DEVI CES AND METHODS FOR DYNAM C DETERM NATI ON OF SAMPLE SPATI AL ORI ENTATI ON
AND DYNAM C REPCSI TI ONI NG RELATED APPLI CATI ONS [ 0001] The present

appl i cat iwo 20l0zi3p23t he benefit of United States ApplicaPcomshioo/ossi7o, 498,
filed on May 19, 2009, the entirety of which is incorporated herein for al
pur poses. TECHNI CAL FI ELD [0002] The present invention relates to the
fields of optical analysis and to auto-focus systems. BACKGROUND [ 0003]

Aut omat ed i Magi ngESHEEEIND SHAtiASs MORDI&VEC DreRasRENABNTHET OSCOpes, are

commonly used f gk nvSeRYIPWTYRL RUERTAGTON AN bfqumc Rkepbdpriolnege syst ems
typically use hlgh nuneric aperture val ues and high-magnification optics to

achi eve the user's desired resolution and | evel of detection. [0004]
Exi sting autof ocus systens typically include devices that performprimry
focusing and maintain focus distance for a variety of operations, including

| oadi ng %ﬁﬁJ%?ﬁ?%PPﬁﬁﬂﬁﬂbN@ The focus distance is typically maintained to

an accuracy o out 0.1 - 0.2 mcroneters. This |evel of precision
necessitates H0PHct Thrrasentamplitatiof claines thi enelited Ungediktetes spplicetiorodei cs and

t he Sarrpl6(?/ 1% %%e il %%%}/ I-Br ?(?dd[ g Qﬁttlreg{oo?'\x;h 4 ?&’E{){t& eHﬁerggéfggggﬂ@%og%l i ze

di fferential ’signals m’t WOSégen r qua ran ack,
and then conpare the relative intensities of these signals to adjust the
f ocus. Tﬁéﬁéﬂﬁﬂﬂﬂéﬂéhpial signals, however, provide little utility in the

det erm nat i on gfbf) 2 fﬁ id} %nﬁﬁ&e‘?(ﬁ&?re?a?és?&{he‘f%ld% %fgptﬁ%nh%s HBafio- can

al so experience I'n mai ntal nin cus on’certarn sanples that
have cer tsatemsi sual proflles (e.q. proflles that | ack sharp contrasts

bet ween regions). [0006] Accordingly, there is a need in the art for
systens ) q% ? $) capabl e of nmaintaining a subject in focus w thout
suffering the shortcom ngs of existing autofocus nethods are based on
conpari ng t hel@03lengethmetecd dhddier ericinalsuch :gnratiesﬁelirﬁeomsclem noifroseppks, 8¢St ens

and met h%?ﬁgnmwgfj ugecpf%r ge%El‘f-lV e&eftecg hl"f‘ﬂlccﬁ&erelit f%Hl% hT (famg‘f‘ turs]é) VWer €

capable © At ai ni over - ext ende NWARY
[ 0007] | munresd apegulterveludsaamlrhlgiﬂdag:ﬂnfﬁxjatlerngﬁ$$ tat dameeé me el sldmnedtresolmtlén rst
provi des and level of detection.

[0004] Existing autofocus systems typically include devices that perform primary
focusing and maintain focus distance for a variety of operations, including loading and sample
scanning. The focus distance is typically maintained to an accuracy of about 0.1 — 0.2
micrometers. This level of precision necessitates direct measurement of the distance between
system optics and the sample plane.

[0005] Traditional position-sensitive detectors utilize differential signals from two-
segment or quadrant photodiodes as feedback, and then compare the relative intensities of these
signals to adjust the focus. These differential signals, however, provide little utility in the
determination of distance between objective lens and the sample, and can also experience
difficulty in maintaining autofocus on certain samples that have certain visual profiles (e.g.,
profiles that lack sharp contrasts between regions).

[0006] Accordingly, there is a need in the art for systems and methods capable of
maintaining a subject in focus without suffering the shortcomings of existing autofocus methods
are based on comparing the strength of differential signals. The value of such systems and

methods would be further enhanced if such systems and methods were capable of maintaining

such focus over extended periods of time.



met hods of determ ning the spatial orientation of a target sanple,
conprising illumnating at | east a portion of the target sanple with at

| east onewbearviss3sadi ati on i nclined at an incidence angle/uskoiat3izeast

about 5 degrees; collecting, on a radiation detector, at |east a portion of
any radiation reflected fromthe sanple; and correlating the |ocation of
the reflected radiation collected on the radiation detector with the
spatial orientation of the target sanple. [0008] The clainmed invention also
provi des instrunments, the instrunments conprising a sanple stage; a

radi ati on_source capabl e of illumnating, with a beamof radiation at an

i nci denc§U§%ﬁ8 of at | east about 5 degrees, a target disposed on the

sanpl e stage; | oﬂadrnqﬁéegﬂg %@fd@s%géd dndlil g&g ARl SRR HRPpM AR & target
di sposed on the stage, the radiation ector being capabl e of collecting
at | east metlyds of dntereiningihe ﬁmaﬁlaﬂtrie@tﬂmvrecfflaé@rg@tdamplsmoalpnamgétundil%@égtad on the
sanpl & SYage: @it & (HUCRAARIA RbsGRE bERAL Dt dHind REFH A ARnlNE

radi ati on detector r% radiation reflected from target di sposed on

t he sanplaegle bhgdean atbhuttng@patcpléﬂctlmg,|oemrahat®n dotectbh et least gportiof @9] Al so
brov ded AT &THAONS o0k, (RLIALAL DO ARS8 SGR hRGURL Blidh L ar 98t
sanpl e, conp yi né) a spati e I onshi p 5 en an opti cal

pl ane w tchilemted olrm]g:rmdlaw c&tadtoa\xfﬁthrt@espammmnonlof ﬂnﬂitalﬁmng)lat I east a

portion of th rget sanple with at a radi ation.inclined
e ot nci den b ot GRRE) Frllip « B b RE pofFadEe HeraBEhR Lo g

radi ati Omardﬁ'e sk radidtioheaste @ppide bf idamdbtian yithadeah bdndiaadl @ahédidenam t he
target sa | atJ the | ocation of the reflected.radiation.

ol Pect odnBh ot HSH PR Biroac et dumen O s pbEraES ot BB ¢ ne
target sapiaecémhaditaton Wvathtah@gaplispoRU oplignegefthd AGiatB®YMtdck® beingBshavRl Yi NY
the spatial orientation, or hoth of .the optlcal pl ane, of the magni fier, the

sanpl e, OF clseting & fragfe nogionel ARRRAELrefrcyh é‘?ﬁ*féé?%%éﬂ"&? PfhssEERiEhi p

bet ween thge:QRY b adlicdVapdbie AfcotrBBtiNBE Iokhth RNKE alligtidridc@@tor SPIMR ridiatlda010]
The present invention al so includes autofocus devices, sui tablﬁ/ conpri sing
&

a magni f irefected figpipe Bragt digroseen qh@mplf‘o%geo’(lthth@Sn%&glrﬂrlfemévonaqfd REcsanpl e

stage being Cﬁmﬁﬂl eaRb pfo'v dell B mdiRIa@ bt ﬁgmtafﬂn% ﬁ%mdt%lbﬂgbchBn ¥ get
combi nation t eof ; a radiation source ca il 'um nati ng a Sarrp e

di sposed smplﬁmmaﬁp& gpesifripgea yatipl ralamhip@ﬁtwe@mla@nt@ﬂ pdane anthinrcinggiees angl e
of at |eggh, %F%‘t'%ﬁngplé’%ﬂ{ ﬁétm At feésﬁ!'agBh%H PRk & %e(?@aﬂgﬂ gﬂ}h b CBhst SI%VHEHB Jgation

with the sa dse fhe sta the radrati tector belng capable
of coll e¢¢dlatg>naltchh@h®tan ale?@mtq apgleof atdeast sbadi iadegmws,roeﬂdm@g,@d afradisianhe sanpl e

oot on ‘ShePha PAEF L3 BAGy AP R Ll SRR SR SRt e
sanpl e d|1<s:|amsred tharefl brecdsradiptien ®llecg<ai o thélraﬂfaaom draéatcalwnhrth@maaztllouant@tiont he
sanpl e rg| of ﬁ}elta{/rgettsa?mlgle relatt gto tfhe optical plane of the magnifier; and varying the spatial
orientation, or both of the optical plane of the magnifier, the sample, or both, so as to maintain
the programmed spatial relationship between the optical plane of the magnifier and the target
sample.

[0010] The present invention also includes autofocus devices, suitably comprising a
magnifier, a sample stage, at least one of the magnifier and the sample stage being capable of
tilting, rotating, rising, lowering, or any combination thereof; a radiation source capable of
illuminating a sample disposed on the sample stage with a beam of radiation at an incidence
angle of at least about 5 degrees; a radiation detector in optical communication with the sample

disposed on the stage, the radiation detector being capable of collecting at least a portion of any

radiation reflected from the sample disposed on the sample stage; and a device capable of



BRI EF DESCRI PTI ON OF THE DRAW NGS [0011] The summary, as well as the
follow ng detailed description, is further understood when read in

conj unct w0 20i0f13532Be appended draw ngs. For the purposePofi/uskésss2ati ng t he
invention, there are shown in the draw ngs exenpl ary enbodi nents of the
invention. The invention is not, however, |[imted to the specific nethods,
conpositions, and devices disclosed. In addition, the draw ngs are not

necessar ichye s @We fo0atif 3h &he rb&]atﬁdﬁ%e@@t%%%? rac{uQQﬁ 2 f1ebteProth the i é ates an
exenpl ary autofocus unit according to the clainmed invention; FIG 2

illustr atdesﬁoaeﬁén thsrsgmple stres with iheispatiap priqnipsion al/thp sanyde %W@Fﬁsthe @éafb &trating
that with the systemturned on, the distance between the objective and the

sanpl e maﬁugpkﬁ@@kﬂyﬁbmggpTh@q%QA“ﬁNgg 3 illustrates the response of a
system made according to the clainmed invention to an applied force, wherein

positions i ndi@élledflwuammms whibowsthe Falogngaletagied daspramiwa. ipfurthhe i nventi ve
syst em WG &odP0nd r \Aﬂen étﬁﬁgncﬁbﬁmﬁ Bgéhqe& GARYES lf]JrgﬁE ﬁlf?[?oséefget obj ect

positioning stage - ] aut o was swtc e., made
active), ilhatsyedhemvensionrthare @13IShqzwmmnbeaﬁswtng@Ieﬁemplaﬁb@n@odsmmts ofdhe to

pl acene ntmv%fltlé aﬁ’le l?%eﬁ‘t%n"l? Bé)tnlgov&ebgr Hﬁ’lﬁb& focﬁ?e S%é?lﬁ? %e%%%s? %Ihlyo%ltﬁﬁgla (E hi 9 h

preci si on stag et di stance
bet ween tdhecembilsetos@d/ én adrtitlctrh Ehesdmvphg are{ m:@ h&]esséi’i& drleld@psr:@it: sInethd:)drawklgdl agram

of nlcroscope(ﬁgﬁ C?kb?éi c&gg&n wg@%gwunﬁ “P %iﬁ %gfglng to the

cl ai ned |nven an o ase schene of
dlstancenﬁmaﬁmwenents in mhlch a Iaser bean1propagates off axi s of a

i ' t d f ts f f th t
changing di ot @Cb@%éﬁusgé%%@ﬁ? B RS o PRt R Ry dibieeifon of

t he | aserhdp@amthcaRcleh @n@r &, aﬁtd@s@hnsabﬁme@ﬁhé byettivehmphé saaghedadyeln
radi ati on detector (e.g., a CCD, CMOS, or photodi ode device) and then being
direct | y H4Hp8¢dht ed t o di st ance by means of a pre determ ned dependence;

[0017] FIG  6(golhusEr@bagu:aaRs iRapehelbr 8 SREM mER dobdrdinl @khe bR ch the
shift of the m croscope's objective and the sanple surface's positions

rel ative @G0 4RaeRIEr (e St RopliaReREiRtChRY AFevssBeYEBE Ba8POICSRIASE he

Sensor al@the nWeBthve N RAREE 10(6‘ 1d28 waPPlac®l ARk EéMe@ ?rbﬁighé ﬂafg‘éﬁéﬂﬂ]
proportional to the distance befween objective and sanple, e spot's

posi ti on Phgtiominddeay - whenike ‘autodpaelivas wdwbet Gonmpdl ackisopthf @0K8] FIG 7
T ustr abeg ey 20Mb&hsRld Rr FREVSEE dhd BPERLERIF R4 BF £8lEh P the,BsitibPot

the objective and/or high precision stage in the z-direction so as to maintain a pre-set distance
between the objective and the sample;

