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WD 2005/ 093484 PCT/ US2005/ 009280 SNMALL AND FAST ZOOM
SYSTEM BY GYOUNG I L CHO ET AL. 5 BACKGROUND OF THE

WORMBENI3@N The present invention relates to anpopuiSems/009280

zoom devi ce and operational nmethods for the device.

Conventional zoom devices require coupled nechani ca

notions to adjust the axial separations between

i ndi vi dual or groups of elenents in order to change

the optical 10sSmrgr ANRFAST.ZGOM SYSTEMIst r at es

conventional mechanical zoom system At the very basic

| evel, a zoom systemincl gles at | east one noving

| ens for zoom ng. One lens to change the image size

is called the vari @gy@fudcaidcaoothan.! ens to maintain

focus through the Zoom tange s calfTed the

conpensator 2. The variator 1 is noved to change the

i mge size of 15 object. However, the image is

def ocused bec al so

changed. Theﬁégggégﬁgﬁgﬁgiﬁqﬂﬁpﬁﬁgtﬁﬁﬂ ve in

uni son wi.th the conpensataor |ens to zoom and = kee

tIhe prosergdnventipn feé%,ta%to anpptieal mﬁ%m%arkslrcwet@eaqﬂ|ngﬁthods for

mechanically controlled by a zoomring on the |ens
theilavicel . The mechani cal notions decrease the speed of

zoom ng, increase space and weight 20 for zoom

Csventionateapomndbuioes tequixe t@ghlgdirh¢chanicad mebtioas|ta adgusdt dregeial

power consunption. In addition, the mechanical zoom
sepadEib@yBebSednadividahies gtr@lp@raﬁélbﬁqymt@m srier tarchangethaxitizal

Therefore, there has been a need for a small and fast

magffABR[Vi ce that can change

FIG. 1 illustrates conventional mechanical zoom system. At the very basic level, a
zoom system includes at least one moving lens for zooming. One lens to change the
image size is called the variator 1 and another lens to maintain focus through the zoom
range is called the compensator 2. The variator 1 is moved to change the image size of
object. However, the image is defocused because the imaging position is also changed.
Therefore, the variator 1 must move in unison with the compensator lens 2 to zoom and
keep the image 3 in focus. These movements are usually mechanically controlled by a
zoom ring on the lens barrel.

The mechanical motions decrease the speed of zooming, increase space and weight
for zoom system, may induce unwanted jitter, and require large power consumption. In
addition, the mechanical zoom system is restricted to magnifying the area on-axis.
Therefore, there has been a need for a small and fast zoom device that can change

magnification.
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magni fi cati on. WO 2005/ 093484 PCT/ US2005/ 009280
SUVMARY OF THE | NVENTI ON The present invention
woanisrwsss t o sol ve the di sadvant ages of the PCT/US2005/009280
conventional zoomsystem 5 An objective of the
invention is to provide a zoom systemthat is conpact
and does not have nacroscopi ¢ nechani cal notions of
| enses. Anot her object of the invention is to provide
a zoom systemthat consunmes mninmal power. Stil
anot her object of the invention is to provide a zoom

system that CSUMMARYOOFEIEBUNVENTIO optical
distortions or aberrations. To achi eve the above

obj eed b&sit 1@6&%@0%%%?@ sfoWe thOHFRGnt 'omecoWV% jonal
varyi ng magni fication including one or re varia
Zoqf%ﬁt ength lenses is provided. The variable foca
‘l enses include a first variable focal Iength

and a s nd variab) e facal | engt

t ook SPErEYE B myiiepds {Oam?\eﬁ? b Pttt FroF s eomeectad

15 changed to formthe jnmage in-focus at a given
OWQEWQVFMF%WPIWW@CWH&%P OfS§E HSESengt h | enses are

made of mcromrror array |lenses. The mcromrror

ar r Apotherndbigchef the énvaniioniis & proyidefa zapwrsgstemtleat sonsTimes

transl ation and/or rotation of each mcromrror of the
mimmelmwarr or array lens is controlled to get the

desired functions of the zoom system 20 The

M cyvhriotips sbjett dffiee Ml EAtdAIiE foGfrodié &YodrR Bsted that can
arranged to formone or nore concentric circles.
compensate various optical distortions or aberrations.
To achieve the above objectives, a zoom system for forming an image with
varying magnification including one or more variable focal length lensés is provided.
The variable focal length lenses include a first variable focal length lens and a
second variable focal length lens. The focal lengths of the variable focal length lenses are
changed to form the image in-focus at a given magnification.
The variable focal length lenses are made of micromirror array lenses. The
micromirror array lens include a plurality of micromirrors.
The translation and/or rotation of each micromirror of the micromirror array lens
is controlled to get the desired functions of the zoom system.
The micromirrors of the micromirror array lens are arranged to form one or more
concentric circles.

FEach micromirror of the micromirror array lens may have a fan shape.

The reflective surface of each micromirror of the micromirror array lens is



Each mcromrror of the mcromrror array |ens may
have a fan shape. The reflective surface of each
wai2ersmes4ss or of the micromrror array |ens i s PETN¥2005/009280
2005/ 093484 PCT/ US2005/ 009280 substantially flat.
Al'ternatively, the reflective surface of each
mcromrror of the mcromrror array |lens has a
curvature. The curvature of the mcromrror nmay be
subStHHal19 lag Alter@iofly Nthe reflettiveaurfade dffeectninduramnirrar of ther r ay
lens I's actuated gy el ectrostatic force 5 and/or
micfInRRbF TRIBEL h of DfvaRire. TiH cORvaTUSEDT the Miébi@yorl iR4}She
urther i'ncludes a plurality of mechanical structure

um%g@gid!ng the micronirrors and actuating conponents
uating the mcromrrors. The nmechanical structures

an gﬁ%ﬁﬁisrgﬁgar;ﬂghﬁm&ﬁm Serfy fnd g%g@ggd i%g@geeu-mﬁic force

¢ _ I cromrror -array
reflective Fresnel lens, and the mcromrrors are 10
5 andé?r"rel?ﬁtﬁ%‘&awtl’é?‘?rf‘%t pl ane. The zoom system i ncl udes a
beam splitter positioned between the first vari ?bl e
f ocEie israpirror agay lapuiurthe Bdedisd Riwrltof @echroigal FEeoi
lens. Alternatively, the first variable focal |ength
uphoktiisg tha thitdomisens endiacieatinglsbmpournis aciuaking the|neigepngfrars. The
positioned so that the path of the light reflected by
medHagichl stiittuvarand ecactuntag cdmprgihts kerlscaetturtdesths evionthirrors.
variable focal 15 length lens is not bl ocked. Each

