1 NAN CHANNEL ARRAYS AND THEI R PREPARATI ON AND USE FOR HI GH
THROUGHPUT MACROMOLECULAR ANALYSI S RELATED APPLI CATI ONS 5Thi s pat ent
application clains the benefit of priority to U 'S. Provisional Patent
Application No. 60/307,666, filed on July 25, 2001. DARPA G ant
Nunber NMDA972-00- 1-0031 supported work that led to portions of the

i nventions described herein. Accordingly, the U S. Governnment nmay
have rights in these inventions. BACKGRQUND 10The present invention
rel ates to a nanochannel array. The present invention also relates to
a nmet hod of preparing nanochannel arrays. The present invention also
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288, 10285(20809), and S. R Quake et al.

In the newly emerging field of bionanotechnology, extremely small nanofluidic
structures, such as channels, need to be fabricated and usedas arrays for the manipulation
and analysis of biomolecules such as DNA and proteins at single molecule resolution. In
principle, the size of the cross sectional area of channels should be on the order of the

- 20 cross sectional area of elongated biomolecules, i.e., on the order of | to 100 square
nanometers, to provide elongated (e.g., linear, unfolded) biomolecules that can be
individually isolated, yet analyzed simultaneously by the hundreds, thousands, or even
millions. Likewise, it is also desirable that the length of the channels should be long
enough to accommodate the longest of macromolecules, such as an entire chromosome,

25 which can be on the order of 10 centimeters long (e.g.. chromosome 1 of the human
genome having 250 million base pairs). The present inventors and others have recently
been concerned about such problems and their possible solutions, as reported in: O.
Bakaji_n, et al., Anal. Chem. 73 (24), 6053 (2001), J. O. Tegenfeldt, et al., Phys. Rev. Lett.
86 (7), 1378 (2001), J. Han et al.,Science 288, 1026 (2000), and S. R. Quake et al.,

30 Science 290 (5496), 1536 (2000).

It is important to efficiently and reliably construct arrays of many thousands, or

even millions of channels in an array for the simultaneous isolation and analysis of up to



30 Science 290 (5496), 1536 (2000). 2 thousands or mllions of

i ndi vi dual macronol ecul es. Such | arge arrays of isolated
macr onol ecul es could, in principle, be analyzed with presently
avai |l abl e two-di nensi onal area detectors, such as charge-coupl ed
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5 to thousands or mllions of macronol ecul es woul d be an extrenely
power ful tool for nmacronol ecul ar anal ysis, such as popul ation

di stribution anal ysis of macronol ecul ar size, chem cal conposition,
and DNA sequammgm millions ofBemamemmawéddual SUBRGdreaIt5€ uf ieflate®ul d i n
principle be |soI d in e ch nnel , heterogeneity

anal
b & sanp! & AT FRUIEg Ca T POl b e Db Le wishic B dygensional ¥
readily di Stheéanﬁctctoﬁmﬁ:hwulaege&eumaﬁemw (echy). u&@&uér VO avkaheunddi dagi ng

si ngl e nucl eoti de chr.onosone. |n
contr ast .t PRRCET RO ARG 38 S0 e SHRtn ot CrmeCHST ol y
DNA anpl i §i Qatuoafhnﬂﬁmmbntofrpaoemmecumubvbmpbeaxsawcﬁﬁlyqa‘oweﬁmusdiecbrc
aci d rmacronol ecul P AT é i %HJ gﬁyalka e

chr ommosonal RarArus SRt Rith s apBRH i Ehiion reafieo! 2ppape e
per f or m SNP cagdicyisomptsiddn, anskBNASeqpetatdgl v t han any net hod presently
avai |l abl e. Nanochannel arrays havi ng the proper dinensions for
carryi ng out the Bstavsd individoalsnacspioidrilencoakidn primiig]sbslsdfa:eaamﬁalytﬁde
of elongated Macr ono u averbeen her et of Qre,

Accor di ngly, Sffwier gm?nse?g‘nleu g %F]aégaal Pl oh FORES RS tumg%iﬂéﬁaﬁéqmoaﬁpmgfl%m
havi ng ato | éastadithdiseridy Tﬂjlsrvmukib@mammqw us¢fufor ldé:m)fyﬂnbemgﬂaanﬁedtsic

shoul § have B GBI e nPLEthIRRoh ARG, FLARA! Sl salt o

rnatcrormleculegm0 anne ave a sufficien
di mensi on t @sspRs TEReire ree-Fovsuming SMPoamplifibasion mthOQntomfrcmtﬁemémlp p@ws ofa

el ongat ed n@:ﬁE]Q@LJ@%ﬁ!’cﬁymd’f’éegle(@éa@ ol mr}ngrxm ﬁh@“&‘ﬁ-h yi d be

provided to permt e sinul t aneous servati on a hi er of
macr onol eculae@lysm ws'aaumqwatmigtnamhﬂnacltseraxfésﬁllﬂ mrrf@mf i)l %Thlbfslé IneneB soeEd

and i sol gf ed, IRGPADLG AR pleleri ARiMpkNdef initely In 25 such a state
at anbi ent ggndltlons?even gfter@thé field which is used to transport

the macronol ecul &gndcRirhet .-hﬂys:mmge}kospré&r Gimen®dia G dafyihf 6hidhe 1 S g ur neﬂ
yzed Wt

off. This feature woul d pe cronDIec |l es to be ana

techni ques £H2H mp@amwn@} %?E]én#%@m TRHIERRO o 6 opes L rBprEmelraes Brve e

nacr onol €culhgretvlsie tndvaRatid) fAdserdaRly0thedte heanfur@ndneezrbd pro¥igahinbehansa| d

T P A Lo SRR SRt OBl 24 o

. polyner s30. hawfficleagynsnl Edinensiinyto dhosgatmeikplahmmmmhe (23 €2 channels

nanochannel sgorurlﬂavg %\nggie%t?ye]o%gh 51%%:151 St %!enrm"\tr-{ﬁc msr}anmneous observation of the
entire elongated macromolecule; and (3} 2 high number of channels should be provided to
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25  such a state at ambient conditions even after the field which is used to transport the

macromolecules into the channels {e.g., electnic field) is turned off. This feature would
permit the macromolecules to be analyzed with techniques that require times longer than
the residence time of the macromolecule under the influence of the field. This feature

. would aiso permit the analysis of macromolecules without having to subject them to a
30 field.

Methods for analyzing macromolecules (¢.g., polymers) have been previously

disclosed, however none uses a nanochannel array having the three key dimensional



3 qualities as described supra. U S. Patent No. 5,867,266 discloses a
m cro optical systemhaving a plurality of copl anar
mcron-to-mllineter scal e sanple channels prepared using

photol it hography and an artificial gel material conprising a
multiplicity of pillar structures in each mcron-to-mllinmeter w de
sanpl e channel. The | arge channel wi dth nmakes this 5 system

unsui t abl e as a nanochannel array. 3 Likew se, nethods for

anal yzi ng macronol ecul es (e.g., polyners) by isolating themin
channel s nore narrow than this disclosed in U S. Patent No.
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surface astonmer Sealing suffers fromclogging due to soft

material intrusi @nekdfng uithSnaN3eRERic MbEdied X ik SHEBk YickIBchle analysis,
confining structures,
at Jeast two problems need to be solved: reduction of size and creation of sealed fluidic

channels. As reported by one of the present inventors, NIL is a paraiie]l high-throughput -
25 technique that ;nakes it possible to create nanometer-scale features over large substrate
surface areas at low cost. (S. Y. Chou et al.,Appl. Phys. Lent. 67 (21),3114 (1995) and S.
Y. Chou et al., Science 272, 85 (1996)) Current sealing techniques such as wafer bondinlg
(M. Stjernstrom et al,, J. Micromech. and Microeng. 8 (1), 33 (1998)), and soft elastomer
. sealing (H. P. Chou et al., Proc. Nat. Acad. Sci. USA 96 (1), 11 (1999), are suitable for
30 relatively large planar surfaces and provide an effective seal. Wafer bonding requires an
absolutely defect free and flat surface, and elastomer sealing suffers from clogging due to

soft material intrusion into the channels. Within extremely small confining structures,



4 biol ogi cal sanples are also nmuch nore sensitive to issues such as
hydr ophobi city and the honogeneity of the material constructing the
fluidic structure. Recent|ly devel oped techni ques usi ng

"pl ace- hol di ng" sacrificial materials such as polysilicon (S. W
Turner et al., J. Vac. Sci. and Technot B 16(6), 3835 (1998)) and 5
pol ynor bonene (1). Bhusari et al, J. Mcroelectronech. Syn.. 10 (3),
400 (2001)) have gained popularity to crheate sealed snmall holl ow
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materials such as heating the substrate up to 200-400C or wet etching
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comuni cat i QHaWaE@d:?élosle@Wch%d@fthets&%s 61 3RNRlkNY 2 s8Gindte3ANRE & surface;
reservoir capable of rel ﬁam n fluid; and c) at |east one waste

reservoir i fOTIRGE LPlRGlivnohrhanpeloR ‘%’E“'ﬁe"&ﬂ of ‘B%%’trfaﬁfné“%qepf‘%@'%%ﬁlﬂf@l s,

sai d waste hR&MhLVE the gaﬂaaﬂacmmaeﬁ%uMdm tBe {;Msh@ ofémnmeto Rt high
enbodi nent of this i nvegtl on re,are provid stenms for
channels at Jeast su stantially enc osed, the su stannally enclo ed channels having a

25 trench width of less than 150 nanometers and a trench depth of less than 200 nanometers.