[0015] FIG. 4 depicts a block diagram of microscope optical path including an auto
focus system according to the claimed invention;

[0016] FIG. 5 illustrates an optically-based scheme of distance measurements, in which
a laser beam propagates off-axis of a microscope’s objective and reflects from the sample
surface, with the changing distance between objective and sample plane causing deflection of the
laser beam, and the projected spot position being tracked by a radiation detector (e.g., a CCD,
CMOS, or photodiode device) and then being directly translated to distance by means of a pre-
determined dependence;

[0017] FIG. 6 illustrates one method of sensor calibration, in which the shift of the
microscope’s objective and the sample surface’s positions relative to one another causes
displacement of the reflected spot on the sensor area, with the change in the spot’s position being
linearly proportional to the distance between objective and sample, and the spot’s position being

used in the autofocus feedback control loop;
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clainmed invention, in which image fluorescently | abel ed DNA fragnments
reside in silicon etched nanochannel s, the autofocus system naintaining the
i mge' s fwous10fis328he durati on of the experinment (appx. P8O/USRMD/03528019]

FIG 8 depicts a process flow diagramfor the clainmed invention, show ng
the steps of calibrating the sanple stage, reading the position on a

radi ati on detector of a beamreflected fromthe sanple, and adjusting the

spatial orienjgiygonpf, 7t1h€st1§{e§191?exahﬁ5fe &QJf@&lrséd’lﬁlag(,oﬁrepﬂéc{"accbtﬂln%Q@ﬁ‘l@nse to
the position on the array detector of the one or nore |aser beans reflected

f rom t he ckigmesl isvensine if 90RbimFgcEluogserafy @b@eéﬁk@xwearsye@meaﬁhﬁ@mwmﬂ t he
clai med i nv

DESCRI PTI Héﬂnlglﬁ’l_%ésélll?g? %y% ﬁ%ﬁ%ﬁﬁh E e%ﬁﬁwf?ﬁﬁﬁgg@g g%t I nvﬂélrlr?tjl on may be
under st oegparorest (apprdBP yiby ref erence to the foll owing detail ed description
taken in conn o) I h form
a part of thi Eﬁé?]sgf f(?'stg:héeﬁlgﬁ a%&%%“y&?ﬁ%%rfg# %%Qal?r%g 11%’)éﬁtllrgs?1 ?Wé%‘gn i's
not Iim tseds d)fcratihetu@hesa[mprte depei ceding mepbxmtm oneppilingat detme®y ofob@int | ons or
par anet er d and/or.s tha ter nol ogy. used

et o n + <egRT Tl B ERE %t AR PSR AL RabT B e Nt hES ey of
exanpl e (blihyln&mibonﬁ totie pbsitienatetle maytr&:tdctolfrbfﬂmgnmr rhdre laGd:rébleﬂﬁsjreﬂEbtﬁht i on.
[0022] t he specification including the appended clains, the

Stﬁg |n1
si ngul ar samplo;aad,y " ang "t he" include the plural, and reference to a

particul ar nuoBRoIC aFIQy, 3 dépicts g lekd@Sargembe@mbnt i ate omaalﬁlt:d @uérion Vializigg a UNl ess
the context clearly dictates otherw se. The term"plurality", as used

herein, MEAHOLHBEENEINGFFShne. When a range of val ues is expressed, another
enbodi ment i ncludes fromthe one particular value and/or to the other

parti cul @ETvELEP. D@'GRIPHONQF\JDEUSVRAWE%E avBEXMESERd as approxi mations,
by use of the antecedent "about," it wl| be unders%g}p@éggat the parti cuI ar
|

val ue forms aHgher ThsASGERHRYRIIONRY Pe s togd moreicp Fa°c8i nabl e.

[0023] Itfouosvmg)déaﬁlealapsrcﬁ%ﬁ@ttﬁ@ntuh@anng&fohwﬁ theatshgnyRb flches hiv&ahpra whi ch
are, for clarity, described herein in the context of separate enbodi nents,

may al so “BeehdpEy p aagof this dispioptat §t drio bp uadesstopdithat EHbiBusatieR s nochmited oehs,

various f?&';ﬁg @51093“ nfeﬁl%dé BYRREAS, crohﬁﬁoﬁro@ palfaﬁlétegrcﬁydrﬂ)yd arﬁl?o?%ﬁdv@%rélﬁ' the
context of a sing mbodi ment, may al so e provided sep aratec?/ in any
11

subcomnbi Bad thenthe Femltnh@gy ugedfheresnic éOTtﬂE? Rﬂé@%@g @@@:ﬂ@tﬁ narticulen gaBodimentyble each
and ever XVay%k E‘)gan‘}?ﬂet (rﬂl)par{dnghot AR to be limiting of the claimed invention.

[0022] As used in the specification including the appended claims, the singular forms
“a,” “an,” and “the” include the plural, and reference to a particular numerical value includes at
least that particular value, unless the context clearly dictates otherwise. The term “plurality”, as
used herein, means more than one. When a range of values is expressed, another embodiment
includes from the one particular value and/or to the other particular value. Similarly, when
values are expressed as approximations, by use of the antecedent “about,” it will be understood
that the particular value forms another embodiment. All ranges are inclusive and combinable.

[0023] Tt is to be appreciated that certain features of the invention which are, for clarity,
described herein in the context of separate embodiments, may also be provided in combination in
a single embodiment. Conversely, various features of the invention that are, for brevity,
described in the context of a single embodiment, may also be provided separately or in any
subcombination. Further, reference to values stated in ranges include each and every value
within that range.

[0024] As used herein, the term “spatial orientation” refers to the physical position of

an object as well as that object’s angle, tilt, or other characteristics. For example, the spatial
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[0024] As used herein, the term"spatial orientation” refers to the

physi cal position of an object as well as that object's angle, tilt, or

ot her chawacbsri3sizscs. For exanpl e, the spati al ori ent at iPom/Uusko1g/08:253 et
relative to a lens relates to the distance between the target and the

pl ane, as well as inclination of the object relative to the lens. [0025] As
used herein, the term"radiation detector"” refers to a device capabl e of

detect i n%n@ﬂt%ﬂ&ﬁ%@&%l&tnfe%@'h fhl RilatesIY Gl d@s@a%b&ﬁ‘e?w@én%éid%g%@aﬁld%h&@%%%ge of
detecting | aser radiation, photons, mcrowaves, visible Ight, or any

conbi nat ivsH ap FsHeasion O’Ohapbléctdda‘fp‘{'eéd thgderisces ( CCDs) conpl enentary net al
d [ tipl
oxi de sem con ?5”A§Q¥H§%mmpﬁ@tté?%ere loneaa%@je‘ %f%g% Llivice ggl%tb%”af I plier

tubes, and th I'ke are all consi sui t iatlon ctors. [0026]
I n sone dnfocdigreiastremagnitc raddiian. i Dih detiessagrsuitebly eqrablk ef dtecting kedri ng t he

| ocat i On?acﬁgtlog\g%opons 1CI%W Ve?ilé\%/lélgf{éqlﬁhts ?Aﬁ n@lcgglglt%n&c}n tﬂé 5fa %h?lf% lflplcﬂal d the

det ect or abl e ocati ons ree or even four
i ndi vi dualbv1squC§Débe<anﬁ¢meﬁtaryawtadtbmdﬂsdnrag/onslmtoﬂ(@M@&a) ﬁeitc&bdd@s phdthe
radiatlondtec or s osition

bl e
a2 RS S Sop Rt i g FROAR e RSO Gl F ot e R bout ment s
t he det ecH)r %(mzc]aplgtsb?eeﬁqboceﬁlelhtvlth‘@rathheon dl:litéeﬂflrllstc%pﬂﬂe m?ﬁteetﬁngrtgese spot s
ecte radl atl O a e ctor n one
Crbod, meiicaigts o pry dhmars rn G ot (ot Rt e ity T gable

ori ent at io@fect€dtind tHeab@BbnsSAHER! @rec Thewa o tiMpEguas b{bdts’a(lbba}fnd) apiauﬁﬁoﬂ mbyiM nati ng
at least a_portion of _the target sanmple with at | east one radl ation beam

i ncl i ned S4ke g qer?e'ioaeﬂ@éa%gqnéemtoafuﬂia@aé% cagpRitipt dstegagiingdhc XAl Revi%er o

i nci dencee angice 5) St ARTAB hit 4HRE theldBEEHE NG o@O BhBSIiAENtd Ghe c%@bcto?’@waﬁa@le 50,
60, or even %r eat er nunbers of degrees are also suitable. The optinal

i nci dencef engividg e ipteprdtyoh anco maie siotseds - flegterbradigdon beapps ) th strike the

char act erghgti,£s of the target being analyzed. [0028] The nethods al so
include collecting, on a radiation detector, at |east a portion of any
radi ati on ref [@éi’]edlnfqn@ﬁmb%bmslﬁnqbt elvamtwnmmw@ateih@gs ofrdstarpnang thaspefialt he

reflect e%nglﬁgt?cﬁt fgrt]ar it e‘ﬂhﬁ%‘mteq;ﬁdsr &ﬂ?@é En%ﬂldgﬂ}u%ﬁﬁ Qg W 0 L @nlﬁlﬁ)gf' al

orientation rget sa e collection may Be acconplis
e.g., a @@arg@i\mﬁplephdmbbhaadms: regration heym maldlicd taf @ninddénse tugle dewices. abd'lhe

det ect or 58 bl y has di_nmensi onal.array. of t t,hO
el enent s, déigreg AYP:OI% %erglélelxtﬁg%ctegrﬂgl & nor al Se(? In&dglceqrﬁ%%soogg sé? &ép ’ g(;)ét ect or
el enent s.60 Ca*revm(gaqmérammbmy@f édprdes atéaﬂnocstlmlbla. rThEIoﬁhmﬂ 1ncwﬂuncdnarfglegsuiﬂle is

desCt | Dol R SRy 5A PR AU e hOSERD TGP OF 1 261 201 on
sui t abl e f or no28]r atheahéthods aib titvhidg Rolbcting \va v eadiaidh dttector, arlchsva poribeof

any radiation reflected from the sample and correlating the location of the reflected radiation

collected on the radiation detector with the spatial orientation of the target sample. The

collection may be accomplished by, e.g., a CCD, CMOS, photodiode, or other radiation detector

device. The detector suitably has a two-dimensional array of radiation detection elements,

although the detectors may have a one-dimensional set of detector elements. One exemplary

system is depicted in FIG. 9, which figure is described in additional detail further herein.

[0029] The beam of radiation is suitably a collimated beam. Laser beams are
considered an especially suitable form of radiation, although microwave radiation and visible
light may also be used in the claimed invention. The wavelength of the radiation may vary; as
described elsewhere herein, the wavelength may be chosen such that the beam does not
substantially interfere with visual inspection of the sample.

