WO 03/ 018299 PCT/ US02/ 27944 OPTI CAL TOOLS MANI PULATED BY OPTI CAL TRAPS The
present invention clains priority fromU. S. provisional application No.

60/ 316, 91W,0 abatiendo August 31, 2001, which is herein incorparcateshzhyrs4
reference. 5 BACKGROUND OF THE INVENTION 1. Field of the Invention The
present inventi oppretAt.a0QESMANIBULATEDANY OHTECAS ZRAPSpt i cal tool s
(MOTS) and nanoneter sized optical tools (NOTS) for altering the physical,
chem cal or electronic 10 structure or orientation of a workpi ece capabl e
of mani pul atihePreednt Hiehticrl cldihapsoritpiem USopdvisivna apglicatat Nvely referred to
herein as optical tools. In particular, the invention relates to NOIS &
MOTS  meqoi14loay QﬂtéBYAl@%thaiOOﬁ ry8h is BercD) in6atperhRAbfefirboeRel ated Art A
particle nay be held or nmoved with optical "traps", also called optical
"twepzers" 15 as taught by Ashkin in U S. Patent No 4,893,886 (see al so
FIG 27). It is also knowin the art to optically trap mul tiple particles

with multiple, simnul tanﬁﬂéﬁdk@ﬁﬂﬁr@ f 99 R¢vERTfgNt aneousl y-control | ed
optical traps. (See genera Pat ent No. 6,055,106 issued to Gier &

Dufresne.) §oph| ﬁél&gtﬁglmg Iail ons of objects by optical trapping with
control of fra Ll‘r'nansmns maybe perforned, for exarrple by '
using the Bg%g %&Q" 202 RSB Bl AR L ARbECE! SARRY ooldBOTEHhE 0O,
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that th d t. f d t
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NOTS & MOTS manipulated by optical traps.

2. Discussion of the Related Art

A particle may be held or moved with optical “traps”, also called optical “tweezers”
15  as taught by Ashkin in U.S. Patent No.4,893,886 (see also FIG. 27). It is also know in the art
to optically trap multiple particles with multiple, simultaneously-generated and |
simultaneously-controlled optical traps. (See generally U.S. Patent No. 6,055,106 issued to
Grier & Dufresne.) Sophisticated manipulations of objects by optical trapping with control of
traps in three dimensions may be performed, for example, by using the BioRyx™ 200 system
20 (available from Arryx, Inc., Chicago, Illinois).

One explanation of the mode of operation of an optical trap is that the gradient forces
of a focused beam of light illuminating a particle trap that particle based on the dielectric
constant of the particle. A particle having a dielectric constant higher than that of the
surrounding medium will move to the region of an optical trap where the electric field is the

25  highest, to minimize the particle’s energy.



1 WO 03/018299 PCT/ US02/ 27944 (O her types of optical traps that may be
used to optically manipulate particles include, but are not limted to,
optical veoesmasy99optical bottles, optical rotators and |irgwusmagess An
optical vortex produces a gradi ent surrounding an area of zero electric
field which iGthastgpeslofopticairaumisphut aiag bpasedite betscally thnigilelegaiticies iehuds) ant s

| ower than the surrounding nedia, or which are 5 reflective, or other types
of parti bites nlighte@te optRpEYdrids bytied bolks, @plical fodflors 264 RalcdfeZ ARt S

energy, such a particle will nove to the region where the electric field is

t he | owesgtican@iiek Yrodhdte azeddenh@Glihdifg id AbsofdeRPeletirid Midd HakAks wefulto of an
appropriately shaped | aser beam The optical vortex provides an area of

zer o el eghfip@lafcipeitidlclWei dididetid dagsthad BwePthdgn ﬁﬁ%ﬁl@&ﬂﬂmgﬁﬁéﬁ[a‘)bmhlcﬂ_&% opti cal
gradient is radial with the highest electric field at the circunference of
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hol e of the doughnut The detention Is acc I ppi ng the vortex
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bottle di man opti cal vortex has zero électric field

onl at g d of he vort ex.
An gptl ctaFQgrgte Ffé'i%nfge?dj%é‘aél@%uié atrlg?]g a§1 g%rof’h&élg ﬁg&lp‘we ﬁ%mnog usters which
be t |l or t R0 absor tiv rtex or
gg%/i cgl é)pqmg%lg\’é‘)lﬂgx plﬁo§eesﬁn9§?"f? Zero ?‘T\‘}}Iﬁc ﬁe&&%ug\ﬂlke mfﬁﬂ%f ﬁ? hl?)q(‘% a beamwth
a dark f S d1 (g OLE}_& er |nt i) The 1ptlc bottle
beam " &{Pl. ).nglhop 58 &t %‘t g(ha 2580hs ﬂ%s 815‘ftf1‘é %ng?un?fg A% 3fpe of
optigcal ftr rov es a pattern a |ngthe
pﬁtt@? b Bl dBetioshjaunePas aoral putPlead ﬁa%ﬁ@ep?@ﬁd& A Vi Donal d,
Arlt Si bbet t, PE Bryant, and K. Dhol akia, "Controlled rotation of
opt| cal I%ﬁ%‘ﬁi%m arepRised by Lirpiag theciogex ovasdhessall paisle alpng theline ofn1 . )
This class of toeagl nay be useful for manipulating non-spherical particles
and dri visEQelkeRE igdvi ces or nano- machi nery.

The optical bottle differs from an optical vortex in that it has a zero electric field only
at the focus and a non-zero electric field at an end of the vortex. An optical bottle may be

15 useful in trapping atoms and nanoclusters which may be too small or too absorptive to trap
with an optical vortex or optical tweezers. (See J. Arilt and M.J. Padgett, “Generation of a
beam with a dark focus surrounded by regions of higher intensity: The optical bottle beam,”
Opt. Lett. 25, 191-193, 2000.)

The optical rotator is a type of optical trap which provides a pattern of spiral arms.

20  Changing the pattern causes trapped objects to rotate. (See L. Paterson, M.P. MacDonald, J.
Arlt, W. Sibbett, P.E. Bryant, and K. Dholakia, “Controlled rotation of optically trapped
microscopic particles,” Science 292, 912-914, 2001.) This class of tool may be useful for
manipulating non-spherical particles and driving MEMs devices or nano-machinery.

The light cage (see Neal, U.S. Patent No. 5,939,716) is loosely, a macroscopic cousin

25  ofthe optical vortex. A light cage forms a ring of optical traps which surround a particle too
large, too reflective, or with a dielectric constant lower than the surrounding media.
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The Iight cage (see Neal, U S. Patent No. 5,939,716) is |oosely, a

macr oscopi ¢ cousin 25 of the optical vortex. A light cage forns a ring of
optical twapss/oabiogeh surround a particle too |arge, too rafdmsozee44or with
a dielectric constant |ower than the surrounding nedia. 2 WD 03/018299

PCT/ US02/ 27944 gederal geape blused toajthcratadipumedniterias sueckns imthe puhaf e material 's
such as in the area of constructing arrays of dielectric particles, or

mani pul atonspucangldreiys bNdiestirig phitiolgs, b tlafigilatle Bil/or evesi Bahg tialogichlakrs, as
taught in pending U S. Patent Applications No. 09/886,802, filed June 20,
2001, endhicinibm4teiaAls, iag tughtl i pENIET.S. ﬂdﬂé’n@ﬁpgidm&%i 106 o/8R6,86%, -filedAune
mniaturized 5 transponder conbined with a bead based probe is described in

U. S.  Pat B)botN0enthle®4dofiitr ANy B0 b BinkpSiugs ArfhyMaRdgBlchuri-Epever, prior

art optical tools are not able to provide the functionality of hamers,
saws,5 drirddsSondBUBABERA withla®Rad Ms@&‘ﬁ‘alﬁéi;s dés%fiﬁé’&jih't}’.ﬁr}fat&@ﬁoé.?,\éiﬁf,ésttﬁnﬁ- , and

are not able to be used to obtain fluid or particulate sanples froma

mat eri al ¢ gmder ipveshgatyien. 10 SUMVARY OF THE | NVENTI ON The present

i nvention pr’ovilcies a nove‘% pal l et of MOTS and NOTS. The MOTS and NOTS are
formed of materd i i I a: i 1 re optical
traps. The p}r%e&seg%ﬁpel{\gry\fgtn% ?(E)ﬁ téﬁ%pgétgbﬁg%éﬂogld%nﬁ%%gdo 1a1§r{g§|f%u 2% |S’ng an
obj ect ( erall 5. referred.to as a workpj ece) with an i.cal taol by
o nopt ng e s ataditsy BT Wt R PR T ST b i B e CR Rt
optional |y, hol di. t he rkpiece. in the.illum.nation of at |east one

opti cal totoll’jgﬂﬁl @%@%ﬁi‘%‘!ﬁweaiaﬁ?gﬁsﬁ?@ ORI SRdeT eR8H& ot i cal tool . In one
errboﬂj ment consistent with the present invention, a nethod of form ng an
optical tool includes formng a tool froma material of a size and shape

adapted for 20 mani pul ati gn_by at | east one optical trap, wherein the
formng step is acconplis Y OF THE INVENTION

The present invention provides a novel pallet of MOTS and NOTS. The MOTS and

NOTS are formed of materials which are manipulated via action by one or more optical traps.
The present invention also provides a method of manipulating an object (generally
15 referred to as a workpiece) with an optical tool by grasping the optical tool in the illumination
of an optical trap, optionally holding the workpiece in the illumination of at least one optical
trap and manipulating the workpiece with the optical tool.
In one embodiment consistent with the present invention, a method of forming an
optical tool includes forming a tool from a material of a size and shape adapted for
20  manipulation by at least one optical trap, wherein the forming step is accomplished by
removing material by drilling or etching from a tool blank, or by stereolithography using a
polymer. In one embodiment consistent with the present invention, the tool blank is a
microsphere.
In another embodiment consistent with the present invention, the optical tool includes
25  amain body formed of a material of a size and shape adapted for manipulation by at least one

optical trap.



removing material by drilling or etching froma tool blank, or by
stereolithography using a polyner. In one enbodi nent consistent with the
present | wwoeosioigae9 the tool blank is a mcrosphere. |In armtiesozendsedi nent
consistent with the present invention, the optical tool includes 25 a main
body formed ofOES #RINMOTElinchided withinahasdpsbiapeprdstbapineéchtion) inctadd, pud ¢ i on by
at least one optical trap. 3 WO 03/018299 PCT/ US02/ 27944 NOTS and MOTS

i ncl udedhowifalteditot HaBmsees) BRysQdrillshpurPh@s RAdrs,| Mk Rdn6lies, dchsidiiders, latitesar e not
limted to hanmers, saws, drills, punches, levers, files, wenches,

screwdr i e, §eremﬂnve@ss and Rithshes. SAISS‘MBNdé@ b opBod 1OMREAEE obMis Buidee! uded ar e
optical tools useful to obtain fluid or particulate sanples fromthe

mat er i alpaHRdefe éaﬁhéi%% trogahd ﬁ%ﬂﬁ%ﬁ&qﬁvésﬁlééltﬂéﬁjeﬂn%"eﬁn@llﬁﬁé&ﬁle %mi %oz Whi ch
act as a scribe to physically place a mark, patter, or |abel on a
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a gui de, groove, material at a mcron or submi cron

si ze. Stlllél% ed%% %b%cal r%ﬁ;lhéllg%gm pﬁ S z{%ﬁl&r%@t' aréﬁﬁ)&%l grow t;llﬁﬁ NRANE fﬁlzcted or

charged su Ica p| c unc ronality. Al

opti cal ta escribed her ein.ar | .. whi ch maybe 10
mani pul zﬁl %@921 mfclr%na s l?nélcrson RE ﬁ%@ ]J#langegisa?e ?Fﬁagie lgr“? tal S are

di el ect h S and..NOTS whi ch
used Lo PEpEHE §|°r§ﬁ So R A B B e RBRbencous, or

h wh be_sel ect ed | ud
Ut are not  IRREH Pas SSERGUREyD H PURGLS ARPRETARRR ok DBY eI Ly, and

regularity. ILn _sone instances a MOT or regl s each with

di f 11 erfRaniRpiatetly entiseldtpe  ingpqst@stanass, the Wﬁﬁﬁ{ﬁ? Ngﬁéﬁi@s (Vh SEEgfEt | onal | ¢ y
of a.MOT or NOT will set the paraneters for the  selection of the material
of whi cIfhpgacterstics athe Y Eand P T which e usedvior Rbwsigally infewgt with sliekiers  pry,

apply torque to, cut, scratch, punch, grind, abrade, drill or file another
mat er i almay 9g homo geneous or non-homogeneous. Surface characteristics which may be selected

include, but are not limited to, porosity, hardness, abrasives, lubricity, and regularity. In
some instances a MOT or NOT may have regions each with different surface characteristics.

