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SYSTEMS AND METHODS FOR REDUCI NG DETECTED | NTENSI TY
NON- UNI FORM GGYI' N A LASER BEAM FI ELD OF THE | NVENTI ON

wpQOhp346he present invention relates to | aser BCTASL007/005876

specifically to inproved nethods for reduci ng detected
intensity non-uniformty in a | aser beam BACKGROUND
OF THE | NVENTI ON [ 0002] Many neasurenents require the
use of a |aser as a source of light. For exanple,
| asers are used in systens ranging fromimaging to the
detection of gene sequences. In such systens various
types of | asers are used, including gas |asers,

SHSAA MISBERITS MEXBIIBS ﬁ@ﬁ%ﬁnlﬁ@h\tdﬁt?h@im SNSFENSITY
Se"1COHdUCt0f NORIENIFORMITRAN ACdESERSBEAM dye
| asers and hol | ow cat hode sputtering nmetal ion |asers.
Each type of laser has its own set of advantages and

di sadvant ages when wEEADfEF HIEIRSENETIONP! | cation.

For exanple, the characteristics of the different
oes Ble ﬂn%&ﬁft%n\l'e%?ibﬂ%lﬁ&s @QYﬁérsoéﬂdi’éﬁemﬂ’@M k& 'ﬂﬁfntbved methods
cost size, tunability uni farmt ensi

in
doeredscioe @@éecg@tmtmnnnonﬂ@ﬁb@am it éYaéPt beam.advant ages
or di sadvantages depending on the application in which
the laser is used. 0003 Di ode | asers are |OMICOSt
have a rel ative KOGROUND OF THE 1 ! Il in
size. A diode | aser |ncludes a radlatlng area or_facet
t[ﬂﬁwlrwén}a meapyremeRtsrepriEe therise ghe 1assr af asepyree of Hight. For
Eka; InpleS aasmeare %b&i"fn s%temeraﬁ%ﬁg dn) gnégiﬁgtto iR dB#&dtion of gene

er than its wd eam produce the | aser
dﬂ@@l@cﬁ%\c@t such spstemgryiafionsriyipas phlasers are/usedy mskudipgpgas lasers,

a S

bcggm‘%l&rl] ﬁ};’sr %}?%m}egzegsr@gd Ig%lgi; %ttc\%gﬁén gfg%ﬁﬁco%ﬁgétgg fgsE% (M?:ludmg
a:bpdle lnsd¢rspdge \l‘atserseartoldmhomntalmiet sputtenifig mekdlyon fasers. Each type

S5 bl B TP SR PSRl BhdRARePs HGE Db Rl speene
g@@hbaatw sFor\dxmxlplea Itiee chargcterigien st te diffdrenutytpes bélagers
ar enera 00

g Rt taloreth. A% FRRY wARBlLy A BFpmpity of ntensity

ct%r 8 3BRS-somesabt the %mmweltmdldbans@srcﬁ&e@rd@an@géd &epending

Thu a met ho system t
on the appllcatloncin whlcﬁ/ the laser ?s used.

i

[0003] Diode lasers are low cost, have a relatively high power output and are small
in size. A diode laser includes a radiating area or facet that has a very low aspect
(height to width) ratio. That is, the height of the radiating facet is much smaller than
its width. The beam produced by the laser diode facet is not uniform in intensity
across the radiating facet. Because of the lack of uniformity in beam intensity, laser
diodes cannot be used in applications where beam intensity uniformity is required.
Therefore, in applications in which high power and uniformity are required other
lasers such as gas lasers, which are more expensive and quite large, are generally

used.

[0004] In many applications, decreasing the cost and size of the laser greatly
decreases overall equipment and hence research costs. Thus, a method or system to

decrease the detected non-uniformity in the intensity of a diode laser beam could
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decrease the detected non-uniformty in the intensity

of a diode | aser beam coul di ncrease the efficiency and
woearaesies t he size of the equi pnment used in sebPeTUSZN7/005876

appl i cations. [0005] The present invention addresses

the problem of detected beamintensity nonuniformty

in a laser beamof |ight. SUMVARY OF THE | NVENTI ON

[0006] This invention relates to systens and net hods

of reducing detected intensity non-uniformty of a

| aser di ode beam so that | aser di odes can be

| imptensethicadficioncy A10dI0EdreRe e §i2EIUH the RGupntet 858d PeRlcted

a quforn1bean1of | aser light. [0007] In one aspect

tHRPCAVER i on relates to a nethod of increasing the

3@3#& h uniformty of the detected intensity of a beam

E pe presrRtiny gt gddregses the erallera of dietegtadrkeameisggnsity non-

auilfarmifydinta 18QIraRhAY of lght.one enbodi ment the met hod

i ncludes the steps of generating a beamof light with

the laser; and noving the beam of l[ight and the |ight

detector rel ati veSUMBBAR YOOREr HESINVENTEON he

detector averages the spatial intensity of the beam of

| [0§06] DuBrintéridn refatanoishaeme ahe diemids th&‘dlﬁ:‘ix?%)délgcted intensity
g the beam