[0030] Correlating the location of the reflected radiation collected on the radiation

detector with the position of the target sample may be accomplished in several ways. In one
-5-



light may al so be used in the clained invention. The wavel ength of the
radi ati on may vary; as described el sewhere herein, the wavel ength nay be
chosen suwb 20tvat3s32Be beam does not substantial |y interf ece/usealo/osizsual

i nspection of the sanple. [0030] Correlating the |location of the reflected
radi ation collected on the radiation detector with the position of the
target sanple nay be acconplished in several ways. |In oneenbodi nent, the

COfre'at%ﬁﬂo&ﬁﬁﬂFﬂé%@n&&ﬁ%%%hﬁﬂxk%&n%ﬂﬁ.k@Qﬁik&ﬂmﬁ%f&@%ﬁk&%h@ﬁhﬁgnrad'at'0“
collected on the detector w't Eocatlon on the radi ation detector

t hat r adicalldctsd opéliq detactod with ébhthw@cqt@n gethegagipica detecton hakradiation refleritadat e when
the targ 31]

Thi s cor § el e B S R A AR P R PR P ot get
sanpl e anpktial eradiagibing t he sanple in a variety of orlentatlons or positions
and collectin n o] t he
sanpl e for ea&?&glr i 'Iélﬂ? o r%(ijatl%k 153 Wi %b%ggc%&%ﬁl)lsth%@ Sor e%gﬂlﬁlﬁ ]%IntakIS% 11 %?éel?gam e y

(whi ch naydahsmﬁm@mc@nmﬂder@dukﬁaﬁbﬁmﬂmmmooamﬂmmss cbﬂ&nngdmﬂhemﬂwﬂeﬁector

t hat corr.es to,.t tio b radl ef | ecl ed froma
oo ot S ARRREN S b AL IR St Bt AL bR W P RE) Tt
data for casateyn lfbr'cﬁyi bslgth mby alkd bqo@ﬁsldebb@“rﬁﬁp”@aﬁla¢at10111§orahd refd@sibi H@&Soraind ,
based on this bset. data, use redictive algorithmt |l ete the

P brary. Gareneit o RgeeBp e e HBEen Feeti el At e AR A pat

| asi ng a ofib@hticanpheuspt @eesls2&118endhadon chlyd SibQs 6OFEpREbRGEMEIdesM tS 1N
the refl ected Iaser radi ation striking a radiation detector at the

det ect or PSSR Paren fuE b gRE- %Sﬁé@r%ér%lese tieprhHacomRIeE iy 'ty daife
sampl e pkaced 15 nm fromthe m croscope objective results in the reflected
| aser radiation striking the detector in the upg | eft - hand quadr ant of
the detect or. [088Zlor &% piginpn-linfitipgrxampley onaresy fddeadasinge fiehmprnie placedie t ar get
stage, i niARfAERictREpsdBRLGe r@slaﬁs fil tﬂéil%ﬂw@& 1a§eh1 Ragiafibh BFikRg a'r@cﬁﬁfonr adi ati on
strikes the photo detector in the center of the detector, it wll be known
to the usleiectprgithe detectonrpenser §habwuml@5th¢mak8¢ 6m1 tlﬁélamg:ﬂle%@@@rrmﬂﬂ ective.

[ 0033] h’q{ﬂ
reflecteéﬁgég?%%¥§%xgg%l &%§”ﬁéa@%“@%?%WﬁPﬁﬁgﬁgﬁﬁ%%g?£ I]:d]'?ﬁtl(§1an lIl%aglrant of
t he det edcltoetor intthamppbr lbké-hkabywadra izt thdrbtes@mpAecord;naboﬁiﬂle igr thwnfplaom thde

m cr 0SCORG, &?Jﬁe telta\tlr &t sEr he 11!’rla§cf3 tesqﬁé( saméo YRS Fﬁld':l %11%% ¢t the%ef‘fva %d(l) serara& 8 I?otnr olfer -

t hen change ori entatron o Crosc or

bot h, so satket t(he pmtmtiaemomhﬂlew G thdﬂqmcmerwﬂmumowhmﬁhheseaﬁmlée exarrpl es,
if the opt| % e fromsa g to objective is 13.5 mm the user
(or the SYBPE SR RERIRGEE Che. samp! o

[0033] Alternatlvely, if the user lases a sample and finds that the reflected radiation
strikes the detector in the upper left-hand quadrant of the detector, it will be known that the
sample is about 15 mm from the microscope objective. The user may — manually or by way of a
controller — then change the orientation of the sample, the microscope objective, or both, so as to
maintain the sample in proper focus. In the above examples, if the optimal focal distance from
sample to objective is 13.5 mm, the user (or the system controller) can then adjust the sample
position such that the sample is positioned 13.5 mm from the objective.

[0034] FIG. 6 illustrates one exemplary process according to the claimed invention.
That figure depicts the correlation between the location on the laser sensor where the reflected
radiation strikes (shown on the x-axis of the figure) and the shift of the microscope’s objective
lens (shown on the y-axis of the figure). As shown by non-limiting FIG. 6, the spot’s position
on the detector is a linear function of the distance between a plane within the objective lens and

the sample.



position such that the sanple is positioned 13.5 nmfromthe objective.
[0034] FIG 6 illustrates one exenplary process according to the cl ai ned
i nvent i orwOThat13f32gur e depi cts the correl ati on bet ween wPh@/Useeansds2nas on t he
| aser sensor where the reflected radiation strikes (shown on the x-axis of
the figure) and the shift of the m croscope's objective |ens (shovvn on the
y-axis of the figure). As shown by non-limting FIG 6, the spot's position
on the detect gj3ks I%Jﬂ'l B@é}ipaﬁeﬁﬂﬁiﬂu@lﬂ ofe cﬁﬁ%ecﬂh%@&%ué%?h‘ﬁ?@&e@o Rl 1fRgy W thin
t he objective |lens and the sanple 6 be apparent that using the
cl ai med #ethridsf spat l@géwnwythééaﬁeﬁt@p d@Ee¢tPIﬁh$irC9erS@©ndw‘fﬁ[§1)e rafiatigygefl¢cgrdat i ons on
the radi glhPiaflRt SEIA in AL GGk LESROMEnRBoRNEHE ALk Al Aslobid AaLegdom
t ar get sanp e In on nore spa orientations. e user us
const r uctibgmcor raap hybirradigtingra smanpleby efwhrOédmadq rﬁ@eaofsmmpl @wmatlelac(hgof a wde
r ange of d%Pa%fEé E’l)m%l%r%&tog% bt%é‘c%ivé,‘%ﬂtgof’sarggg}e"i‘ﬂ“vﬁ f ﬁl%%s o%§%§9e65g$éo S Ve,

ilt of sanple rve 't o’m croscope jech Ve, rirng-active
ex per i meMuaihg actjve tehiger msatation yhet hemmagohpacoenpiatvahd h»catom@lﬁ radfatipachfla¢tedn
reflecte ro rget that th strjkes t radi.a detector with the
Gata i oioe 1 Phsbg G5 s s BN F Bl R A el @ R BrE i
ori ent at iegtimatd the tag@¥ spail driiv@mtibaKhe tukke naagdivdhni taleahe 'cﬁid&ﬁ)nﬂfste@d)jf udtdting t he
target's spatial orientation so as to return the target's orientation

[0036] FIRS BB STEHIRIP At O THY R BT8Rt ™he ¢l ai med i nvention. In

that figure, pobemIGeS §pidsa Mnim@tingaenﬁ)@m{e«at &ﬂtﬁ)@aﬁlﬁfédaﬁveﬁtm nomaof the
figure) as the sanple is _npved through positigns di and d3 each of

whi ch poéigmeoﬁeeaf%rea%ct%‘ofapf%af %P@Fﬂ(l%?@@ aifhptop Pé%etﬁrgérews%%ﬁngo SOBONEd ve.

[0037] AthB@hpoSitiohd\ES®, 1€ LabOSH WilioSositloeis Reame Rl Aahike ¢lob tﬁcfz t he
sanpl e and inpacts (respectively) the detector at locations (Xi,Yi), (X2,

Y2), andsys@nselipctivBy t abul ating these three detector |ocations and
correl ating tfgayt oafhign S%Es%ﬁlﬂe@ﬂdsﬂ%@m&m%@éc{s P thlam PH?andﬁﬁﬁacQ

t he user can COI’lStI‘UCt a rary or table of the data, nane t at
corr el at ésspepi@vebanis detastys attlp@mlovﬁ @%YhhéXi é@htailcb@(ss)’s)oﬁwtmlaaeg thesedhrepher e
radi ati O'at}*% cftfofts £n%fc'oﬁ-glﬁﬁﬁe’g Jﬁ Qc&?e% %élﬁ&st I 8, hadd zrﬂéle the
user can t et erm ne ere a ts of or a S bsequent

sanpl e, tuba cmsunstmmnabbrat}’rm tdém»ﬂ the data n@laciyadlpapsthattcbmelitcecths saarmi@pqdltwgl y.
[0038] pe n_.of he s.fo

bosi t1 on v 1o A b AT uF TRE OER b iheamuLs e b b dd o
posi ti on udifg rhis ldtvary etht her cdy ot de%emirenlmsedﬁoﬂ \&h@e a beaal Iy:ﬂecnls sffiofd e t hat
reflects the incident

am.to location Xi an e known to be
16" mm anoUB R BBPEC Pa T Y R gh e ke e OB ¢ boam as i s
[0038] Operation of the embodiment in FIG. 5 may be as follows. Sample position d;
(and detector reflection points X; and Y;) corresponds to a position 10 mm above the objective
lens. A later-analyzed sample that reflects the incident beam to location X; and Y; will then be
known to be 10 mm above the objective lens. Although FIG. 5 shows a single beam, as is
described elsewhere herein, the system may use multiple beams.
[0039] In some embodiments, the beam of radiation has a wavelength that does not
interfere with visual inspection of the targeted sample. This configuration is particularly useful,
as it enables determination of the spatial orientation of the target while simultaneously observing
the target.
[0040] The invention also includes illuminating at least a portion of the sample with
multiple radiation beams, as illustrated in FIG. 9. This can even include illuminating the sample
with two, three, or even four beams of collimated radiation, which in turn yields additional
information to the user regarding the spatial orientation of the target. The radiation may be

delivered via a waveguide, via fiber optics, or by other similar means. As one non-limiting
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descri bed el sewhere herein, the systemmay use nultiple beans. [0039] In
sone enbodi nents, the beam of radiation has a wavel ength that does not

i nt erferewoizbto/wbraal i nspection of the targeted sanpl ePCThiSg01008$258yur at i on
is particularly useful, as it enables determ nation of the spati al
orientation of the target while sinultaneously observing the target. [0040]

The invention also includes illumnating at | east a portion of the sanple
with mul tighQe rReBEY &%&%%@Eﬁﬂ fifphet ﬁelré4§)t fr?ahﬁ%g DtabdeGwith muﬂylésbe%@ even
include illumnating the sanple wth two, three, or even four beans of

col | i mat egvidgd thetusernvithipfosnatjon r@&@f@ng/ﬁherhﬂsla%?@mt tisneglothen frdorratipibon to t he
user reg ion of the target. The radiation may be
3(5%}&1% ﬁl@?angp(l)@% 0(91 1achrfeﬁ‘t?{1@te

del i vere la a wavegu Vi a optics, or by other simlar neans. As
one non-limt [Qﬂgb]xaﬁl}ﬁl reetb@tbwwlﬁednqludenhﬁr@ndmcm‘m offadatatret (chwrp) tht relates

| rradiat I ﬁ&ﬁ&ﬁég Blgﬁ}e rXMJ&P %ttect,tf){)tlhgt rQ(ﬁﬁ%m?l rQﬁe%ye qleo%l t{hh?aréé% gamé)% hlumn[%%e%r mation

regardlng t I spl'a orna ron°re

sanpl e’ s vethat ieastt ooe b@um (Effrad)atlon[lﬁ)ﬂ)uﬁ&(} at'EhﬂllClI[E‘hh’milglertﬁyt ladss abotunﬁ‘, tlmgﬂ&sﬁshe
construction or .na that rel ate t he

Cou ot kel Riindptidk R b e SRRpety Bt el S ARt s e b5

i1l um natdednwfotr lw@br rh@aslisan@h@ielﬁaamsojfﬂreadmmei Qhe usrechiagneﬂn abmpdie thaci dence
angl e of t abqut .5, rees i s, known i nate when the target
AR i e W Ay eI A N SR N S
or nore %gaﬁdt@{he@pdt@mr@h{aaaﬁomsah@Q sanpl e. The user may then conpare the

| ocation of reflected radiation collected on the radi ation detector with

the data set §W¥43s {HORSIONHERIENE HEMEISatlr AheT G1) SRCER PO HebRS AL S smletha] 0042

As one N4 kil doN8 nferai¥BhEobjdcife MRS tiRRYA5H BRI tHE B&fénhﬁhlak Bid G @ anpl e
that is 25 mmfroma m croscope objective and is tilted 45 fromthe

per pendi Obica#ve|Tpsyls mrréﬂwqéaﬁdlwné&t@w radigiign detacier pethe keeedightddndt i on

striking ﬁac[rﬁﬁ'o@ﬁlh%t&{%fr ef—lﬁepl{seﬂ Hayt 1% ée@éﬁﬁ’ﬁnerthﬂ%t RandraHat g%%m Tetﬁa'f'%t
detector. The user may al so determne that that |aser-irradiating a sanple

that is 38nmmfibmormisrasape oRceipie 2objseempd &S divwn fhs peipertianlBding fronmthaﬁe
per pendi ¢y, Jn@tlivg rbs'ﬁﬁs {34 ARG GikdineS Ré &ﬁé&%ﬁn i &Fg r—r%ﬁ# 1%1% g&ﬂﬁd&k LPN

striking t efector in the upper-right quadrant -0 tector.
Based on thadhidgedterf dyaraltandhis irdordnatien, adater- qrmbdedssampleehztt heftects efdideot lsdllamn dent

radi ati on gtﬁ het Eldgtgct& 1% th%%gﬁgrtr%t thandt G%drgrggellikehfe Phgogg gtrjnagr co e i's Tikely

35 mm fr o m croscope rom
per pendi objeativelantés ttumed hms ﬁb;nehet perlmndﬂfhkar ligap thmaybjedien TUhd ﬁSBIZIﬁa}t theis

o e el R OO AR P OB o e
S0 as to maintain the sample in proper focus.