In another aspect of the invention, there are provided nanofluidic chips including:
a) nanochannel array, including: a substrate having a surface; a plurality of paraliel
channels in the material of the surface, said channels having a trench width of less than
about 150 nanometers and a trench depth of Jess than 200 nanometers; at least some of the
30 channels being surmounted by sealing material to render such channels at least

substantially enclosed; at least some of the channels are capable of admitting a ﬂl'!fd,' b) at



carrying out analysis. In exenplary enbodi nents, these include: A a
nanof | ui di ¢ chip, including: a) nanochannel array, including: a
substrate having a surface, a plurality of parallel channels in the
material of the surface, said channels having a trench width of |ess
t han about 150 nanoneters and a trench depth of |ess than 200
nanoneters; at |east one of 10 the channels being surnounted by
sealing material to render such channel 8 at |east substantially

encl osed; at |east one of the channels capable of admtting a fluid,
and b) at |east one sanple reservoir in fluid communication with at
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exanpl e, i nctosrdmnicationsyigs leaft ongnidha dibrnglsasaid waRs bserircapsblepnf receiving

i ncluding: a)gpgnochannel array, including: a surface having a
plurality of parallel channels in the material of the surface, said
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macromoleculs; Hansporting the at least one macror o!ecu e Into t e at east one channel
25 to elongate said at least one macromolecule; detecting at least one signal transmitted from
the at least one elongated macromolecule; and correlating the detected signal to at least

one property of the at least one macromolecule.

Cartridges including a nanofluidic chip in accordance with this invention are also
disclosed herein. Such cartridges are capable of being inserted into, used with and
30 removed from a system such as those shown herein. Cartridges useful with analytical
systems other than the systems of the present invention are also comprehended by this

invention.



Fig. 6b is a scanning electron m crograph of the nanochannel array of
Exanpl e 4 obtained after sealing the substrate with silicon dioxide.
Fig. 6¢c is a scanning electron mcrograph (top view) of the
nanochannel array of Exanple 155. Fig. 6d is a scanning el ectron

m crograph (top view) of the nanochannel array of Exanple 4. Fig. 7a
is a scanning el ectron mcrograph of the substrate used in Exanple 1
prior to sealing with silicon dioxide. 20 Fig. This a scanning

el ectron m crograph of the nanochannel array of Exanple | obtained
after sealing the nanochannel array in 7a with silicon dioxide. Fig.
7c is a sca@W@E&ERﬁHWW@EMM% substrate used in Exanple
2 prior to sealing with silicon dioxide. Fig. 7d is a scanning

el ectron mi driagh Bistiragss acrss4eaifeict A Rrrechaang] agaydiavingsnipstaatidlysheigieded 25
after sealing,thg nanochannel array of 7c with silicon dioxide. Fig.
7e is a scanning el ectronm crograph of the substrate used in Exanple
3 prior to smg.ti fiudAtks Wetdds b dn@? B nHoBREnA@ array/haking cofifelelyl tisibieat s a
seal ed channel having a nanoslit in an o aque | ayer across the bottom
of a chan?nel‘%halﬂ?%s.anéga‘i“rﬂ ﬁﬁ%’t%é‘f%ab‘ic@%‘éﬂ?‘gﬂ' ketharrels- havi ng a nanosl it
in an opaque_l ayer across the sealing |ayer, which is oriented

per pendi cul dfi&t3ois SETPIHR FeHIon SUGPETAP Rl JRpRchar! argy paving rekpllehifirar
scanni ng el eghir 0l 6peRGhaPpbiEendd. the substrate (left and botton) and
a of the seal ed nanochannel array (right) used in Exanple 14. Fig. 9b
i s the inageight flisnads & sdembtverf@pBced férhiepcdBind sdelling anfads ipb s#gehgeniene
(shorter) and 168 kb T4 phage genone (longer) of Exanple 14. Inset:
Pl ot of gendie Sillaersteer sueflnEcrcbipol ecul ar contour length. 10 Fig. 9c
shows a nanochannel array sinultaneously el ongating, separating, and
di spl ayi n@ Fiplaarisd scepning clORmn MiccezIph o0& the bebstrate ngsd nyExampld 4pridrtom 10
kb to 196 kR.)EicQeimfichbh bidsiksates a system for anal yzing
macr onol ecul es Usi ng a nanhofluidic chip. One aspect of the

present inventigdhs £AEMMAIEREn RidGHRPHRA M Shnodkdndd ahay biitkapll 48 tlikel Y

of channel s that are, substant. al closed. As shown in Figure 1,
t he after seal?ng the substrate with sillic%n ij?)xide. . g

Fig. 6¢ is a scanning electron micrograph (top view) of the nanochannel array of Example

15 5.

Fig. 6d is a scanning electron micrograph (top view) of the nanochannel array of Example

4.

— Fig. 7a is a scanning tlectron micrograph of the substrate used in Exampie 1 prior to

sealing with silicon dioxide.

20 Fig. 7b is a scanning electron micrograph of the nanochannel array of Example 1 obtained

after sealing the nanochannel array in 72 with silicon dioxide.

Fig. 7¢ is a scanning electron micrograph of the substrate used in Example 2 prior to

sealing with silicon dioxide.

Fig. 7d is a scanning electron micrograph of the nanochannel array of Example 2 obtained

25 afier sealing the nanochannel array of 7¢ with silicon dioxide.

Fig. 7e is a scanning electronmicrograph of the substrate used in Example 3 prior to

sputtering with silicon dioxide.

Fig. 7fis a scanning electron micrograph of the nanochannel array of Example 3 obtained

afler sputtering the nanochanne] array in 7e with silicon dioxide.



15 nanochannel array 100 has a surface 102 that contains a plurality
of channels 104 in the material of the surface 106. The channels 104
have a wall 110, and a channel center 112. The di stance between the
wal | surfaces 110 inside a channel 104 that are perpendicularly
opposite to the channel center 112 is defined as the french w dth.
The channels 104 are surnounted by a sealing material 108 that
renders the channels 104 at |east substantially 20 enclosed. In one
enbodi ment, the channels 104 will not be conpletely enclosed and will
typically have no sealing material 108 directly above the channel
center 112, FrdriilisHgreanscaloe Aranee! havingeasestl ingp opague fayer actogs i bottom
channel . Thqﬁqgﬁﬂm@g may have a variety of shapes. The size of the
opening is defined as the m ni mum di stance spanni ng the openi ng above

25 the channg}, sbeiMs@htedd Zaled ehaahmhaﬁ;gmﬁh&ﬂhmn obd¥8e &P&Pﬁcg@s tth@?ea]mg
opening is less than the french wi dt h andlstylca | ess than 1/2

of the trendhshiHiH: ! SFFB‘F“@ W‘[?F%W%/ 1q thelong #xig,0 f/’@“??ﬂ’aft"ﬁb trench
wi dt h, st _typicall s than 1/4 e nch dth I n other
enbod; ments TRSecHamareng sy TBTPETERES Q’Cé}%f*@g@ag e
mat eri al corgphled sinycamwetinrayqrigthpnstdipn Bkmples.channel and havi ng no
opening in the sealing material. In certain 30 enbodi nents of the
present i nvelig.iohns the exdge nigainet fom die CmofMSéntbdmdbd:\de gteomdshmcﬂ)lo

d the b h
abod ment s, OGS K1 pRAFRAEGE Phto o BepR. 1ot B 5F bromelliof Vil

surfaces formathnpyecuhecseat iength.nat eri al adjacent to the walls 114.
In the present invention, the trench width is typically less than 150
nanomet el§, Hipde shopsiagahdchanngisasray Hamhangoslypinpgetingr separaving, eviehspirying 2

typically | ep?lﬁ'alﬁtp@f‘leﬁnacg%olc%@es ﬁh‘é’ng in size from 10 kb t0 196 kb.

Fig. 10 illustrates a system for analyzing macromolecules using a nanofluidic chip.

One aspect of the present invention encompasses a nanochannel array having a

plurality of channels. that are substantially enclosed. As "shown in F igure [, the

15 nanochannel array 100 has a surface 102 that contains a plurality of channels 104 in the
material of the surface 106. The channels 104 have 2 wall 110, and a channel center 112,

The distance between the wall surfaces 110 inside a channel 104 that are perpendicularly
opposite to the channel center 112 is defined as the trench width. The channels 104 are
surmounted by a sealing matenal 108 that renders the channels 104 at least substantially

20 enclosed.

In one embodiment, the channels 104 will not be completely enclosed and will
typically have no sealing matenal 108 directly above the channel center 112, providing an
opening in the sealing material 10.the.channel. The opening may have a vanety of shapes.
The size of the opening is defined as the minimum distance spanning the opening above

25 the chamne! center 112. In such embodiments, the size of the opening is less than the
trench width, and is typically jess than 1/2 of the trench width, more typically less than 1/3
of the french width, and most typically less than 1/4 of the trench width. In other
embodiments the channels can be completely enclosed, having sealing material completely
covering the top of the channel and having no opening in the sealing material. In certain

30 embodiments of the present invention, sealing material 108 can extend over the walls 110

and the bottom of the channels 104, as shown in Figure 2. In such embodiments, the



5 15 nanoneters. In certain enbodiments the trench width is about 10
nanoneters. In the present invention, the trench width is at |east 2
nm and typically at least 5 nm In the present invention the
channel s are at |east substantially enclosed. "At |east substantially
encl osed” neans that the channels are conpletely enclosed or have an
opening in the sealing material that is smaller than 1/2 the trench
wi dth, or have both 10 conpletely encl og8ed channel s and openi ngs.
Channel s that are conpletely enclosed have a trench depth that is
defined as the distance between the surface of the solid material at
t he bottom afenttheidehiariefhedoa! tbadiktagre chaan el sudeed &rmad By tiR skdlhgSRadriang
mat eri al above the cha center 112. Enbodi ments in which the
channel s ha#PREFA1 % ﬂrﬁé4have a trench depth defined as t he

dlstancefromth 53urfac hes teri ott om of
the channel bel ov9 gaﬁé’res "attﬁrr'\e 90“ 2 i Henolbwt’% ptgg'c‘%lyoﬁ 2 i‘n‘go BYERr Ry’
where t he opene t}g:csliyzlessnhanri@asmedtersl, artdknaemqnammaha&smme TIShSiJnmmd
p03|t|onvvh ni t edth t he Sltl

of the open:al%g“mlwmett fe oneg%ﬁ &gl&gmgalgtshg en ‘ltdFlu'l 1S g ﬁ;o rn?ﬁ

channel 104 prdsentirventppnetbetenchwdhis aizast 2 e, bmdampnhall;&aptchsusm.ess t han
200 nm In certain 20 enbodinents, the trench depth is typically |ess
than 175 nm andlmtbe preseppinyentioy theeehgnnielsare 45 snywpstaiBlly nrjosdd 0" Amigas? 5
nm 50 rim n »CaELl t p