movi ng the beam conpri ses the step of passing ]
o‘?%‘?’%ﬁ‘%@'ﬂi %fa %]aﬁ'é&r;@a%‘%?@il s Hhat Pgﬁfr @Pgﬁ e sy imppplemented in
@%uﬁ&t@cé@f&g@?ﬂi \g/ & d¥@biorPbs 4 BSitdi5e 5&&&%& E%glgl:iﬁht.l n yet

anot her enbodi nent the step of noving the

C[O0DT] BeSndPapsitifle ifR@nREARRIARE & AnetiAt 6frlﬂcrngéi}{g Y spatial
whi.ch may be a transparent polygon. In yet anotner
éﬁﬁg’mﬁfﬂrﬁf}h? Aetested pntsnsityot alefanhef lighirframo apases ésa system
RRYRGR! thy ldgg% %JW? 1iBRt éiétﬂﬁ‘&r. Slﬂl%fngt%rr{tﬁ)ld%é%eth% i includes the

detector. [0 | I'n"anot her aspec e I nvention
resepstad eenerating pdeam ¢fdight mdthethe lasgr; tahéd nomtieg thedbeam of light and

. ' ' f int ensj.ty.,of eam of .
RERER et RSPl SRS oL iR Ay g
deteasityef the Heameof lightover tioe. eassthéd engbddimehedss®h of moving

ns.for. novi ng the befalé

| . m.of. light and
h2Btrep 2R LML B R e e PR it e fgnonsional
detreccflectoaund agedng A eefletieawallyorahe idbordflair. IR MWRker
tine. ..In %;Ot er enbodigf t the, systemincludes a )
reé’?n“?e"&"@FPte SI°P 0o Yige eﬁwffh@‘)%q“reé PPpsFRE the feany intgya rotating
Wl gdon, svhpasmag bk herdiepareff pdiygiH. - InlyRt ¥8Stha@hb&diment, the step

e odLneq; t he ggstem i ) i
of moving the beam comprises physically moving the light source relative to the

detector.

[0008] In another aspect the invention relates to a system for increasing the detected
spatial uniformity of the intensity of a beam of light. In one embodiment, the
system comprises a light detector, a laser source for generating the beam of light,
and a means for moving the beam of light and the detector relative to one another
such that the detector averages the intensity of the light beam over time. In another
embodiment the, system includes a retroreflector, having a moving reflective wall,
into which is passed the beam of light. In yet another embodiment the system

includes a rotating transparent polygon through which is passed the beam of light.
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includes a rotating transparent polygon through which
i s passed the beam of |ight.[0009] In another aspect,

WO b@7itosaent i on relates to a system for increaspP@myusive7/005876

detected spatial uniformty of the intensity of a beam
of light. In one enbodi nent, the systemincludes a
light detector; a |aser source for generating the beam
of light; and a translator for noving the beam of,

light and the detector relative to each other such
that the detector averages the intensity of the |ight

(9909 ﬁi’@x{otlﬁéﬂ'ﬁgpedt nth@ ¥ dHon§oRRd! 't(STE Q?steﬁqr}%r i&?@efsmg the detected
source Is a |l aser diode, hi another enbodi nent, the

spetinkwaifamivorfihe intensitycafradsemceiight e fin ee embpdiyeng the
TR Ry S O D0 M5 RSSO
a:traqmiatseﬁranomnatthmlgem aﬁhghtraadtthpwtygton relatineaLigteavin ptiter such

assed, t he bea her e [
e BRI S RERLE ntooPih or U ST RO oEFP R hnd
¢ébodingiht, tB@wsex&sdwd:ealblaVlasek diddee Iﬁiahe«héﬂembbﬂ&ik(ﬂ the translator
Anot her as%g nventi on rel ates bo an agﬁ)ar at Lf_l hi
FRRPHF 7GR (5% FFeAeH Tt e SoairedE N Fesiye WAl 0 which i

PAKEE i Yebindsf ﬁghtl 1§ yé dreicr embollinidrR Ple dfandator lcBmPRiges a
enbodi nent the paratus includes a flrst reflective

gqﬁ%tf%téansaa@é&mg%fhre%h P Paeed i e gt hight. [n another
%BB&Q’%@{het@arfsQ@oxf don$irides b tRREIIGE pRYEiEARLM oMY HBe light source
translator noving the first and second reflective
mlativgdadhe detaetpe t o each other. In another enbodi nent

the translator is a piezoelectric transducer driven by

E0AAY dmether gepret &teomvemwwr@%at%sﬁ@tan@ppéﬁwcfpﬁmvnt%beam of
fl ﬁla%f&:tlbﬁ pgxtpépﬁ KB t65it9 ﬁﬁe&fdn\’cﬁgg?%egﬁnﬁﬁv &h eﬁén:mbodlment

ner at or. yet anot her enb nt the speaker

tiwra@pa@w lsglmmm first refiydtive BRIGRL wpm&yeﬂwevwfppmented
T t
L)IQQ%%C%MI det%g E%gﬂ,‘;’ i ﬁ%rﬁg%, ag’?gﬁ r omcrg'nﬁv& t{igfifsé and second
téé‘secnvqs!;urfaceb edlatiwearoceach etlapp hnaimﬂhe:treambm@m,em/\ﬂnb ¢lansla®r is a
ltO'tl trate ang not_t thellnvg i.on