[0043] While several embodiments herein describe moving the sample in response to
signals received by the detector, it should be understood that the objective lens or other imaging
equipment of the inventive systems may also be moved in response to information gathered by
the detector.

[0044] In some embodiments, the methods may include specifying a spatial relationship
between a plane within an optical analysis device and the target sample. This is done, for
example, to specify the optimal distance between a sample and a microscope objective for
maintaining that sample in focus. In other embodiments, the relationship between the optical
analysis device and the sample is chosen for other reasons, such as maintaining a minimum
clearance between the sample and the analysis device.

[0045] The methods also include varying the spatial orientation of the sample in

response to the location of the reflected radiation collected on the radiation detector so as to
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[0043] While several enbodinents herein describe noving the sanple in
response to signals received by the detector, it should be understood that
t he obj ecwDweld/BsR30r ot her inagi ng equi pnent of the i nPEMUSI@OPFRERNE Ay
al so be noved in response to information gathered by the detector. [0044]
In sone enbodi nents, the methods may include specifying a spati al

rel ati onship between a plane within an optical analysis device and the

target samplin tﬁgkﬂrégr&rﬁmg@ﬂﬁtlalfrgﬁtlcﬁ%ﬁ%laﬁeeﬂ t(He ﬁﬁﬁé:{vitﬂlnttﬁbeop%%l'aﬁﬁ sidi stance
bet ween a sanple and a mcroscwge obj ective for maintaining that sample in

focus. | mlet;@eh@rd tentaeedi veewmies In susd arvetyathr o¥9s Riap niséttaie eplim# doqypon e sdmedpal ysi s

device and th &P - r

m ni num cl ear ce béf%\g%nﬁﬁﬁégg a%leeg;uﬁﬁ mwgﬁgﬁg glﬁgﬁlg ?/érg SFatngé Q})pThe

met hods aisging pepesdd beaveyi mepniieasizanicedscape ioblttatciiod . tThe uwﬂﬂwln@ets n

response tﬁlg) d%tgg%e a?gi%ét—p%rht ?Jto 5 h(?l{[lroﬁglj tﬁﬁtcgﬂrolsatﬂl ?éma‘glglnon%gt[a 1 C(Ef%ﬁi &Empﬁeh C
relatrons

radi ation
bet ween mheromoamebjwntvhmnbbtlheAtsphalszm ofahﬁaday@leﬂ)rdevdsckasarmghttdnet}teamcgﬁahats@npI e.

none T Sadifon st Rralre e TRl Bl IR R SR lRRE L o

i magi ng [Ihepoased}r that mq;rareaﬂ&amahaa anthe aadﬁatmﬁ dscapevialdj @c tddweion striks nm  The
user then sets thls di stance as.a S to a 8te@roller that. co trols

the spat i*&H™6 A URAMHIGHObS ﬁéadéaélﬁ’bﬁ%teg‘frﬁ atr‘?‘i 198 ¢ BPediiegaampies

As anal y shSoRfkidoh@ spapbienprioseie dsowi t@%&ikel Bg$ 0@ thiO¢dHFari€, the FBhteMMer
radiation is reflected off of the sapp vmth the refl ected radiation

st ri ki ng °&" thapptiRefiyiy gadetereipe th‘i’ﬁ@t’@b?ﬂer“@PP‘é? p R OPRE walveste 216 Cat i on on

the radi ahiyanre Qﬁﬁaﬂ%h%tat%%f%etsﬁﬁpl%ag%@tth@ﬁn&&srcblke%‘b]e%g% BsbotR sdat & set
| ocation on the radiation detector t radi ation reflected fromtarget

sanpl es &FINHRAhELS MR seRFrtiop distaase rsededrip arinme the sample fihontignas focike. Based on
this conpari sqjpq7ft h?h1§&%£és@i 'd%fncféélih FRER, G«Bi‘cﬁ?itghﬁé%ﬁﬁcté lﬁe s%tx%éf%ﬂa@esé be

spatial orientati on of anpl e bei ng analyze var he spati al
ori ent at ithsrelaymed ﬁlethgémp‘}svashpw ¢gethat fighee, @ﬁ%@@dﬁé}ugtb}l@mge\msm@m (ib8el; so as

to maint le in
opt el Fomie g SR SR bth AGE St AEEAR IFRCERRY fhh IRGRATP
depi ct s tlvssagpkede. @i, vehploce ssthohe theorebaims dndibehedd the Asy sistian of thet hat

fi gure, rcgﬁec H%E n? otsaod-tHesaetéctcloer %ftt %lg aﬁPSI tt |1z%r} S t%f%ﬂng %I%degr)mgo tu@?t the
stage |s WP I ThE oo K nert ol (B PR PaeT Sat O PR aheh

i rradi at emmhellgaj_rmi_tc&nz(tiealgr) beam pdmvea sb &&erh} swt*slhe arevitin thﬁlwerkhlme and t hen

2 Lhe X BRSO e bR HEChE R, SuRehlnal e e
aut omat i @éabdtyd bybeatrpldsresucls & 4 Platr P eogfolitr, haZ@odul@ednvhé fthge’ ¢ Mevenenkindg
range. orientation. The detector then reads the position of the reflected beams, and then the process
begins anew such that the stage reaches the desired position so as to maintain the sample in
focus. The process may be “run” in real time so as to adjust the sample position (on the stage) to
maintain the sample in focus.

[0049] Varying the spatial orientation of the target sample — or microscope objective —
can include elevating, lowering, tilting, rotating, and the like. In this way, the system acts to
adjust the position of the sample (or analysis device) in real-time, during observation and
analysis. The methods have the additional advantage of relying principally on the location
within the radiation detector where the radiation reflected from the sample strikes. In this way,
the methods are based on the location of the radiation strike, not necessarily on the intensity of
that radiation.

[0050] The invention also includes instruments. The disclosed instruments suitably

include a sample stage; a radiation source capable of illuminating, with a beam of radiation at an
-9.-



[ 0048] The user may then ready the stage for notion. The stage notion may

then be effected by a controller, such as a Pl or PID controller, that

nodul at eswohe1gi3aize’ s novenent and orientation. The det ecrar2ealess2segads t he

position of the reflected beans, and then the process begi ns anew such t hat

the stage reaches the desired position So as to maintain the sanple in

focus. The process may be "run" in real tinme so as to adjust the sanple

posi ti on i efntdie i%tcﬁtgﬁllaasft BbJR aéﬁiée@ mﬁgeﬁ&imi&i dthd Q&% stdRO0ARliaal Vi ng the

spati al orientation of the target sanple - or mcroscope objective - can

i ncl ude drteciat inpgtical eypampHeption withjadggetrditpaterd g, theaﬁfﬂgextherarhanel dqtestarhi s way,

t he syst ice
%IEhngfé&%bfe%f@aleg&ﬁ dt NG sty itid %’Pal%f rahﬂﬁorﬁ%ﬁp&@d ﬂﬁ% 82&?%4&51%1)&(38‘81\{ )

in real-t urin rvatio anal ysi s ave

addi ti ondlie Sanm@ritaggemdfa dﬁei:ewangolpoii qmﬁi@ang the aeatidneon the mtliabon dﬂtqcmr of atye

radi atio r Lati flec S rikes.
In this \?\%ﬁﬁog ?éf%ﬁtg%rgg@h%?? eégigeogédo%{]tgl %gan%pg%%%% 0 nlEho % glalrog % (inoori ﬂlét rike,
not nece$agﬁ1ly on t he intensity of that radiation. [0050] The invention
al so incl udes clude a

The d instrunen
Sl e ot age. BT GRIER ReradE Saets EDBE R PRI R hEe Tt 881 B o of
radiatiomo@hm&hMpewdemEeu@aghpmﬂéoﬂﬂmhea&mpﬁhbuﬁmﬁuﬂegheemﬁeﬁbb@ﬁ@ﬁ&,
di sposed on the sanpl e stage; radi.a et ect optical cqmuni cation
i tha ARt BB b e el IR 00 HEEET Oh otibe SRiouFopsy M Blban ¢
of col | egd dapgbl@bf doaasllcdanqdidn in @B X0f, an¥-dir@dioad. | Rapek afal 8186 BelcdpaBIBL AL get

di sposed on the sagyle stage; and a device capable of correlating the
| ocat i on e Y RRY i -ati on detector of any radiation reflected fromthe

target di sposason $iRbRARESrsIHAAR, foh ELindpe CRRSY, icD, PhbBlibadsi P TOfand he
target. [0051] Suitable sanmple stages will be known to those in the art,

and can ithtdik¢de commerci al | y-avail abl e stages capabl e of adjustable spatial

orientation. |fhssOrenahadiyBR:S: ol EISRE%N s TRIREAES ANle AR IR aflp! at e

in the Z-axis direction I'n other enbodinents, the stage is capabl é of
cont rol | &tV radiation ther deprexs of\radléironzrwwee?fut;ﬁth@haglemaWéiasm begmperecapabl e

of being, tilted. [0052] Suitable detectors include, for
exanpl e, %%g%ﬁ?%%%glﬁhotodiode PMIs, and the like. [0053] The radiation

sour ces of thi0s#ai Tﬂmd:l:dmvd metsumemtd al@e%uitdésemsl,udw psorivicel anplghis devide capabtt UV

radiati Onfopcéc msfr?u%c%ﬁ w1th A ag%e?hibﬁor%e(? 3 th%lsésrgplcl—fl ?tg eu Iw’lth?he raé)lgtgbh s%grlce,l mat ed
| aser beang’ are especi a pre

or both. Such dev1ces 1nclude e.g., microscopes, CCDs, and the like.

[0055] Controllers capable of governing the spatial orientation of the optical analysis
device, the sample stage, or both, are also suitably included in the claimed instruments. As
described elsewhere herein, the controller suitably governs the spatial orientation of the sample
stage, the spatial orientation of the optical analysis device, or both. The controller suitably
correlates the location on the radiation detector that is struck by radiation reflected from an
radiation-illuminated sample with a data set of locations on the radiation detector corresponding
to locations on the radiation detector that are struck by radiation reflected from radiation-
illuminated samples in one or more known spatial orientations.

[0056] The present invention also provides methods of maintaining automated optical
focus on a target sample. These methods include specifying (e.g., by programming) a spatial
relationship between an optical plane within a magnifier and a target sample; illuminating at least
a portion of the target sample with at least one beam of radiation inclined at an incidence angle
of at least about 5 degrees; collecting, on a radiation detector, at least a portion of any radiation
reflected from the target sample; correlating the location of the reflected radiation collected on

the radiation detector with the spatial orientation of the target sample relative to the optical plane
-10 -



[ 0054] The clainmed instrunments also suitably include an optical analysis

devi ce capabl e of optical communication with a target disposed on the

sanpl e stwg@epiwizsizdt he radi ati on source, or both. Such ®eviusesloios2bude,

e.g., mcroscopes, CCDs, and the like. [0055] Controllers capabl e of

governing the spatial orientation of the optical analysis device, the

sanpl e stage, or both, are also suitably included in the clained

St U o ey RS G4 USSR SRS bR SRTRIGN R S ABLYrSEYe! 1
s [ [ [ s s s [ [ |

opt i cgl arvepipplesordietli, seas t@ﬂnabmlhthgpmr@@ﬁgd matlérrelgtgﬁn@labbg‘ftwemtﬂlep@mls t he

From an P SF AT Crd narad coaanps e ARy ANERi o R S AR, he

radi ati onaméte@é‘smpwmgraésqmmﬂgf ftb@uﬂ Zﬁﬁalm s C@rrm@mlevem@ldn aan wialdet ect or

t hat areﬁagﬁtagléfg%s ﬁ%@h@qﬂh%nﬁ%{ e‘fetr‘?ﬁl grom radi ationillum nated sanples in

g . :

one or nore known spatial orien At ons. [ 0056] The present invention al so

provi des net h{m)§7]ofAmﬁscmwmelsaghauhﬂamthdllhnpﬁlhamiag sditableénahrdeaxp@higehe sanpl e.