about 15 T Ealyy Bicklc RS B P RRUARE oFc DTGRPk nlR g
nm typi cal lopendng ineths sealing impferiahthatris smalisrpghana | /2 yhatmméa@tfm;mr hame toph

the presgnt cbﬂﬁj@ﬂﬂ?eﬁﬂoseﬁbﬁ‘anﬁlaﬁﬂﬁ*@@ﬂﬁés arrays can be fonned in a
substrate, suc as a silicon wafer substrate, using a variety of

fabrication nmet hopsnas :}Qesz@rdoﬁprdxche&r@wsedl mhvs)a&resab%kmaxt is defifed as the
nanochannel array has % allt]%/ gl araJ l.i near channel S_across
t fiiRg solig

the surface d5PRebrEYEER 2¢9 ¢ é‘H’t"S’? itﬁ}é’ Rtgmfike deprel pepw the
m crograph kRanhbiQekier 132 1¢ theGedling nthieeiBludevdBa tiinnd] hendtan oCc BaBB@nents in

arrays have | east end of at |east one o e channegl s can be
T w0 com B B TS 4 OTeBie v Adrep i dfepned 8] Cagasaneg fom the
enbodi nmerst s surﬁce Ioea;s soln@atehd AN ek biosonc oﬂmeehamdeld:iero@cmé Yhanhdi h:eﬂ‘ér tb @St
one reservoir. ?hnat vely, at least .one chann n_be connect lg
re [+ t%& an

with at |ea8® tbo SRV YU e LRI i E PERR f'fectlf BYW&i "GRG
curved mi cr oohpmsiieh whereahaimmedm Hiatansegam bevmeldshred ignglnt posivion bbHthla opeainger
than about gl GLGMY i Rlsed (EHEBORI InCARARFIR] Wi Th at 1 east one

reservoir via an interconnecting nanopillar or micropillar array. In

certain embodi Meft g Blsch®fRbnioh0 n12NESicRTeepBNE 106 12e BbapRe! f Bid N

S flud.

20 embodiments, the ttench depth is typically less than 175 nm, and more typically less than
150 nm, 125 nm, 100 nm, 75 nm, 50 nm, and 25 nm. In certain embodiments the wrench
depth is about 15 nm. In certain embodiments the trench depth is at least 2 nm, typically

at least 5 nm, and more typically at least 10 nm.

In the present invention, the nanochannel arrays can be formed in a substrate, such
25 as a silicon wafer substrate, using a variety of fabrication methods as described below. In
one embodiment, the nanochannel amray has a plurality of parallel linear channels across

the surface of substrate as illustrated by the scanning electron micrograph in Figure 3.

In certain embodiments, the nanochanne! arrays have at least one end of at least
one of the channels can be in fluid communication with at least one reservoir, in these
30 embodiments, at least one channel is connected directly with at least one reservoir.

Alternaiively, at least one channel can be connected with at least one reservoir via an



5 communi cation with at | east one reservoir commpn to the chanrels.
In these enbodi nents, at | east two ends of some of the channels can
be adjacent or not adjacent. These channels can be connected directly
with at | east one reservoir. In certain enbodi nents, at | east
two channel s can be connected with at | east one reservoir via a
comon interconnecting straight or curved nicrochanna Alternatively,
at 10 |l east two channels can be connect®d with at | east one reservoir
via a conmon interconnecting nanopillar or micropillar array.

In certain enbodi nents of the present invention, the nanochannel
array has a ilpérwmbdting sfigic hasureddsnitheltansdl éa ¢hansdef hldvdmgczomaimhﬁgntj m:rrboth
with at |ea oNe,S | e _reseryai co n.to t _sone

channel s. ?atrger uaf%a |atmwm?§ ¥§n°?1% S lslcgnnr?lca‘g%fv ”rk‘}ﬁfi%astt ﬁ%ref%w?" Wa an
channel s, tyrpt:ro:ahhqugmarwptllhmnﬁqroaﬁataavyen typically nore than 10,
100, 1000, 10,000 and 100,000 channels. In certain enbodi nents, one
sanpl e reservoi rincanzipeenpediviettadatilenst bd engh of lseme ofitheedtenicls tthan fluid
nanochanngl r n . S
Che nunber Sfcacfl 3 sl Elebiof BmER HWEURnER e @ BmblilEn
enbodi ment s at 680ty epdsiphisme &f ths hamelacandeadiacanhvrenohbtianens Ghe@0Mannels
paral | el Ilg mggﬁg{g&hﬁ%hg%tﬂgﬂ P&l r&g%l)ty of 20 200 nu, the

periodicity firned as the |stance etween the mddle of two

adj acent channel §.certain embddiméifs, tadieBst QNS ORERNENE -5, betcldEnelcd WAhi Jt Yea@f one
channel s can be connected di rectly with at | east one reservoir, The

connect i ons "EEMOIHYI2 4 COBMTD M AIRFLIBR AEREN 45 cuYIianigtorhaspelc fltgragnvely, at

i cr ochafyeleast! v th@ihele rdan dbemesinscted vathuk@lidabty off r£5B3BREVIS £ aBmBen
connected wth at 25 Ieas one resﬁrvm r via a common interconnecting

nanopi | | ar B’r‘e'?ﬁ“E?cBB‘F Pmgp ]aa’er’HS}“o‘?' E'@BfY-ai n enbodi ments of the

present inventi the n gnano arr.a a ns rali of
Phannel s that ol seliif R ERRAS AR Bresdh ity bR BikoShafiet ey s €
reservoir. ﬂhtahq;ugh:hhimlsphatraad int funid toromameatibs with at}qastoaielsymplerrmnrbied '
directly w A e QLr anone vaste .
Hoservor " cann o] Rhet S0 YIARL BLRAEEN O blordR & bR R Ge v,
wast e relser v trhamahs b@lca&emoas}him %ambt\@n(tmldaér:momhmestbrw@u 1000, 10,000
Accordi ngl yandn}HOtOb@Ll% éMneceﬁQL lex%ﬁ&dﬂﬂ&l{}%ﬁ@g sc%nr r.aal‘l 3Y pp‘ﬁndcd f’or ty

prOV|ded on nanochanne 10 arrays ese enbodi nents, ura
of channel saltafitht ehasosiniadherrnpgheinch arrdve thys the pluraiias efechaansisropn ibF aylaggea

commmon i nt e;cHp %%Eérfb@ c%é& At 210 Ton G i8&ratll. Oh ACRARA R MLBSMERS Cfdot?:?ﬂ
earlier. Likew se, 8 urality of channels can be connected with at

least one ASPECTLEERIRSEM kAvHabouL B PiiAled Hewn phearglnkp vingRdisTipdialy oy
m cropi ldoar 26 &@Mhe periodicity being defined as the distance between the middle of two adjacent

channels.

In certain embodiments, the plurality of channels can be connected directly with at
least one reservoir. The connections can be a common interconnecting straight or curved
microchannel. In other embodiments, 2 plurality of channels can be connected with at

25 least one reservoir via a common interconnecting nanopillar or micropillar array.

In certain embodiments of the present invention, the nanonanochannel array
contains a plurality of channels that are in fluid communication with at least one waste
reservoir.  Although the plurality of channels is typically connected directly with at least
one waste reservoir, more than one waste reservoir can also be provided. It should be

30 appreciated that the waste reservoir can be used as a sample collection reservoir.

Accordingly, multiple sample collection reservoirs can also be provided on nanochannel



5In certain enbodi nents of the present invention, the nanochannel

array has a plurality of channels that are substantially parallel, in
which the plurality of channels are substantially in the plane of the
surface of the substrate. In certain enbodi nents of the

present invention, the nanochannel array can contain |inear channels.
Li near channel s are adjacent channels that are substantially not 10

i nt er connect ed. In certain enbodi®rents, the ends of the
channel s are capable of admtting a macronol ecul e in a fluid. By

bei ng capable of admitting nmacronol ecul e neans that the channels have
at | east onameyfeninribest smbedimprsugirluraitpet shenndispan hasemgeredpith at least one
mecr omol eculfe Wikl oift WAL Eomé AREGBARE ESGIAN Y SAURY. micrRnakl Yo
such openi ngs can ocated at the 15 en & annel's or on the
sin-face of dessabebedriiarg Likemese) aIPthrﬁvbe@hha@p@mang@ gopnected \sxda#n Inggt one
meterial . ORISR VRS oRRRh ifdicdBLAE RlnchAl: HSiBEAKLED, D

subsequent nodification o t he nanoc rrays as provi ¥Ied bel ow.

In certain embodifeam ShibddiRenty @ﬁe@tpr&s@memrmen aab%ama%bﬁmsl has a
array contains channels that are capable of transporti 23

nacr onol ecuPBraEY e5ehapprly 112l a6 gbptantpiy perglidlaifoeitidnthe Plugsfinagischeantistyee

fitted withsaoanlighyl el E08PanamH:se sQnddsbake, macr onol ecul ar
transport, exanpl es of which include pressure or vacuum gradi ent drop

across the channgl&raia |eﬁ:6$d'ﬂ91&{mﬂh§preﬁﬂdin€ézﬁ6ﬁ fiikia A BbrEel array can Y¥hizhre

not being bound to a i cul eory i's believed t
nacr onol ecul‘@‘é“"tﬁ)‘ﬂi”?:e Jflﬂeé’f/ C% n2'F| dr"r{éaszm EhapRRls cﬁ}faﬁeﬂ"sﬁﬂi#’ﬁ‘f"“a”y not
conf or matg oftérdompase (e. g., li near pol yners 25 have a random coil

conformation in their natural state). Accordingly, it is

t her nodynami cal | §n cerfagoy emleddirgentso nheramds orfothe chbresist e Spmhleacte admsitting
el ongate and e
| arge free er?gllr%n?/) Eeﬁ@gg‘gg% dﬁegﬁeé %H%grlgg@s&gor Eé{fé%p%%c gr%%@s ot h
ki | obase T4chinagehadwgablesst gmtchreellawmmgb tOMAME izEi massapad 9fla rhapromddecule.
Gaussi an co f radk 9

sol ution, vml\?rlﬁ a3‘[(;)a%g{y:€f o?%nsxﬂ%éaa?% ulﬁ%fl gég ?8%%1(%@? e{%}cn%n%ggﬁ{jbmlol‘:ﬂeg ?1{%6
per si st etfceetdsrefi the ehanagip gt 90 theysirfacq ¢f the sealing I"ﬁm@éP thegugh @nbra;e&sme rhes,
the nanochagnghg %Jt@}}ﬁl Cafpeniat 61!1 rlhé? Q@aﬁﬂ?' rﬁat&ﬁPQQA %eoﬁro\h&@”aﬁ%ﬁéeﬂﬁn@t
| east one nacronol ecul e across channel's, in

nmacr onol ecufedifigatiay %WeéPﬁﬂﬁéﬂPé‘drﬂab?%PFﬂY&?d@ﬂa}‘inel s can have openings
| arge enough to ermt the entra?ﬁg of the ends of the

macr ool ecul es. 1MrFeERPERPAYERES §F HsRresent; inventiony the pangchappel @AY cQRIps
channel s al siznhaly ehdt r@ﬂ@fpaﬁkdéfhﬁan@flﬂtﬁgrﬁﬂﬁﬂrdiﬂ]&hﬁ feadsE AN RARBN The