15 In many instances the functionality of a MOT or NOT will set the parameters for the
selection of the material of which it is constructed. Optical tools which are used to hammer,
pry, apply torque to, cut, scratch, punch, grind, abrade, drill or file another material will
preferably be constructed of a material with a high tensile strength and hardness greater than
the material they are being applied to.

20 Although in many instances, plastic is a preferred substrate or blank material for
MOTS or NOTS, in some instances suitable inorganic materials such as glass, metals, silica,
diamond, quartz, chelating agents, nylon or a composite may be selected. Likewise, where
appropriate, organic materials, such as proteins, lipids, nucleic acids and carbohydrates, may
be selected. Any of the optical tools may have a label such as a dye, fluorophore, phosphor,

25  quantum dot, metallic, transponder, catalytic, enzyme, or radioactive, chemiluminescent or
photochromic material within the substrate which may be used to identify the MOT or NOT.
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preferably be constructed of a material with a high tensile strength and
hardness greater than the nmaterial they are being applied to. 20 Although
in many iwi@naedy plastic is a preferred substrate or bl aada/vsberdsal for
MOTS or NOTS, in some instances suitable inorganic materials such as gl ass,
metal s, sili Goone eflibadidigs coasigehtavithahep@idntimvagidn} o, inveytigate matedalcorposi t e
may be selected. Likew se, where appropriate, organic materials, such as
prot ei N plahtHr AfimalbéllsCbrgar@Bs frotned, Soaysacdhuddataas gerdty mabialsiireiat ed. Any of
the optical tools may have a | abel such as a dye, fluorophore, phosphor, 25

quant umpets aAENBITE i€ thel5rANSRRNGR StruchBbahMith ferfRAZYIHBillaff fufdidhaagt i ve,
chem | um nescent or photochromc material wthin the substrate which may

be used g, ?oéig&{éﬁ b cdtS AW iR bt raps tb MRQ34 QIR 2R RENNSRAL 294 | n one

enbodi ment consistent wth the present invention, to investigate materials
SUCh5aS‘%hﬁﬂ&ﬂ8F animal cells, organelles, proteins, polysaccharides and
genetic terral therein, MOTS and NOTS in the formof hollow structures
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present
simply be a carrier particle having only the functionality of supporting the one charged,

magnetic or radioactive region.
MOTS and NOTS according to another embodiment consistent with the present
15  invention, may be formed with anisotropic functionality useful to investigate properties
within materials, structures or biological systems based on the interaction of the material. For
example, a MOT or NOT may have different charges, differing chemical properties
(hydrophobic versus hydrophilic, or acid versus base) or differing surface regularity on each
end or side. Such MOTS and NOTS exemplify functionalized optical tools according to an
20 embodiment consistent with the present invention wherein the intended activities of the
functionalized areas may be directed or localized by manipulating their supporting MOT or
NOT with an optical tool. For example, in another embodiment consistent with the present
invention, a chemically-functionalized portion of a MOT or a NOT may be transported to a
location where the MOT or NOT is affixed to an object having on its surface a group reactive

25  with the portion.



15 invention, may be fornmed with anisotropic functionality useful to
investigate properties wthin materials, structures or biological systens
based on wuoeosimg®pacti on of the material. For exanple, a MOT/0S02XOK4 Ay
have different charges, differing chem cal properties (hydrophobic versus
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transported to a Tocation e NOT is affixed to an object

havi Oglﬂﬁ% gx}fﬁﬁ&]% 2o BpdcAiRof | hi¥ eor éﬂdtblfbht)%@dl ﬁ%e{gﬂaﬁ%n Examp 03/ 018299

PCT/ ano nt’ c nsi st ent present

i nvent i ? rsNﬁg usargg 1nclu%%uﬁ§1g%%§1§ WTS'&'WM g 5&99& and ani mal

cells, or ani c S, genetic’an 1 0l ogi cal
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al so useful for 5 m cro- and nano-scal e fabrication of |norgan| c, organic
and bi oPsriRarthesrlal s. Exanpl es of MOT or NOT usage include buil ding

ot her MOTS & _NOTS, constructing bui | dj nan ter si.zed.machi nes or
structures, aHEMENEH #g NPT %%Weﬁbwﬁ]eﬁ‘e{ﬂ?eée ‘? e o (%gf © PIGPRHBYREOR t hi n a
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i nvdft | gphich arg cogtigd veiEten eRfteehirans gy Resed g’bf’fpl&%}tmgraé’b‘gmnﬁﬁ?*bﬁecr% ed for
inprinting a micron or submcron size pattern or identifier mark on such a
mat er i alsizgmpagen Qtﬂartﬁeé@wp%e@a%éw stryqigre g fieserped ahgye: Bleleé’até‘fir?rpl e

identifier such as a tag, brand or | ogo. The pattern nay contain data such
as may be a simple identifier such as a tag, brand or logo. The pattern may contain data such as

a serial number, bar code or data matrix. Such printing, for example, may be implemented by
employing soft lithography to manufacture a chip with reservoirs and a substrate. Using

15  optical traps to grab and move beads coated with material to be imprinted, the reservoirs may
be first loaded with the beads, and then the beads may be pressed against the substrate to
imprint the material. In order to affix the material to the substrate, the material may be
selected to be reactive with or attracted to the substrate, it may be activated by light, heat or
chemicals, or it may be trapped by scratches or abrasions in the substrate. In another

20  example, beads coated with an ink may be individually and simultaneously contacted as
printing elements.

In one embodiment consistent with the present invention, an imprinted pattern may be

reactive. One example of a reactive pattern is configuration of oligonucleotides printed on a
substrate thereby forming an array of probes for assays.

25 In another embodiment consistent with the present invention, optical traps may pull a

MOT or NOT against a material to cut a groove or channel in the material at a micron or
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a serial nunber, bar code or data matrix. Such printing, for exanple, maybe
i npl emented by enploying soft |ithography to manufacture a chip with
reservoi rwosdisessubstrate. Using 15 optical traps to gralpcamsnwa4beads
coated with nmaterial to be inprinted, the reservoirs may be first |oaded
Wi t h t heubmes, sizendn yotenothérentbedidsnteybistcprvesstid prgami istntidagoichist rat e to
inprint the material. In order to affix the material to the substrate, the
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t he present |nve opti cal traps can be used to push or pull a MOT or
NOT r et FEEPEPr b B’ TS & NOTS which resenbl e wrenches, screwdrivers and
the Ilke can be i nmpart. tional force. For npl e, in another

ol ment - conGiERmt iR S RRTHETGHOn4 NSRSy onh.
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or be used to pry.

(MOET) or ananometer optical electrical tool NOET. The optical traps can be used to

activate the transponder and the transponder’s signal may be monitored for variations which
result from an increase in mass of the MOET or NOET.

15 Unless otherwise specified, the optical tools described herein may be MOTS or
NOTS. The optical tools described herein are constructed of a material which can be
manipulated by optical traps.

In one embodiment consistent with the present invention, a construction technique for
forming many of the optical tools described herein is to use a laser to drill or remove material

20  from a tool blank, such as a microsphere. Another technique according to another
embodiment consistent with the present invention, is to etch out material from a tool blank.
Etching may be chemical, optical or by ion beam. Another useful construction technique
according to another embodiment consistent with the present invention, which is well known
in the art, is to tise stereolithography to build the optical tool from an appropriate polymer. In

25  some instances, in another embodiment consistent with the present invention, a standard



10 I n anot her enbodi nent consistent with the present invention, a
transponder can be placed or enbedded in an optical tool for use as either
a m cromewerosmpsiogal el ectrical tool (MOET) or a nanomet @CTosR2Q2d44

el ectrical tool NOET. The optical traps can be used to activate the
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appropriate polynmer. In 25 sone | hstances; nment consi st ent

Wth t he%r_%eﬁﬁ‘ﬁ%nti.oﬂ.v AL h&@mtlageg %Egl@ gges%‘lt ity 4}%&8%%]%85 Sqllla_({ algt(?%%é ,E%? 944

nonogr aphi ¢ techni que may a t o construct dol s by

t echni Al ' hni I dto f
nanoscal ey meam il el BE Bl Py BTN r dal B8 nent i o

willype gat forth, in part, in the descriptions which follow and the
acconpanyl ng draw ngs, wherein the preferred 5 enbodi nents of the present
invention are described and shown, and, in part, will becone apparent to
those skilled in the art upon exam nation of the follow ng detail ed

description taken in | ion. wth the acconpanyi ng drawi ngs, or may be
Learned by practice N SRIMBESCREPHON O FRESRANINGS

FIG. 1A illustrates a side view of an optical awl or punch according to one
embodiment consistent with the present invention.
15 FIG. 1B illustrates a perspective view of the optical awl or punch of FIG. 1A
according to one embodiment consistent with the present invention.
FIG. 2 illustrates a perspective view of an optical pick according to one embodiment
consistent with the present invention.
FIG. 3 illustrates a side view of a two-sided optical pick. according to one
20  embodiment consistent with the present invention.
FIG. 4 illustrates a side view of a dual-headed optical pick according to one
embodiment consistent with the present invention.
FIG. 5A illustrates a top view of an optical screwdriver according to one embodiment
consistent with the present invention.
25 FIG. 5B illustrates a side view of the optical screwdriver of FIG. 3A according to one
embodiment consistent with the present invention.