BiRaOT Rl s oG 95y Py A ool e gVl Hhorfi
éx&%ogl&ldmg tHeeﬁrirawt@dls b.yspbéiﬂfer doneaisvansy a d\e:pbﬂimﬂ( genefatér. In still
t wo- di_ nmensi onal retrorefl ector,; 0 Figs. 2(a, b)
¥tenofhst ambed §T‘%‘H§Pe Tt BHdS 6%‘9% ‘%fﬁ ray entering

a twodi nensional retroreflector with the refl ective

surface at VHQ4S pRRRIPPRON OF THE DRAWINGS

[0011] These embodiments and other aspects of this invention will be readily

apparent from the detailed description below and the appended drawings, which are

meant to illustrate and not to limit the invention, and in which:

[0012] Fig. 1 is a diagram of a light ray being reflected by two dimensional

depiction of a two-dimensional retroreflector;

[0013] Figs. 2(a, b) are two dimensional depictions of a light ray entering a two-

dimensional retroreflector with the reflective surface at various positions;

[0014] Figs. 3(a, b) are two dimensional depictions of a light beam comprising
many rays entering a two-dimensional retroreflector with the reflective surface at

various positions;
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[0014] Figs. 3(a, b) are two di nensional depictions of
a |light beam conprising many rays entering a

wo vz ddzaensi onal retroreflector with the refl eptT/VUS2007/005876

surface at various positions;[0015] Fig. 4a is a plot

of the intensity of |ight across the detector face as

seen by a detector view ng a diode source; [0016] Fig.

4b is a plot of the intensity of light across the

detector face as seen by a detector view ng a diode

source as averaged by an enbodi ment of the invention;

F(ﬁﬁlsz]ﬁé: I4)is3 rﬂl@t & tﬁé"ﬂlt%sﬁg'?ﬁ'lgﬂ%crg QHEQ@togffade seen by a
rays entering a transparent pqlygon at nornma

(let@cfdegreee)lg arfdoditorece; [ 0018] Fig. 6 is a

t wo- di mensi onal depiction of two |light rays entering a

{QQEMQ mag.ct is patlgtgefithe intemsitynglighb dcroscthd dntsetantiheras seen by a

g %1 g@gégeﬁo%e[ &Ql}cgé Tsﬁ%mg@@b&%n%?nb%%&@é&edﬁ% mQ/feneon,
%Sis%”&lo &mng{dngpd ictfd ldtQWo lgggx%%)%oe%’éﬁrgq%\g%nsparent

y r enter ranspar en at an
pblyignuo iademwlcﬁt)ﬂhdegmh)amcﬁl@mmgr ees DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0021] The
S dlig.i misermﬁmdﬁnwmionbbdemctﬁ)mnfnpdodtgit yaysrethesrivtgooilansparent
éﬁ%’%ﬁ’g%aﬁ@n lglo!f?r\l@id]& @rléj}}]ed ﬁ{e crl t| on, which

in conj ¥ 5 attached

1 hi S t|on ny rs refer to
Eﬂ(ﬁ%ﬁ aelgreahtegﬁar %ﬁ?lht VaM 05% tl:nlﬁgd et s of the

h i pLi .
RAGRT e KN 8o B Rob g oo SR ok 8P Bt BblsBping many
raysphefretr etassphatt pelyesn, dianaxigle, ofihddsideldtiest thid G degrees.

-wi Il readily appreciate that the nethods and systens
descri bed herel nare nerely exerrpl ary and that
E(e R

spir |t and scope of he | nvention. 0022] In general,
{01213 dhetpresent mivehgoprokbe mare cslpatertel]y undcrstmidftbmmghyhe
:fdllotvﬁ%g %%[a?l%a %gsdr[ih%rﬂrs wh% ho{})lo{lﬂleb e%] in boenalrfr]lcftr %n\}vfilh the
aser s to nove it Deam Feh ¥ rhca
h'aaqjed drénsimgs hdn thed dﬁﬁcﬂptloﬂ,l’ld(etﬂlmm &xt‘éxab s[rﬁilalt ¢1maetnrs within

t the detect "
GRS o SRR o it piste b Siop, WSS s b s Gintion, the
thémeeimehtion avill baekphiies Wiﬂl@[’ésp&’t&o Wextréxl phbddiecents,

h relativ Vv n
il%%vevere tﬁé sklﬁegm rtlesgg v$111 reacp 1%1 appremate that the methods and systems

described herein are merely exemplary and that variations can be made without

departing from the spirit and scope of the invention.