. restrict_the novenent of ecul es, ri rrar|

oot s G anBITGHE ATy R0 e N B it mBIsP s 1o Gfppmotcculn
channel s ar eanspbrt, a:tampan@m"fewhenl include presshife 6enichiuf pradibar dref across the
embodi ments_of the, present nt| the nanochannel array is

capabl e of fh an%lfic?} °° ™3 ls’I eas?w(? e i opol yner across the | ength of

said channels. Ip %&%ezn% lgﬂpé) i yﬁ%ﬁlaﬂar e rqu f}é/vcgl finat te},ﬁchQ.%‘flE\ffés

permts the bi op yImer s nove
| east one dhwpietly bave amoeﬁlwabhyedmeslmhméqmsmﬁmmsc éarga linca pobythers

Wi th a ngn- gijecki Q%d@ﬂe%ﬂ @c§1f Sl %%Llfit Shuralf @{ates)reeﬁ‘g%@% e,t oﬁ

adhesi on of macronol ecul es, as biopolyners, to'th
channel s. | wemma@ﬁﬁtydmﬁ@nta@h fpy mﬁcsomle@éqsrteepmna@ouslhelqmamwhémm

array cont ablﬁ%n@l?%ﬂ@@fysﬁom the environment due to the large free energy needed 10 reduce
entropy. For example, a 169 kilobase T4 phage double stranded genomic DNA chains will
form a Gaussian coil of radius of gyration Rg= (Lp/6) * = 700 nm in free solution, where

30 L is its caiculated contour length and p is the persistence length of about50 nm.



15 capabl e of transporting at | east one unfol ded bi opol yner across
the length of said channels. Wile not being bound by a particul ar

t heory, when the dinensions of the channels are apparently | arger
than the spatial conformation of the macronol ecules, there is at

| east a partial amount of elongation of the nacronol ecules in the
channel s. Wen the di nensions of the channels are at the sane order
or below the persistence |ength of 20 matronol ecul es, such as 50 nm
for DNA the macronol ecul es can be sufficiently elongated in an
unf ol ded fashion inside the channels. \Wen the dinensions of the
channel s fall in lhedengermbbdmelguie neEothame dotyWosrseRREAT tiRdnels capable of

nacronnlecules ca artiall ted i S nnels. In.this
case, the nacr‘?fﬁ%rp%ﬁi gg“coe?ﬁ c“fmqqe aC{%%ﬁBi’e Eﬁngl re b%f’?l“ Sol"?:lewg"%ngae
t angl ed. Wi inecroinolesulen\i m@@atha@ycmemmwhepms bﬂ‘ge enough to
transported 265 |tnthan unce E%e o5 % n th«]a c'h nnel s of % .
nanochannel BYTFay"of THe P esen Klgﬁﬁcf?ﬁno 50 ar (et §eBY ergkl’.ﬂ e 1t
unf ol ded Hfacprefenkd tut esh nhimhaldelscRN&(p tiDhoh, widte ahdirrendh detiad rdedwmpiig'bde

chai ns, self-assenbl ed ch

otherbi opol JREreRe mrderieght farraRr PR s PR R e fip e B8 e
enbodi nent, ¢fhibe aihatramaelPrg’emhizslmhekarmélstaﬂcexonanaoimnmél arrays can 30
be formed from Iinear| y adj acent channel walls that span the :
substrate surfacdn C¢rwirbmr¢fetrrede€mﬂ7@dmm0§ the pregent raentiei.ghe samotienied pmayds
frompillar g A SHW ol eSSk C
menbr ane | ayeﬁpw%yﬁ%ﬁgﬁgl ‘sz‘garéﬁ%&n&s %ﬁ%ltb e 1{ éf% g%ﬂ%"?&? hﬁ%ﬁe
The surf d@e gmakasimests, gfe aewéefﬂ’a t akpiBtls afrrrr@%yé*leclawowner&)tom@rfan@move
al nost any SEH% et FanfiB & dtQast ﬂécd?re?tﬁma ﬁ%ﬂ?tﬂhy @ham]%mf?c'es a)% treated
sem conductor material, or a nonconductive materi al | es of
conduct i ve nuitler# aP-StFne ReHetal desstibad deta| fafi Hﬁﬁiﬁ’t"@o aglhesiaay of
and chroni umy,,E4aoRdues, Qfh SSBpeRREHCINEinfBd AfihedhSnnkRC! ude doped
silicon 5 dioxide and gallium arseni de. Exanples of non-conductive
mat er i aI s includap BthSﬁdnlﬁ»tﬂrrleﬁﬁ it Biprd o0l tHir Qb KhQochSirk] 4 cBhthink GRannels

gl ass, ramc nt hetic pol e foregoing is enpl ar

onl y. eI, &1 SREBHPE 3 R o8 o folied CGPRoRT G oeh e e n G

array is typdh@ﬁriebsy W}ble maurbf::agebooﬁd b;he Ratar alieﬁl;y, s:ua-ht}asmmbﬁs:@wrd‘faﬁee

of a silicon waf surf

25 one ad; acHRT L AmbFrRaMaLe ity ik S5esRLpRFRaeR oF B spmipoleehilh dRIS!

on to a secondt kmspamalemam off elengafiph n‘éthevhacsomcblainlee :rcthatiaangelpr\bimshae

i ncl udes vappr it f on

certain enbodi %?(FESO{ the ag?)erlgggﬁ%et%gaenﬁ |%)d%r B E%g‘ﬁé}ﬁco r%’ﬁ!ﬁ’ée I'mgrm of

i ncludes 261t m@a@nolm@sop@cal $8/ nop deyu@NAw tther m¢romdy®iesa@pabeenufﬁmgmbrhe
seal i ng mat &fi,b.q 16 u%‘ideﬁ@lsk% %éd@%%?m@@t\%én%e &%@nﬁ&sﬁg&g%ﬁﬁﬂels

between the surtace material and the sea It

si tuat ed i nseiddnthseveem dbmatioze-mentionath e SSﬂ“FIEFEt e@cremoltegﬁemant bre partially

seal ing mal Ghdriheq G tideeCABRERA Bk e IEAGEroNILR: ATDS LIRBYARAOYE

materi al that cCan be ep03|ted as a layer is p055| e In

enbodi nent , beEuiidedArd SoprdeVEhitectis spypigedireiAnH MapienlepEn £ bejmangpgrted

desi r abl &5t halun LARIERAIMEN inaMEhahiil CAIRSHAScha 2! Arﬁ?%dh%&sém%mmnm
t hi ck. For 20 enbodi nents contai ning nanoslits use for carryin

out near-fi elafetlyn¥fgiuHEpPloPnipied cptoarricsulet inclyde RitthieN4, dgnptured unfoided

desi rabl e t Qepli@PakathsS bdit seitMdd SHendiddd DoBfheRMhrdd8d- payﬁereaﬁhﬁdaﬁm@b&gh
t he deposi ted opaque Iayer but not through the transparent sealing

mat eri al f orPRVLYFRELS, ﬁ’i“’rf@mpﬁé“‘?'ﬁf@&r"fty of the adjacent (underneath)
channel . Wt hout bei nd b rticular theor the optically
opaque | ayer funé’EP eF"Bﬂ‘%‘&?f"ﬁg‘e ek sgPetpEyh %“ﬁ“@%‘@ﬁ%ﬁl AEH'S %an

near - fi ebgl aw%Clotadd fdm nwatmeugacohe'tuagndmwndtmpspan BRI substidledurfhdde ah Yther

alumnumis partjcularly pr%ferred as an opaque | ayer because it has
embodiments, the channeis can be formed from pillar structures, self-assembled polymer

structures, stacked membrane layers, and nanobeads (particlesinside the channels).



close (less than about 30 nrn) to the channel as possible w thout
conpromsing the 13 integrity of the adjacent seal ed channels. The
thin wall of sealing material between slit opening and channels could
be created by FIB mlling or controlled nmaterial deposition.