8



present invention. The advantages of the present invention maybe realized
and attained by neans of the instrunentalities and combinations

parti cul amopospasmved out in the appendant 10 cl ai ns. BRI BHE€TDESCRIRTI ON OF
THE DRAWNGS FIG 1A illustrates a side view of an optical awl or punch

accor di ng t @r@NEiuarRedi BFBlnGOfEl SRR aMbbiital €] pradhigtio bivvention. 15 FIG
113 illustrates a perspective view of the optical awl or punch of FIG 1A

accor difhg b0, NG SRRALARRE phlRS idb@dn, W th the present invention. FIG 2
illustrates a perspective view of an optical pick according to one

embodi ment  r5Qned shehiedt &k ibe PR AR thilY GObIRRY tobhComBodibbitst r at es a

side view o aht WO- S| optical pick. according to one 20 enbodi nent
consi stent. .wi.t h.the jnpvention. FIG 4 illustrates a side view of a
dual - he3H3Y* t&ffhctg? pl%lge%i&g%rg%’?'di ng to one enbodi ment consistent with the

present inv ign. . Fl S5A 1.1 1 ust . ' ' [
Dceat ding t Tond UhstrAr el PR B PRl M LB AREERL S0 25 Pl

5B illustrates . ide view of the optical screwdriver of FIG 3A accordin
}D(():T;)Bgoczc’/@z}ﬁg‘&fiW’r&htﬁeB’&?ﬁ@itg’tv 1"Wi th the present invention. 8 WD 03/018299 ’
7944 FIG 6 illustrates repre ational view of. opti cal
tdril apcorFaGn%IDc“étr%fFFea RS VAT %&H@Béﬁ%ﬁ#‘hgﬁoflﬁf ?{%mf)rraecg%rﬁltn%?%vgnti on.
FIG 7Aillustrates a side view of an optical knife according to one
enbodi niRsembegimenteausistenl Wit PhRrepb YR hvention. 5 FIG 7B illustrates a

front view of an optical knife according to on nbodi nen
FIG. 9 illugtrates a perspective view of a tw% s}ded opt?cafbluggeqn or 1t1ammer with

10  anisotropic ends according to one embodiment consistent with the present invention.
FIG. 10A illustrates a perspective view of an optical capillary with one angled end
according to one embodiment consistent with the present invention.
FIG. 10B illustrates a perspective view of the optical capillary with one angled end
affixed to a bead according to one embodiment consistent with the present invention.
15 FIG. 10C illustrates a perspective view of the optical capillary formed as an optical
cup with a lid according to one embodiment consistent with the present invention.
FIG. 11 illustrates a perspective view of an optical tube or capillary with anisotropic
ends according to one embodiment consistent with the present invention.
FIG. 12 A illustrates an optical wrench inset with square cavity according to one
20 embodiment consistent with the present invention.
FIG. 12 B illustrates an optical wrench with a protruding square head according to
one embodiment consistent with the present invention.
FIG. 12 C illustrates an open optical wrench with square template according to one
embodiment consistent with the present invention.
25 FIG. 13A illustrates an optical socket with a polygonal inset cavity according to one

embodiment consistent with the present invention.
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consistent with the present invention. FIG 8 illustrates a perspective
view of an optical bludgeon or hamrer according to one enbodi nent

consi st enwomsthsohe present invention. FIG 9 illustrates rCIpESIIpEREi Ve
view of a two sided optical bludgeon or hamer with 10 ani sotropic ends
accordi ng t grgne3wheeiteRntopG@N s R Vithwipolygbhdt hpadesentingmvent i on. FI G 10A
illustrates a perspective view of an optical capillary with one angled end

accor di #hddtnH 8o WitE e peRBR iSlegiidn. W t h the present invention. FIG 10B
illustrates a perspective view of the optical capillary with one angl ed end

affixed to grbepscageanl MoiRatnend@r e PRPLorEESpRicatordin b édte present

invention. 15 FIG 10C illustrates a perspective view of the optical

consi st b R A R e SRS 1 & 1T {1 ustrates a perspective
vievgof an GHEL S8k shiSein SRR 86Kl Wi aiagl OB ROGUBUSHRET 10 (0
cons! st e an SOl WM AR R & 20275 Pust rates an optical

wench with r.udj square head.a [ i

consi st ent vﬁpﬁ 1 ?j% élﬁjﬁir%gsear?t%pgﬁ i &Nt W%rrl]‘fe? I%'(r?t&:gl p?%n%%}gl C?c&g P fgﬁ[aﬁtjaggdrgﬁg t(t)op en

optical wench with square, t r’rBI ate.according to one enbodi ment consi stent
W th th%nep‘?“g‘é’ Pﬁeqtﬁ%%fepb‘?il.thg‘% Bt s | ustrates an optical socket with
a polygonal inset cavity accordi gg t 0. one oEnbodi rrené. consistent with the
present i nvef &nilvgtgies HBICEPIEDY §BCTIREEY SFGAT SCEITENEIRRS | | ustrates an
optical wench with a pol ygonal head according to one enbodi nent consi stent
wit ROt h@mbq@g@tﬁtcops,w%wr@ﬁhe present mvention.

FIG. 16 illustrates an extruded micro print array according to one embodiment
consistent with the present invention.
FIG. 17 illustrates an extruded print dot according to one embodiment consistent with
the present invention.
15 FIG. 18A illustrates a side view of an optical retractor or hoe according to one
embodiment consistent with the present invention.
FIG. 18B illustrates a perspective view of the an optical retractor or hoe of FIG. 18A
according to one embodiment consistent with the présent invention.
FIG. 19 illustrates an optical speculum or forceps according to one embodiment
20  consistent with the present invention.
FIG. 20 illustrates a tear drop optical tool with a radioactive end according to one
embodiment consistent with the present invention.
FIG. 21 illustrates a rod-like optical tool with a magnetic end according to one
embodiment consistent with the present invention.
25 FIG. 22 illustrates a bead-like optical tool with oppositely charged sides according to

one embodiment consistent with the present invention.
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FIG 13 Cillustrates an optical wench with a polygonal tenplate according
to one enbodi nent consistent with the present invention. 5 FIG 14A

il lustrateo @nigpPdi cal screwdriver with an inset cross heastTacwendi4mg t o
one enbodi ment consistent with the present invention. FIG 14B illustrates

an optical suGeyPiuviehes NBOE withQinledbeddpddrangshde add acaociedbmieniao  one
enbodi nent consistent with the present invention. FIG 15 illustrates a

M Cro plebétiingttd 8¥e Mibdairhés dnskhal @ik @k paee@itliengod 0 one 10 enbodi ment
consistent wth the present invention. FIG 16 illustrates an extruded

micro print @G aYiIRGERSH MEOTiaNE RFaidmRAlponeRAsd it avdoiding fte pr esent
invention. FIG 17 illustrates an extruded print dot according to one

enbodi r@'f%%nﬁﬁ?ﬁleﬁ &%is%%t]t\bith b erePh e §RB tidonvention. 15 FIG 18A illustrates
a side view of an optical retractor or hoe according to one enbodi nent

consg stent wikh,4 ﬁstpeft%sa%%&:tici:a'f' KAt ;cgﬁgiggg&%cﬂ%%omn&éﬂ%cﬁ%ﬁﬁt wtP@Espective

view of the an optical retractor o 18A according to one

enbodi ment tci(I)lnesni,u%'{lent with the present invention. FIG 19 illustrates an
opti calpspgcu um or forceps according to one enbodi nent 20 consistent with

the present .ipv jon., FIG .20.il]ustrat 29 Jcal tool with a
radi oactive ﬂéﬁd%@:ﬁj@&rﬁfsna@ PHE he o %@b%a&dﬁe%ﬁ Co%ﬁ(;%tloggj gglp&\%hftnﬁﬁt he present
invention.. FIG, ZJﬁgi | lustrates a rod-1ike optical tool with a nagnetic end
accor di #gsisioHE the RESE AT %onsi stent with the present invention. 25 FIG
22 illustrates a bhead-1like Qgti cal

| with i tel h id
accor di ng t FlCoAbilBNKYeR MRt %Hﬁgwg{cggfnbv\\%‘ﬁsﬁd?oﬁ‘ggﬁééggﬁ? S?J%{}g‘ﬁ'tdhl%ln eio

10  optical tool.

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides a novel pallet of MOTS and NOTS. The MOTS and
NOTS are formed of materials which are manipulated via action by one or more optical traps.

15 The present invention also provides a method of manipulating an object 68 (generally
referred to as a workpiece) with an optical tool 69 by grasping the optical tool in the
illumination 71 of an optical trap 70, optionally holding the workpiece 68 in the illumination
of at least one optical trap 70 and manipulating the workpiece 68 with the optical tool 69 (see
FIG. 27).

20 NOTS and MOTS included within the scope of the present invention, include, but are
not limited to hammers, saws, drills, punches, levers, files, wrenches, screwdrivers, knives,
awls, screwdrivers, and wrenches. Also included are optical tools useful to obtain fluid or
particulate samples from the material under investigation. Further included are optical tools
which act as a scribe to physically place a mark, patter, or label on a structure. Yet further

25  included are optical grinders which physically cut a guide, groove, well, or channel in a

11



WD 03/ 018299 PCT/ US02/27944 FIG 23 illustrates a MEOT wth an enbedded
transponder and extended antenna according to one enbodi nent consi stent
with the proeseans2gnvention. FIG 24 illustrates a MEOT w tHCTAwWSOetvadded
transponder and antenna according to one enbodi nent consistent with the
pr esent mhiaMAnE b @hcro® of dubmictén ditd. (SSillirfaties idiuded bie@plicdl @otrwitdceor di ng to one
enbodi nent consistent with the present invention. FIG 26 illustrates an

opti cal mh@BYedWricha rE@d‘Hib@t%at@%ﬁ@&ﬂicﬁlgo&Qwﬁﬁ%m%ﬁi@i@lfﬂ’ﬁ:ﬂbnalﬁ;@nSl stent with the
present invention. FIG 27 ilTustrates an optical trap which can be used to

mani pul at e afy gy GtooM debbrBd heléin ARich@ucle® 8 matekdidMviek nds3eRI PTI ON OF THE
| NVENTI ON The present invention provides a novel pallet of MOTS and NOTS.

The NUrIﬁaﬁﬁlgateB‘@g ?trgﬁ%r 'ﬁ?ﬁlloé%fms%t:&r fh8h$idMisCle @EBcABRNTRUL L&D Via action

by one or traps. 15 The present |nvent|on al so provides a
met heod rkpi ece)
MAthQanagﬁg?%ﬁﬁgf%giq%8%§f82$§§§fﬁgd{ gﬂﬁﬁ%%%gmwﬁ c%ﬁgpﬁgoﬁ§rﬁ%¥ﬁatlon 71

of an O&ﬂ/ (ﬁ)aimm§ gert:ouIs 8%1 'hglrﬂg {\!mﬂ.ork‘, ch%'(‘éctgp%l%ﬂvﬁl%ﬁ rr?tg vk Qeléclf.'

illumn one ica mani ting

wor kpi ece t |t d MOTS

i ncl 5Ide]&1°\)h8‘f e arf’ ﬁ‘8ﬁ§re]g% tbtﬁ?%rqsﬁg%&r' gs@?ha( rf‘sh\(?% C%i%cﬁty’ Einr(%g%)%laae ysb%'? are not

I ted to h | | h

ser vl 7 BSRET ?,aﬂs&aoaupi% shsdrEcoeren iR TR ot cl;sar%%ensﬁaﬁ Lded are
optical tools ful t f th
ngt;rlal und@ﬁg%§0é§¥P§% i LQ#%'W gFRﬁHEPﬁgé cuh 1%5%&% S?ﬁgFg eV\/niech act
as a scri be to_ghy5|call place a mark att? | abel qn structure.