M CHhick Shirtop a@lehiPlslagefldctve Rrigs 1dnk cantiakdinidr@nigions are
of the mcromrror array lens. The mcromrror array

10 arreln%@cfini ?ﬂ%l&@?pt i ve optical conponent. The m cromrror

The zoom system includes a beam splitter positioned between the first variable
focal length lens and the second variable focal length lens. Alternatively, the first variable
focal length lens and the second variable focal length lens are positioned so that the path
of the light reflected by the first variable focal length lens and the second variable focal

15  length lens is not blocked.

Each micromirror is controlled to change the focal length of the micromirror array
lens.

The micromirror array lens is an adaptive optical component. The micromirror
array lens compensates for phase errors of light introduced by the medium between an

20  object and its image and/or corrects the defects of the zoom system that may cause the
image to deviate from the rules of paraxial imagery. Also, an object which does not lie on
the optical axis can be imaged by the micromirror array Jlens without macroscopic

mechanical movement of the zoom system.
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array |l ens conpensates for phase errors of |ight
i ntroduced by the nedium between an 20 object and its
wOonreg@ozasd/ or corrects the defects of the zoonPeyaiSeNws/009280

that may cause the image to deviate fromthe rul es of

par axi al imagery. Al so, an object which does not lie

on the optical axis can be imged by the mcromrror
array lens w thout macroscopic nechanical novenent of

t heTronbmsysteRnmay3fuiieZdbsd DR 8l RCIIO WS 20 GcaR 98B @roup

The zoom system may further include a focus |ens

and¥ &Lé? 1ler8yr&Ip Th&first GaFabBy fotk) lenath 1any Ay a hafsogemgoup,
The first variable focal length | ens forns a variator

and tﬁ@%cgﬁ@VQlablea@galtla‘%]t@Eﬁ%@ny AtdBAMBatbPRA glogpgt h | ens

orns a conpensator 1ens group. e m'crom rror array

for 128 BiF RS b B chPisT B IoH 10 MR BARE LR € Ol
espectiyve e ol
eacfrél‘ﬁ?efelﬁ?gth Skﬁfﬁhc rﬁ%é a C?BF r(ghgt)y cto‘ée paé(g[oaf ?(%@Irngén The
or color i nmagin Al so, . the z t furth
oqheyiiaumaY BROPHERLEE A plirdish ethandrts TR %ﬁ%alm%%mg%so
sensor includes Red, Geen, and Bl ueéé sensors. A
theobmorsyiterageyifurtesstinglidect mptaelesticpanor.dihe P@P@@{GPV%PHSOT
signals fromthe Red, Green, and Blue (RGB) sensors.
inclikles Red &tremntndBlueGREB) serspisal cglog imadgs i plipineéh by Readment of
Green and Blue (RGB) sensors is synchronized and/ or

eleErit 4l RRAaMifichh the ®edpBicen) and Bl @ GB )oensors. The traatneyt dfens
to satisfy the sane phase condition for each

ele“f’fﬁ&ﬁlsf’gﬂglfs ot thBERd, GFreRR AndBHicBREB) 6&/ebis.is §2p@aled ehd/or

zoom system of the present invention includes one

maﬁ:ﬁlemﬁtﬁ tﬁlﬁ?croln?rm & thOf romlRR erQy féhﬁo%’cﬁf& e BhlePhase

€ zoom system can ch ange th e rmgnl fication

o S PR SR e DR PRGBS B

The zoom system of the present invention includes one or more variable focal-
length micromirror array lenses. The zoom system can change the magnification of an
imaging system without macroscopic mechanical motions of lenses. The micromirror
array lens includes micromirrors and actuating components, and uses a very simple
mechanism to control the focal length. The focal length of the micromirror array lens is
changed with the translation and/or rotation of each micromirror.

The micromirror has a tiny mass. Therefore, the lens comprising the micromirror
has a very fast response time down to hundreds of microseconds. The lens also has a
large focal length variation and a high optical focusing efficiency. In addition, the lens
makes possible a large size lens, makes the focusing system very simple, and requires

low power consumption. The lens has a low production cost because of the advantage of
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array lens includes mcromrrors and actuating
conponents, and uses a very sinple nmechanismto
woamisroed4st he focal | ength. The focal | ength of PCNAIS2005/009280
mcromrror array lens is changed with the
transl ation and/or rotation of each mcromrror. The
mcromrror has a tiny mass. Therefore, the Iens
conprising the mcromrror 20 has a very fast
mask @EAQaHELyt Theledowm 4o donpenatisfoobptivabeibstsdotediced hethe
|l ens also has a large focal length variation and a
me(ﬂhrﬁ Re@Rbh 8RRl obfRE s iRdnREE bed/@rtoyrecth theaidthictsi adia, lershsgstem that
I ens makes possible a large size |lens, nakes the

cauJeC{ﬁé" n%? t§¥e°\;1§cmfr\5ﬁ{ the %115636@311&&41 ih&’ui.res | ow power

i on. 'ens has a | ow production cost
°é?%§§5§%¥ B2 e sy VA micromivor

also conpensate for optical effects introduced by the
arraydefiStim bet ween the object and its image and/or
corrects the defects of | ens s sten1tha