In a further preferred enbodi nent, the nanochannel array contains
sealing material adjacent to the channel bottom Sealing material can
be provided in channel bottomby 5 depdgiting a suitable sealing
material into the channels prior to or simultaneously wi th encl osing
t he channel s. The nanochannel arrays also preferentially have
seal i ng mat eri al Thalputenmategal ¢fethe hanenkannelzniayneandys frmed from hulgost any
embodi ment , o{iigaSeRliAg B S k¥ondiRivd AANAR, LNEKEERER: Wafltih oI ol S
particul arly advantageous for preparing nanbchannel arrays from a
vari ety 10 e$ndugthstmatersal dixpmpleesf ednductivomariins sllde eleslsmudess 1lminuh50
rimin tren L: r D Bnbiei N, LA
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evapor at i on?}hgﬂsglg)é'tg 'rEg? gg?g%gd)%b?g%i ?@%lgsr?argav\ggm %tscroﬂmeéé'sguﬁr {i‘}g&%mﬁg .
conpar ed t oexdmplydy palyof the sanple, and the angul ar 15 distribution
of the depositing material is very narrow._ To achieve a non-uniform
deposition the sg'lbglﬁrl%i?sémi @V%W“P’?-ééﬁ gvrfage i dbg panechanpel camayhe fypheaiinahe

wal | s parti irkte BF QfelubditiedaRP 84 ik QAL of £ 3iLHOWITRL EXktdhatibbiy KBe Burface
shadow), and npst of the nmaterial is be deposited on the channel

val |'s nelr £3ebLRER: SPrasionn adircerthosuppraisA &Y 2kenopd sliseind Caatio japmaleal
depth no deppgbtd QRoNd bibsesi€ Uin &iml OIRG. A8 uREHIS UBRINGAIEeeksS iniubiése Ghpor
20An alternative an{j ,gre%azrred ngﬁt{hod to provide sealing material in
t he channel eRoSiepat B SBCAMNEH: I n sputter deposition, the
sealing material,is depo

rate at any poi nt* 6H*F ﬁré’%s%rr%d’gsggéftgéelf”)rg%gtgilng%ﬁf’%g”efo‘g‘gg‘lé’g?s% grtmg]g’r“ﬁﬁ%pat
total targeteasir@a optitdliyropadue rhiterial Gyersidfoent 1ashel saling mbtaead. The dpitiglily e
T e
substrat e she Sawesd wside theashehnelsl gngn desitnated yn ¢dp of the ecafiog imeerill 22 a
e e rt e e
nature of tpessiplet gy thafl embagiment Milsmimamuistirefgredn  Fore cérast embatiemperss, tif &n
of target desirable that the opaque layer thickmesses are less than about 30nm thick. For
_____ 20 embodiments containing nanoslits useful for carrying out near-field imaging of the
contents of the channels, it is desirable to prepare slits smaller than 50 nm that are etched
through the deposited opaque layer but not through the transparent sealing material for
maintaining the integrity of the adjacent (underneath) channel. Without being bound by a
particular theory, the opticelly opagne layer functions as a blocking mask for highs
25 resolution near-field excitation. Without being bound to a particular theory, aluminum is
particularly preferted as an opaque layer because it has the highest known skin depth of
any material at the given wavelength of the excitation light source rendering the smallest
thickness of the blocking layer, hence the shortest distance between the slits and the

P possible target molecules in channels.

30 In certzin embodiments of the present invention, the nanochannel array has at least
one near field slit feature above at least one channel. Such slits should be fabricated as

close (less than about 30 nm) to the channel as possible without compromising the



material at the top part of the channels instead of at the bottom of
t he channels (i.e., , surmounting the channel). In time, the sealing
material near the top of the channels 30 eventually conpletely

encl oses the channel, which prevents further deposition of sealing
material into the channel. In one enbodi nent, the resultant sealing
material in the channel results in a profile 128. Suitable sputtering
systens are known in the art. A particulfarly 14 suitable sputtering
system has a 200 mm Si 02 target source which provides high surface
coverage and uniformty across 100 m n substrate. The | engths
of the channBlegriyfofithroadizasoicisalphehanpgly. dpe chim WeH\aE sgaling deaterigh hesveenrit
l'engt hs of thennRaRehmneE0uBhe BrelEd 5 BRSATRg QF coqI}rBIﬁe%rrﬁﬂéml Eepbdion,
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i s descri bedvinese a8k dsthddudbifag idtilted. In certain enbodi nents of
t he present invention, the sealing nmaterial can be deposited using
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Sputtering. the instant growth rate at any point on the surface depends on the percentage of the total
target area within its line of sight, as is outlined in Figure 4. Without being bound to a
particufar theory, sealing material from a Jarge target source 130 that is in close proximity

25  to the substrate surface, can travel along a variety of trajectories (122, 124, 126, 127) and
be deposited at different positions in the channels. Sputtering is typically used becanse of
the divergent nature of the material beam, thus resulting in the faster deposition of target
material at the top part of the channels instead of at the bottom of the channels {i.e.,

. surmounting the channel). In time, the sealing material near the top of the channels

30 eventually completely encloses the channel, which prevents further deposition of sealing

material into the channel. In one embodiment, the resultant sealing material in the channel

tesults in a profile 128, Suitable sputtering systems are known in the art. A particularly



30l n certain enbodi nents of the present invention, sealing material
is deposited on substrate surfaces by a sputtering process at gas
pressures typically less than about 20 mlorr, nore typically |ess
than 10 niforr, and even nore typically less than 5 mlorr. 15
Sputtering is a process of driving nolecules off a source target
surface (such as Si02) using energetic ionic bonbardnent. Atons are
knocked of f fromthe source target and l!éan be deposited on a variety
of substrate surfaces, such as patterned silicon wafers. Wile not
bei ng bound to a partlcular theory, it is believed that as the gas
pressure i ssyieblgcpertering xstem hases 308vmm SHaF t2reet wurdervhidheprevides highraerftceof
the plasma &RH{%gghﬂgnﬁﬁﬁgn@ﬁnsw@hﬁgs&g§ggtS in the depositing atons

to travel wth fewer colli'sions before reaching the substrate
surface; hence, BheNBgehsMTiteQhaRRIsCorhahaRLGE! Qﬁ@%h LMQ wibl raR N EHe
gas pressure such as 30 niorr, depositing atons Collide nore
frequent |y Bagthhel the shamels 527 Hlso s Bstspme or differeatn thheﬁ@éhaanwrrey For
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connecting the reservoirs to annel’s can a e provi usin

t hese net ho@tsicefﬁ}lmscal depth of the reservoirs and auxiliary
structures is ty cally at | east several hundreds of nanoneters,
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additional sealing step ncI udes ap Bl ication of a planar surface

substrate t¥Vitge? Fosh 1ot ierg e} gnereaiEs prd 2 "Ai‘%he‘i‘cﬁﬁ‘t‘if\)%ﬁwhan 200
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25  substantially enclosed channels, which is described above and in Figure 4.

In certain embodiments of the present invention, the sealing material can be
deposited using any of a variety of methods, including chemical vapor deposition, spin
coating, film lamination, and thermo-evaporation. Preferably, the sealing material is

deposited using electron-beam evaporation or sputtering.

30 In certain embodiments of the present invention, sealing materal is deposited on
substrate surfaces by a spurttering process at gas pressures typically less than about 20

mTorr, more typically less than 10 mTorr, and even more typically less than 5 mTorm.



formed to connect to |arger sanple reservoir. A variety of schenes to
connect reservoirs 16 to the channels can be envisioned: at |east 2
reservoirs can be provided in fluid communication with at |east 2
separate channels; or at |east 10 reservoirs are provided in fluid
comuni cation with at | east 10 separate channels; or at |east 96
reservoirs are provided in fluid communication with at | east 96
separate channels; or at |least 500 5 rekervoirs are provided in fluid
comuni cation with at |east 500 separate channels; or at |east 5000
reservoirs are provided in fluid conmunication with at | east 100
separat e chathEFEne ra pevast ARETEREs mplsepeosll a source targep syfage éfuek pe§i02)
enbodi ment  ofsidphGeRERSEAL bbMEHMnO mtp&,bﬁr RESRAh P fro 1iRRBLL 0 Grdelnd can

nanochannel arrays is carried out using |inear channel array _

substrates MReAeRgFitad prop ralnCH EYPsTHe sfrfapess such asritoroed silisonorafisel Wile not
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a trench width |ess than 100 nanonmeters and a trench depth |ess tha
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mat er | al i S_tg@@%giﬁﬁgaﬁﬂﬁg %@ﬂ%ﬁﬂew@%ﬂ%ﬁn; @QoxreCfeaQﬁﬂg ugkes,B8Ald fface;
materi al adjacent to the channel wall material to narfow the trench

wi dt h.  15VarhFntfy 2 mnse SuserPRig AHhees Srosiiofodt bighss epsrassee spah 4530 mlosp

used to narrpoditi H6RNEMiM HiB fRhudnhe of gkt hbuileRe Sidak@ ence a
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i n?/FnL i on. Wﬁézﬂﬁﬁ Inyateriahe tlieemgbﬁ:iahg sidéweﬂmftlolmbdinlg&o #Hel1ep ﬁd&:s@ﬁhctlieg this
W e greater than, 2 nore.tvpi.cally. greater than 5

nanonet ers. s‘fg“éﬂ‘t‘?‘?ﬁﬂb“’ﬁ?sﬂg}sr&%ﬂf Jtng] uehbhy dimentiggt “ 155" 100 75 50,
and 25 nrn can a V] e t

i nvention. TrencEﬁgg%?ﬁg&%#kgﬁgﬁ$&T%@ﬁﬂggggggﬁg8&%%h§?géwﬁgngﬂmﬁnm
Typi cal | y§ tskaded raidopredePretiighar Me dgpthde Widthgetiop therless saslthsromeial will be
typically atdeém& ﬂékptﬂe%nor%f the ARALN TR e ERRANIR M of wﬁéﬂ?ra%,elﬁ@%aner

nmet hod may al

invention, th so include the step of providing at [east
one near fi @phdnarever fheghapned dprpsienat | east one channel. In this step,
the sealing material is typically transparent, such as_ siljcon

di oxi de, to per ni%t OESELPHBERSHFATYINGULDE Bi5ther of the BieSE entign, 24 brayt epe

nacr o ][ml eCP'r@sl‘érvoﬁuﬁbrgaﬁemr? i H&ﬂdd:@mh?_ﬁicftgﬁrhﬂ@!a‘i 4e|a§E_fbins eﬂ%ﬂ“ﬂtﬂéstgcg@ of
use of optica tgo , sych a ar-field optical ipaging, to,
~analyze cﬁmﬂ@a FeChmRcl R B dEr e °Na‘HBéFPéFﬁEI“SE‘Er%ﬂ?g‘“§’GPP%F‘5‘
for near-fi ehtércopictingl samabysiof Gilr baraypdi fReevER Ranebhaddmbd t SsingAS
descri bed abogve...the nangsl it abpve . .
photolithography and subsequently pattern transferred to the substrate using Reactive lon
etching (RIE), chemical etching or FIB milling directly 1o create reservoirs in fluid
communication with the channels, Auxiliary structures, such as microchannels, for
25 connecting the reservoirs to the channels can also be provided using these methods.
Typical depth of the reservoirs and auxiliary structures is typically at Jeast several

hundreds of nanometers, preferably at least several micrometers deep.,

In certain embodiments, it is desirable to provide an additional sealing step. A

suitable additional sealing step includes application of a planar surface substrate to the top