These t hods cl ud r.amm

ol ati ondiies Wb ER CERb A8 o e B G T br T R M e

sanpl e; inbi 1umfhl&twlﬂ1gppaballaﬂﬁ§éis @& ippedtioant ok sityle, taadgﬁﬁntﬂﬁymﬂ aﬁchet thaat | east

one beam of 8| at i on inclined at an i CI de ce nqql e of ﬁast about 5

degr ees; 9861 9% 11455 ecAmB oy B sl odie ek thafyra %I%tref?%%gr PBif  any

radi ati 0@a1ﬁ§1f3 lisefohetlelbds @ hlagnitude gft is %&@&hlﬁe bﬁ@fdd@ihl@ﬁ d&getéhen kagat i on of the
reflected radiation collected on the radi ation detector wth the spati al

or i ent at iCBROGMeRfhG JpgBPWErHN{ the feat-of Mwdreds-1i) sngpt Thegtipreblags povedor

magni fi era,paﬁiamamafpmmn wﬂ@b@@a@ﬂy aéterﬁﬁﬁe@ryy@hé 8kilPfh tROdrhardfwill AEp@Rbh G
pl ane of the ier, the sa or SO as to maintain the

progr amré%ﬁl%twat(pq@ltona B80T DG G B@@hﬁéﬁemﬁ@% Wk wawpleprngrshes cordieonsmagni f i er

and the tar 9ei00§§]”pﬂn%om1'8ﬁib8&1ﬁ\|eﬁ¥§@uéﬁ“&é%& LIRS AT ., Fiit;, SO ﬂﬁfﬁhf?a{ifngﬁm S,
capabl e of supporting a focus range of about 200 hm The clained rnvention

can sui t gbllsgtingainay b peréorhekiioudh Sreantesl plang pidhgringgniicst dhe laémg@lat{og%n As
descri bed,ah, é’f‘f“%&? eﬁ‘a‘%“'vg'to”the hl'agmhér'éd ol ﬂh@&s%%&lft%‘?nd Ny HHB@ exposing the

target sanp [aser aser dration is
suitably euﬂooammtemsv@mea}lstrbiamvedo@s m@tmﬁent erfere with opt| cal analysis or

I nspection of Lﬂi()g&] S rcg,pmé':}[hocfle gijsPuqclusdlélcgrr%at{nﬁq e ocaglow%{‘ ther {;dg ?%121‘[18}1 darmage

t he sanpl e, i's a enou at’t on |ngfromthe
sanpl e i solﬂmmdtohelheesd;lamﬁn c&tem)gmmtﬁcb@o‘sﬂnam of the smmm@te&hkfetobye magraﬁleré)lyl on

i T ange COTHET R el oi R aT TR vl o 6 S o R c el P T e Tai it Mpe *°°

easi |y delicdoedtioedn by rafigioaldcskibt that radihthe rafldctcdfebmn $admpiteipnchvion t he

radial | o, (phot o gh@s 500 REL D8, M50 L P ShALASL LISt 63 o the aml e
procedure is described in additional detail elsewhere herein, e.g., in FIG. 5 and FIG. 6.

[0060] In some embodiments, the methods include construction of a data set (or
“location map”) that includes the location on the radiation detector that radiation reflected from a
target sample illuminated with at least one beam of radiation inclined at an incidence angle of at
least about 5 degrees is known to illuminate when the target sample is in a particular spatial
orientation relative to the optical plane of the magnifier, for two or more spatial orientations of
the target sample.

[0061] This enables the user to build up a complete map or listing of radiation detector
locations that correspond to a broad range of spatial orientations (i.e., positions and tilt/attitudes)
for a sample, thus providing the user with the maximum available information with which to
adjust, where desired, the position of the sample, the analysis device, or both, by elevating,

lowering, tilting, rotating, and the like.
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[0058] In sone enbodi nents, such as that shown in, e.g., FIG 5, the
illumnating and collecting nay be perforned through the optical plane of

t he magniwOen10/1BB323| aser radi ation is suitably off-axisPCceluskénwm3z2est he
magni fier, although the |aser radiation may, in some enbodi nents, be
on-axis relative to the magnifier. [0059] The nethods al so include
correlating the location of the reflected radiation collected on the

radi ation det qpeor Néé&n’eﬁﬁn f'nbﬁﬂe QJmﬂaﬁﬁ ﬁl%rmlaﬁorf @ﬂtﬁé ﬂeﬂ@cté&a&ﬂ&ﬁ‘on

magni fier by conparing ftf?? ocatlon % he reflected radi ation

col | ect e@oldmtesiwethearddlafm te@@tf with de lmraerh (hﬁdlﬁqh@ed aeforwmeanethdde inchieat i on
det ector ;f Me Jn%'dﬂﬁén%nﬂlﬁﬁﬂaﬁﬁ%%qegs{ I%rﬁonsmé r etssa R:\Witﬂtgvo'dr 'i]a nate when

t he sanplelsm arfic atla orientation relfative to t
magni fi erbearfrs’rwfscO]élm@@d@m@lqnsamm@uﬂye@sqrmeédraiflctlat@n@fa shanaé Wltbhsl@wl’rﬁer e

.her ein, %eegﬁ pI‘O\q é:stl% Os?, gﬂlg (fcflt%na 1h%ol;—\%9t?q91 ?dl%g%ﬂg tlﬁr%;)g@ﬁ@%%tl &he met hods

i ncl ude cons ruc i on a se 'Rl udes t he

| ocati on cbaracttdsrstlcad‘aaamplte detector that radiation reflected froma target
sanple illum d at i ncl.i ne

“neldence anglog: e el inESin A et Sl B HE sl Ghen ¢ ne
target sanghlde ainsaghifica apamplcctab@at Bpabhadf thy mﬁgﬂif&drlaﬁxhthé edmale wegd Irirdghe

opti cal plagt%flathe nifier, for two or resatltgf) orientations of the

target s&MRS 0611 ]Ot"’"i*ﬂg SISWgIPEENS: AEYEAMOIAIYLPFTOk pradiaighiite map or

listing Qﬁpalb&CﬂfﬂldnﬁﬂatﬁgTaQQﬁlﬁlé dlspesat bR R stk s WRIS PBEh bQadatinaagh r ange of
spatial orientations ?03| tions and tilt/atti tudes) for a sanp
thus provi<dicaes qusls Qb %IPaWM £ HeSrersixd RORTAR/ARICEE BORtG O REURISALOH ‘t”ﬁl vvh| ch

t o adj ustipe ¢ ?fths%@@'droﬁ@he &3, tﬁ@ﬁl’d{ah&f‘dé?éctdrm@mg@ﬁmb%of E&%Cﬁﬁ%adt}'eﬁhtsa devi ce,
or both, by elevating, lowering, tilting, rotating, and i ke. [0062] The

cor r el at iPAGIORRY 2YHedinis redeeirdrTonythe pample dispgsehopthe saeple epgee atdrdevidi at i on
col | ect e‘éa&@lé&?@o&@é’d@tﬁ@l@cﬂ%ﬁ ok E}f%rrad%ﬁo'ﬂ dH%@to} b '%éﬁmnliﬁ'?effébr%& k8sark

aut of ocusing net hods i'nclude, in some enbodinents; 1llumnating at |east a
portion éaimmlhélsmﬁ@em the arpible Stae with the smﬂah@reetab@aﬁ%thmar@dﬁ lelapyig wdhe

radi ation;, ggﬁ cpreviously described, irradiation of a sanple with multiple
beans provicdes the user wth addi tional information regarding the tilt or
ot her orient ati06#l chakekdegiagt ifegeptscataengiver i{0068]n Als 4prewerss flowent i on

al so incl C Vi.C Thes vices suitably include a
magni fi erdyag%%[1 f%%?eé)?es rﬁatg’% de‘f&f &3 ?Wnolﬁeﬁgf gt he magni fier and the sanple

st age bei ng c[a(}ﬁé:b]l eInosbm’e Ieinb()d]g]lﬁntﬂ oadaﬁtlomgiptecuoscdmgmsd:scwﬂlatga@pupied dnice, or
conbi nat i '

FCHRE T R SRR R T LR
Radiation sources are suitably lasers.

[0066] The devices also suitably include, as described elsewhere herein, a controller
that governs the spatial orientation of the magnifier, a controller that governs the spatial
orientation of the sample stage, or both. In some embodiments, a controller modulates the spatial
orientation of both the stage and the magnifier.

[0067] The controller can, in some embodiments, include embedded firmware. This
firmware is suitably adapted to provide error free closed loop feedback control. This control
suitably has the ability to read an essentially error-free position from the radiation detector
(sensor) at an approximately 200 Hz update rate, which may include (a) automated search of
reflected laser spot, (b) robust algorithms to eliminate possible misreading, (¢) an adaptive low-
pass digital filter, (d) feedback control of laser power to compensate for differences (e.g., up to
300%) in reflection, and (e) recovery from an unpredictable state.

[0068] A PID controller may be used. Such controller is suitably adaptive to the period

of successful reading whereby (a) the PID coefficients are automatically adjusted in response of
S12-



i nci dence angle of at |east about 5 degrees; a radiation detector in
optical communication with the sanple di sposed on the stage, the radiation
det ect or Wwoi2ny/©3a2abl e of collecting at | east a portionPofi/tiseg10/0az5Rmt | on
reflected fromthe sanple disposed on the sanple stage; and a device
capable of correlating the [ ocation on the radiation detector of any

radi ation reflected fromthe sanple disposed on the sanple stage with the

spatial  QpifHodlrkffh1Ofntdriies ﬁfgr@ﬂ!oﬁvam%s,a&nh\@ ft)alstpg'ﬁﬁém%ﬁsf&aﬁgted &99%} A bl ock

di agram of a representative device is shown in FIG process flow

di agr am fleyeleped algpobanfortayie npeoinens ufikzishoietep pools, 5. [ 0065] I n some
enbodi nent s, piat | o[ N-Tadels i f : ROMRSY HBWFSq OF Ot her
phot o- det ect i L(gg%]ev%%gn %%i tgg)leélg%ggmoﬁl?%rgrcﬁﬁﬁ%géé, ge%. ,gom%)cﬂreosgopes and
t he |i ke lovRadicion bmits suasde preae physicahidyagk astr objeftDOEE oThberdevi ces al so
suitably.j . as-descri [ I 0, | ler .th governs
the pat ifripe S TRET A £ AR AT By REFOE R gt e
spati al ordtienbhthe stagodr dplies Falmplystest age, or both. In some enbodi nents, a

controller no t t he spatial orientatiaon, of th the stage, and the
mmon ier [ OB T SREP By B cRhkER A bOReR A AR BT Ehtetbedded
firmvar ewhEhile shitemnatoe witBinFodukiap rangadRqot @6 pirampee\niagdeéd 4 devidefsee cl osed

| oop feedback control. This control suitably has. the ability.to read an
cootnt | anpy K Tmep Py anBeH G oPL He R T e necrire (BikEr) ar an
appr oxi nmapigtey capfdblc bz diset the bheof ridiation i Ynultild bdes oBadAtbO Bivehnsear ch of
refl ected | aser spot %é)t{b) robust algorithns to elimnate possible

m sr eadi AttabPAccAplishedty DErorplifiasPramgiadherikes er | (d) feedback control of

| aser power t @ogPnPSHsAsand Rfvathdel 8F MPARSI0{R iDentidHiné10dS3 ML 15 @1 ecti on,
and (e) recovery from an unﬁr edi ctabl e state. {0068 A PID controller may

be used. aBlidhodenys prsl Maiptainsthe ficpsisisifion @agqoy BIrtage YN SEh-migoBeterage s f ul
readi ng %ﬁg@mg&ﬁéaﬁbg@dscg)lr,felzf&emﬂnsaﬁi@h Sf f%(f;ﬁ%ts‘%'e{t‘Hﬁ%ts'iéh?fliéa}ftl)aﬂff&%hed in

response of changing o : e intervals and error values, &and (b) focus
posi t i oniswidace §efgéﬁl®sﬁr@l@fwsi B) tha abibied opedaudnyorousiinm fealrtink, &Ritke abdieent
utilizin hok. 00 .t u ¢ de for
cont 1 nuo QYRS RoRRT T prechAE o ol Hin E ey 1 €Hla! QpRIIEH 00 e
physi cal ndemmge iofhe Zhdireotojre ¢t dui@ndtenaly Drusgtigerobjaasdurmgeiit stageonotionhiSs may