e.the
el (RSN FRAEST P APENECT I S EAP B a DG e o o
The invention works as a zoom devi ce and i ncl udes one
morgmimenerrot arayritrsedin theopioabdesig@nses. The inventi on
changes the magnification of an imaging system by
ut i THezioeproimer aray lems eonls ey owirfablerfoeal length lensans! mﬂwﬂeﬁe
optical design. The mcromrror array |lens wirks as a

matAidyaRcforhi@a to regt thellighsanddtubiied cosg®nentr tyycdniraythe
mcromrrors to reflect the light and actuating

mmﬁgﬂpgp&ggﬁmggnﬁggtrol the 10 positions of the
cronlrrors Each nicronirror has the same function

acWrﬁlcr%B}lrrgms Hd fﬁe c] dyoﬁ fa® Q‘nﬁfr@xf ‘T he WREKSE @R réirrors

ref ECt Ve ocusl ng meking all light scattered
onkg %gn a ?el}Fectp ive t%cusmg 120 by making all light scattered from one point of an

object have the same periodical phase and converge at one point on image plane. In order
to do this, the micromirrors are electrostatically and/or electromagnetically controlled to
have desired positions by actuating components. The focal length of the lens is changed
by controlling its translation, by controlling its rotation, or by controlling both translation
and rotation.

The micromirror array lens can have a polar array of micromirrors. For the polar
array, each micromirror has a fan shape to increase an effective reflective area so that the
optical efficiency is increased. The aberration of the micromirror array lens can be
reduced by micromirrors with curvatures. The optical efficiency of the micromirror array

lens also can be increased by locating a mechanical structure upholding micromirror and
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obj ect have the sane periodical phase and converge at
one point on imge plane. In order to do this, the
wai2ersges4su or s are el ectrostatically and/ or PCT/US2005/009280
el ectromagnetically controlled to 15 have desired
positions by actuating conponents. The focal |ength of
the lens is changed by controlling its translation,
by controlling its rotation, or by controlling both
thetac@math gtdngponess dndayneEctionvrrorTh énondase amefifgctive rafleatjvel asersand
can have a polar array of mcromrrors. For the polar
corfol g, the€ agratiieCof@nicfontirolsas a fan shape to increase an
effective reflective area so that the 20 optica
ef f Tkd RRGYmirforiaiey RAS B il tR pR&rehtiavdn®ion Qhs 4d8ntages: (1) the
mcromrror array |ens can be reduced by mcromrrors

midbinthe G UM 1dAS Bs 2 VOF £R2PLekSodke Bk bELBEYach InibidGirror has a tiny

mcromrror array ens al so can be Increased b

y
| ocatin nechani . I j '
maig ) ol e 0o S B BB BB S Rl
conponents under. mcronirror to increase. an.effective
varf QRO e iRee hircreeung byt Fsai| e 6
mcromrrors. The mcromirror array . lens used in the
migspgegit (3) Hiecdans ns afigh eigalfp g etficigncy he) the lepsgisn havsa
array lens has a very fast response tine because each
large Szeapertuisrwithwyt lpsingg epticad pensarrange? Peeayee the maictogyrrer array
| arge focal length variation because | arge nunerica
lena petudes éisvratel mictammigrosathe hiecreasé dEthe tbnb yize doesars emgret e
maxi mum rot ati onal angle of the mcromrror; (3) the

abdrRifiSn base@bkigipe 0Rbi ¢Fal leds) (1) She @ seik finekb@itosw; betA)se bhtie
| ens can have a |arge size aperture wthout | osing

ad\%g%aigg af mlefsr rOIBIES of BREAUS GohiBEmAMEEQMikF ﬁﬁhma@y@ the

includes discrete mcromrrors, the increase o
len% rc]a(?n J:ognr]cieng‘a{t% Br PRES R 1?&14) cgc?b}? ﬁ]l? é’;E%%LﬁP Sét{zv%%ﬁ {48 object and
( ause y sShape error or a | ens, e COoSt IS
theI ilrll’lggg E?nr(]ﬁcl)rvc%rrg&cs: ﬁl%scﬁzfe%[s otf tt1t(1:"e lens system that cause its image to deviate
from the rules of paraxial imagery; (7) the lens makes the focusing system much simpler;
(8) the lens requires small power consumption when electrostatic actuation is used to
control it.

The zoom system of the present invention has advantages: (1) a compact zoom
system or device is provided; (2) the device has a very high zooming speed; (3) the
device has a large variation of magnification; (4) the device has a high optical efficiency;
(5) the device can have a large aperture (6) the cost is inexpensive because the
micromirror array lens is inexpensive and the macroscopic mechanical displacement of

lenses is not necessary; (7) the device can compensate for phase errors introduced by the

medium between the object and its image and/or corrects the defects of a lens system that
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advant age of mass productivity of m croel ectronics

manuf acturing technol ogy; (6) the 1|ens can conpensate
woaoosphase errors introduced by the nedi um bet ReBWSLDE/009280

object and the imge and/or corrects the defects of

the |l ens systemthat cause its inmage to deviate from

the rules of paraxial imagery; (7) the |l ens nakes the

focusi ng system rmuch sinpler; 15 (8) the lens requires
cauSETRk imPEe [de CiaRSLUTD tHeqtlewbBperadid dhagsy;a8) thedetisats very

Is used to control it. The zoom system of the present
i 5ise thelf@ R rRANARERESIS metHahical ¢iOpRGRien? 60BhseS &l
SlH%)FM%Svice i's provided?ﬁ(Z) t he device has a verggﬂigh

oni (3 \ . L nt b

e s SRR ool g Y AR Snlr R ARy R Mftted by
leff%$i$§% ; 20 (5) the device can have a |l arge
eledsi¥ ¥ T6) the cost is inexpensive because the

mcromrror array.lens i.s. i.nexpensive d.the .