30 of the sealing matenal. Altematively, reservoirs can be formed on the sealing planar
substrate. Auxiliary fluid communicating structures larger than about a micron can also be

formed to connect to larger sample reservoir. A variety of schemes to connect reservoirs



17 the channel is thin to permt sufficient evanescent excitation of
the fluorescently-1abel ed macronol ecul es. I n one enbodi nent of
the present invention, nanochannel arrays can be prepared having a
sufficiently thin seal thickness suitable for near-filed optical
analysis of fluids in 5 the channels beneath the sealing material. In
one enbodi nent, channel s having an opaﬂue sealing material thicker
than 100 tun can be nodified using a suftable fabrication nethod to
provide a nanoslit in the opaque sealing material. Sui t abl e
fabrication nmethods for renmoving material fromsmall areas include &
beam | i t hogiapity chimaelrgande | BifisBagin ati kepst iy resevpissasen ibe hrgyidgshyn fluid

i nvol ves t hgnl@uhicdRRGHBROKRD REAMLKARIS of of 10Ast FWRLDYirRY SLARRE N
and reactive ion etching. Focus 1on Beam (FIB) mlling is preferably
used, as i tfwidcRfrpreaniqagole it tag deast Hhseremsa pannelf oy raapeast 9EIrssenwiss ag
beam of eNeHELE ih Iy smr@éﬁ@aunguarznommt%pa%aut&%ggr;gb?rat as2YRY

and is capable of resolution down t nm and’ can et own many
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I n one enbodi ment of the present invention, a portion of the sealing
mat eri al cafhapeelgopermbieorsiisisfd t he channels to format |east one
of: an insulating |ayer, a conducting |ayer, a_hydrophilic |layer, a
hydr ophobi ¢ | aye @ BFfeBeEhBrirdimeghel brdreast Tgntion Heantibes Horftpanpg e
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anal yzed in the channels. ln.a particular e ment, it i.s.desirable
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the wal | 1lvkinepstiérslepmition @chrovide sbaling medtriahgliatnt ieahs thaodtevatifmdidial to

channels with a ifying agent 25 to alter the surfaces
interior tonagé’i‘”dt%ghgﬁﬁgﬁasm I n one enbodi nent, surface-nodifying

agent s e deposj i 18| L Be .
macr omoEcul oo 1 org i e HARRE depbdude P e 308 IARARE bartly the
agents are tprnchivadthf the chanaels| Thhdapesitierepdramelern aan b vaowd toprovide rensdh

depth. tr e%?ﬂ%%ﬁmﬁ?fessﬁ%hbﬂ UBm=EsS Ak ARRUE i98e eEﬂed, trench widths

Sur face-nodi fyli ng ‘agents can al so 30 reduce or i1ncrea
hydr ophobi capybeofarraieed < lesadlad 7hpaomsiers gnd gved ehaie] 0 npepmsesraiie

nanometers, and 15 nanometers. Trench widths of about 10 nm can also be provided by the

20 methods of the present invention. Typically, the resulting trench widths after deposition
will be greater than 2 nm, and more typically greater than 5 nanometers. Trench depths of

less than 175, 150, 125, 100, 75, 50, and 25 nm can alse be provided by the methods of the
present invention. Trench depths of about 15 nm can also be provided. Typically, the

trench depths will be at least 3 nm, and more typically at least 10 nm.

25 In another embodiment of the present invention, the method may also include the
step of providing at least one near field slit feature above at least one channel. In this step,
the sealing matenial is typically transparent, such as silicon dioxide, to permit
spectroscopic detection of fluorescently labeled macromolecules, such as DNA, inside the
channels. This permits the use of optical methods, such as near-field optical imaging, to

30 analyze macromolecules in the channels. Nanochannel arrays suitable for near-field

optical analysis can be modified to have nanoslits. As described above, the nanoslit above



arrays made according to the present invention can be contacted with
solutions containing 18 surface-nodifying agents, such as by
subner gi ng the nanochannel array into such solutions. Suitable
surface-nodi fyi ng agents include pol yet hyl enegl ycol (PEG,
surfactants, Bovin Serum Al bumn (BSA) protein solution, surface
nonspeci fic binding saturation, and anti-protein sticking agents.
Application of a pressure differential,jsuch as 5 vacuum can be used
to assist the treatnent of the channels. Application of vacuumis

al so useful for degassing any fluids inside the channels. In
certain emboglk dEHhE i9thid Repephie SEfitiert BVARIdeRRxcillBn SHIhe FRBrebBRAHJYbaIEH
agent counteracts the el ectroosnosis effects inside the channels.
Wil e not beTAHICBYEHESt 0 a partlcular theory, the el ectroosnosis

effect is usually due to ioniz aci ups bilized to t
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enbodi nment , q{pOSI tion the sealing materi aI conpl etely

encl oses t hecaquerr |rgsoytipn d‘&ﬁ‘éﬂ ﬁ% @ 2nqd ppnefchJownmsay misiens in pencide| FIB g
llayer is at J:gasdd ASithivlds oaf td gt HiIRE aldGmHRataleRDa MR FES infilling the
Typi cal | ¥ the sealing material surnmounting the plurality of channels
is |ess fharfeBult i@ABMFet ers thick. In certain enmbodi nents, the
sealing material _25 sur untl the plurality of .ch el s can be | ess
Chan: 00 11 m 58" WiR IS g RheeeRt v ok o, oL FyfofoGiTs iRl
seal i ng mat efelcabosseﬂ muﬂmemgamﬂem‘om aﬂlbisyor@fofmaﬂﬁﬂﬂtﬁzgll@cﬁh cbﬁ:a:sﬁngl

nanonet er thick, t east 2 ri i ck. Ln
enbodi ment s ?}‘fer’t?‘le gg& la)?lﬁv%%iy Pnh°tb'° ¥ep °6f°°rmerp|’ﬂ?\p}?'hs thﬁmﬁgrt{

t he sealing eumvbameacd, the $ayerstbidkriess is bligalty lt:drsehanmhllfokmessmhfw:ﬂthe seal i ng
~material above at |east one channel. Sealing material can be 30
removed BY a var ilrewge anbedlmhﬂtn@eaﬁae@ﬂ@ansfd@p%| tGmpesitien, hasdepratinations
further desciﬁ' rmdofhﬁer &hlﬂ)g majte%al ad_]accm tcl ﬂe %@stlhg aﬁ"'ﬁepﬁ'lgal n? réihﬁar@ﬁu?a?’e%nt
i nvention ereis grOV|ded a nanof dic chlp I nc

nanochannel feirqompspending samples deing 3WW%M %ChaF@ﬂ%rIﬂ ﬁmgﬂtcblaﬁ’ymdeﬂ@h it
the nanof | ui;djy&iohi Fb ﬁthhQ%‘r?rfa@c B@B&Eélad?’ﬂ?e' seHnk MWaredPag; &eﬁH@?ﬂJ W14

146, and reservoirs for sanples and waste (or sanmple collection).
Furt her pr ovibépas carﬁeqﬂ?lﬁ by Beaging ptdeast semmpeioahy clngeliyith 2 surfacemedifyingizpent
auxi |'i ar ys was higer BrshdadeOfnicRondkiidenabhdid. d sanpl e. The reservoirs are
in fluid communication with at | east one of the channéls, so that the

sanpl e reservoir s ahe eRbginierg wffadech@ityingGgentd latbi bpbsiied ik iR ehARNELS,
and the waste rese[bvmrs ar luid fromst

bl f
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. modifying agents are particularly useful where the internal dimensions (trench depth.
trench height, or both) are less than about 50 nm. Surface-modifying agents canalso
30 reduce or increase hydrophobicity of the surfaces interior 16 said channels. Nanochanne’

arrays made according to the present invention can be contacted with solutions containing



10l n certain enbodi ments of the present invention, the nanofluidic
chip contains at |east one sanple reservoir is forned in the surface
of the substrate. Steps to formreservoirs in nanochannel array
substrates are provided above. In this enbodi nent, at |east one waste
reservoir in fluid conmunication with at | east one of the channels.
Typically, the nanofluidic chip contains at |east 1 sanple reservoir.
A variety of other 15 enbodi nents incl (gle at | east 96 reservoirs, and
even at | east 1000 reservoirs in the nanofluidic chip. For use
i n macronol ecul ar analysis, it is preferred that the nanofluidic chip
provi des at surfashodifypy biean, alicht be byammbgn@e{heaﬁarna%aﬁﬁd@adaﬂa? afo BehNg

d with det.ect f t
pr ovi ded by P1E8Enc AP hamBES DG TeaBFTIAI o0k bRy ipisghYol (PEC)
nanochannel suafattas, tEbv&US&rablﬂabtﬁmﬁqB&A}lﬁrofeﬁf sdltidn Ceirfa@L horPedific Bm:hg ed
signals, such as %tg cal or the.callegction of #f%rght‘fr

t he nanochafffEFiogy $igyPni-p W?ct"hftkc{?’@%ﬂ%?? S tRPLICAAR O 2 RS FSUTR diifereiR) puch 2s

capabl e of tacamspaf be mgdaaan:ntmal trdayenf ofehaihgmieBd ATRGEMERbLGINES isfalsom
a sanple reseﬁ\/gl r andn acr ?]32 'ﬁ fnha nels. In certain enbodi nents of
t he present ﬁfjf%’ﬁs' &% REREF R PSR 2P p contains an 25 appar at us
for transportlnq Qi rs throu

am t he. s ser
the channel's, and | n? bg&ime%% Dfrtes 3t r“émqt ﬁ §%r¥a§e'515’6%{¥'5§ lj’g
i ncl udes at coluelaatts ohveclpaposnm‘slseffem mmeslwcapmblse Whilapgl t;pinggmnd to a

electric f';%ln AT BR%.3 atg,e £dabosnf e%fmt.g usﬁhﬁnaeé %o 02l 1§ R8s aﬁgg g

direction cont ac can rated”Using
i nt egr atleéd igimabilized foatby mewixi(oa. !t@eihndob thgywalld mldecmm pmlmebmhawd bouater

| east one sgpp| th@@gfﬂﬁ'tthit%gateot@@ar%g ufeg\r} %ﬁﬁk'c%ér}@@e%t &E;ﬁg%f% bt Qf

est abl i sh dlrectlona electric fiel ernating curr
di rect cur rigmid gBCpigrges Bothl disggies QPPOSF‘F ép dbat@érth‘b@QMﬁ‘Y eHargethBNA.

el ectrodes gag, er,dew@a‘g PRt mAY eﬂ?&salhelp@r@la@gte@ hyR &rﬁﬁlac!uy st Be Al

/Au netal |ayers sited on defined line "20 pa Typically at
| east one e‘ﬁ’@sweéﬁ’@"é‘ﬁéﬁ’i’ﬂéﬁéhﬂ“@e% contact with buffer solution in

the reservoir. , ) \ .
15 In one embodiment of the present invention, the channels can be at least

‘substantially enclosed on the surface of the substrate and substantially open on the edges
of the substrate. As described herein, the channels are at least substantially enclosed by
controlling the deposition of the sealing material. In one embodiment, the channels are
substantially open at the edges, which are readily provided by cleaving or cutting the

20 substrate to reveal the interior portion of the channels.