[0022] In general, the solution to the problem of spatial non-uniformity in the
detected intensity of the light beam from a laser is to move the light beam, which
typically is larger than the detector, and the detector relative to each other such that
the detector “sees™ the spatial variations in the intensity of the beam as it crosses the
detector and averages them. One way to produce such relative movement is by use

of a retroreflector.

[0023] Retroreflectors, usually consisting of three mutually perpendicular
intersecting flat reflecting surfaces, return a reflected incident light beam in the

direction of its point of origin. An example of a two dimensional retroreflector, in

4-
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of aretroreflector. [0023] Retroreflectors, usually
consisting of three nutually perpendicul ar

wo paoenexsei i ng flat reflecting surfaces, returnP@r/us2007/005876

reflected incident |light beamin the direction of its
poi nt of origin. An exanple of a two di nensional
retroreflector, inthe formof a corner cube reflector
5, is shown in Fig. 1. The corner cube reflector 5
includes two reflective surfaces 10 and 20 oriented 90
degrees to each other. A light ray 30, froma source

e foraEbELBEmeE et RAGERES, Wishdwh G PRCY. t]‘?letcla?néric'{lﬁ% reflector 5

reflective surface 10 is r%fﬁectgd toward the secon .
rAgflpdes waeredlgetiv surfages 19 pad 3@ esinted 90| degrden o saghfether. A light

fhect i ght: W irecti .
Ao e i e 3G Bl Wl (580 i hoccne
rsayfago 19 & refetied tewandahea k¢ wind refl¢dtiove isndfacke20. Phistseeond

. ' el di nce (D) ,.betwee he
180 i Vortab 020 el Qe the BP0 ) B S ! RGP RREPE theSource 34,
rBfel reficetdd portidnod2 d@Bthie digtietagr3oi is eelldeyed mamgzb ARE@cident
h t f.l ecti ur,f aces 20. [.00 .
ARG B bF o 1fin 580 10 OB HREER (A bethigen bt welcat partion 38 of
tthelighf dag G0i and thelrdfheas ﬂbii)tioﬁ@’j Iisjladl@ér'gﬁﬁed B% ﬂﬁaﬁdlt - i ts@%li@ﬁetween
the qutgoing ray 43_pmay be translated, suc a e

%F%#%gn%ﬁgd%§¥%§e%g?he i nci dent portion 38 and the

[ ti 4 f the light ray 30 varies. In one
b2 Retis e P i Phrepastians a1dht exdlopyi surfaces 10,
o eREiwe 10 ehch sAYE lﬂlxee@ut%ﬁng & 42 aldyQe PRISREAH IsGEN Bt i@
t he renks tive surface 10. By noving the first ]
rJ;?tP%Qf-’t Pobetrareibe ingderpogior hn jtgoing portion 42 of the light
Qh¥ 0WatEQ Vbl hERRRCht cg)th% e/ eRB6R e ﬁ?aftlr[glg%drt]);(% surface 10 is

surface 20 the distance ( etween the inc

pBeabdh img difectiorepermpndiaear toctho neflpsting suiaqeolQ. i By nufving the

t i . .ed.. . Th as he
o 0 0 o S TR g e s
pofledtive suffacd 29 He distpnGO(Drtebetat ths imddas poatiorape of the@ay and

e SRESHE? R R Beade i BN ARRE e

[ p [ of ~42..0f the r 30 determnes .
TR s le e bl 383acenelh By et ppiond2 of e
alyy 30 tmnglas attosoaghpérinee Jpdodatecinifie path sfARE Bukkoing portion 42

Rt DAL R S! B o BoFS R S rr

SOrdesarmiids, whéther the fouglinggoréibh 40foftherayeonil be able to pass

ive surface 20 t
rtl(lerfolug ttllle aperture 98 an reacl? a detector 74.

[0026] In more detail, Fig. 2a shows one light ray 30, reflecting off of the first
reflective surface 10, then reflecting off of the second reflective surface 20 to
produce the outgoing portion 42 of the ray 30, parallel to and reversed 180 degrees
with respect to the incident portion 38 of ray 30. At this location 80 of the first

reflecting surface 10, the outgoing portion 42 of the ray 30 then travels through an
aperture 70 to reach detector 74.