Yet 18 ur estion sf tha aatraiebofrtichybisicenstrughed niatice ﬁﬁkéﬂnﬁﬁ§§Pﬁ’ﬁ? WHE: a gui de,

groove, well, or channel in a
pry, apply torque to, cut, scratch, punch, grind, abrade, drill or file another material will

preferably be constructed of a material with a high tensile strength and hardness greater than
the material they are being applied to.
Although in many instances, plastic is a preferred substrate or blank material for
15  MOTS or NOTS, in some instances suitable inorganic materials such as glass, metals, silica,
diamond, quartz, chelating agents, nylon or a composite may be selected. Likewise, where
appropriate, organic materials, such as proteins, lipids, nucleic acids and carbohydrates, may
be selected. Any of the optical tools may have a label such as a dye, fluorophore, phosphor,
quantum dot, metallic, transponder, catalytic, enzyme, or radioactive, chemiluminescent or
20  photochromic material within the substrate which may be used to identify the MOT or NOT.
In one embodiment consistent with the present invention, to investigate materials such
as plant or animal cells, organelles, proteins, polysaccharides and genetic material therein,
MOTS and NOTS in the form of hollow structures which perform a capillary function may
be positioned and controlled with optical traps to extract sample material which may be fluid

25  or particulate.
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11 WO 03/018299 PCT/ US02/ 27944 nmaterial at a mcron or submcron size.
Still further included are optical tools with a nagnetized or charged
subst r at ewoaosh1ggbi cal tools with anisotripic functionalitRcT/ésok20qei ca
tools described herein are constructed of materials which may be

mani pul at ed MODTPuadHOTS fimhgle objactsfisictioratizaine @siforiselcomt actionk. SMAES
dielectric. The surface 5 characteristics of the MOTS and NOTS which are
used t o aph)}EITSadctrdingtte b @cdmbotiintenOédnsikteht Wiffbthe PRgerd hvBRIBAYRAEL B, 0nO I

non- honogeneous. Surface characteristics which may be selected include,

but ar e onfiord dhatde@OnidhetiPSrAEbdcive REIANBESTS ARINAOTY BScordittiolabthyr, and
regularity. In sone |Instances a or NOT may have regions each with

di f f er ermbssikleACHNSBRABSHENE ﬁﬁese@@mv&nmmxy hV3haMess dohgmfunctional ity of a
MOT or NOT will set the parameters for the 10 5Sel éction of the material of

whi cly i tyiRpkddits hisehigte, a%fo'o@ Bhsid 1%%1'0?15 %h@(bth@fegn Ug&dlti s PWVS and PTY

apply torque to, cut, scratch, punc grind, abrade, drill or file another

Mt er | AN docoRirRf 6 gf@thrnettheen% ﬁﬁernvgm@gteﬁ{wﬁh {afilgtpﬁ{]érﬁlllm)%ﬂ@éﬁl api oh tensile

strength and har ater t the materi are Ing applied to.

mat or ot oy PE YRR AR el Y LGk Si P BB SR i

naterlahﬁl Hﬁﬂx?ﬁh&m?veﬁ:ﬁ?tals silica, dianond, quartz, chelatlng
agents, %Pon or co npo% te may be sel ected. leemnse where appropriate,

82?32L5d?2£§é*@h§@dslﬂé?§ afcgﬁ(#%%tg'aﬁ%@erﬁrpqoﬂaﬂegil?q%eﬁ g ﬁnli’f Spave o abel
R A S S T R e

material W th|n t he substrate which maybe used to identify the MJOT or NOT.
I'n one @H%Hmﬁtéﬁ% S, SHHEMSE entiolgpieH St/tﬁ@nspbaé%?ﬁ the iperagtion 9f theénthésﬁqrgat e
materials such _ as plant or_ animl cells anel | es, proteins,

pol ysac CharplaeMOt Prdinkmpy havgdiffarent C]B%é‘?seihﬁfg ering gPRyiGRhRrOREIESS i n t he f or m of

hol | ow structures which performa capillary function may
(hydrophobic versus hydrophilic, or acid versus base) or differing surface regularity on each

end or side. Such MOTS and NOTS exemplify functionalized optical tools according to an
15 embodiment consistent with the present invention wherein the intended activities of the

functionalized areas may be directed or localized by manipulating their supporting MOT or

NOT with an optical tool. For example, in another embodiment consistent with the present

invention, a chemically-functionalized portion of a MOT or a NOT may be transported to a

location where the MOT or NOT is affixed to an object having on its surface a group reactive
20  with the portion.

In another embodiment consistent with the present invention, MOTS and NOTS may
be used for investigating plant and animal cells, organic and inorganic chemicals, genetic and
other biological material such as proteins, ligands and polysaccharides. In yet another
embodiment consistent with the present invention, the MOTS and NOTS are also useful for

25  micro- and nano-scale fabrication of inorganic, organic and biological materials. Examples
of MOT or NOT usage include building other MOTS & NOTS, constructing MEMS,

13



be positioned and controlled with optical traps to extract sanple materi al
whi ch maybe fluid 25 or particulate. 12 WD 03/018299 PCT/ US02/ 27944 MOTS
and NOTS wacisuwds29ebj ects functionalized to perform sel ect atTasozansgs MOTS
and NOTS according to one enbodi nent consistent with the present invention,
may haveuddiag naronmeresizeth avagtenks omstguvaitress aint adda oo agtdvinez geagficonateiADBS and
NOTS according to another enbodi nent consistent with the present

i nvent i amoteima yithawvecdilydr ogen bondi ng, 5 hydrophobi c, hydrophilic, acidic or
basic regions fornmed thereon. Additionally, MOTS and NOTS according to yet
anot her enbodhadiDTS ansSNOTSE Rbnswtdnhwith enqikiesaibbdinfeesTithcOsteschBiyivensibipl y be a
carrier particle having only the functionality of supporting the one

char ged, whictegs ebitsined withieiopael irds, hegbdised MolRpantheNAHSroas SilshiB@nt O
anot her enbodi nent consi-stent with the present 10 invention, nmay be forned

W t h 5anissRtpaikdth 6r {dénElidr anat bt sickis Blatbrial & shiiMBRtak ABJELEN HBEL, ITHRDatt¥ht hi n
materials, structures or biological systens based on the interaction of the

mat er i a'mayr&r a SNAIRRES g N 20F taManﬁ%YlJé@V?hgbaftfeﬁ{ﬁQ}t odrlRf 885 suclliaf f ering
chem cal pr opertl es (hydrophobiC versus "hydrophi | or acid versus base)

or i 11 61l BEAGE: LAY i hitiONSER ntlﬁ%q” d&{] O an%ﬁlj@%tm?{t NOTS

exenplify functl onal i zed opt| cal tools acc

chemal mﬁstﬁ%a%%ag% e@dﬁ‘i%#t}l‘)”%???@aa%e wsa%%% w&ﬁ%ﬁgfﬁétiﬂrizci
311 ?Logﬁé&gglgtthﬁpa‘ieﬁ%ml ngﬁr to%@g I On ' ano%shtreal‘;e t rébrr?a%n Qltay gnSI stent
selected to be reactive with or attracted to the substrate, it may be activated by light, heat or
chemicals, or it may be trapped by scratches or abrasions in the substrate. In another
example, beads coated with an ink may be individually and simultaneously contacted as
15  printing elements.
In one embodiment consistent with the present invention, an imprinted pattern may be
reactive. One example of a reactive pattern is configuration of }oligonucleotides printed on a
substrate thereby forming an array of probes for assays.
In another embodiment consistent with the present invention, optical traps may pull a
20 MOT or NOT against a material to cut a groove or channel in the material at a micron or
" submicron size. In yet another embodiment consistent with the present invention, optical
traps may hammer a MOT or NOT against a material to form a well, align a structure or
cause materials to collide with each other. In another embodiment consistent with the present
invention, optical traps can be used to push or pull a MOT or NOT retractor.
25 The MOTS & NOTS which resemble wrenches, screwdrivers and the like can be used

to impart a rotational force. For example, in another embodiment consistent with the present
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be used for investigating plant and animal cells, organic and inorganic
chem cals, genetic and other biological material such as proteins, |igands
and pol yseaxisanssdes. | n yet anot her enbodi ment consi st ent rRATVISIRR®I4pPr esent
i nvention, the MOTS and NOTS are al so useful for 25 mcro- and nano-scale
fabri cafyQfbdh MAP LIRWTCwreREY Sdttfncand it & Ggicaiataplmbebe wisded dwanpl es  of
MOT or NOT usage i nclude building other MOTS & NOTS, constructing MEMS, 13
WO 03/ 18299, ng 024 RS deadl IAdimamr sranoTedewdisicz e fitae bilog apmy

structures,” an ding or renoving genetic nmaterial or proteins within a

cell. I@‘ﬁ gﬂpi S consistent with another enbodi nent of the present
i nvent i-lt-%ﬁl,le %iuc are’‘cont ai ned wi t hin optical traps, maybe used for
inprinting a mgron or;. G 3 LR oRa thAGhidrices berar k on such
a materi al a’%oglreﬁg g‘?delﬁ%@rgag%%%t3@8%%%%3%?{%%1 Batat er ﬁ&t#a; Cbe a sinple
identifier suc tag, ..bran I : &0 gbn data such
as B SURFLP SeRRar s UL s ey Ao bR

ode “or mat ri X. rinting, for exanple,
may be mented b enpl.oyi ng .sof j r re a chi
w e dMERAGEF & narter e Pl B B N, SRR e SRRV e

beads coated with material to be jnprinted, .the r [V.QJ L[S 10 be first
| oaded RiYHE R &appapder @ ‘ﬂ@efrﬁwo?%g‘gﬁlgﬂadén%bﬁ e t§1$e§sfés/rgd§£ lgtb%?ﬁg]%c (Bt he

substrate to inprint the materi I er to affix the material to the
substref?%l,ltf{%ﬂhﬁﬁ@fﬁ?edpnﬁ‘é%/o%]ée@é%‘gm]go be reactive with or attracted

to the substrate, it nmay be activated by light, heat ar mcals, or it
may be trappddespgtheryise Paeifed thegpHical delsﬂ%teﬂ@e‘?ﬁlﬁg?y?@tl\g&}sﬁranot her
exanpl e, beads coated with an ink may be individually and sinultaneously
contGctNATS.s Th&opsickopla desstibadehsredn arp fonshactedplmasH WHG2E C&nt with t he
present invention, an inprinted pattern may be reactive. One exanple of a
r eact i viearpatldted by oticebimdpsgur at i on of ol i gonucl eotides printed on a

substrate thereby formng an array of probes for assays. .
In one embodiment consistent with the present invention, a construction technique for

forming many of the optical tools described herein is to use a laser to drill or remove material
from a tool blank, such as a microsphere. Another technique according to another
15  embodiment consistent with the present invention, is to etch out material from a tool blank.
Etching may be chemical, optical or by ion beam. Another useful construction technique
according to another embodiment consistent with the present invention, which is well known
in the art, is to use stereolithography to build the optical tool from an appropriate polymer. In
some instances, in another embodiment consistent with the present invention, a standard
20 lithographic technique may also be used to construct the optical tools by techniques such as
etching, which techniques are generally used to form nanoscale devices. .
In one embodiment consistent with the present invention, as illustrated in FIGS. 1A
and 1B, is an optical awl or punch 10 with an extended conical protrusion 11.
FIGS. 2 and 3 illustrate optical picks in yet another embodiment consistent with the

25  present invention. Optical picks, such as the irregular crystal 12 of FIG. 2, and the regular
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I n anot her enbodi nent consistent with the present invention, optical traps
may pull a 20 MOT or NOT against a material to cut a groove or channel in
t he mat er wal o3aus®@9om cron or subm cron size. In yet anot hacrussedraent
consistent with the present invention, optical traps may hanmer a MOT or
NOT agacrystal B offI6t B,ahaytte dsat tmsaratek ot gut algrdpve ala dhanntel weellar guidause
materials to collide with each other. In another enbodi nent consistent with
t he presamdial.i nvention, optical traps can be used to push or pull a MOT or
NOT retractor. 25 The MOTS & NOTS which resenbl e wenches, screwdrivers and

the like canmbiotheLembdd@médiBaisistent With Slcipddiat ifv@hEén, a doublexideddvd,ori N anot her
enbodi nent consistent with the present 14 WO 03/018299 PCT/ US02/ 27944

i nvent i @il panddE 9 {INESeMSNG Y whieR mk/Egs bWl ulilidiRg aRlrb@Abnal foddbs oY be
rotated and thereby turn a part on a M5 device. A MOT or NOT screwdriver

can 5it aj BptRabloflor, @aPPly torque or be used to pry. In another enbodi ment
consistent”with the present invention, a transponder can be 5 placed or

embedded in rﬁngﬁl%k%cﬂﬁ&lt c&stteH?@itﬁ‘ﬁaeg}résQ&r Ilnf%n £ @Rﬁ@g?[ an(a@@.i cal

el ectrical or a nanoneter optica eétric tool NOET. The

optical ; t%)cg af ?}gr Q.Fscye%@ VEIQO mg?f{ﬂ Yi#d % 6 SdaARRIRM ?%Alﬁéd'ﬁﬁ'elg/h Fhe