mon B e Heskineiions b RERRI G 0F il hgertengige o

necessary; (7) the device can_coppensate for phase
thegnyestian ¢4t heqehtaiaes ythe fiedlowipgdrarings d dgserighipe @pd

and its image and/or corrects the defects of a |lens
apeydededhimisat 6 WO 2005/ 093484 PCT/ US2005/ 009280 cause

the image to deviate fromthe rul es of paraxia

i mgery; (8) the device is very sinple because there

IS no macroscopi ¢ nechani cal displacenent of |enses ;

(9) the devi cepESURIPFSONOF THIOFEGURESSUNPt i on when
the mcromrror array lens 1s actuated by

el eef"hés@?fl@t){h%r FRRE&; aspedth APHRBNthES oP BRSREent iRVETHoh M1
is briefly summarized, the full understanding of the
beclifglilegl?nel f rglgln Al iﬁplte@ér&ﬁ:g t@%lg %gﬁ)g&)ghgéiﬁ%%&igés?%%ﬁt

escription, an

FIG. 1 is a schematic diagram showing a conventional mechanical zoom system;

FIG. 2 shows a zoom system using one or more variable focal length lenses;

FIGS. 3a and 3b show the zoom systems of present invention using one or more
micromirror array lenses;

FIG. 4 shows the principle of a micromirror array lens;

FIG. 5 is a schematic plan view showing the structure of the lens that is made of
many micromirrors and actuating components; and

FIG. 6 is a schematic diagram showing how a micromirror array lens works as a

lens.
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DESCRI PTI ON OF THE FI GURES 10 These and ot her
features, aspects and advantages of the present
wonvesbsesm will  become better understood w t hPCT/US2005/009280
reference to the acconpanyi ng drawi ngs, wherein: FlG
1 is a schematic diagram showi ng a conventi ona
mechani cal zoom system FIG 2 shows a zoom system
usi ng one or nore variable focal length | enses; FIGS.
3a and 3bpETAILEREDESCRIBYSONGBE GHHINEENTION ent i on
using one or nore 15 mcromrror array lenses; FIG 4
$HOVBsHORR aRbbMG§EM 50fustgdhe bombrevariable feul leﬁg’ﬁh lerfsk$GIn the
S is a schematic plan view showi ng the structure of

emﬁcj?l?mérﬁ REow i ALFIGS 2 "BESo & systdhclides #fist ¥ 8HaleA@6al length lens
actuating conponents; and FIG 6 is a schematic

dj
s FHL L 34t B il
sysffgblﬁ@gfg?gtpﬁgﬁl % hﬁa*ggﬁe vagpable o veélgﬂ 184593 ?gsc iﬂgﬁ%gt h

lenses. In the  enbodi pept shp in FLG

varighlorioeal el gt shangssbe (aaer AP cPYioks Fm?%@r}@fi#gflésﬁ@ beGguse
and a second variable focal Iength |ens 5.

the filnagingpositianciaplse shastzed Theredererige Boallepghof @e Fo Yatible focal
acconplished by utilizing the variable focal Iength

lengthnanss 4,5 hust bhehdnged in unigmita blagnifioasl kekp Hhgtimagen é-thous.
changes the imge size. But, the inmage is defocused
becpgs8a shdves 4 PR §8tepOSd, tin Which snabsmoehaiogadrror array lenses
Therefore, the focal length of the two variable foca

7, éﬁ@%&i As%ﬁﬁ:ﬁe f’()caﬁleﬂéiﬁtlenlfs‘& £Banged in unison to
magni fy and keep the i mage 6 in-focus.

An example of a micromirror array lens is described in the paper entitled "Fast-

response Variable Focusing Micromirror Array Lens" by James G. Boyd IV and
Gyoungil Cho, which was published on March 2, 2003. The paper is incorporated by
reference into this disclosure as if fully set forth herein.

Because micromirror array lenses 7, 8 are reflective types, it is impossible to
make an in-line optical arrangement with micromirror array lenses 7, 8. Therefore, the
zoom system 52 includes a beam splitter 9 positioned in the path of light 10. The beam
splitter 9 changes the direction of the light 10 by 90°, and thus simulates an in line optical
arrangement. As shown in FIG. 3a, the total size of the zoom system 52 is less than a
conventional mechanical zoom system because necessary separations between the
variator and the compensator and between the compensator and an imaging sensor can be

satisfied by a beam splitter 9 and the micromirror array lenses 7, 8 ina small space.
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FIG 3a shows a zoom system 52, in which one or nore
mcromrror array lenses 10 7, 8 are used as variable
wobaomlossmgt h | enses 4, 5. An exanple of a m cPOWUS2@SE/009280
array lens is described in the paper entitled "Fast-
response Variable Focusing Mcromrror Array Lens" by
Janes G Boyd IV and Gyoungil Cho, which was
publ i shed on March 2, 2003. The paper is incorporated
by FiGeBbrskowea rotnosystensS4iis whish wne onmoief micgdrhigrog atray lenses
forth herein. 15 Because mcromrror array |lenses 7, 8
11,anerd @kl as viridld fopsldengtlt lehss pfrossi bl e to  make an
in-line optical arrangenment with micromrror array
|SBK286is Tmp&sibldRBikRr8 inliR€optZapitsyshamwith hitednitos aday
bean1sp|i?ter 9 positioned in the path of Iight 10.
b . : e .
len%@lg gl’l] i ?%gllebraf%g%r?ﬁlg)?] aga}pﬂ%ﬁ&g ¢35, 2NRe PhdiGicl 89 1k tHehih of the

tthus sinmulates an in [ine optical

. arnange t. .shown. i , ' f
et MR p Ry B elat e 114 el BbBlea e
nmechani cal zoom system because necessary, separatjon
SRR R R e e oS
t he conpensator _and an .i magi ng sensor cayn be
stingedhs BRFIRPS O Bedmicestifret TGt Ohd Lk e ptbsrchanged,
array lenses 7, 8 in a small space. 8 WO 2005/ 093484
theROTMSBRO05 S2FI2BOOt Bpag, spais fohlsnsmaveraw thysthe Ae@n system 52,
whi ch one or nore mcromrror array |lenses 11, 12 are
54 ugetsk manufactirat wéthfacoalpattesimgt Alsb dieseved cofsumBting ef the zo@m
i npossible to make an in-line optical arrangenent with

systBng 2054 [sGhindhAldince @RS Bho hted thdnovehicringif@fhiiayolenses 7, 8,
array lenses 11, 12 are positioned so that the path of