o 20, e BRSBIRLARed P UV ] oPh B0 ARSI HEERLL BB ot L.
as to tunptief path hethe adp@fierda gs adluoesdest myicrost @s £ (9) a large working range to
adequately accommodate mechanical tolerances and the uncertainty of the target object’s field of
view positioning. Existing technologies fail to address these aspects of the claimed invention.
[0072] The claimed invention is particularly suitable in the analysis of moving subjects
(e.g., macromolecules) that proceed within one or more structures disposed on a substrate. The
claimed invention is also suitable for analysis of dynamic or evolving subjects (e.g., biological
samples) that may move or be moved from one location to another during analysis.
[0073] While the claimed invention is suitable for analysis of dynamic subjects, the
invention is also useful in dynamic environments, where environmental conditions may pose a
challenge to maintaining sample focus. For example, in an environment where vibration is an
issue (e.g, a laboratory located in an urban environment), the invention may be used to maintain
the sample in focus by adjusting in real-time the position of the sample, objective lens, or both,
in response to environmental vibrations.
[0074] In one embodiment of the present system, a infrared laser diode beam
propagates off-axis relative to a microscope’s objective (e.g., FIG. 5) and is directed to the

sample surface at a high incidence angle. The reflected beam the passes back through the same
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when the systemis not within focusing range. Process paraneters may be in
a device's nonvolatile nenory and recalled after startup. In sone

enbodi mrerwe,20thB85328vi ces i nclude a splitter capabl e of @cC¥ius2eng/os3263 beam of
radiation into nultiple beans of radiation. Division is suitably
acconplished by mrrors, filters, prisns, and the like. [0071] Sone of the
advant ages of the disclosed invention include, inter alia, (1) the ability

to focus o@j&E’tlJEBahEl‘ﬁsadefbc{eH% fa%Géit?orR%ﬁélMe%teéfor QRieRts AMEE @&Eﬂéﬂ' debich
sub-m croneter accuracy a magni fication factor, (2) accommodati on of

t arget s tR&P)-hBheeositighpf the mﬂtectyd #10F piethe deteeton fugfies if BYopeIEpZ) 0 e disaned es,
(3) the %Pf\xjeleﬁ Mletnﬁ?rWOE QHSJQ QERAS (of sbrﬂe 5‘@1@1] gihgé%lleété% afl(ﬂ%e Q:Qhﬂlbtsy to

dynam cal contro reciston notori z ositioni ng st age e.g., a
st age cap@ﬂﬁace 06feﬂm‘rwerr§ h@ reradmg FremZheliatesear iisothyn iudaldmvmdduylaomlmtoyorftmdiatswt ar get

obj ect dﬁ'ldVP ? kqg ﬁlen%iect?\% éu?[zlget Qﬁlcﬁgta%é 1}5% %u Ph {30 gé { frg{ ﬁtafn a

wavel eng erfering e optical
pat h of tfbmms dmgnca‘ petablyet ghl,gh@rebisworaecta:@ntacynasslwmop)@)(} 2{6) a | arge working

range to adeq anl to er.a e uncertainty
of The tar got DEecpr SROTERGRFe PREMDBER 16 Arile PESDs R ing RE G B e
fail to pddri@ss pokiese vaspeans @a‘ﬂetﬂa&fminahmdows\saﬁple afipaci m@aa]:cta'mﬂm ai med
i nvention |s tlculartl“% sui t blecllnthe anal S of rri :hEPg subéf

(e.g., rré}é‘?r "&Hr‘é@ﬁs %f‘fnpﬂ)er ﬁlﬁﬁ?FﬁaﬁenéFPe lbagrls Perting A e s posed
on a subsimAtend fitaike) @idesh usayedsﬁttocnar dofinedtedo & motcﬁzizb@sah@ne adpal yopsicf
dynam c or. evol ving subjects (e.qg., biological sanples) that nay nove or be

moved f r GRICEIHE) [OTRAYEI %6 FeorignthoRARIC (QLPRI TRy VRl Procesrigg sush thyh Praanst he

cl ai med irfYeRH IO ths saptpild @atiBud 10 impudadhy 3btsctif at Nadtion SUBE@GAShatt he
invention is also useful in dynamc environnments, where environnental

condi t i ongrerRgndyedhe ia-feqvaposéiryelor he ramme. afneipincdelewhere Bergin, the pysewanpl e,
in an enviy QMR NIRE ALV RE AR (.S, %aﬁoﬁﬁ%@us@@b}gpasﬁné BRRE AL %aymgl%at ed in

an urban environnent), the invention may be used to mai ntaln the sanple in
focus by saplast fopg duﬁngmplwrﬁeesmh@ormﬁgymﬁon of the sanple, objective |ens,

or Do, 111 RRPNSH sbide BN AR M Aot PRl 07 DG o] ment

of the presen stem a |n rared laser eam propagates offt-axis

rel ati ve mayementiby tipsbopaves by ey inviedq Bsigg, Joweri@g, rbiptiegyditing, dimeetmedt ino t he
sanpl e s%fﬁg{e 2t a hi gh incidence angle. The reflected beamthe passes
back through the'™ Saneobj ective and is detected by a position sensitive

det ect or, sucl00d?] aUtliartgditional [ablﬁdacﬂiw egrésG@m)ventléredoposottutitize dmtectldstEOf

refl ect ed spot on t he %gn ﬁltoor SO{J? 1?ce i S qrg @}%}%@3 ]{I)nalseto th tance
ot ween PRETRIE PRt BLEn RSP RE Renis Strnteb I or) and
t he sarrplnamsobjmf ﬁ‘ratkﬁlgoéchﬁﬁt)gﬁw s offeva @adhdighal deador (e, deCPalkote)itBatt hen
suitably used K mlg&ocontroy er to

measures the actu position ot one or more spots across the sensor’s surface. In some

embodiments, the detector tracks and provides absolute positioning and size information for two,

three, or four reflection spots simultaneously; FIG. 9 depicts this process for two beams.

[0078] This approach has a number of advantages over existing alternatives. First, the
claimed invention includes multi-spot tracking that is essentially insensitive to local variations in
reflection and scattering that are caused by impurities and object structure. Second, the focusing
information used in the invention is directly related to the sample’s distance from the objective
to the sample’s reflecting surface. Further, the claimed invention affords a comparatively wide
linear detection range, which range can be about 50 um, at < 10 nm accuracy.

[0079] The invention also provides increased accuracy in positioning of the stage or
magnifier when multi-spot tracking mode is used, as such positioning is modulated in accordance

based on data from multiple spots (i.e., reflected radiation), which in turn improves the

positioning accuracy. The invention also allows users to use comparatively low laser power
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provi de feedback to the objective's z-stage, which stage is in turn noved
so as to maintain a focus distance, suitably at a high precision and
accuracy,wa0shiease3in FIG 8. [0075] As one exanpl e, thecudaseomwmys2ps ace the
sanple into focus and then record the position or positions where beans
reflected fromthe in-focus sanple inpact the detector. The user may then
process the sanple (e.g., adding a reagent to a cellular sanple, heating a

cel l ular 8 m@b@o wr\fdhetnf}@ﬂécteh@onmg ool MRF&) RORLER I Shri&PAgs ed to a
not ori zed Sanpl e stage (or optical objective) to nove or reorient the

sanpl e ( é@quﬁbljn@ﬁ% i Thay ergbles thg upar deecdsimeylessnover when nsafarming endlsistaad afspom t he
sanpl e C?ﬂﬂ&&%ﬁ n%&ﬂﬂﬁ&d%??mﬁﬁﬂ%ﬁ}?&déﬁ thgiohocation or |ocations that

correspon focus positi or the sanpl e. As expl ained el sewhere
herein, the si@ﬁ@lm %nmtrpleaismr@blfewleasﬂﬁf@rsnngh @teatqr@nsm(l@plgspotw brations

caused b¥ DR W ht1£ gfntl él%aéét %@gg%ulé}nr%lg ﬁer?&tsf %Hﬁer tlﬁrl 03 (,

processi ng or ana ySi's. the T crocon

effects ttmnetoues dfhincere fl elitereradih thamasp o v e NIEYQ. 9b)y1 thvoalimbjsentl space pTdsmcka nay

i ncl ude r| ower.i n rot.ati.ng, tilti or,.novenent .d.n.the.X- | ane
0077 Ut PR pp i s 4f SR DR bt RTEe o SE R RORRG | IR hiSBetah
utilize (é&itﬂ!@tellﬁ]ﬁhaﬁf)n mrnmg signals (readitye fispos CCDn@imst dcfectut afH‘dingld matee

segnent s rese ventlo utilizes nulti ect tracki
Cedhnol ol By haneteas vh EERECt A oHa Soisof Toe Toust R e bbATE) " ha

measur es ﬁtohﬁa gicéiampieY Faasl tthOflaigfed @@ IR SRA L EnAE O SEnflO&igHeRsOr ' S
surface. In sone enbodi nents,  the detector tracks and prOV|des absol ute

posi t i onithF aNeR Enpent mavdrerratTice Qui menuplhnor auppmadicalybypusing ipfamabien fiem 8ot
si mul t anegusley radidtion sfordepi cts this process for two beans. [0078] This
approach has a number of advantages over existing alternatives. First, the

cl ai med i nventQ08H i Hea awtelgcunyetem sy uitabhciRelnge tianderd; ki sselntionygntigal

i nsensi t'cMﬁp(%&n!sOiﬁahdﬁ{Qﬁ !a@ér' GRS 1akd} i ﬁlfn'aﬁ%‘écfagbd%ﬁle%ﬁali fo@e{l' Rele bh&Hjeabe
caused by inpurities and object structure. Second, the ocu5| ng I nformation

used in tdne; 4nd\ﬂ@meﬂmﬁpd|®amllw>élp¢t9d pyednaasplepric dens Ifreprgaldw ghagp Bicexaxtbe from t he
obj ective, &s Prgcesam% £ (S @élbf%'s&ﬂe éﬁi S iGits, @&éﬁm%eaﬂh@ i %| o

i nventi on a S a co atively w de I near tection r nge range
can be aboalsmﬁmnmarmtlons 1m®emnp@¢immmyf0r¢l@mfh©]attﬁﬁhed fipwenti on al so provides

i ncreased acc y o] oni e fier n multi-spot
t racki ng nodewogﬁus“é; i d% IC{S aagala tO%nlushumfal%me st g t?l%d%%r%:egr dance based

on data finenisnilAsishbwen, Shmtrst 1(1¢1u®s a lzrsetfderMédpmca;hrahg@irs)Jch thind thehlasem btani n
compar at POSTy Mook 1138ePaERERER eioch S i B upPefo afi et oat ° 1%
gl ass/ ai Kefladtce (Beamedbelad “Arlcchd’t) b €f 0B el se@ple S€NBGItics! detector, in this case a CCD.

By using the coordinates of where the reflected beam strikes the CCD detector, the system

translates those coordinates into a data set representing the location of the objective relative to

the sample, and can adjust the relative position of the objective and sample accordingly.