transpon or ed Por Variati ons result from an

i ncrease_in, nas T [o]# UnI her e specified, the
opti cal %Pu § %Cre edsncvrejllr g@a herate]fler?dfarna % alon% )K%TS The opti cal tools

e e e e L S T 42
o e Dl U7 8 ook 0 ©21 ool deser i bed
such o o m rosprerc. mouner Lechnlave sccorng o, apefber 12 g ron
bl ank. blade 19 as shown in FIGS. 7A and 7B can also be used to score a surface or to slice through .
a structure such as a cell wall or biological material.
In FIGS. 8 and 9, optical hammers or bludgeons 20 in another embodiment consistent
15  with the present invention, are illustrated. In FIG. 8, a region of surface irregularity 21 may
be formed to yield a high friction zone. An angled end 22 can be provided to form a wedge.
In FIG. 9, in another embodiment consisteﬁt with the present invention, an anisotropic
functionality may be incorporated into the optical hammer 20 by providing a region of
positive charge 23 and a region of negative charge 24.
20 In another embodiment consistent with the present invention, FIGS. 10A and 0B
disclose optical capillaries 25. A region of surface irregularity 26 is shown in FIG. 10A
which is an area of increased lubricity. The optical capillaries 25 are tubules or slotted nibs
which may have an angled end 27 and are useful for obtaining samples.
Likewise, optical tools for sampling, in another embodiment consistent with the
25  present invention, may be in the form of hemispheres or hollow cylinders or other hollow

shapes to form optical cups or cups 28 with a lid 28a (see FIG. 10C) which may be closed to
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Et ching may be chem cal, optical or by ion beam Another useful
construction technique according to another enbodi nent consistent with the
present i wwoeosioigae9 which is well known in the art, is to RIRUS02/27944
stereolithography to build the optical tool froman appropriate polyner. In
SONME i NGhARCLSEmpId) BRYphed ceisiiFIENt ok stoavity 26b, ind 2 Savasdrias

i nvention, a standard 20 |ithographic technique may al so be used to

constr ulﬁﬂgetﬁ@ FORIiCStd 2 Rab SoRY cév%? R Gte8erSd 6dhtas colkol nfagrialtheretn.
techni ques are generally used to form nanoscal e devices. . In one

embodi nﬁ%}é)pﬁgﬁ %{11% be {:Ha?’% Fibrt & Wl@l%%tetchﬂl‘gﬁfélﬁlh&e gie@Jorl dxhdplefiats@idon.n FI GS.

1A and I's an optfcal aw or punch 10 wth an extended coni cal

protrusion gl 1?%,] %Igawn%tﬂﬁr %ﬁ%&d&ﬂ%@ﬁ EsRtePH R Ble pRisEktSniehtidteh caBet her

enbodi ment consi's present i1nvention. Optical picks, such
per/ UsoPa B e U b Ay PlaghtS o BIRISC (00 aeratch or cut &
dons st ent e honalm v dilo Gl RN BB gl T ARREE S ineh 14
For ces. BorabAYGEEPER TTEPLE o7 VoI S OeRe D ane ehf B ARR "l TR the
D1y 15, o FSapen AoBRP SRR o] Bl FREpE-Ero 8 et ieledl ser vt | ver
Cons ot et B BSERE rGGHT PSR & cogh PiY g AteSlan  10°optical
drill 16 with a drill bit 17 which can be rotated i s. In another
enbd@i ment domdies ewhedipgerty consistepi willethe PreEYE AVEBHOD ﬁiﬁ%ﬁ@ﬁ@gﬁﬁwﬁm 18 with
bl ade 19 as shown in FIGS. 7A and 7B can al so be used to score a surface or
to slicenatayoddHferent MOTS ank NOES 8R4 hsTIS- d & 14 ilkggiratosgp optics BEERP2 nat eri al .

inset with square cavity 32a, according to one embodiment consistent with the present

invention. FIG. 12 B illustrates an optical wrench 33 with a protruding square head 33a,

according to another embodiment consistent with the present invention. FIG. 12 C illustrates

15 an open optical wrench 34 with square template 34a, according to another embodiment
consistent with the present invention.
FIG. 13A illustrates an optical socket 35 with a polygonal inset cavity 35a, according
to another embodiment consistent with the present invention. FIG. 13B illustrates an optical
wrench 36 with a polygonal head 36a according to another embodiment consistent with the
20  present invention. FIG. 13 C illustrates an optical wrench 37 with a polygonal template 37a
according to another embodiment consistent with the present invention.
FIG. 14A illustrates an optical screwdriver 38 with an inset cross head 38a, according
{o another embodiment consistent with the present invention. FIG. 14B illustrates an optical

screwdriver 39 with a protruding cross head 39a, according to another embodiment consistent

25  with the present invention.
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In FIGS. 8 and 9, optical hamers or bludgeons 20 in another enbodi nment
consistent 15 with the present invention, are illustrated. In FIG 8, a
regi on of wouosfoagmoirregularity 21 may be fornmed to yiel d rcThigh2faict i on
zone. An angled end 22 can be provided to forma wedge. In FIG 9, in

anot her enbogiGTeN1ue@Rsd ShBRS priit bhayt 4Tew it Bs&rhiractueliaj @bordmg tani sot r opi ¢
functionality nmay be incorporated into the optical hanmmer 20 by providing a

regi on gfomePOshdditentdasisttnt 3RthaRchraschEigi@tiof negative charge 24. 20 In
anot her enbodi nent consistent with the present invention, FIGS. 10A and 10B

di scl ose optcgiq@;%% ﬁﬁ%&tkﬁi B0 Adht aftay £0K AR eRfusMIA AGRcdraing Gitndthel y 26 i S
1 C

shown in Fi I's an area of increased lubricity. The optical

ol | L5 AR LU % S ShOhi&lofl b vhich may have an angled end 27

and are use or obtaining sanples. Likew se, optical tools for sanpling,

i n apot her odi nent ..consi Heh 4 hee s RESSEObrith UE BEddas y be in
the Torm of eeﬁogpﬁ%lraggog?ﬁ%é‘ﬁpégvﬂ?% }%}AEZ? észtg?t ot heér]lgrﬁgl Igw shgpgg% to form
optica

| . cups ,or _cups. 28 wi.th a |j. I I Gt m;égge cl osed
to 16 WS" /@féﬁ%vé‘?%b‘l‘?%ﬁ 37 @Hﬁgﬂ gogﬁ?lg?ﬁﬁgﬁéogt%1 (ggaﬂ?\g?g%ac al’ cup 28 of
FIG 10C inpcludes cavity 28b, . an i1d 28 [ h [ r tilting
10 2Bamas DEparo asgy pyotain g oy Sy Dokl olRF el B o &1 1} 1LY
The optical cup 28 may be fabricated by known etching technol ogies, for

exanpl ePrerdstesmned RS Of PIEHO® 1 OB, in another enbodi ment consistent with
the present invention, a carbon 5 nanotuge.ZS IS sh?mQFﬁﬁ¥alently bonded

to a latex bA#EeRMOT IR AGA2. SRR SEORYRENS COTRSIH KT p%s ent

invention, FIG 11 shows a  mcrocapillary, or ,ﬁar bqn nanot ubte 5 \gni ch may
be d8ed inventisi fiFECS alvpl e crpeimpait & Submigion §12 ientHer SBeh 355 R % % an be
attributed to the structure such as having each end 30 , 31 coated with a
chemi calseriphurivbay, han eodgs flate mptrisy ondagy @ & Jpatgrialon s¥bsealg- £Be Behad PYerent. 10 In
ot her enbodi ments consistent with the present invention, FIGS 12A-16
i | | ust r ampertation includes coating an imprinting material on the optical tool and pressing the
imprinting material onto the substrate in the form of the identifier. The imprinting material is
activated by light, a chemical or heat. A single dot or other simple shape 43 (see FIG. 17)
15  canbe used to imprint active materials such as oligonucleotides, antigens, antibodies,
polysaccharides, or catalysts on a substrate for creating arrays for assays or for anchoring the
growth of more extensive structures added by, for example, chemical synthesis. In another
embodiment consistent with the present invention, a plurality of MOT and NOTS can be
simultaneously manipulated with a plurality of optical traps to form a part of a more complex
20  pattern such as a data matrix.
In another embodiment consistent with the present invention, FIGS. 18A and 18B
illustrate 2 MOT or NOT formed in the shape of a retractor or hoe 44. The large body 45 is
easily contained within an optical trap and may be pulled or pushed along the line of arrow
100. The head 46 of the retractor or hoe 44 may also be raised or lowered by using the

25  optical trap illuminating the retractor or hoe 44 to impart a rotational force along the line of

arrow 110. Retractors 44 are useful to open or pull apart structures. For example, in an
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an array of different MOTS and NOTS 32-41. FIG 12 Aillustrates an optical
wrench 32 inset wth square cavity 32a, according to one enbodi nent

consi st enwomstthsohe present invention. FIG 12 B il | ustraczusn2opati cal
wench 33 with a protruding square head 33a, according to another

enbodi ngbdigRASIBLSBIt Wit the pREPIOSRIh, durvupebdlikaife 18 (s6e FIR 76) oy bst r at es 15
an open optical wench 34 wth square tenplate 34a, according to anot her

embodi MRA 1o KNS HEERE ¥ Sl héifbriieRs Qatl. THMBEHek eRbodinEht chibfstant hvitt r at es an
optical socket 35"'wth a polygonal inset cavity 35a, according to another

enbodi Wﬁé‘é\rﬁes%ﬁ@ﬁlx%%i%%an‘@pﬁ&l tHBcRf £FERcuBNAB bR BperthEeut] 3B aiNIOUSK T at es an

opti cal th a -pol ygonal head 36a according to anot her

enmbodi rﬁ@'ﬁ cé\hotﬁasciaﬁ‘}eg t&mﬁe{]&llt@g?rgo@m%ﬁ%?%ki MY 6Rdth&@embBhiEentlcdnéistbht! ust r at es

an optical "wenc a polygonal tenplate 37a according to another

enb%di rrv%@itpé%?e‘n% L &8 Wﬁ%ﬁhgﬁla&%ggﬁﬂgyé%%ﬁégﬁg or &ifdks td4fel | | Ustrates an

opti-cal iver nset" cr oss 38a, according to another

enbodi nent consistent wt he. present .i.nv i illustrates an
opt i calcon’%ecﬁ’?“é‘ﬁg)l‘eﬁ‘{/agp “?l’gm\i?nﬁt T prpg ’(r?ou%llt kﬂg% c@@%égg&ﬁgg}h&fgéé%%&caor ding to
anot her enbodi.nment consi}fftént 25 With .@he present invention. 17 WO

03/ 018 25&FPedfit5ap 59c89% a0l 2 flpgs migosqopioslite- ot s a micro print array 40 with
i nset character 40a,  accordin enbodi ment ¢

_ to a 1téher nsi.st.en ith the
present i nvehiagher eppedimegt qopgﬁ?ftr“é\t?lg © SRR © g?%ﬁpeﬁﬁl&w wh
extrusion 41 a, according to anot,hefr enblog(itgent onsi s@nt wi.th the
pr esent foroansetis ShoWENTHE: Yo rfrsroREiFal frapypant ipld the fips St i [REDPSBAR s t hat
they are primari I% used to apply . torque. pr )r/d',iusl 13/ descri bed, an
opt 1 al addiional @pticad Fepscap b gsadd P“lb%Paﬁgﬁﬁ?dé 9 S‘Eff‘ caV PHAPLE Ay be used to
apply a rotational force to the optical tools and cause themto nove about
a pr e-wetieg briaddide aixpctures 5¢ ndaX0i-on.

MOTS and NOTS include objects functionalized to perform selected actions.

In another embodiment consistent with the present invention, FIG. 20 illustrates a
MOT or NOT in a tear drop form 51, with radioactive material support 52 thereon (the

15  radioactive material may be used for inducing chemical reactions in a workpiece, i.e., to kill
undesirable cells).