[0027] Referring to Fig. 2b, by shifting (arrow T) the location 82 of the first
reflective surface 10 the distance (D) between the incoming portion 38 of the ray 30

and the outgoing ray 42’ changes. This displacement in the outgoing portion 42° of

-5-
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parallel to and reversed 180 degrees with respect to

wo b@7itosstient portion 38 of ray 30. At this | oRel/USIWOBWSST6

10

15

20

.25

30

of the first reflecting surface 10, the outgoing

portion 42 of the ray 30 then travels through an

aperture 70 to reach detector 74. [0027] Referring to

Fig. 2b, by shifting (arrow T) the |location 82 of the

first reflective surface 10 the distance (D) between

the incom ng portion 38 of the ray 30 and the outgoing
HRY%ad 30 ahiaRABE rayT30 Sottb 3ol thkeER e aperfue70dhd i thgs not seen by
portion 42' ofthe ray 30 causes the ray 30 not to go
therdstesion He aperture 70 and is thus not seen by the

detector. 74. [Q028 erring to, Fi 3a, when

01757 5T inisdtin . s WBEm oA Thefe YLt ALY e TepE a0 s

@5@?@&% fﬁpﬁﬁﬁ%ﬁ)ﬁcﬁﬁ AR AxFRHEL Soudde 34°aggdiN aﬂthet fixgt location 80°
first |location of the reflective surface

ofitte eflectivegmefaca @ myltipledight exsavillde refaeted t‘f‘M%fd the aperture
6%18 Yhfy %gev@'&@lv&ﬂ' s@tlfr&‘&hﬁ% tl’l\é bitteft8s 74 LELPUREakOot 1@ single

etector e case of the single ray 30 in
Fayy30 BeFigRed.eRefangnahlso to Elg:B@ a3ibe figst reflectiversyrface 10 is
refl lve

e LR B SR BBl A B g o
rre&hhhé Hetecket Fdtwiil not translhteraotoss tlam:lemuee A2 and vo Idnger reach the

ertur d h t
e e BN S SR 7 B0 s Mo
Hwbdsk HOWLR @sSagehtued Phathdifoaslp el deteet 07 baghin enodruried with

detector 7 s occurred with the single ray 30
ﬁPéeIEb%OPE% ]i% the first reflective surface 10

noves back and forth, the ff t t hat
tlﬁw%m&eﬁ%ﬂb{ﬁﬂmﬁe ste IDaR s ogk b 6%}5%6‘ ﬂ?‘?r{%f}ﬁ{ﬁ rays that
Sk cARPIHE Wuz iRy pBEidnEBCHE Beath IBWEL hays tHl‘bugh tiee aperture 70 and
different point on the detector surface.

P R R T A ABTFayt B, Of fheidsisctis: wytogts Sbws altgovgh the

Wedf 42 B vARY ﬁhlnfenrsﬁfr heotkd ¥ewidth @6 enddbldreflective surface 10 in
ConjunCt|0n wth the aperture 70 Creates an aver ag

reosjiinctine Witheide appriee Orapaies et aveaegRdiESgHadh raage on S the detector
i t\&@{x gl'éeﬁf Q.hlfo%‘?t@%ftﬂten% rﬁve?% Pﬁéel 8fa ?mfﬂi‘lptlkel Rie¥eRtor, will

see“over t oxI mat el Yy the sane

asee oagetimepapproximaltélylthe swn eansragecmiramt oif ight a5 evepgother pixel

T E}?t@rsg EC{ L& z{'lcrefl%crg?a’es HOER SEWrQlu%}}le%eo\(f%f ?rle couése of an

e course Or an exposure erefore
r@ctpbanef ThetedoreS therreabeslecon dictdatessconkditions tiatpiremote detection

det ecti on
tI a more umform light beam when averaged over time.

[0030] Fig. 4a shows the measured value of the intensity of light as seen across the
detector face when the detector is viewing a diode laser source. The peaks in the
intensity plot are caused by “hot spots” in the facet of the diode laser. Fig. 4b shows
the measured value of the intensity of light as seen across the detector face when the |
detector is viewing a diode laser source that has been averaged using the invention.
The peaks and valleys in the intensity plot, caused by mode structure in the laser, are

averaged out as the image is moved across the detector by the movement of the first

reflector.
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[0030] Fig. 4a shows the neasured val ue of the
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when the detector is viewing a diode | aser source. The
peaks in the intensity plot are caused by "hoi spots”
in the facet of the diode |laser. Fig. 4b shows the
nmeasured value of the intensity of Iight as seen
across the detector face when the detector is view ng
a diode | aser source that has been averaged using the

(@031 tTh Q*ﬁnoﬂbﬁnb@cﬁhfenmﬁe vétidotiye smm‘actelsﬁOL DO arespreferably silvered
pl ot, caused by node ucture in the

ik Bl BEY PESORHOSS SR b o e Eibe dpvsption
s biks ARYEBEN N ©fm BPmB’v er%tthé ¢t di 96 Qtivk @0FAde 1®in a direction

various enpodi nents the r ective surfaces 10, 20 are
perfeadigblay te thesawfage.rin epethst embediment.phe senopd Jeflecsive surface

%yls gfvjaﬁlg Iy gngﬁltﬂeéljngbdigﬂ& ROk ficlfvd Bveltel AR A8vable in

been described in terns noving the first reflective
wpbawedme@ttlpns at the sawe tioxe. per pendi cul ar to the
surface, in another enbodi ment, the second reflective
s[mmd@aez:@ﬂpsnmmﬁices mpy berisnblereddytanyi eeiprocatipg means, such

at tﬁcgné’rﬁa&?ﬂ Iﬁg&%ffg@écg Jé‘%ﬁgﬁ%egf r%f&n%’ PO el teafll 4rkCddcAEher

e sane ective surfaces nmay
bemamamshsihmdAblyhtmlly,eiui pdaceamaky thebean wiformtinagross both

the orie eflect ur '