In one embodiment, the deposition of the sealing material completely encloses the
plurality of channels. In this embodiment, the sealing layer is at least as thick as the atoms
of the sealing material. Typically, the scaling material surmounting the plurality of
channels is Iess than 500 nanometers thick. In certain embodiments, the sealing material

25  surmounting the plurality of channels can be less than: 100 nm, 50 nm, 25 nm, 10 nm, and
5 nm thick. Typically the sealing material surmounting the plurality of channels is at least
1 nanometer thick, and more typically at least 2 nm thick. In certain embodiments of the
present invention, a step of removing a portion of the sealing material is used to reduce the
thickness of the sealing material above at least one channel. Sealing material can be
30 removed by a variety of etching and ebeam deposition methods as further described

herein.



In certain enbodi nents of the present invention, the nanofluidic chip
contains at |east tw pair of electrodes, each providing an electric
field in different directions. In this 5 enbodi nent, adjacent
clusters of channels connect individual isolated reservoir. Wth at

| east two sets of independent el ectrodes, field contacts can be used
to i ndependently nodul ate the direction and anplitudes of the
electric fields to nove macronol ecul es B desired speed or

directions. In another aspect of the present invention, there is
provi ded a system (Figure 10, 10 300) that is suitable for carrying
out rmacr onol ecul dn amnledr yepes.of the rrdsent pivesidn] theravemb1ioey a hdreflayis kBipmhat

i ncludes a nanofl uidic i d ri bed herein.  apd.an a ratu or
detecting atmplééfssta 3ﬁ%°c§%1n6ﬁa r gﬁg“ﬁi sy W%"r‘ﬁog‘nea%ff%rtgpﬁ ﬂrfdsg t!cwn
t he nanochamebfladic ayip @00 hize mandbhngl aitag 10Hiapubdtatevias] aidseservoadlil #efiot s
of the present jnventiaqn, furth i.ncludes .at 15 | east.. one
of the foll ow ﬁig'f? azri&]t%'ragaiﬁs(%%gr}ﬁp ?%%{%@é’? fét Elé 0 pfb S’édrégdgrfﬁlguéc ? 1305 3”’“}’&“

t hrough af |seaple pone 14 andreexibhomrestegiortafos Amplieg floiddamgica Tharatmsirsfapy

| oadi ng at |.east, one fl Ui Vol s, in the .
nanof | ui di c %?\1?"6}; cog%dj n!acylll at%%p%tg%g:@gfg k %ﬁ'ﬁ%a%@egg’isghhsg Ehgr?f)n&ﬂceﬁﬁsgwglfs ¥he
syst em 300 ampabimphedidasing & dlyéd frae theanhanreleangethe rvadste pesencirp lagsscaphble of
operation are_ il i 8. Ei . 20 ' i di i

deed i n t ho sk B B chAHEE S R RRRNGREN BhiafeRig
and havi ng anslsipl e | oadi ng capacity of 1-50,000 individual fluid
sanpl es. The nanofluidic chip typically has at |east one )

i nt er confBct i ng mAsSIEE FEIORiFE ot RressainRANtien thy eappAwdic Ichipcostinp ks

into the chagpebfe sAfplyedstrvan i6 abimlee ih WALRBOREMNUDRAE Bieps to form
reservoir, or sanple |oading openings and plates connected with a

seal i ng mecH&KMNOH i BanetRapne] anzy, sghsiatps are piavided apoyes cingthis mbodiment, at

connecting tihg: eheatiodesrnaf2inamld aBmealuiedtoh Cw il & e MabtabnedSMBE AdhRtne R 16
are also pravided in the Sui tabl e netal contacts

nanof| ui di ¢ chj ps. y
can be exterdRic? Jbﬁlifea’é"tr“’%‘él?i&fg? ‘E"ﬁﬁt“"’ébl“rg%é CBRITEETE ™ oAa"ﬁ“%‘%t"ZPWE‘i
scanni ngh$ magiboginhte Ghdtide- 4ti ledstdl 96 UBRFvoirs, and even af Nesth 2000f destinebi i€ RkeD
is preferabld%vgﬁ,?@sqld in a suitable housing, such as plastic, to 30
provide a c "¥"®nd commercial ly-ready cartridge or cassette.
Typically the na idi I.4ge Ll s it feat 4r.es on
or in the housi nggl{ lééré ﬁngjg‘%tgllgl h%%ﬂgz%a%lg’dﬁt Hg?ﬁ?%ﬁ%gdaﬁ?lgﬁ}enﬁm? ﬂ%glgé:ﬁ}p?l e
| oadi ng devipewides ehietdia ppaiop of dierngnochanselrarie napablotof being mmpked wigh alhot-h
can be provi oPatt Atk e CREE- i 8% ' :
sanples t hatdﬂggjrsllo gdgﬁg%zedhbﬁ t he “Sy sltsgmvimécl 8%?5&??%%5524‘@%?3%““
mamal_ (80 g.facemfahe raspthgnnehpGatto Witihlpsaprapys frdhe colgptidneafiemitted signals,

macr onol ecul:gs, SUGRcR eRtneRR! HIMBE Solfish SBtBI kBhShi AbREhdnRe ALY & 1his
(e.g., materials derived fromplants, animals, and other lite forns).

Such fluid sabpdissnteds PRECRHAKOEER 19 frreRiel of AHBSPCTINECY @hiralisy 19§ clongate
aut omat ed OfmARiMbcuR Mitth @ shRAE tddgvaPRRLabUShOEhahltes. PT esent
i nvention. I n one enbodi nent of the present invention, the
system i ncl udes aicemphanbtitneh® of X@iprRedt eveftida] RTaEUIRS ciip Sbflgnd 41e
channel s gamd det ec&. and col.l ect the rqsulﬁti ngvsi nals. 10. A suitabl e
appar at u&’> i EPPATFIE (97, PPN G RS FPROlEE VIes, BPRs SEHAVPES: £ Groygh dhe
usi ng a focuhingls] @ASMEGE wateaespolrs.OA shindienppashainikead: 1ayt & Qair he
generated |ight signal, from.t.he cronpl.ecul es insjide t channel.s
Chot | ahown) febtedks Papls 4T BPIINE o RECHT BHY RS B g of & SEPE Dt
a dichroic néxr aic AikSidnnEcamicapdtil cahtapatdn 122idte grated aRting Stahedd imégeatal
Cci:g\[/)i ((:ggag gﬁ c%?@@"aglgcaggr\ét:%g}olgg% ] rI:»g"in \c/c?fxrta{cp %ﬁh % }clagtablne %gm g ggtp Eitslez?étn gne
30 collection/waste reservoir to establish directional electric field. Altemating current (AC),
direct current (DC), or both types of fields can be applied. The electrodes can be made of

almost any metal, and are typically thin Al /Au metal layers deposited on defined line



15 in the systemto detect optical signals, such as digital caneras,
PM's (photonultiplier tubes), and APDs (Aval anche phot odi odes.

I n anot her enbodi nent of the present invention, the systemincludes a
data processor. The data processor can be used to process the signals
fromthe CCD to project the digital imge of the nanochannel array on
a display 212. The data processor can also 20 anal yze the digital

i mage to provide characterization infor®ation, such as nmacronol ecul ar
size statistics, histograns, karyotypes, mapping, diagnostics '
information and display the information in suitable formfor data
readout 214.paths. Typicalty aAnastee cadplak elettradnes ipreesiesttwithnudiat sobniontimige e
i's provided %5 Jod of analyzing at |east one macronolecule. In this
i nvention, the anaIyS|s i ncl udes the steps of providing 25 a

nanof | ui dic_chi pl@%&&ﬁrﬂkrﬂ%dﬁnﬁ’en&m d?{ g:%&-?l? mLé%Yi?xF,Lt;héd)Hangﬁl?@)’c}:ﬁ!&”%n’éaﬁ? aftt

| east one sanple reservoir wt one (
conpri si ng deast exespairor gleptsicn raihauotiding s devgppdliald mgdifferentaliredtions tin dse

macr onol escu'eﬂqeopﬁrgn@ 082t L;saérs faﬁm?e&a&%éa fnewfdumgast@d &@Ar@mgt gJ%ﬁ{%ﬁte

one nmacronol ecu det’ect 1 ng east one si transmtted
at | east ondeast oy aetechl mpmﬁﬁmte%@hedesaﬁdd ccempré!i &t iy ltstﬂetodeﬂwn@dﬂy

signal to atméd%ﬁa&t thQ ea{og%ﬁta %dé%fttmsee]@ct!né 3¢ tooﬂSvﬂﬁ&rré}HﬂLﬁl

22 I n one enbodi ne he present 1 nventlon
anal yzi ng a%t@ﬂéh@ﬂ@éé!f@“i”ﬁcl udes wetting the channels using

capil lary acti onghddthed afpebed @itheSpbddhi BRenfbn, %e@fsfﬁ&:&ﬁl zl%yktgxﬂ F ure 10,
cont ai ni n‘g macr onol ecul es. Maconol ecul es such as pol yners can

i nt roducd® i39Pbthakis Gemebieior caping Qut wcemelwrl?rcanﬁlweﬁd n %rPF‘éEFé mvenhon

nacr ondl eculiRSsyeamh iQuddd AliZEThidIS e ad DicriBELBREH, dMtAQdp ar:EtSHfor detecting
anal yzi ng DNA typi cal process caonditions incl ude’ provi d| ng ilute

sol uti ons ofet bRt ?M‘ilst‘ﬂ’i’a'aﬁr%‘s@{%ﬁ oM oe of moge flgidgin 2l-h"'l"‘f'f‘B" i'ﬁ‘eﬁa‘b%fs‘g the
pai r/ dye W tbnéiusdid émfl e dye. Suitable dye stains include TOTO 1,