In another embodiment consistent with the present invention, FIG. 21 illustrates a rod-
like MOT or NOT 53 with a magnetic end 54 (which may be used to attract ferromagnetic or
paramagnetic elements of opposite polarity in a workpiece and repel diamagnetic elements on

20  aworkpiece).

In another embodiment consistent with the present invention, FIG. 22 illustrates a
bead-like MOT or NOT 55 with oppositely charged sides 56 and 57 (which may be used ot
respectively attract oppositely-charged elements and repel similarly-charged elements in a
workpiece).

25 The MOTS and NOTS exemplify functionalized optical tools wherein the intended

activities of the functionalized areas may be directed or localized by manipulating their
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A single MOT or NOT 40-42, as shown in enbodi nents consistent with the
present 10 invention of FIGS. 15-17, can inpart a subm cron size

i dentifiewosesghs®s a pattern, tag, brand, serial nunber, HEavUedey44dat a
matrix, or logo on a material or substrate. The method of inpartation

i ncl udegpfpatittg cpicil YLl Réid xgmpR] 86 nagnetit shd 18 ofni optibal t@dinaphd pressi ng
the inprinting material onto the substrate in the formof the identifier.

The | mkidh ic@l%cffﬁérﬁélizsﬁlabél&l WIS Tdréas Bstell ahd @hoveaheh e etdctedlochat. . A
single dot or other sinple shape 43 (see FIG 17) 15 can be used to inprint

active gmhar alf IUAR-BacRnhIGRAYEHERL ANDT GNITOE Ry RMahHOHEES 2
pol ysacchari"des, or catalysts on a substrate for creating arrays for assays

or for anghocing fﬁeh@OT%%f]isofor BRLE S HARBS IR objdctitdilsen ifdaeseny, for

exanpl e, chem cal synthesis. 1n another enbodinent consistent with the

present invent.ion. I lity of MOT and NOTS can be sinultaneously
rrani%pulgé?ué) &W&W%&gh%feﬁjpgtioﬁlfy of optical traps to forma part of a nore

conplex 20_pattern such as a. . ri . eyaodi onsi st ent
Wik the pr G RyBERsR o b e R ntren iy AP 12 SRE TR FORE
formed in the shape of a retractor or hoe 44 .. The,l| IS easily
cont ai W@Efs%tatt]ﬁflﬂ nglﬁrogﬁ?slp@é °r p 33150 {0y E)afaé’loptﬁg I'd Hgérg%ﬁgﬁ(glé‘eéﬁgng the line
of arrow 100. The head. 46 of e.fetractor or hoe 4 al rai sed or
| ower eBe BGOrRYPISE Hipan ?@lcﬁgtf’f’]c zﬁrlp’t Phort ?Hﬁrﬂ%%nf%%n%? 1}15‘;8 Ve ?naec’(?eglfi chr hoe 44
to inmpart a rotational force along the |ine of rrow 110. Retractors 44
are usaigmapyd Bpde- ot tt‘ﬁlill'n?en%*ﬁaﬁgtgg‘g@? W‘i’ff%?on%rrﬁéig’ 1“2“96 PRLC 1r%ooq18 VO

03/ 018299 PCT/ US02/ 27944 enbodi nent consi st.en ith. the esent invention,
an $bt bedyor lipnk éO-1§YG%@@uﬂl@thqﬂi)mﬂé%gog%%@’gmwﬁng@8“53?1‘5%?)eni ng in a cell
menbrane or wall. I n another enbodi nent consistent with t}&,tﬁ_resent

i nvent trapsporgier iﬁjlﬁlitwalhalrvé‘t@%@@61@4%@19?%0@%&2@6“b%fol'fmﬁfi)e thigdhec ut . and a
MOT or NOT can be carried into the cell to performfurther tasks. In

anot hercawiyi6d thempicrotmoypehdar SRts placedi t h t he present invention, hoes 44 may be

enpl oyed as scrapers or cutters to sever _ _ .
In one embodiment consistent with the present invention, the micro transponder 58 is

a radio transmitter-receiver activated for transmission by reception of a predetermined signal.
15 A radio tag combined with an optical tool which has a surface characteristic such as a charge
or oligonucleotide sequence 63, and which is selectively reactive to chemical or biologic
material, may be used to interrogate the activity of chemicals, pharmaceuticals, and
biological systems, including those within a cell.
In one embodiment consistent with the present invention, one example of the use of a
20  radio tagged optical tool 58 is as a component of an array of biological probes, each optical
tool internally including a radio tag 58 (a MOET or NOET), and with a known
oligonucleotide 63 on its surface. An array of different probes can be constructed with a
plurality of optical traps as described in pending U.S. Patent Application No. 09/886,802,
filed June 20, 2001, entitled “Configurable Dynamic Three Dimensional Array.”, which is
25  incorporated herein by reference. The optical traps both contain the probes and can provide
the signal to each probe. When a given probe hybridizes with a corresponding target

20



connections between materials, for exanple, to cut the connections between
a cell in a preserved tissue section and a glass mcroscopic slide. In
anot her ewwowiorexy consistent with the present invention, POT/O§Ri2Cek
speculumor forceps 47 is shown in FIG 19. One optical trap can hold the

top 48 ofc N ehefR4sE 6P pRfbe WD chah@e AdhE &ighalrotinhe alspérdepwiltaficdbe used to
pul |l apart the ends 49 and 49' by containing and noving bead-1ike

ST UCt U £pfl iRfls Recollil, At N SploBEhB: eltiipeiifemct | onal i zed o

perform sel etted acti ons. anot her” enbodi ment consistent with the present

invention, El G0 t&dﬁﬁgt{t%%)ﬁsgst&t e HresDPindRtich, FE@r 2 ill0frated B 51, with

radi oactive naterial suppor 2 thereon (the 15 radi oactive material may be

ot oS A SETIS0 0 LR A0t Bt e

I ment consistent with the present
i nvention, FI 21 il lustrates rod- | e NG 53 with a magnetic
end °54 %?WW W?‘}%‘?ﬁﬁrjbﬁg n&%"z‘ﬁ’“ eos‘%}f‘lytaél }Sggtg u§égrt$r(gonagn%%?% of paranagnetic
el ements of _o site larity.in a.workpiece | i ic elenments
on 20 a woﬁk%@ﬁ?&f@bgﬁmﬁ&?ﬁﬁteﬁé%@ﬁ% enté%%srﬁﬁ g ?ﬁ? %éjftuﬁ tﬂe(afoelr esent
invention, FIG_22 illustrates d-J i r ! ositely
char gede¥r g ef B %ﬁﬁ’l@ﬁui’]\W@ﬁs &a@fagz aﬁjgigéﬁgfl\ég r seplgc llegg ’\947% tlgtg)gt
opposi tel y-charged el enents and repel. simlarly-char el.enents iLn a
wor kpi é@égS.WIEEh mpebaghraicay afipoped @%E‘hlﬁﬁrg%}' %?%’f’ ?ro%aeglgg’?ﬁdleg‘ﬁrzt% ia:él(zp‘]t ool s
wherein the intended activities of the functi.onalized. reaﬁjicr]raybe di rected
or | ocanivade teronsinicisdRae FiRglePifss HSMBIHHEOTPRHYE teﬁ‘@]‘?%@%ﬁ? 944 support
with an optical tool. For exanple, the magnetic end 54 g ] i cal tool

: f an o
mayl (e teshmiues Togkhasdlt a hradle 66 65mpybedaserigl £h2 PP QsC Y %' 4hd to nmove

themto a selected | ocation. o . .
optical tool which is incorporated in the tool to facilitate grasping of the tool by the optical

trap.
In another embodiment of the present invention, an optical tool can be used to act as

the fulcrum of a lever (see FIG. 10B). Inasmuch as all optical tools may be optionally

15  manipulated with one or more optical traps, more than one trap may exert force on a region
(such as the bead structure 29) of a lever 25 on one side of a fulcrum to provide better control
or adjust the amount of force applied. The force necessary for performing an action also may
be distributed along an optical tool, such as an optical lever, in order to avoid applying
damaging or other applying excessive force or intensity at ary point.

20 Since certain changes may be made in the above optical tools with departure from the
scope of the invention herein involved, it is intended that all matter contained in the above
description, as shown in the accompanying drawings, the specification, and the claims shall

be interpreted in an illustrative, and not limiting sense.
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Simlarly, a chemcally-functionalized portion of a MOT or a NOT may be
transported to a |ocation where the MOT or NOT is, for exanple, affixed to
an obj ect wiensingpoen its surface a 5 group reactive with tHea/ypsseiam. | n
anot her enbodi nent consistent with the present invention, FIGS. 23 and 24
show a wrgp @seed ati onal m crotransponder 58 also known as a "radio tag". A
m crotransponder nmay be incorporated into an optical tool. FIG 23 shows a

m cr ot r anspgndehch& §f thimiddaCyitRANes, caprigiiga 59. In FIG 24 the antennae
59 for the mcrotransponder 58 is within the optical tool 10 body or

bl ank, 60. '?cﬁn&&gﬂo&m&h RehatddR1 Ot digahd bIeek 2@ o mbhipikidGbyanttaiousi ng
the transponder 58 In two halves 61A and 61B, an internal cavity 62 can be
formed. Wt hi e cavity 62 the mcrotransponder 58 is placed. In one
enbodi n%&f[i\:oygdggtsr%asjtent with the present invention, the mcro transponder 58
IS aradio transmtter-receiver activated for transm ssion by reception of
a predetermned signal. 15 Aradio tag conbined with an optical tool which
has a surface.characteristic. s a 96ma i i seqguence
63, and whi gh ',%msegllogg‘fcio\r/&e"ll%/torcg%@tll’ \%&F %leﬁem c{é ggﬁr &%Q%%Igl?%éd%?fat erial,
may be used to | ntlefrrog?tg l%gke activity of chem cals, pharnmaceuticals, and
bi ol ogi€RPVies ByaieHal rgm A FQplPiaE t hose within a cell. In one embodi nent
consistent with the present invention, one exanple of the use of a 20

radi o tagged optical tool 58 is as a conponent of an array of biological

probes, each optical . tool internag|ly includi a . radio tag 58 (a MOET or
NOET), and i tihemekidrpcorgng Eo”ﬁﬂﬁ‘la%e%‘?ﬁ@ sg%l%ﬂ%l% SUPYLE™ 8 array of

di fferent probes can be constructed with a plurality of optical traps as
des@ibed in pending U.S. Patent Application No. 09/886,802, filed June
20, 2001, entitled "Confié:]ur abl e EZnam’ ¢ Three Di_nensiongl Arr?y. ", which
i s 25 i ncor gorBeattivdresaiding o duay e fereimsai myeta 4 TeRREEOHBER cont ai n t he
probes and can provide the signal to each probe. When a given probe

hybri di @ddéngwndretchingor r espondi ng t arget 20

5. The method according to claim 1, wherein said forming step is accomplished by

15  stereolithography using a polymer.

6. The method according to claim 4, wherein said etching step is one of chemical,

optical and ion beam.

20 7. An optical tool comprising:

a main body formed of a material of a size and shape adapted for manipulation by at

least one optical trap.

