror; filtering the

el ectronpgneti c ene wi thin a second frequency
baRefogigRRIC diffuser foga Wﬁ?@@%@n theerd deagh onerranitling diede and the

exmuwmmﬁnarmay on a charged coupled deV|ce ( CCD) allgned

h
%hﬁ 0§rapﬂc04%ﬁ%r [3Y p) auclc(:jrleﬁ%r R rr% g %Hﬁﬁngg%tmn intensity

of the hiakt engjtted frodethie apleastanehghtrsayrcchat is nmodified
unifornty r edundant array (MJRA) . 21: A nmethod for

0 encr pt. ri si refl ecti by
P B enmat e Hi5rS: WP @ f73: Gistapge bePgom teiGial imdging
surfacé nedjthe mo&ect@rentummr:ayam eqhj Bct secoinbdidiandy leratdnctheinicoarray

; j _ - : om
e e
aperture array that is nodified unifornmy redundant
a1 3. ayhe dPdmAbs a@B6kding to clairfi O fhb@irtRe U@Eﬁs f@fthét’ft%nﬁ gured to

rceiv S5k Sl YR B i TR S i ng
an i magi ng surface, the coded aperture array

CfH‘fTMpggratlﬁ a@@&ﬁiﬁ%tto ERfn oMREErBhE 02T RGP thcludes a number

surfa t
of imaging We‘iis higher ‘Hwn a number of features in the microarray.

17. The apparatus according to claim 16, wherein a ratio of the number of imagihg
wells of the CCD to the number of features of the microarray is at least 25:1.

18. A light emitting unit, comprising:
" at least one light source conﬁgu.red tt)’direct light toward an object;

a holographic diffuser configured to increase umformlty of a 1llummat10n intensity of
the Ilght emitted by the at least one light source; and ’

an excitation filter configured to filter the light mto a first frequency band, wherein
the light filtered into the first frequency band is reflected by a dichromatic mirror aligned
with the object and a charged coupled device (CCD), the CCD having an imaging surface
masked by a pinhole blind.

19. A method for creating an image of a microarray, comprising:

directing light toward the microarray having addressed probes with at least one label
that is activated by targets;
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ﬁltering the light -into é first frequency band;

reflecting, by a dichroinatic mirror aligned with the microarray, the light in the first
frequency band onto the microarray causing the nﬁicroarray to emit eIectromagh.etic- energy
from the labels acﬁvated by the target at a frequency range that transmits through the
dichromatic mirror;

filtering the electromagnetic energy within a second frequency band; and

forming an image of the entire microarray on a charged coupled device (CCD) aligned
with the microarray and the dichromatic mirror, the CCD having an imaging surface masked

by a pinhole blind.

20. A method for creating an image of a microarray, comprising:
7 direcﬁng light toward the microarray having addressed probes with at least one label
that is activated by targets;

filtering the light into a first frequency band;

reflecting, by a dichromatic mirror aligned with the microarray, the light in the first
frequency band onto the microarray causing the microarray to emit electromagnetic energy
from the labels activated by the target at a frequenc’y range that transmits through the
dichromatic mirror;

filtering the electromagnetic energy within a second frequency band; and

fomﬁng an image of the entire microarray on a charged coupled device (CCD) aligned
with the microarray and the dichromatic mﬁrror, the CCD having an imaging surface masked
by a surface having a coded aperture array.i’hat'is modified uniformly redundant array |
(MURA). '

} 21. A method for optical encryptién, comprising: . '

reflecting, by a dichromatic mirror, light filtered into a first frequency band onto an

object, the djchroﬁlatip mirror aligned with the objkect;
" receiving light from theé object through a surface masked by a coded épérture array

thatis modified unifbrmly redundant array (MURA); and .

forming an image of the object on a charged coupled device (CCD) aligned with the
object and the dichromatic mirror, the CCD having an imaging Surface, the coded aperture
array configured to encrypt the tmage on the imaging surface of the CCD.

21.