[0083] FIG. 2 illustrates the ability of the claimed invention to prevent “drift” as a
sample is monitored over time. As shown in the figure, a microscopy system displays “drift”
over a period of time (60 minutes), when the autofocus system of the claimed invention is turned
off. This “drift” may require an experimentalist to re-focus the non-autofocus system even if the
system is left unattended for only a few minutes; as shown by FIG. 2, a system can experience
comparatively large deviations from an initial focus setting if the system is left unattended. By
contrast, FIG. 2 also shows that the claimed invention, when active, can maintain stable focus on
a subject over the same (60 minutes) period of time over which the non-active system displays
“drift.”
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requirements. This enables the user to consune | ess power when performng
anal ysis and al so reduces any changes caused in a sanple by incident

radi at i orwO[20083F323he i nventi on al so enabl es the use of paTdiSaglo®33és ect or
for multiple-spot tracking, which in turn sinplifies the user's equi pnent
requi renents. Further, the positions and trajectories of the reflected

radi ati on spots (e.g., FIG 9) in two-dinensional space provide information

about di stancogsd fid.s lﬁﬁsnta%a@ﬂé%m%@d ﬁ%% V&bilify tQPds Gildi ¥ Bx Bln@NGmufine
invention al so enables elimnation of analog signals (readings froma CCD

mat ri x désebewr inghelefithgnd gile efifbic Aguse, Headame syemtmlau@ﬁ@é@ﬁllweseqr@dh@ i cal
artifact ?aws%h%t]{]?siyretaﬁtlﬂl@ wiRh fhe s?st%é{ﬁ‘i sqgjte@te(l?ﬁ’)! agghe%)%fcgcﬁg a@trqh@ g' ven

sanmpl e. Final € claimed 1 nventfon also provides si
al i gnrrentrl,ghelsanéaﬁp,l iHusiiafiggtire ststomiy bdhe vionwith thd amgfocmatmmﬂ lo$f, dﬁmoewtlrmﬁat i cal |y

by usi NY gl {h% n&enln Qvnt%l&g%uto}“oregﬁ &1§fn|0ter(e§tgrg f&%g &‘% e§% 1{21%{ Ir%)en %El]r(%atigrgf aut o

focus sys em ma e stan
compon e n tThis denmhalmeﬂ gl%systtas ;] runhfyhe elh\amements w&ene wainit;onfoo othsmitarmal fdveesback
f ocal %ne of ol l ected by an

BPlEH] e i d SRR
aspherl c ‘T-&nl™ 08 B oV REE° A “Ehabss ?818 all&%ﬂgP‘if?Bers%HlSSP aSlﬁ?J?C ce detector
(e.g., CCD). [0085]onEIGR mttte[dicmm samild) @oh-Hsétingleatiotinensgfahd dhigd trivetemed t o
S0 as i ze va tions in beam profi a et forth in the_attached
Foures. robas) bl dspntt s B Rery B buaand bt adBo kg t o
the clai @es:ieg KRR the MicdScopOOMEstive BRI 1dRédts baAR FraiaBe @mpaes@,rwmﬂth@nd 0pti cs,
arranged such that the |aser beam passes through th Ptl cs at an an

i nci dent °PisCtseths sHsFied ape DR SpaE setlected by aéwé:té@lylec fe8sqr oF Pl WH< beam

| abel ed "gegébected”) off of the sanple to an optical detector, in th| S case
a CCD. By using the coordi nates of where the reflected beam strikes the OCD
det ect or, thel0§ek eMirrrandicrt ang berp selitesont Aleased (inglyzor dmgaaiugtion with

repres emoh@gnottﬁé‘?) th G AR p@fn otflﬂfe leQ} @ﬁ& Eeftati S ?édia‘{l%n a8 n&é@l@d Sﬁ@}%!ra%iy @ﬁ!éj can

adjust the relative position of the objective and sanple accordi n%
[ 0083] Flogmog dontrel&rs corightes e ledsiipi oy the {CCTher ahesidereeton wiesnthi dasertli pq‘orevent

tdrift” ag.RL.SRIRl rlke% tﬁg)(ie'vicgr\xﬁt? R Vfatitd ﬁ@ltloﬁoﬁﬁgwpﬁ&nh?lgeogﬂgﬂ&mf@ an

m cr oscopy system I spl ays over a perio nutes), when
t he aut ofdsfs tieystigon oftht faepdd, abjeeitre] anbethtsp entol gaittammeepeofdes. Thi s ™ drift”

oy ;;’g?ie{nei 2fbo §?peush I t(‘vtélﬁ%g%tf tr% gneexfcf?aﬁyofl 11t1un%nar1][8 5 uéJed‘%o fify Sma%é’%%eg g"eg ! ‘;

systemc aampix rxhowe actke grprpaghabt the tﬁyguﬂe awglethd eanahatmnms‘srrrgrrhmugh armldtbemg focus
That ¢ he ISR TBa RGRHETR, W b OB OB aHeHR b aroehatt i pOHGEedR "
described elsewhere herein, the laser’s beam impacts the sample and reflects off of the sample,
the reflected beam then being detected by the CCD unit. The position of the “spots” on the CCD
unit will vary with the sample position, and the user may adjust the position or orientation of the
sample according to the information gathered by the CCD unit. This may be accomplished by an
automated system, such as a controller, which in turn acts to adjust the sample position in real
time.
[0088] As described elsewhere herein, the claimed invention may use two or more laser
beams in the autofocus operation, as shown by non-limiting FIG. 9. A first laser beam may
provide, for example, information regarding the relative positions of the sample and the objective
in the Z-axis only. A second laser beam, which may illuminate a different part of the sample
than the first laser beam, may then provide additional information regarding the sample’s tilt
relative to the objective or information regarding the sample’s XYZ-orientation relative to the

objective. A controller then correlates information gathered from the optical detector’s
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a subject over the sane (60 m nutes) period of tinme over which the
non-active systemdi splays "drift."[0084] FIG 3 illustrates the clained

i nventi orwe 2alw13532¢ to respond to external stimuli. As PODWS2010/083263

| eft-hand side of the figure, the clainmed invention automatically restores
the focus on a subject, in real time, when the systemis subjected to
applied force. By contrast, the right-hand side, illustrating the systens
behavi or cWiidchol HEaBHERHhOGUS bt e theGlolitiofl SPRRWa8LESE thh@inpidiRlafYShem

w t hout autofocus did not restore focus follow ng external force

appl i cat iobisctivehang thkavaserstlingly adjusth éhespmpleriage, ihd abjacive, ar eatlyi r onnent s wher e
vibration or qiober el §ahuligle $esndfe G L slor@hd bikaRQR&rgn Chal | enge
to mai ntaini ngnopfloper ocus 01@ a susf)ajﬁ%ctownﬁ)g%g? BG4 Iﬁe?}l cts one sanpl e,
non- | i nmi tobrgiverbd diflvetnte wf oftaempleai e the irgfleetmte beams Agkisheweteetor Ghevifdtgure, a
sanpl e is i, Lum oth a light source and by a | aser. The | aser
passes t?}l}eobﬁétﬁg;r%t[ ﬁ‘lplf:llra/dggope obj ective and reflects back fromthe sanple
by way of the[0®Bf]ecThedeft-hbiksidesifltiecignd illlagmres b&ernobedrticpllg chiftexgttiedsabylea

mul ti - obj ect ensqr, or at her optical. .detector,. [0086]..Mrrors, filters,
and beanrl riter E G et Bl S aERh AR RN ks BEE B EURY Firghie
anot her) ld¢foofdaGt PPl Ad dhewpat the tefft-Hane rdgisert FIGNQl vaxa itheahinple)mavadu@tieon, as
needed. Preferab one qr nore controllers correlates the. |locatio n the
G0 or of B THRHE ATl aPoh g TRQEICPT SHE TOm GEHEI PASITORISYS PRES t he
devi ce Wiahdn24, h&péival ) tacRPSiitib3NShodh by as@Ppr&padidely Bahd RedtbdEoseand
adj usts the position of the sanple, objective, or both so as to maintain
proper fé%%.d_etfﬁ%sf]enﬁé shown in the figure, an excitation illuninator is
used to illunjgeaije theaishedé 6 FIehoWhsthicd MO cHRRSH tHelsGdm Of tht Banfié gAe, W th
the illum nation passing through and being reflected by dichroic mrrors. A
| aser andciagitierl aby Davaet e figwre(ceppleatancdhiind fTom thigit] gipngionshewscr i bed
el sewher ¢y R iRkiBontdING il BRELH (Re QHRMETBRARIGC. &) RS SEMRIEI SR diSh (BEH S bp! T Of
the sanple, the reflected beamthen being detected by the CCD unit. The
posi t i on tisfdottadlinesgs thegipperrighhel ECH Ut dapiatdd ip dreyfignie Fetspets emthpldetegiorsi ti on,
and t he uyger [ r i i f.th .accordi ng
Fo the 1 A orialt heROhUR b 0BT IR, Fanbly FGEAE Ol A SRS Ly o
aut onat edshoysbg b asdidth rapecivepnir thé Haectormthincénabing the nscattascqunt fdfhgst t he
sanpl e pggointeilggorior}tﬁeesaalm Eei me. [0088] As described el sewhere herein, the
cl ai med inventtl on may USe two or nore |aser beams in the autofocus
oper ation, as[®BzwnAbshonarbylHIGL 9.idifertiit@ovBmerds 8f thesanids@r., KHefimg reryuspr ovi de,
Iﬁ; gﬁfgglhtﬁ(%}eg&l? {nrg?ltférgnq sll;oeflgl%lftgl s:[ pyetrgcﬁfngtdhaﬁ%p&g%}llé dsgrncsan%];stiggu?shsanpl e and
between (and account for) sample shift (i.e., translation along one or more exes) and tilt.
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in the Z-axis only. A second |aser beam which may illumnate a different
part of the sanple than the first |aser beam nay then provide additional
i nf or mat iwWo 20gB63BNg the sanple's tilt relative to thePobjusSeainnss263
information regarding the sanple's XYZ-orientation relative to the
objective. A controller then correlates information gathered fromthe
optical detector'scollection of each of the | aser beans to the position and
ori ent at iyppatQf cldigedanpl e rel ative to the objective, and then accordingly
adj usts the sanple stage, the objective, or both. [0089] In FIG 9,
mul ti pl e beans are shown propagating of f the _optical axis of .an objective
and refldcting %?tlrodoqr}date%}ﬁﬂgél}e VR0 O OBOF BUATES) SATBLS SRR YRR ng a
detector (shown at the bottomright of FIG 9). [0090] The | eft-hand side
of the figure.jllustrates effect vertically. shifting,the sanpl.e pl ane
el ative to. ¢ HEMTRE AURR Ehutibe halifel Rl ViegR 4! SR oAt ol ATRLS S £ oq
l'ine at the uppRiiddet in BtidtdcGan@ of Adcastudoan 5 degicbe | ef t - hand regi on of FIG
9, when the sanple noves up (i.e., away fromthe detector), the spots on
the detector shift fromtheir original positions (shown by la and 2a,
respecti vel y) célecmanwopo sidiadtiomdeté¢adroatricastya pditiend aBpradragspedicetvdiym thchat ar e
| ocat ed cl oserang?‘tgg detector's center. [0091] The right side of FIG 9
illustrates the erfect on the system of the sanple plane being tilted. As
shown in the figure, a sanple plane is tilted fromits initial orientation
(shown by the |+ : b I 1 : )wibip a
new, tilted o?%}%%{ttég ila%ﬁhc g ﬁlg\%vfntﬂ%%/éﬂ? ﬁ%@%g{aﬁg%&bﬁllgﬁged {)alit &F ag%{tjlggg%crt?rg\mﬂpof
FIG 9). As dépispatietoniantatie of thgtargst sankpde.spot s on the detector shift from
their original positions (shown by 3a and 4a, respectively) to new,
di fferent positions éshown by 3b and 4b, respectively) on the detector,
t hus enaBl i ngThhmethgeef damge Bdeisin thogt l¢aeone b enradigfighcasrriseier cod it
[0092] Ag.shomdgdoF! G 9, different novenments of the sanple (i.e.,
shifting versus 1] ng) result in different spot shifts. Thus, by tracking
dual spots, the user can distinguish between (and account for) sanple shift
(1.e., tnansl @hd ABthad 6NJaiATe whbreMEEcAXASEd Boach dfrhdiatdh@bmpSscCh dlseed: 1. A
nmet hod of determ ning the spatial orientation of a target sanple,
conprising: illumnating at |least a portion of the target sanple with at
| east on&. beamh®iethad b&dlaion , WhedeintBec@iclaing thadbdencer tangllectaf radibtidreast
about 5 degrees; collecting, on.a radiatiop detector, at |east a portjion of
any radi &P&%F? Pafhcad tc‘aonfdrqe?ﬂ‘ﬁof Wétﬁé%?rPﬁF@Pn ﬂ%le 57 MRS SRR ‘108’@5‘?%@ of
the refl egdieehtioRef @t kIRcEOIlIRELCELIREd B the adliidioh ABteEtl il @ théilédation on

the radiation detector radiation reflected from the target sample is known to illuminate when the

target sample is in a known spatial orientation.

5. The method of claim 1, wherein the beam of radiation comprises a wavelength that does

not substantially interfere with visual inspection of the sample.

6. The method of claim 1, further comprising illuminating at least a portion of the sample

with two or more beams of collimated radiation.