8. The optical tool according to claim 7, wherein said main body comprises a

25  protrusion at one end.
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WO 03/ 018299 PCT/ US02/ 27944 material, the mass of the probe will change
and the signal fromthe transponder will reflect the change in nass.
Accor di ngivo o3tche9peacti ve probe may be easily identified. HaT/esvRias

enbodi ment consistent with the present invention, FIG 25 illustrates an
optical |ever T8dohavi 86l @cdrévgho elbim BSvhetinsid nemeddyfs ssubsidrtiabyal | ed

car bon nanot ube. Si ngl e wal | ed carbon nanot ubul es may al so be used to
for m t hgcth@Wak cfdal dBptadRiBeR a proRAdidHRah faANSdred @i slok in mirerigr esent
invention, FIG 26 illustrates the lever 64 of FIG 25 with dual handl es
66 and 67 affixed thereto. The handl es 66, 67 are | atex beads which may be
chemcally attached to the lever 64. The | ever 64 and handl es 66 and 67
may al so be g0 9k ROE1SnPS, S 8reSdathbh@icd BN bhdned
stereo-lit holg'r g%%%%%%ﬁ%ﬁﬁ?%%i@. | n"gener al ?gpa handl e 66, 67 maybe
desgrib | .gr configuration of an optical tool which is

incg)r poa(rag}ftg%m?pr?gﬁ]%h?ﬂggﬂto facilitate grasping of the tool by the optical
trap. In another enbodi nent of the present invention, an optical tool can
be used to act as the fulcrumof a lever (see FIG 10B). Inasnuch as all
optical tool e optionally. 15 mapi 10 ptical
traps, nore hgﬁg%q’ecaftrg?alpwﬁ%f}mé%g? : drv@%{e%{n&gd eg{%ﬂ{]ﬁ g%(t:%gusghe bead
structure 29) aof a lever 25.on on ide of a fulcrumto provide better
cont r ol 3 25" Wﬂ?@lléﬁéfgﬁ?ﬁrﬂﬂ?lﬂﬁs afet%a?iéeea%appl i ed. The force necessary for
perform ng an action also may be distributed along an optical tool, such
as an optical lever, in order to avoid applying damagi ng or other applying
excessive force or intensity at any point, 20 Since certain changes may be
mad® i n the 12pdbeopiiel eal acegding tWIFWPm: {J?Oénqr}s%aflﬂéler @8%?)%0110% t he
invention herein involved, it is intended that all matter contained in the
above #wter pystafepd mmin Riywn i n t he acconpanyi ng drawi ngs, the
specification, and the clains shall be interpreted in an illustrative, and
not limting sense. 21

13. The optical tool according to claim 12, wherein said another protrusion is conical

and adapted to punch a material.

15
14. The optical tool according to claim 8, wherein said protrusion is a drill bit.
15. The optical tool according to claim 8, wherein said protrusion is a pointed blade
adapted to cut a material.
20

16. The optical tool according to claim 7, wherein said main body is substantially

cylindrical in shape.

17. The optical tool according to claim 16, wherein said main body is adapted for use
25  as an optical hammer, and one end of said main body has a region of surface irregularity

formed to yield a relatively increased friction zone.
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WO 03/018299 PCT/ US02/ 27944 \Wat is claimed is: 1. A nethod of forming an
optical tool, conprising: formng a tool froma material of a size and
shape adaptoea/ofigavomani pul ati on by at |east one optical trrqwUu®22794Fhe

met hod according to claim1, wherein said formng step is acconplished by
removing material froma tool blank. 3. The nethod according to claim 2,
wherein said tool blank is a mcrosphere. 10 4. The nmethod according to

claim2, whageirhe §aicdl BRtBEdrding kSclhi@DN el BB eOdnd of il haitgbodfids et chi ng.
5. The method according to clarm 1, wherein said formng step is

acconpy$§gggng¥hq%%f§ggagglithography using a polynmer. 6. The met hod
according to clarm4, wherein said etching step is one of chem cal

optical and ion-beam 20 7. An optical tool conprising: a main body forned
of a material of a size and shape adapted for nmanipul ation by at |east one

optical tra i : hng: t0: | : j id
body’ corpr; 88 The SEEBbl ERxabh (ARERS Srlin F b I Gr sIFRE 802 27044

9. The optical .tool accordi . Jd herein said '"main body is a
subst anatsiaglof’@mll% ?lrgaﬁlﬁérf’c(ijucdrég%% éé}&olg%g%}ﬁégu% form a pick which cgn forma
groove or slot in a material.

20. The optical tool according to claim 19, wherein said anisotropic function
includes one end of said main body having a region of positive charge, and another end of

10  said main body having a region of negative charge.

21. The optical tool according to claim 16, wherein said main body is one of a

microcapillary and a carbon nanotube.

15 22. The optical tool according to claim 21, wherein said one of microcapillary and

said carbon nanotube includes an anisotropic function.

23. The optical tool according to claim 22, wherein said anisotropic function includes
one end of said main body having a coating of a chemical causing acidity, and another end of

20  said main body having a coating of a chemical causing basicity.

24. The optical tool according to claim 7, wherein said main body is adapted for use

as an optical capillary.

25 25. The optical tool according to claim 24, wherein said optical capillary includes a

region of surface irregularity, said region having a relatively increased lubricity.
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10. The optical tool according to claim8, wherein said protrusion is
conical and 5 adapted to punch a material. 11. The optical tool according
to claim®&oaesvas®@pn said protrusion is adapted for use ac/sseMsi ver
and said protrusion has a flat head. 10. 12. The optical tool according to
claim 10, further conprising another protrusion at another end of said
mai n body. 13. The optical tool according to claim 12, wherein said another

protrusion i%, qaabsihl todlNBeadRp t@elainn24) whelinasaiiadptitl akpilld idehe oThe opti cal
tool according to claim8, wherein said protrusion is a drill bit. 15. The
opti cal b eebnPsaidinig to claim8, wherein said protrusion is a pointed

bl ade adapted to cut a material. 20 16. The optical tool according to
claim7, wherein said main body is substantially cylindrical in shape. 17.
The optical tool according to claim 16, wherein said main body is adapted

for gse 25 3s ’[%g oﬁﬁtai 1%31 ac@@r[ﬂﬁ%rt? a2 QR eRsaRS o @i ehviRI AAd Badylohias a

region of surfac rregularity ornmed to yield a relatively increased

friction,zone. 23 / US02/ 27944 18. The optical too
accordi%%IT%ﬁ%Pg?%%19?%§%%§%?%a other end of said main body is formed in

a shape of a wedge. 5 19. The optical tool according to claim 16, wherein
said main body is adapted for use as an optical hamrer and includes an

22: Zogrn:)glof r%igi %:oﬁﬁcéi{ ‘%)8hac-gg]r%in%% t alar‘r|1 25, Qn%lereﬁg & &Jti@& ctaf?illﬁxlﬂhmdjeg’ wher ei n
means for obtaining samples disposed at one end of said main body.

10

29. The optical tool according to claim 24, wherein said optical capillary includes

means for increasing lubricity disposed at one end of said main body.

30. The optical tool according to claim 16, wherein said main body is adapted for use
15  as an optical hammer, and one end of said main body includes means for yielding an

increased friction zone.

31. The optical tool according to claim 7, wherein said main body includes means for

sampling.
20

32. The optical tool according to claim 31, wherein said sampling means comprises

one of hemispheres, hollow cylinders, and hollow devices which form optical cups.

33. The optical tool according to claim 32, further comprising a closeable lid for each

25  of said optical cups.
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i ncl udes one end of said main body having a region of positive charge, and
anot her end of 10 said main body having a region of negative charge. 21.
The opti cwlo da3mas29according to claim 16, wherein said nmain HoodysozR7ame of a
m crocapillary and a carbon nanotube. 15 22. The optical tool according to
claim2l, whar gh8osaioonecatingits claieedi, Wharin saiidbptisaicdpitiay ioncanzmot ube

i ncl udes an ani sotropic function. 23. The optical tool according to claim
22, WhegLbRbSaite 2 Biid:Shd 6RiatenflyiB6ide@ 8t dndchdicaid artenantotofe. sai d mai n body
having a coating of a chem cal causing acidity, and another end of 20 said
mai n body having a coating of a chem cal causing basicity. 24. The optical
tool according to claim7, wherein said nmain body is adapted for use as an

optical capidsl &y o,@a1 R8t actBRirdRS EBR 7, VAR i REAPH I AY BurfleRdoMpides Wher ei n
said optical capll?ary includes a region of surface irregularity, said

region | | atively increased lubricity. 24 WO 03/018299
PCTﬂ%SOQ@%%g%zgpgggq%ﬁégoptical tool according to claim 24, wherein said
optical capillary is one of a tubule and a slotted nib. 5 27. The optical
tool according to claim 26, wherein said one of tubule and said slotted
ni b include end.i n a shape Qqf . 28 L | according
to claim 24,306{71\/?&19? 8?%“2?95%8% fn(,gg? c%g.%l %élr%’g’?“?%é %;gglgg%%%? 61%11%? obt ai ni ng
sanpl es di sposed at .one end of said main body. 10 29. The optical tool
accor di PRI APHF B ™ }fler ei n said optical capillary includes neans for

increasing lubricity disposed at one end of said main body. 30. The optical
tool according to claim 16, wherein said nain body is adapted for use

10 37. The optical tool according to claim 36, wherein said optical wrench includes an

inset cavity.

38. The optical tool according to claim 36, wherein said optical wrench includes a
protruding head.
15

39. The optical tool according to claim 36, wherein said optical wrench is an open

optical wrench including a square template.

40. The optical tool according to claim 36, wherein said optical wrench is an optical

20  socket including a polygonal inset cavity.

41. The optical tool according to claim 36, wherein said optical wrench includes a

polygonal head.

25 42. The optical tool according to claim 36, wherein said optical wrench includes a

polygonal template.
26



15 as an optical hammer, and one end of said main body includes neans for
yielding an increased friction zone. 31. The optical tool according to
claim7, woessaisedsai d mai n body includes neans for sanpl ir@QUURR/23R4 The
optical tool according to claim 31, wherein said sanpling neans conprises
one of hem spheres, hollow cylinders, and hol |l ow devices which form optical
cups. 33. The optical tool according to claim32, further conprising a

cl oseabl e | i4B. fTie opéeihtooRSccofdingab dlatp 85 ,celereinippsd toRB1e\APPIFBIEA1B29S an

PCT/ US02/ 27944 34. The optical tool according to claim?24, wherein said
opt i cal ol dctedrdyivérSndudiag fomsaares dad. Wi th a | at ex bead coval ently bonded
at one end of said carbon nanotube. 35. The optical tool according to claim
7, wherein said nmain body further conprises 5 neans for applying torque.
36. The optical tool according to claim35, wherein said torque applying

nNeans Conprif ehedPLHoPtdof Mol s Rlaint 85 3vherelri@ Rk duealpplyd@lmaacadi ng to
claim 36, wherein said optical wench includes an inset cavity. 38. The

optlcalo.QgL gﬁ&g&ghﬂgwﬁg £bAIIBE croMegl n sai d optical wench includes a
pr ot rudi hg T%e optical tool according to claim 36, wherein

said optical wench is an open optical wench including a square tenpl ate.
40. The optical tool according to claim36, wherein said optical wench is

an opti cal 45. The optical tool according to claim 7, wherein said optical trap is used to apply a
rotational force to said main body, and causes said main body to move about a predetermined

10  axis of rotation.

46. The optical tool according to claim 7, wherein said main body is adapted for use
as an optical imprinter which prints active materials on a substrate for one of creating arrays
for assays and for anchoring a growth of more extensive structures.

15
47. The optical tool according to claim 7, wherein said optical imprinter is in a shape

used to impart one of a pattern, brand, and logo on one of a material and substrate.

48. The optical tool according to claim 47, wherein said optical imprinter includes an

20  inset character.

49. The optical tool according to claim 47, wherein said optical imprinter includes an

extrusion.