11tpe 5 light 13 reflected by the nmicromrror array
1'énses 11, 12 is not bl ocked by other conponents.

o9 NeRTRR! sAhRPnCRRe REHOR! f1erl @l gcPhéssdly the
performances of a zoom system instead of two variable focal length lenses. They are a
focus lens group, variator lens group, compensator lens group, elector lens group and
relay lens group. Even though the zoom system using micromirror array lenses is
explained with two lenses, actual zoom system using micromirror array lenses also has
some groups of lenses.

FIG. 4 shows the principle of a micromirror array lens 14. There are two conditions
for a perfect lens. The first is a converging condition that all light scattered by one point
of an object should converge into one point of the image plane. The second is the same
phase condition that all the converging light should have same phase at the image plane.

To satisfy the perfect lens conditions, the surface shape of conventional reflective lens 15

is generated to have all light scattered from one point of an object to be converged into
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Since the positions of the mcromrror array |lenses 7,
8, 11, 12 need not be changed, the zoom systens 52, 54
wdaoesaw3aseed space for | ens novenent, thus thePZomise005/009280
system 52, 54 can be manufactured with a conpact
size. Also the power consunption of the zoom 10
systens 52, 54 is mninmal since there is no need to
nove mcromrror array lenses 7, 8, 11, 12. The zoom
onspsihtemethS Bpnagsdplaneyani heveubie oftioabpagh snpd cdfalltemenayengimg light
get necessary performances of a zoom system i nstead
to 6 satnaPEvearthaddhahé ogtidal pah tenbthl o timaenvarbmy ligheis aiffdratjthe
| ens group, variator |ens group, conpensator |ens

sarf H4Be cAHdRInQan he BEtisHe®Ycaadtth pHasd & 1t IsgREiodit OPlibrefore, the
Even though the zoom system using micronirror array

SUIJfa%Q§ elof the @SRV @HBRY r¥fidchvd 1¥Rs i?%@ﬁqng%&fééd le<OQYMYitions can

syste USI ng mcrom rror array | ensés al so has sone

be ggpga]s:g%b ro elltleorﬁs i3 tra lagionloﬁn ntrg@ @a{c i Uf[%lnﬁ gPJmlﬁor 16

rarray Pens ere are mo con I'ons
for a erfe t lens., The fjrst on
rotighigcoeAtes ascaired aghendolsd e YRSt n 20 of
an obj ect should converge into one point of the
plianelllustrsesdbe Brridineensingal yaveoihe MeCreBHER P8k qnﬁ&? Ch
the converging |light should have sane phase at the
mi¢nregreorgi8am electraftatisalily arfdyortetestrpmagneticallyeantreldasddivt the agyating
the surface shape of conventional reflective I ens 15
comporgatd9aBechutoa leay & axisyminiegit, theaaictoarigdr &rayrtemnky can have a
poi nt of an object to be converged into 9 WO

po AP Ay ISkhi Jr6rhir kP 8 OBd B QP B3 GnicnE PRI 18tcan Ravdvefah BRgR to
pl ane and have the optical path length of all the

tical
inc %ﬁ%?# b e O e

thel mg(‘ﬁlfl Sgalcsﬁ"ﬂgdﬁea %@h&l@ﬂg %gqfhslf”ffcb%% hrgfjalw&%ﬁﬁg @oﬂﬁ‘(ﬂl%ﬁts to

I'S "perio

rotate and translate the micromirrors 18 are located under the micromirrors 18 so that the
micromirrors 18 are to be closer one another thereby increasing the effective reflective
area.

Fig. 6 illustrates how the micromirror array lens 20 gets an image. Arbitrary scattered
light 21, 22 are converged into one point P on the image plane by controlling position of
each of the micromirror 23. Phases of arbitrary light 21, 22 can be adjusted to be the
same by translating each of the micromirror 23. The required translational displacement
is at least half of the wavelength of light.

The focal length f of the micromirror array lens 20 is changed by controlling the
rotation and/or translation of the micromirror 23. The micromirror array lens 20 is

possible by controlling only rotation without controlling translation even though it can
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surface shape of the conventional reflective lens 15
satisfying perfect lens conditions can 5 be replaced
woyorsgoaion and translation of mcromrrors. Bathsefs/009280
the mcromrror 16 rotates to converge the scattered
l'ight and translates to adjust the phase. Fig. 5
illustrates the two-dinensional view of the
mcromrror array lens 17. Each micromrror 18 is
not SItBELHhE Fﬁe@,& ce@lifioh. anthiodase tecinfaginpgmelity o tHeylens 20 generated
controlled by the actuating conponents 19. Because a
by cjoﬁf?él#hg oﬁlﬁ'r@tﬁﬂ”&?k [deSradsd 16y tht abRfBibA Furéiri@yatiof Reithbit
can e 10 polar "array of the mcromrror 18. Each

rota,% 1Esalth FP o 19[a1 %oﬁ(ﬂﬂo KANErBsnb PO PR BPE tHeBry. The lens
ﬂcre

ase ef fect refl ectlve area, which increases

genarﬁwg%gttl%]egcaol gg[]cf) %'1 s 6#1&@1? ﬁaﬂgg Q@E‘tﬂa‘ﬁ% tod. THE SHAIRSR the sizes