BehaR o e Skt 18 PR b Bl dpARR dffafd 10/Ral b
Adtrdd s{a{)bahd;lﬂraal it tlwsﬂlefacé ?oh?(m d dieecieanhatris Aot nlégrees to both
acr os qQt i mensions of the surface o ect o

HeS Pl teans drdEa BSHPTSd o Srage R toteth TSP Rlent beam
NRHAR bédn k&t aRe sednAlsarfhde Rfldbtoect i on that is at

45 degrees to both axes of the incident beam and noves

3[‘)03‘3 4phdRGIe8v B H R elc@n DR IdRvER By Iafi¢ réleploch®aimatk; fhieexample
beamrefl ected to the second sur¥,

ace ref| ector. fLooséi
mmotosdriven icom- dnepgier enkodmnegtithe ﬁrﬁﬁe%‘?ﬂ‘}“’e surface is mounted
rtS %@%ﬁ%gérﬂ JH%;D eBaANSbwh8fer € X B ML e bBBInInt Sthie tefle G surface is

I'n an odinent, the first reflective surface is
rmqmdelcsmg)a phezoslsetriedransdurer ofn eneserhpdiment thersupiegfer or

p(ﬂp e{mjf'z% ﬁ-artxmcérelfs BGEh \5? aSHidsBRRAI1 {Nﬁvémﬁmegthglsérﬂgo&ments the
1 ezoel eC

Fic trans ucer. I n one enbodi nent
siafleexdfecyurface i @mzmﬂ Bcothectypeswbwacest Inandthlevembb@mzﬁnt the

PP Rp U Y Gt ShT AL Fy AR A fpoka® h FA S

esthiostiin®ent, bottheflective surfaces are driven by respective subwoofers.
[0034] In another embodiment, a rotating polygon may be used to create a beam of
uniform intensity from a laser beam. As shown in Fig. 5, two incident light rays 80,
84 enter the polygon 90, perpendicular to the surface 92 of the polygon 90. Using -
one incident ray 80 as an example; the incident ray 80 is at normal incidence (90
degrees) to the air/polygon interface 92, and thereby results in the transmitted ray 96
being also perpendicular to that interface 92. When the transmitted ray 96, now the
incident ray at the polygon/air interface 160 exits the polygon 90, the incident ray 96
and transmitted ray 104 are both perpendicular to the interface 100. Therefore, the
ray 80 incident to the polygon 90 and the ray 104 transmitted out through the

polygon 90 have the same orientation, i.e., they are both perpendicular to the surface
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second reflective surface is driven by a second
subwoofer. In still another enbodi nent, both

wo edozaei4sye surfaces are driven by respective PCT/US2007/005876

subwoof ers. [0034] In another enbodi nent, a rotating
pol ygon may be used to create a beam of uniform
intensity froma | aser beam As shown in Fig. 5, two
incident |ight rays 80, 84 enter the polygon 90,

per pendi cul ar to the surface 92 of the polygon 90.
LBing one incident ray 80 as an exanple; the incident

d'fQHe §n AT h RO LI RbmhdGhA8OER, wﬁcgﬁﬂﬁgeﬁ%)pats&stsﬂ&gﬁt through
air/ gon interface 92, and thereby results in

the an gpmt Sle saipe Peodsas adiects the qikerjaeideriury 92 dspickast in Fig. 5.
interface 92. Wien the transmtted ray 96, now the
[0A35IdR eferringytodtist heaspbe pglyapadp i meteed.dbe anglg of imgidence 106

t
15 ROy ios RS G A LT ion 101
ﬁknde dieopcﬂygcbm%O r éfyg&@ i$ a pulergement thaleply shyontlege amgles.) For
ﬁlé01§§1’hté'gg r§§ Sneel Lk ti%g rxlrlljtterflgc v & ?ﬂtheq)%l)gg%gyﬁq AN aggle 106 that is
rnﬂrnla&ﬁdn tethé@polygoh Berface I20aeDf, thehbeq:m) Bgyeithinlthepolymon 90 is

rp?rglgtg l@ ﬁé\{}%@q %ﬁgﬁﬁaq 1?%(@%@&&% ggaag 3 gf%fléfcet @JSQ%Edictated by
sRﬁdfmeg LAWC I'Idﬁrtby Dayp&%emwgmﬁe bolygof 90and[HRO3MES the mcxdent
eferrin

1 g. as_ t he pol n.90 |s ratated,
G BeooTy S fatertacel 10 PGSR RG e tsorros e Sioms s Togeria
2ERaY R inbiddst by h@&ﬁab@d%ﬂ&b%&ﬁ theEhdrat k&ﬂle]agﬁface

i nside the polygon 90. 6a is an enlaﬂggnent 0
xepeging yo E‘wa’tﬁﬁé mgIOés & hesame REARSFEAIIGt thgeitperingident ray