25 50. The optical tool according to claim 7, wherein said main body is adapted for use

as a retractor.
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20 socket including a polygonal inset cavity. 41. The optical tool
according to claim 36, wherein said optical wench includes a polygonal
head. 25 W& o3kh&epti cal tool according to claim 36, wheraar/ssedraptical
wrench includes a polygonal tenplate. 26 WD 03/018299 PCT/ US02/ 27944 43.
The optical tool according to claim 35, wherein said torque applying nmeans
is an optical screwdriver including an inset cross head. 5 44. The optical
t ool accor disig The ogtical tobscording e tlains & vehetadr spiemaipboyty mdapedhfr ise an
optical screwdriver including a protruding cross head. 45. The optical tool
accordifhHoe. claim 7, wherein said optical trap is used to apply a
rotational force to said main body, and causes said main body to nove about
a predetermned 10 axis of rotation. 46. The optical tool according to
claim7, wherein said main body is adapted for use as an optical inprinter

whi g pri nt s5oaatb eridaPdo8T éc@dnﬂlr@rio Blafb DS iicadie sdi @madRd9fs wbead fongsear r ays
for assays and for anchoring a growmh of nore extensive structures. 15 47.

The opt jGal of 9P tﬁ&l(%@fcg[ﬁs%dtaﬁoﬁﬂlc%l§BeZulu1Wf"ere' n said optical inprinter is in
a shape wused to inpart one of a pattern, brand, and |ogo on one of a
material and substrate. 48. The optical tool accor di ng to claim47, wherein
said optical inprinter includes an 20 inset character. 49. The opti cal

ool accordl fg £Q.Gha f‘ 81 ixk 38,0t b Arid Il ki Ghydhipe | udes an
ext rusi on. é%leo %H?;'o TR ooI accardi ng &% m 7, wherein said main
body i Sdfg'goasgé on eacﬁ) End! osfesa1d optical forceps, each said bead structure which is movable by

10  said optical trap.

54. The optical tool according to claim 7, wherein said main body includes

radioactive material.

15 55. The optical tool according to claim 7, wherein said main body includes a

magnetic end.

56. The optical tool according to claim 7, wherein said main body includes oppositely

charged sides.

20
57. The optical tool according to claim 55, wherein said magnetic end attracts one of
ferromagnetic and paramagnetic elements of opposite polarity in a workpiece and repels
diamagnetic elements in said workpiece.
25 58. The optical tool according to claim 7, further comprising a cavity disposed in said

main body.

28



as a retractor. 27 WD 03/018299 PCT/ US02/27944 51. The optical too
according to claim7, wherein said main body is adapted for use as a hoe. 5
52. The opto @aliseol according to claim7, wherein said maar/isndp794s
adapted for use as one of an optical forceps and an optical speculum 53.
The optical tool according to claim52, further conprising a bead structure
di sposed on each end of said optical forceps, each said bead structure

whi ch i s novsthl Ehelwptical Gob aicdrdig to chlim 658 apherda nil¢retraspérclat is izpdsedocor di ng
to claim7, wherein said main body includes radioactive material. 15 55.
The opt sgi@tavitgol according to claim7, wherein said nmain body includes a
magneti c end. 56. The optical tool according to claim7, wherein said main
body i ncludes oppositely charged sides. 20 57. The optical tool according
to claimb55, wherein said magnetic end attracts one of ferromagnetic and

par agagnet i csel tisa] 8ol RBRSH 18 cR@h 8D ) Whkrdillsaad WadrkRirgfendandelngpel s
di amagnetic el enents in said workpiece. 25 58. The optical tool according

to clai @ Ledddli bhEinaCONpPrising a cavity disposed in said main body. 28 WO
03/ 018299 PCT/ US02/ 27944 59. The optical tool according to claim 58,
wherein a mcrotransponder is disposed in

61. The optical tool according to claim 60, wherein said microtransponder is a radio
transmitter-receiver activated for transmission by reception of a predetermined signal.
10
62. The optical tool according to claim 61, wherein a surface characteristic of the
optical tool includes one of a charge and an oligonucleotide sequence which is selectively

reactive to one of chemical and biologic material.

15 63. The optical tool according to claim 7, wherein said main body is adapted for use

as an optical lever.

64. The optical tool according to claim 63, wherein said optical lever comprises one

of a single-walled and a multi-walled carbon nanotube.

20
65. The optical tool according to claim 64, wherein said optical lever further

comprises at least one handle affixed to said optical lever.

66. The optical tool according to claim 65, wherein said handle is a latex bead

25  chemically attached to said optical lever.
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said cavity. 5 60. The optical tool according to claim59, wherein said

m crotransponder includes an extended antenna. 61. The optical tool

accor di ngwooomiigaoen 60, wherein said m crotransponder i s a RGUUSH2/27944
transmitter-receiver activated for transm ssion by reception of a

pr edet er ni ned. Jihgnptical ol Bpordifigdo olpint 6% whetsil saicerbicdilengr el sidat faag1

wherein a surface characteristic of the optical tool includes one of a
char ge amchaadie ateicgostucteé ot 2 slegls prouendeg sirechthpgraglet techiiiqedsy reactive to
one of chem cal and biologic material. 15 63. The optical tool according to
claim7, wherein said main body is adapted for use as an optical |ever.

64. The optical tool according to claim63, wherein said optical |ever
conpri ses ongs. Tk opticl 1091 Rcwvdirzasl cRaimel2 B whatelrd a laaixIbedt sdohded tmseddt ube. 20
65. The optical tool according to claim®64, wherein said optical |ever
furtdher carksmhbiges at | east one handle affixed to said optical |ever. 66.
The optical tool according to claim65, wherein said handle is a | atex bead
25 chemcally attached to said optical lever. 29 WO 03/018299

PCT/ US02/ 27944 67. The optical tool according to claim65, wherein said

optical |evegy angd Sal.fidl ad-6ais 19 0RI B R SiFRRE bEALEaskdas 22 single
pi ece using stereo-lithographi ¢ techni ques. 68. The optical tool according

to clai wherein a |latex bead is bonded to said 5 carbon nanotube. 69.
The optical tool according to claim®68, wherein said |atex bead is used as
a

10 70. A biological probe, comprising:
a radio-tagged optical tool which is manipulated by at least one optical trap, said radio

tag having a surface on which is disposed a predetermined oligonucleotide.

71. The biological probe according to claim 70, wherein said optical tool comprises a

15 transponder.

72. A method of identifying a biological probe, comprising:
manipulating a radio-tagged optical tool using at least one optical trap;
activating a signal in a transponder in the probe using said optical trap;
20 hybridizing the probe with a corresponding target material;
monitoring a change in signal from said transponder which reflects a change in mass
of the probe; and

identifying the probe by said change in mass.
25 73. The optical tool according to claim 8, wherein said protrusion is a saw blade.
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fulcrum 10 70. A biological probe, conprising: a radio-tagged optical tool
whi ch is mani pul ated by at | east one optical trap, said radio tag having a
surface owomsioakedps di sposed a predeterm ned ol i gonucl eot irE/USO2/279Ee
bi ol ogi cal probe according to claim 70, wherein said optical tool conprises
a 15 transponder. 72. A nethod of identifying a biological probe,
conpri st ng. %nfﬂg%éﬁéal {381 a@co?ﬁgé 8 -l 9 SFheRRH dafcBhaih B8y iHRIaPEd Bk udecast one
optical trap; activating a sign in a transponder in the probe using said
opti cal Eﬁgpotggéaﬁgld|2|ng t he probe with a corresponding target
mat eri al ; nDnltorlng a change in signal fromsaid transponder which
reflects a change in nass of the probe; and identifying the probe by said
change in mass. 25 73. The optical tool according to claim8, wherein said
protrusion is78 BRWAEELaccosfindNe hdh 8188 Fdldbindh 27 dgted foduse The opti cal
tool according to cFa|n17 wherein said main body is adapted for use as an
optica OkhReme. 75. The optlcal tool according to claim8, wherein said
protrusion is adapted for use 5 as a scribe. 76. A nethod of nanipul ating
an object with a workpi ece, conprising: holding the workpiece with at
| east one optical trap; grasping the object in an illum nation of at |east
one optical trapA nathdd ofifanipuiktipg hnbhj¢rgwiih e wuipie, easprisingh t he obj ect. 77.
The net hod according to claim76, wherein said object is an optical tool.
holding the workpiece with at least one optical trap;

grasping the object in an illumination of at least one optical trap; and

10 manipulating the workpiece with the object.
77. The method according to claim 76, wherein said object is an optical tool.

78. The method according to claim 77, wherein said optical tool is selected from a
15  group consisting essentially of hammers, blades, picks, wrenches, saws, drills, punches, files,

and screwdrivers.

79. The optical tool according to claim 61, wherein said microtransponder is adapted
for use as one of a micrometer optical electrical tool (MOET) and a nanometer optical

20  electrical tool NOET.

80. The optical tool according to claim 7, wherein said main body comprises a
portion functionalized by a member of a group consisting essentially of charge, magnetic,
radioactive, hydrogen bonding, hydrophobic, hydrophilic, acidic, and basic functional groups.

25
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78. The nmethod according to claim77, wherein said optical tool is selected
froma 15 group consisting essentially of hamrers, bl ades, picks,

wr enches, woensisxpi | | s, punches, files, and screwdrivers.pCi9usothm4apti cal
tool according to claim6l, wherein said mcrotransponder is adapted for
use as one of a mcroneter optical electrical tool (MOET) and a nanoneter
optical 20 el ent mh&abtichiasd] alNGRIng t8 laim N/ neRkni s matiRldy 8&EBILiNg to claim 7,
wherein said nmain body conprises a portion functiona?ized by a nenber of a
group Ccongbifibi RELIQISHMNY hahbey oof arélRoSestinB8RakICof trahPOARAGYE, ¥R L)Y dr 0gen
bondi ng, hydrophobi c, hydrophilic, acidic, and basic functional groups. 25
31 WO 03/ qiB290do@lbiRRut, héBdlidminGskent, [PAGspaf] ta@idhctiv@ RhtaBEE @hdldnAgnd 0 Cl ai m 7,
wherein said nmain body conprises a portion |abeled with a nmenber of a group
consi sti ngpbelssentially of transponder, dye, netalic, quantum dot,
fluorescent, chem | um nescent, phosphor, radioactive, catalytic, and enzyne
| abel s5 5 82. A nethod of inprinting at |least a subm cron size identifier
on a substrate conprising: coating an inprinting material on an opti cal

t ool ; pressi ngg2s & mlethqst df daprirttiog bt lenst 4 shlemistob size Alestifledon afamettatesai d i npri nti ng
material in a form 10 of the submicron size identifier. 83. The nethod
accor di nge¢mprsingi m 82, wherein the submicron size identifier is one of a
tag, brand, |ogo, serial nunber, bar code, and data nmatrix. 15 84. The

met hod accor dicagingen ghrintm@Rateidion ei epticki¢ockubm cron size identifier is a

dot
pressing said optical tool on the substrate to impart said imprinting material in a form

10  of the submicron size identifier.

83. The method according to claim 82, wherein the submicron size identifier is one of

a tag, brand, logo, serial number, bar code, and data matrix.
15 84. The method according to claim 82, wherein the submicron size identifier is a dot
used to imprint said imprinting material which is an active material on the substrate for one of

creating an array for an assay and anchoring growth of a more extensive structure.

85. The method according to claim 84, wherein said active material includes one of

20  oligonucleotides, antigens, antibodies, polysaccharides, and catalysts.

86. The method according to claim 82, further comprising:

activating said imprinting material.
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used to inprint said inprinting material which is an active material on the
substrate for one of <creating an array for an assay and anchoring growh
of a nor ewexisansiove structure. 85. The net hod accordi ng t ealesn®ds
wherein said active material includes one of 20 oligonucleotides,
antigens, antibodies, polysaccharides, and catal ysts. 86. The net hod
according to claim82, further conprising: activating said inprinting
material. 32 WD 03/018299 PCT/ US02/ 27944 87. The nmethod according to claim
86, wherein s dhaotethedtacergding épclaiondsy, ivbesinsxidestivaging biep sulyziseat e i npri nt ed
with said inprinting material to one of light, a chemical, and heat. 33
exposing the substrate imprinted with said imprinting material to one of light, a chemical, and

heat.
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