r'ror uat| ng conponents to
rotate and _tran %%te the crom.ULror

of theNGOMHERT P @ ?Sér@hig T O“gﬁnt %ua‘ r(gfutrtge Iegs
are to be closer one another therepy incre

witle piecmpiiveis feverdhan the lens syithratgtionaggt tf%lSQPP%rgﬁf‘r %g%éyltﬁ WP
the micromrror array lens 20 gets an image. Arbitrary

mosaslidseheativahtagihthaits corgokand felsivadeyisgasientharbihe lgsivvith p
on the i mage plane by controlling position of each of

rotdtfd8 afll Gh¥MEtonor 23. Phases of arbitrary |ight 21, 22
can be adjusted to be the sane by translating each of

t REs Bl @Mat ERN of the nifdPonNiB@ES 23afs hicaRatuad baaae the ideal shape
dlsplacenent 20 is at least half of the wavel ength of

of co%hg -Ir;lglerefl% %3k 1d l 8Rgthhs & c&@athﬁeH%@Vé?rﬁlﬁJeQﬁe Aer@Mon of the
§ Ryl ang

e by controlling the "rotation and/or

len%wtgy ? 5 ﬁ]cgglggror Ffs r%t%tg lﬂ"dﬁ e%nt%x%m tT Q l??ng]vmho VAt if the size

POSSI contro

AR AR Fonel e ansL AL SR 4ot

The micromirror array lens is an adaptive optical component because the phase of
light can be changed by the translations and/or rotations of micromirrors. The
micromirror array lens can correct the phase errors as an adaptive optical component can
correct the phase errors of light introduced by the medium between the object and its
image and/or corrects the defects of a lens system that cause its image to deviate from the
rules of paraxial imagery. For an example, the micromirror array lens can correct the
phase error caused by optical tilt by adjusting the translations and/or rotations of
micromirrors. This allows magnification of any object within the Field of View without
macroscopic mechanical motion of some portion of the optical system. Thus, the object

to be magnified does not have to lie on the optical axis as in a conventional system.
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not satisfy the phase condition. In this case, the

i maging quality of the |l ens 20 generated by
woamisroed4sikng only rotation i s degraded by the PCT/US2005/009280

aberration. Pure translation without rotation can

satisfy the two i magi ng conditions by Fresne

diffraction theory. The lens generated by the contro

of only translation has the aberration too. The

R8RS piidbe caidiesm atisfledtyghammranicror eraPBnanswes an hgsumption

|l ess is the aberration. Even though the quality of the
of th&idShroMatib ligﬂt? THGEFR) td et h@WIRDE irhdp@nthe heiclogtigomdrtay lens of the

rotation and translation, the lens with one notion

zoohg stteglelts %&%wﬁg%se{tﬁﬂlmé LneAtd &ndARE hedich Gavélenyth 6

ier an t ens wmth rotation and transl ati on.

t.is desire t_eack ] i
Rods el BFEPHECRIEE FRREME phd e Rbbh I Eh e uban@sSiiers
conventional refl]ective |ens. 15,h ac r .
to rafpaochigre TS StperrsERgn ORAaRor dhy B R,
mcromrror 23 .is not nuch different fr%g1the Ieps .
W 2 eplenphpigelaciriq feniqyds Wieg as ahimagp SFSHE 11T 4pg} fystem using a
enough, there is not nuch need to control the = |
micomiratr arrey [ splarivagy wobe gbieined by fgatmenty Pl glpspicel denals
optical conponent because the phase of [|ight can be
frofl sy Gkehyarid@lut (REAB) snsam svithrod Mdthontdieadpass flters, which should
mcromrrors. The 15 mcromrror array |lens can

be SRAChBAized REl/GNASEhEY Witk the @6ntev) ofididqrbimiteorapty dak.
conponent can correct the phase errors of |ight

I L RYUBRR i dhb ScalBidl BEDAt MRRR, thd@icRBh BRI adBgllehs &

i mge~and/or corrects the defects of a | ens system

n ! | i . fi eBSardBlue
ol LTS PR PR, gl

e mcromrror
. array lens can correct the .phase er
ol BE BT L RS PN s o
rotations of 20 mcromrrors .This allows
oblieig ATONE s BT A FTITBLY BERSES PR SFTRAES g Doy oy
W t hout macroscopi c. nmechani cal notion pL some, por.tion
Redflightie iro@geid@a(bpeglys"fcemagtm@@’ qu%a%l?:]@glhg t Hhegpicromirror array
magni fi ed does not have to lie on the optical axis as .
leris And eahrimaging oerabr wyks énthe same manner with the process of the Red light.
Therefore, the micromirror array lens is synchronized and/or matched with Red, Green,
and Blue imaging sensors.
While the invention has been shown and described with reference to different
embodiments thereof, it will be appreciated by those skills in the art that variations in

form, detail, compositions and operation may be made without departing from the spirit

and scope of the invention as defined by the accompanying claims.
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wano@Eyoesuspt i on of nonochromatic |ight.

11 WD 2005/ 093484 PCT/ US2005/ 009280 The same phase
condition satisfied by the mcromrror array |ens uses

get a color image, the mcromrror array |lens of the
zoom systemis controlled to satisfy the sane phase
condition for each wavel ength of Red, G een, and Bl ue
(RGB), respectively, and the zoom system can use

wiandgeIsAMEDass 5 to nmake nonochromatic lights with

1.

wavel ength of Red, Geen, and Blue (RGB). If a color

Phok 9648 Ghdidif FHEORMIng R SR MviBSvaaying MAGEASANBQOmIpHisinkene
zoom systemusing a mcromrror array lens, a color

i ma, i h sdsr eat nents of el ectri cal
S|d%g?éggﬁg%#?g%%}&%?een? and Blue (RGB) sensors with

or wi thout bandpass filters, which should be
synchroni zed and/ or matched with the control of

mcromrror array. lens. 10, To inma he \Re i ght
ScalaioB TFGTH S ] LObEey e KERBCT AP o e of e
is controlled to satisf¥ t he phase condition for the.
Re dmicireyhirros Ataysas, viesein the RGropHer araydens coBmEissse plurality
nmeasure the intensity of each Red, G een, and Bl ue

| i gbtmscatitrersed from an  obj ect. Among them only the
intensity of Red light is stored as image data because
only Red light is inmaged properly. To inage each