%ggéﬁ tdid | '6nt£sr @ ng)%l)%%ncgo ik Q&aﬁgl #R3YLasts a?@d&[&lté%l less and

ot nor to the polygon surface 92. and
#renmdiybrelm tb@ ‘inteifaes P2 tsmame}g@qh%aﬁ to the beara thaylight passes
he f at
Yl POAPR P05 L kU 1 e 8GR G 57 DAL BPHSuch tha
t}iartmmg:hlttdﬂl&apo ll 94 ond 900 svatk bwoormesh pher s tiederlygoralg ratated.

the polygon-air interface 110. Because the light is
[!IIBS]' Refdrringtd Riz. Maj wherah bearh d 2@imadehg ofiroaderdys Dﬁiﬂght is

FRsieFeh a0t SarTite BT an R eRr s o 1 PhistB bt Bifface 92

&E Qs sf abf, Ql??]d Beetrilil GO(WMQj’ass stedi glﬁﬁhro(rju@h tﬁdpd@gon P@ b & detector
Fig. 6. As e s raotate t he bea are

! Reteiad pbo fo 1R b nelion JOGhSiE oo el PhmstsSes of the

AGaAtHIRE € el iaferface DD RhDGRS) dﬂﬁﬁginlgghé apEl8 € gefraction and

through t pol ygon as descri bed abov h regard t .
fhegpoinf onthe opBesife Suriecs GE egolieontad. pyhers feteath {Zf{fy‘gﬂl exit

&eret%eﬂa tHeldbt¥RbK7ACAQ $i%e &ﬁggbrpw%taa@s tharapobygRbehs will walk
rotate
across each other such that each part of the detector 74 will detect substantially the

same intensity of light over time. Thus, the rotating polygon 90 provides a way to

spatially average the intensity of the beam over the width of the beam 120.

[0037] The polygon may be composed of any material able to transmit light rays. In
the embodiment shown, the polygon is an octagon, but any polygon can be used.
The preferred embodiment uses a glass polygon, with an index of refraction greater

than about 1.9. The polygon may be rotated at various speeds to obtain the correct



[0036] Referring to Fig. 7a, when a beam 120 nmade up

of many rays of light is considered, for exanple from
wa@anoognvaetled source 34, is incident to the surbPEresf®a7/005876

at an angle of 90, the beam 80 w || pass straight

t hrough the polygon 90 to a detector 74. Referring

also to 7b, as the polygon 90 is rotated the angle of

i ncidence of the rays with respect to the interface 92

changes, changing the angle of refraction and the

poi nt on the opposite surface of the polygon 90, where

t

l@\?el Q? ﬁmfé g)évbf Fge?faﬁétg S?ﬂ‘ﬂh e&@f&ﬁ'eala b?)ﬁferﬁ Qhe éﬂélprﬁé? is rotated

\Rﬁ?lﬁp t@’a‘@hthﬁmos@@dhmt hat each part of t he

detector 74 will detect substantially the sane

i[AO3} sY arjatisms, mgdificatien, amdméherkamqrﬁ@lqmto&thg is described

)
PRSI e B S B LR R i e i
[aodqu»pveethp m\{;cgunn naylabaed:oﬁpmémgbf tlam‘;,nvmﬂm isatb be defined

%E)lt S%Q.l? y%lj’egéh?ﬁ% aundslct)cF%\e gef]%\én u{)ﬁ] gt &%ﬁ)e%gg H’le samn %1% scbpe of the

feBalwiripheaiprsef er r ed enbodlnent uses a gl ass pol ygon,
with an index of refraction greater than about 1.09.
Toe33]oWhgors cheigneliés:r ot at ed at vari ous speeds to obtain
the correctlevel of uniformty of intensity. In the
preferred enbodi nent the polygon is rotated at a speed
about twi ce the exposdre time. [0038] Variations,
nodi fi cation, and other inplenentations of what is
described herein will occur to those of ordi nary skil
in the art without departing fromthe spirit and scope
of the invention as clainmed. Accordingly, the
invention is to be defined not by the preceding
illustrative description but instead by the spirit and
scope of the following clains. [0039] Wat is clained
is: >CLAIMS 1. A nethod of increasing the detected
spatial uniformty of the intensity of a beam of |ight
froma laser in a systemincluding the | aser and a

| ight detector, the nethod conprising the steps of:
generating a beamof light with the |aser; and noving
the beam of |light and the |ight detector relative to
each other, such



that the detector averages the spatial intensity of
the beam of |ight overtine. 2. The nethod of claim1,

wok@raoiact he step of noving the beam conpri sesPehesSENBMSST6
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of passing the beamof light into a retroreflector and
noving a reflective wall of said retroreflector. 3.