7. The method of claim 1, further comprising construction of a data set comprising the

location on the radiation detector that radiation reflected from the target sample illuminated with
at least one beam of radiation inclined at an incidence angle of at least about 5 degrees is known
to illuminate when the target sample is in a particular spatial orientation, for two or more sample

spatial orientations.
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the spatial orientation of the target sanple. 2. The nethod of claim1,
wherein the at | east one beam or radiation conprises a collinated beam of
radi at i orwo3o107i3832aet hod of claim 2, wherein the colli meCewsheansizs3

radi ati on conprises a laser. 4. The nethod of claim11, wherein the
correlating the location of the reflected radiation collected on the

radi ati on detector with the position of the target sanple conprises
conparing (a) Thdgieth8¢ 8t diam PlvntRE theldrRekigd csRcHsa éRihafifd e tlcafordt thhre

radi ation detector wth (b) the | ocation on the radiation detector

radi at i omefrestefl eadiatign tolingicd lvp theapdjattonglgepiorwith theslatwrict o i | | uni nat e when t he
target sanple is in a known spatial orientation. 5. The nethod of claim1,
wherein the beam of radiation conprises a wavel ength that does not

subst ant Yal | yThhmethpdpieclafing I fupthe i comnrisiag seacitying s phatRbreletipgship beveetrie net hod
of cl ai Mpiane fithinBlopRATRLEIRIsNBvict Ao Btdcngndfle | €ast a portion of the
sanple with two or nore beans of collimted radiation. 7. The net hod of
claim1, further conprising construction of a data set conprising the

| ocalti o_n|1?.n t e mgtdbqabfh@ﬂm@r;fmbmmﬂmgﬁqgwa@%@tthegqpambhag&tﬁfl_o&‘mdargaﬁqble it ar get
sanpl e illum nat Wi t t least on eam of radjation inclined at an

i nci dencéesaﬁ‘&FéO‘gF logptiqna e 5 mﬁdrsdelﬁé)@rcgh%“quona HP 1GLIHFNELE when t he
target safaMBinkhSpdciticd spafal fcfidbRhiptRatdedthcqldRREAEd @B opcl anhWeis QEviERIna
sanpl e spatial orientations.8. The nethod of claim?7, wherein the

corr el at ithfg2E8rPMPSes conparing the location of the reflected radiation
collected on the radiation detector with the data set. 9. The nethod of

claiml, further c risi.ng specifying a spatial. relationship between a

pl ane wi t'hi n e‘&ﬁfgg@%’; Cs{%iﬁ‘g'ioyg’ﬁ%rm&é@’iy thepati Qrienp Oféllfﬁﬂlggt.sa%l.e The

et hod ofcofpadedtBvatinl 1bWeringC ORTAL, I r&afifh, VAU dthbiAgosihakb@l orientation of
the sanple I n response to the location of the reflected radiation collected

on the radiation detector so as to maintain a specified spati al

rel ati ongbi p Betiweencithengiraing: W t hi n the optical analysis device and the
target sanple. 11. The nethod of claim 10, wherein varying the spati al
orientation of the target sanple conprises elevating, lowering, tilting,
rotating, or asgmmostbdenati on thereof. 12. An instrunent, conprising: a
sanpl e stage; a radiation source capable of illumnating, with a beam of

radi ation at an incidence angle . o o
a radiation source capable of illuminating, with a beam of radiation at an incidence angle

of at least about 5 degrees, a target disposed on the sample stage;
a radiation detector in optical communication with a target disposed on the stage,

the radiation detector being capable of collecting at least a portion of any

radiation reflected from a target disposed on the sample stage; and

a device capable of correlating the location on the radiation detector of any
radiation reflected from the target disposed on the sample stage with the spatial

orientation of the target.

13. The instrument of claim 12, wherein the radiation detector comprises a charge-coupled
device, a complementary metal oxide semiconductor, a photodiode, a photomultiplier tube, or

any combination thereof..

14. The instrument of claim 12, wherein the radiation source comprises a laser.
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of at |east about 5 degrees, a target disposed on the sanple stage; a

radi ati on detector in optical comunication with a target disposed on the
st age, thwonadviasizon det ect or bei ng capabl e of coll ecti RgTAIS2010M3325R
portion of any radiation reflected froma target disposed on the sanple
stage; and a device capable of correlating the |ocation on the radiation
detector of any radiation reflected fromthe target disposed on the sanple
stage Witk t hepSpghimint QF digntzt fu?tﬂerQ‘fomtphﬁné A Qffcal aqi§ly51;|_ﬁ§/1der1§ bpseaent of
claim 12, wherein the radiation detector conprlses a'ch arge coupl ed devi ce,
a conpleﬁ@mﬂﬁﬁymﬁﬁvﬁﬂﬂbﬁmdﬁt§@ﬁ?@@ﬁdﬂ@ﬂ@?ﬂﬂéoﬁhotod|ode a photonul tiplier
tube, or any conbination thereof.. 14. The instrunent of claim 12, wherein

the radi ati on_source conprises a |aser.15. The instrunent of cIa|n112
further d8nprid ?W@tﬂgﬁaﬁn&g{) lgingy 15g Rtherqomprgiyg & et IBRapEAt ofseriite it i on with
t he targepatiaf fifenfadibh 8f thOBptRAMNEE sis QEviROIR sarkBle sthBE of Bsth.r ument of cl ai m 15,
further conprising a controller capable of governing the spatial
orientation of the optical analysis device, the sanple stage, or both. 17.
The i nst nanmentTh®inst@inadnbd AdaimWiiewadrinttiicopdipiliagallsiadaicy SbiBpaRY h GRcréROPd. | ses a
m croscope. 18. A nethod of maintaining automated optical focus on a target
sanpl e, conprising: specifying a programred spatial relationship between an
opti cal pRaneAwhdthédofanaimgining icetomated optidabfoget onsaaqebesamplel conmpraingng at | east
a portion of the target sanple with at | east one beam of radiation inclined
at an incidence angle of at |east about 5 degrees; collecting, on a

radi ati on det eptidying aprog@medapg@i tellaginsdip Botwyeanadioptidabplaneetitios & ewdghifiom t he
target sanpl e; (PQ&{S Ro the location of the reflected radiation
col |l ected on oh detector with the spatial orientation of the

t ar get sanple relatlve to the optical plane of the magnifier; and varying

the spatial ofjjGitihk MeasPh p@rﬁ&rhototfle {arg%t ORI CRh BlIaREoRIbed s ABQARLL 1 €r, the

sanple, or both, so as to nmaintain programed spatial relationship
bet ween t he opvh@ﬁwi91m@@mﬁﬁaﬂﬁeoﬁﬁéﬁ$mmémfhhﬁﬁﬁﬁe target sanple. 19. The
met hod of claim 18, wherein the illumnating conprises exposing the target

sanple to a | aser.
collecting, on a radiation detector, at least a portion of any radiation reflected from the

target sample;

correlating the location of the reflected radiation collected on the radiation detector with
the spatial orientation of the target sample relative to the optical plane of the

magnifier; and

varying the spatial orientation, or both of the optical plane of the magnifier, the sample,
or both, so as to maintain the programmed spatial relationship between the optical plane

of the magnifier and the target sample.

19. The method of claim 18, wherein the illuminating comprises exposing the target sample
to a laser.
20. The method of claim 18, wherein illuminating, collecting, or both are performed through

the optical plane of the magnifier.

21. The method of claim 18, wherein the correlating the location of the reflected radiation

collected on the radiation detector with the position of the sample relative to the magnifier
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20. The nethod of claim 18, wherein illum nating, collecting, or both are
performed through the optical plane of the nmagnifier. 21. The nethod of

cl ai m 18, wotrerogizm28he correlating the | ocation of the reCrastedosrds ati on
collected on the radiation detector with the position of the sanple
relative to the magnifierconprises conparing (a) the location of the
reflected radiation collected on the radiation detector wwth (b) the

l'ocati on cQﬁpﬁJ&@ cbRshak | '(29 rt‘he‘i@éa%ﬁ Bf tht F@fcoté@ﬁ'dﬁhb@éblfe@tul %Fh%‘i'acﬁa{tfaﬁ‘dé‘te&@i”m e
is known to illumnate when the sanple is in a particular spati al

ori ent at otk (Pethatacytéontas thavedigdgyndctdcerr thappdiatiprerciieqtebéiors sehilk i kngywngher ei n
varying tlllﬂﬁmﬁlBQWhQA thggéngﬁle ﬁtlh anrtlg%lalkggatﬁ’l OIQéntSIti%ﬁ r&f}we%i he Fﬂla% Fie f the

magni fi er e target s th, conprises elevating, |owering,
tilting, rotating, or any conbination thereof. 23. The nethod of claim 18,

wherei n bhe bepmnehod scliiatl 1@%9@%%%@%@@%&1 oh@ﬁ&tldioéfﬁooﬂpbfih@bgﬁcfaﬁr e Wth
visual inspection of the target sanple. The method of claim further

conpri si méng Pf Gpimsarifipgthytarped sample, gbethi @mnﬁlﬁe&q*ﬁeat% lpateriggrihting, (itatigt wo or
more beanp,Qf .oaidatifRihedof adi ation. 25. The nethod of claim 18, further
conprising construction of a data set conprising the |ocation on the

radi ation detector that radiation reflected froma target sanple

i11um nabed Wrhdimathod §83dimorRewhaaim s beh At Adi@idn hitcd Wi Engh 1R dbRGbHence
angl e of at least about 5 degrees is known to illum nate when the target

sanpl e i dnteiiere Wigh vispel dpsagctiop of thatargit SaPlat i on rel ative to the optical plane
of the magnifier, for two or nore spatial orientations of the target

sanpl e. f. clai.m 25, wherein the correlating c ri ses
conpari néﬁt het}ﬁ%%‘ﬁii“gﬂf Cg‘i‘mﬂt %e%“%?rl QEvEY"$ 3@?’&‘?91“8% gt %e«eragn ?ﬁg%)ﬁéget

radi at i ORarEsIk §6th@wo W fbretbgnd doBIAcddddiat¥h. aut of ocus device, conprising: a
magni fier; a sanple stage, at |east one of the magnifier and the sanple

stage being capable of tilting, rotating, rising, |lowering, or any
conbi nat i26n tmheeemodanadﬂHaﬁmmm&mmmﬁanga@ﬁbWem@bfﬁhﬁmmﬁn@h@ﬂ@n@heanple

di sposed on t he sa bea adi ati on at i.nci dence angl e
ot *Pr T e &R e HRBaT B8 e B A BB b B AR & P
with the 1@ammb eeadn Sﬁ@&l@ﬁbrﬂﬁcﬁﬂé@ aﬁdnagﬁdent:@algﬂ@@ aflch@RbEIRE AeErods ibRioW tapabl e
of coIIec in st a portion of any radiation reflected fron1ihe sanpl e
di sposed’ %ﬁeWél F &gyt sgyeele Bitye Bdiedret eiﬁ%ntaéloare Hbretethsepticg! plawe

| ocat i on o@hetki@nitReirdtive Br MeFcaphtal ofdntadNs of the target sample.

26. The method of claim 25, wherein the correlating comprises comparing the location of the

reflected radiation collected on the radiation detector with the library.
27. An autofocus device, comprising:

a magnifier;

a sample stage,

at least one of the magnifier and the sample stage being capable of tilting,

rotating, rising, lowering, or any combination thereof;

a radiation source capable of illuminating a sample disposed on the sample stage with

a beam of radiation at an incidence angle of at least about 5 degrees;
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radi ation reflected fromthe sanpl e disposed on the sanple stage with the
spatial orientation of the sanple relative to the magnifier. 28. The

aut of ocuswoevicss28 cl ai m 27, wherein the radi ati on det ecCrars2acionpi2ises a
char gecoupl ed device, a conplenentary nmetal oxide sem conductor, a
phot odi ode, a photonultiplier tube, or any conbination thereof. 29. The
aut of ocus device of claim 27, wherein the magnifier conprises a m croscope.
30. The aut of Qe idRYULEG0Ah oﬁtllcai EntofuniHAEH @mﬂtﬂeagmfﬂ@%sgageglan RULEE
conprises a laser. 31. The autofocus device of claim27, further conpr|3|ng
a controller that governs the spatial orientation of the magnifier. 32. The

aut of ocus devi ce ofhe fddaition defectdrbeind REpGRMIPLhIFCHEL & 160MH folidiesf ahjpat governs
the spatial orientation of t he sanpl e stage. 33. The autof ocus device of

claim 27, further RORAHS ?féedafr%mets%@?leéﬁb%ssﬂ@nﬁlﬁSamlr:a%f‘ga%e beam of
radiation into nultiple beans of radiation.

a device capable of correlating the location on the radiation detector of any
radiation reflected from the sample disposed on the sample stage with the spatial

orientation of the sample relative to the magnifier.

28.  The autofocus device of claim 27, wherein the radiation detector comprises a charge-
coupled device, a complementary metal oxide semiconductor, a photodiode, a photomultiplier

tube, or any combination thereof.

29.  The autofocus device of claim 27, wherein the magnifier comprises a microscope.
30.  The autofocus device of claim 27, wherein the radiation source comprises a laser.
31.  The autofocus device of claim 27, further comprising a controller that governs the spatial

orientation of the magnifier.

32.  The autofocus device of claim 27, further comprising a controller that governs the spatial

orientation of the sample stage.

33.  The autofocus device of claim 27, further comprising a splitter capable of dividing the

beam of radiation into multiple beams of radiation.

2.