G een and Blue light, the mcromrror array 15 |lens

andreasddnl SRGNSF GARSDandhESin dacl hicre@ireorrimeoeolled toh
the process of the Red light. Therefore, the

m crom o ¥t @6 mrsyiReP @R 18gd and/ or mat ched
mﬁtgﬁﬁkéﬁﬁé?een,étand Blué inagfﬁgjsensors. Wil e the
i nventi on has been shown and described with reference
to different enbodinents thereof, it wll be

TP iBee g meiarep i 2ot HEaaTaR onsaP i Bhh Ry O ke

made w t hout departing fromthe spirit
micromirror array lens is controlled.

The zoom system of claim 2, wherein the rotation of each micromirror of the

micromirror array lens is controlled.

The zoom system of claim 2, wherein the translation and rotation of each

micromirror of the micromirror atray lens are controlled.

The zoom system of claim 2, wherein the micromirrors of the micromitror array

lens are arranged to form one or more concentric circles.
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wOCH5W82805/ 009280 WHAT IS CLAIMED IS: 1. A z80OmUS2005/009280

10.

11.

12.

13.

14.

15.

and scope of the invention as defined by the
acconpanying clainms. 12 WO 2005/093484

systemfor formng an image with varying magnification
conprising one or nore variable focal |length |enses.
5 2. The zoom systemof claim1, wherein the variable
focal length lens is nade of a mcromrror array
| enBhe 206 §htemtdielalth Qf aherincdaciamiaymirenef tenpicieeisonarray
plurality of mcromrrors. 3. The zoom system of
clqgﬁhg$aqggﬁﬁ?§rein each mcromrror is controlled to
10 change the tocal length of the mcromrror array
| ens. 4. The zoom system of claim 2, wherein the
transl ation of each mcromrror of the mcromrror
arr lens 1S C Lol e : .
ol ot SO aep ) hiE 2 Sharefn gt AR B e piror
the mcromrror array.le i.s.cantrolled. 6. The zoom
systfdhs Bicrapargnay Iﬂ‘% fsegiuﬁa?rﬁ’éﬂly ﬁﬁ‘hsl ation and
rotation of each mcromrror of the mcromrror array
|l ens are controlled. 20 7. The zoom system of claim 2,
wherein the mcromrrors of the mcromrror array _
| enBhezcenasysamgddlain % shareoribe sfleaipresusioercelfagh gicromirror
circles. 13 WD 2005/093484 PCT/ US2005/ 009280

of the micromirror array lens has a curvature.

The zoom system of claim 10, wherein the curvature is controlled.

The zoom system of claim 2, wherein each micromirror of the micromirror array

lens is actuated by electrostatic force.

The zoom system of claim 2, wherein each micromirror of the micromirror array

lens is actuated by electromagnetic force

The zoom system of claim 2, wherein each micromirror of the micromirror array

lens is actuated by electrostatic force and electromagnetic force.
The zoom system of claim 2, wherein the micromirror array lens further

comprises a plurality of mechanical structures upholding the micromirrors and

actuating components actuating the micromirrors, wherein the mechanical

14
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8. The zoom system of claim 2, wherein each
mcromrror of the mcromrror array lens has a fan

weheap®3@4 The zoom system of claim 2, wherei nPCIAIS2005/009280

16.

17.

18.

19.

20.

21.

22.

reflective surface of each micromrror 5 of the
mcromrror array lens is substantially flat. 10. The
zoom system of claim2, wherein the reflective surface
of each mcromrror of the mcromrror array |lens has
a GHhMtednd thelRtlaling Thep@RamasyBtaed oidee i micidyirrors.
wherein the curvature is controlled. 12. The zoom
systemof claim2, wherein each mcromrror of the
nicronirror array lens is actuated by electrostatic
r’]ﬁ)g Zoom slg’ce TBR1AR Iy BUEI G ﬁgcr%ﬁ‘}dpa?ray Whe1sed @ﬂ@(ﬁﬁl@
T THe i tromrror array lens 1s actuated
bylﬁ%gvtfonagnetlc force 14. The zoom system of claim
each mcromrror of the mcromrror array
lens is actuated by electrostatic force and
el ectromagnetic force. 20 15. The zoom system of cl aim
2, wherein the mcromrror array |lens further
corfpreizsem wsipmiatslaimy, wherisdha camirrs gewgpaged in a flat
uphol ding the micromrrors and actuating conponents
actplate. ng the mcromrrors, wherein the nmechani cal 14
WD 2005/ 093484 PCT/ US2005/ 009280 structure and the
actuating conponents are | ocated under the
mcromrrors. 16. The zoom system of claim 2, wherein

t herl LoRMNyEfRY ofdiRY, hitWhérdin@alehli@ehinee is doneshel to
| ens.

change the focal length of the micromirror array lens.
The zoom system of claim 2, wherein the micromirror array lens is an adaptive
optical component, wherein the micromirror array lens compensates for phase

errors of light introduced by the medium between an object and its image.

The zoom system of claim 2, wherein the micromirror array lens is an adaptive

optical component, wherein the micromirror array lens corrects aberrations.
The zoom system of claim 2, wherein the micromirror array lens is an adaptive
optical component, wherein the micromiror array lens corrects the defects of the

zoom system that cause the image to deviate from the rules of paraxial imagery.