The nmethod of claim 1, wherein the retroreflector is a
corner cube reflector. 4. The nethod of claim1,

wherein the step of moving the beam conprises

physically nmoving the Iight source relative to the
detector. 5. The nethod of claim1l, wherein said

detector is exposed to only a portion of the beam at

any one tinme. 6. The nmet hoIAIMBai m 1, wherein the

step of generating the beamof light with a |aser

aonpr i% estigehsf iatieaging e deentedspatiabmifointity of the ogensity ofa
lbagBof 1ight fofy:s lasen ihar syistear mahidhee thedastennd a dight detedtor, the
WHtheY Sdrhpristhg theesiepi @si ty of a beam of i ght

CoNpr igzhB@iing alde@ht ofdeite &¥if the dasefa@d source for

gener ghbwde S BedeaMight dndghé lightdttettoraensive o6 eamhvithg, such
the theasabr hidhtesand spdirl dRéRel Of theebain wEliglt wectime.
other such that the detector averages the intensity of
tHhe |ight mBeRRNREEim! 1, Wherdln tH&eS Y5 in@WIRf the baamcémprises the

vé'tégcﬁ' [591 $4iRg 1SS 5 PTigHMioNrefOFilek &2 9nd moving a reflective wall of
rQ Sfeﬂ%@io?r having a noving reflective wall into

r
\I?EI ch I's passed the beamof light. 9. The system of

¢ ai m-4 WaeRANLAREM R AR rfif thaTRORG RIS b $88hed cube reflector.
rotati ng transparent polygon through which is passed

the b &gt}{oh%ciai 01, hed¥a iR bf M¥AifAde Makt@mprises
t ect spat | f b
f T ~2iiy @gi%gi’}gﬁ% o Sl kgt o s B
rogeperatng sahd beam of. | Ohlee 0% 2xhsanTh Ak ion of
vin ]E%gle 1 (ﬁlalm hvty eret sf'lﬁ:{] eaec 1ts X X a portion o
e hedp REARYS B ¢ tghe det ect or Zii?a;’ésr?ﬁé“ T

intensity of the li.gh [
6. They method of claigl {, \Bl?ee}gi]ngc g rste£> Io?%'enerating the beam of light with

a laser comprises generating the beam of light with a diode laser.

7. A system for increasing the detected spatial uniformity of the intensity ofa
beam of light comprising:

a light detector;

a laser source for generating said beam of light; and

a means for moving the beam of light and the detector relative to each other
such that the detector averages the intensity of the light beam over time.

8. The system of claim 7 wherein the means for moving comprises a
retroreflector having a moving reflective wall into which is passed the beam of light.

9. The system of claim 7 wherein the means for moving comprises a rotating
transparent polygon through which is passed the beam of light.

10. A system for increasing the detected spatial uniformity of the intensity of a
beam of light comprising:
a light detector;

a laser source for generating said beam of light; and
a translator moving the beam of light and the detector relative to each other
such that the detector averages the intensity of the light beam over time.

11. The system of claim 10 wherein said laser source is a laser diode.
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11. The system of claim 10 wherein said | aser source
is a laser diode.12. The systemof claim 10 wherein

w0 b@7toaes| at or conprises a retrorefl ector havP@mus2007/005876
noving reflective wall into which is passed the beam
of light. 13. The system of claim 10 wherein the
translator conprises a rotating transparent polygon
t hrough which is passed the beam of light. 14. The
system of claim 10 wherein the translator conprises a
transl ator physically noving the |light source relative
tI2. t heThesRen0bf clhin 10NVRGEERItBE Handlfor BOMbRSest J‘é%{:@ﬂéﬁtor
|Ha@rltig 4 MoRir regletivawaIR 6 ReHicIsHasded the %eﬁh I8 Glghon of
propagation, the translator conprising: a first
rief. | eCThy §ystdih HECRIm A 058RQBE, thethRQbidoY @o %flgécf otating
qran@aar@fit ﬁl?é&gm;gﬂ\@hfcﬂqs gagf&é& tHeeJe surtace,

a translator noving sai I'rst an
5 rle;fl eCThé’ ?ys?ét‘ﬁ B?Eﬁﬁn rl%' v@ﬁér}%ﬁ‘l thd ﬁgsqgtop&&?g{lse]s i trans‘laator
| 9@@5&&8 5308

{iectrl tra ducer wavef or m

era}\ drktus FOE %981 / g{ ere 4
pparatus form a i @gﬁn glitection perpe \Sular to its
geneﬁgfglf;:ﬁ ga SIP%? ﬁ‘écoé’?prbﬁ“%\g m)?; wherei n sai d

speaker
10 P secong re ve sur ace or:ented orthogonal to the first reflective surface;

and
a translator moving said first and second reflective surfaces relative to each
other.

16. The apparatus of claim 15 wherein said translator is a piezoelectric
15  transducer driven by a waveform generator.

17. The apparatus of claim 15 wherein said translator is a speaker cone driven by
a waveform generator.

18. The apparatus of claim 17 wherein said speaker cone is a subwoofer.
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