The zoom system of claim 2, wherein the micromirror array lens is an adaptive
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5 17. The zoom system of claim 2, wherein the
mcromrrors are arranged in a flat plane. 18. The

woeawwmwystem of claim 2, and wherein each m cr AT USB005/009280

2

L2

is controlled to 10 change the focal |length of the
mcromrror array lens. 19. The zoom system of claim

2, wherein the mcromrror array lens is an adaptive

opti cal conponent, wherein the mcromrror array |ens
conpgitabté@spdhent, phersm anenbjest whivh doegidutt lie oh tledeptiedl dxys can be
t he nmedi um between an object and its image. 15 20. The

Z 0048 b§ MeQhicEdndikiot ZrayiBey withbut R cIFk@pMEdnahicaAlh@ement
l ens is an adaptive optical conponent, wherein the

M CLOMofd Qhtef,Fay | ens corrects aberrations. 21. The
zoom systémof claim 2, wherein the mcromrror array

I ens is an adaptive 20 optical conponent, wherein the
mcromror array lens corrects the defects of the

7 o SRS YR R TR gt 38BN Gyt o

claim2, wherein the nmcromryor array lLens is an
adaﬁﬁtﬁstzyethe s Rhst e ies fancos Teyeloni pER O Sooers pid Bhe
conponent, wherein an object which does not lie on the
opt (RG@B). ssspectiyaly, toeget p ﬁ@ljglé@mg?- the micromrror array

| ens without nmacroscopi c nechani cal novenent of zoom
system 5 23. The zoom system of -claim 2, wherein the
mcromrror array lens is controlled to satisfy the

24 SanEhPRRseswendot dam 130 furthe o isalcengltifaliof offRatldpass filters.

25.

26.

27.

G een, and Bl ue

The zoom system of claim 23, further comprjsing a photoelectric sensor, wherein
the photoelectric sensor comprises Red, Green, and Blue (RGB) sensors, wherein
a color image is obtained by treatment of electrical signals from the Red, Green,

and Blue (RGB) sensors.

The zoom system of claim 25, wherein the treatment of electrical signals from the
Red, Green and Blue (RGB) sensors is synchronized and/or matched with the
control of the micromirror array lens to satisfy the same phase condition for each

wavelength of Red, Green and Blue (RGB), respectively.

The zoom system of claim 1, wherein the variable focal length lenses comprise a

first variable focal length lens and a second variable focal length lens, wherein the

focal length of the first variable focal length lens and the focal length of the

16



10

15

20

W

28

29

30.

31.

32.

(RGB), respectively, to get a color inmage. 24. The
zoom system of claim 23, further conprising a
ohosas48y of bandpass filters. 10 25. The zo®BOTABM08009280
of claim 23, further conprising a photoelectric
sensor, wherein the photoelectric sensor conprises
Red, Green, and Blue (RGE) sensors, wherein a color

i mage is obtained by treatnment of electrical signals

f r ogachhevarelle fot&eength BACarBehmgéRGEpt efesiatage inkfoc@bat a
The zoom system of cl aim 25, wherein the treatnent of
el egiyEh fAbnific&tml S fromthe Red, Green and Blue (RG)
sensors i S synchroni zed and/ or matched with the
control of the mcromrror array lens to satisfy the
same phase condition for each wavel ength of Red,

Ge and Bl ue e tJ . .1hh

oyt BB Sl st SPRRELLY B vafhu® fsal PR AR mace
| enses conprise a . first variable focal |ength |ens

and o5 WEEGRETSF AFPRIANS WRSEHPR thediGromifana ay iHEy omprisgiet
focal length of the first variable focal length |ens
andPlurdity efcaicrorBigrh of the 16 WO 2005/ 093484

PCT/ US2005/ 009280 second vari able focal length |ens

are changed to formthe inmage in-focus at a given

magni fication. 28. The zoom system of cl aim 27,

whefTae fodnheystent of clxiar 23 biherciihalkedoad gatnblefsal lsngimtbes is

5 of amcromrror array |lens, wherein the mcromrror

ar r aydé 8NSmE@OMIrkc¥@fraftlens, wherein the micromirror array lens comprises a

plurality of micromirrors.

The zoom system of claim 27, wherein the first variable focal length lens and the
second variable focal length lens are made of micromirror array lenses, wherein
each of the micromirror array lenses comprises a plurality of micromirrors.

The zoom system of claim 27, further comprising a beam splitter positioned
between the first variable focal length lens and the second variable focal length

lens.

The zoom system of claim 27, wherein the first variable focal length lens and the
second variable focal length lens are positioned so that the path of the light
reflected by the first variable focal length lens and the second variable focal

length lens is not blocked.

17



plurality of mcromrrors. 29. The zoom system of
claim 27, wherein the second variable focal |ength
woens/mwss4 made of a mcromrror array |ens, WheCEiUS2008009280
mcromrror array |lens conprises a 10 plurality of
mcromrrors. 30. The zoom system of claim 27, wherein
the first variable focal length | ens and the second
vari able focal length |l ens are made of mcromrror
33.ar r &be rensestemwiadainR7, ather ofmpiriséngn forwntens grougs rah @Yector
| enses conprises a plurality of mcromrrors. 15 31
Thelenogmup ysd £ralof lesd @bup, herdinithe TRst vao e 'fcﬁ:ian]gn?h leam
splitter positioned between the first variable foca

| engiiris b 9RSGat@NEnd H8uS AAQ MR séadndallighit fscdl 1ch@R Wl forms a
| ens. 32. The zoom system of claim 27, wherein the

fir | ength lens and the 20 second
varlé&a eggdft%?lﬂ% %T&rsﬁt h I ens are positioned so that the
path of the light reflected by the first variable
focal length I ens and the second variable foca

l ength lens is not blocked. 17 WO 2005/ 093484

PCT/ US2005/ 009280 33. The zoom system of claim 27,
further conprising a focus | ens group, an elector |ens
group and a relay lens group, wherein the first

vari able focal length lens fornms a variator |ens
group, and the second variable focal length Il ens forns
a conpensator |lens group. 5 18
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