BOBO- I, BOBO 3 (Mol ecul ar . Pr.obes, Eﬁﬁ e on Sol ut

CCaned DNA can. bVt ABPOSIRTE B e pi Bt it a5 Ere: oo e
and an amd i -ledsi @'iéldrf:@leﬂﬁlflcﬂlgﬂ@ta transporting h]ﬁpaﬂnﬁ t@ﬁhﬁﬂ@ﬂmﬂmdoﬁmﬁghen pagsent
i nvention, t t of _an onol,ecul e inc

Sring of ol T Gteaks SRR R e Rert o IR Ao Fer e S ofif gomele
single cell rmmpﬂrret,hc$amiﬂuabc elvig; Fendi g daarpcbcsaaom a’ﬂhwﬁmnswpbedm(a’tga
in a pol ymar%s% 39@ L £ C%)ﬁ'lﬂ%‘ég Ih&r !%re MS’ éenjegllvaﬁﬁmﬁg 0 (Tlfaler‘% on arc b ustrated

sanpl es can T oade rou Feservolr nanof arcsee

t ransport ed swFguredOer connecti ng m crochannel s. The macr onol ecul es are
parti al I;/ el ongated before one end of the nmacronol ecul e enters the

. channel s20 t hey afbe eapp8tidifchinZPYused in He psemdatenalindpostimpindtviduplly

i nside the ¢hanpsd, snd ;J;bﬁgfalsm@&%ng capb IR $.56,060 #aewemxlfiuedsamxee fﬁc

appr Opl’l ate excltation sources and eém ssion signal scan be coll'ected

via 20 i magrarpiiidieship gpicebt hes aidpast onentgeompcsiag sappin ATlivery mierechspnetoD
i mage i nt eghadvidRMuidl@iples into the channels, as well as sample loading openings and a

reservoir, ot sample loading openings and plates connected with 2 sealing mechanism,

25  such as an O-ring. Metal contacts for connecting the electrodes 202 and an electric
potential generator 216 are also provided in the nanofluidic chips. Suitable metal contacts
can be external contact patches that can be connected to an external

scanning/imaging/electric-field tuner.

The nanofluidic chip is preferably encased in a suitable housing, such as plastic, to
30 provide a convenient and commercially-ready cariridge or cassette. Typically the

nanofluidic cartridges will have suitabie features on or in the housing for inserting, -



signals collected can be anal yzed by data processing software and
user-defined maj or paraneters (intensity/photons, major axis, mnor
axi s, background signal)can be recorded and neasured. The length of a
single DNA can be detected/reported and intensity profile can be 25
plotted. In various enbodi mrents of the present invention, the nethod
of anal yzing a macronol ecul e includes correlating the detected signal
to at | east one of the follow ng propertiles: |ength, conformation,
and chem cal conposition. Various nacronol ecul es that can be anal yzed
this way include, biopolyrners such as a protein, a polypeptide, and
a nucleic acigdidMCkndaﬁgrmgsanmwwmg BMke itk the ircsevoird Spsettiva sthed, eadked
signal s can %gyﬁgcm1 &$&§q¥ Fﬁg%(g se pair sequence of said DNA

23 The |ca peoncen 1on of the macronol ecules in the
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20 Torr.
In another embodiment of the present invention, the system includes a data

processor. The data proccsso} can be used to process the signals from the CCD to project

the digital image of the nanochannel array on a display 212. The data processor ¢an also
—— 20 analyze the digital image to provide characterization information, such as macromolecular

size statistics, histograms, karyotypes, mapping, diagnostics information and display the

information in suitable form for data readout 214,

In another aspect of the present invention, there is provided a method of analyzing

at least one macromolecule. In this invention, the analysis includes the steps of providing

25 a nanofluidic chip according to the present invention, providing the at least one sample
reservoir with at least one fluid, said fluid comprising at least one macromolecule;
transporting the at Jeast one macromolecule into the at Jeast one channel to elongate said at
least one macromolecule; detecting at least one signal transmitted from the at least one
elongated macromolecule; and correlating the detected signal to at Jeast one property of

30 the at least one macromolecule,



GENERAL PROCEDURES After NIL and etching, non-uniform deposition of
sealing material was provided by e-beam evaporation with a tilted
sanpl e wafer at various angles or sputter deposition using a

| arge source target. This step was used to both reduce the trench

wi dth and seal the 25 channels. Generally, 100-340 nm of Si 02 was
deposited onto the patterned substrate. Effective sealing was
achieved wth various deposition conditions that were tested. At gas
pressure of 30 mlorr, RF power of -900W and DC bias of 1400 V, a
deposition rate of -9 tun/mn was achieved. At |ower pressure of 5
mrorr, the deposil bmmﬁﬂlehaﬂ'lﬂel’tﬁéseﬂ$ﬁ@ntﬁﬁ thomaiho€ 6f dniBtiaga 17

runimn. Sealin was_.depo on the atterne trate by
sputtering dPad Soqﬁﬁg?ﬁ” ¢ inc ‘2“55 E’fﬂ%@ﬁé annels using capij] Fﬁqqnd\’/ﬁqﬁ'f’gb"gé oy |
nanochannel ok bayrer soRkien fneiRasEHadishdlduRs. M&Gﬂﬁﬁcdl@ sdﬁpé%ggtynﬁks(b%d

seal i ng natﬁéqal on égt rned s bst{ates FE%I erlng annel

openi ngs we é’b’é’F 5‘5’“&’5& APt ARy SIHLErtsand | maged by

Scanni ng Iectro ¢ Mcros sul t are as nd
Shows thar the ¢ AREH THGUTReR oh 2 PINGE By RS Dot b
seal i ng mat dNAlygisl ﬁgcespmﬁmmmgcludapmmh@ diluterﬂaﬂ@nsmﬂmM wBidh are

bstr at d I h I
that had an BAERR ¢ PERSRPLIR SR M R BRI Rn kb RESE e e
7a). This suididedaiCT @\HSB@DO{H B@BG-WodecglasPrphaeS&lgk& Ofegbn)Bolutions of

di tq,th | Af t t :
2coor0 19 15,08 e, AOPRSH, B, IARYRc Lot SeUiEL 1

seal thitknegentof 200 nm (Figure 7b). Apparently, the trench hei ght
increased slightly as a result of the sealing process formng a
cone- shaped seal Indngembedimentiof tha resenbinaeniion the methorhnfiapalyzing subst r at e

having a 65 ffhnldiRBfehnciad! fe 85ts 3P0 DN RBN A SREBmolecule can be

extracted from a single cell or spore, such as anthrax, and suitablytransported (e.g., in a

polymerized gel) to avoid breakage.

15 Macromolecular fluid samples can be loaded through reservoirs in the nanofluidics
chip and transported via interconnecting microchannels. The macromolecules are partially
elongated before one end of the macromolecule enters the channels; they are substantially
fully elongated when compietely inside the channels. The fluorescent signals can be
excited by the appropriate excitation sources and emission signalscan be collected via

—— 20 imaging camer or detectors, in a linear scanning mode or CCD image integration. The
signals collected can be analyzed by data processing software and user-defined major
parameters (intensity/photons, major axis, minor axis, background signal)can be recorded

and measured.

The length of a single DNA can be detected/reported and intensity profile can be
25 plotted. In various embodiments of the present invention, the method of analyzing a
macromolecule includes correlating the detected signal to at least one of the following
properties: length, conformation, and chemical composition. Various macromolecules
that can be analyzed this way include, biopelymers such asa protein, 2 polypeptide, and a
nucleic acid such as RNA or DNA For DNA nucleic acids, the detected signals can be
30 correlated to the base pair sequence of said DNA.



15 height prior to sputtering forned a nanochannel array having a 17
run trench width, a 68 rimtrench height, and a channel seal

t hi ckness of about 350 nm. Sputtering gas pressure was 5 mlorr.
Exanple 3: A patterned substrate having a 50 rimtrench width and
about 80 rimtrench depth prior to sputtering formed a nanochannel
array having a 10 nmtrench width, 51 rim 20 trench height, and a
channel seal thickness of 350 nm Sputt&ring gas pressure was 5
mlrorr. Exanple 4: A substrate containing a two-dinensional array of
pillars was made using a two-step NIL process with the channel nold
rotated 900 betw&sen tyrfiel icopentratiom gofs the peagrémglenuis Gia) the THEd pwill &e one
array structure bs Ietel seal ed th SI cQn 25

di oxi de usi ng gnfgecﬁgnodgg&ggglgé g&gp HYI TRE %%ﬁwytahlrea r?@%ge"\]/\t/g Am
about 500 r per. mAxm@@picélthtaﬁlephegmh@nnml and;ewahﬁpmaré egicklty Hilgm@eGb

and a top vie th arra |s depi
in Figure 6 aanogc()am n‘Eﬁr%l E%E‘rgt}OYIS %ﬁmﬁxca@gge ssatﬂ e gfﬁro g%- JETid il er
deposi ti dn tndmongagpichily lﬁssnhanerS vurrqEraNs utemaihhtamochannel array t hat is

not conpletely sealed. A top view scanning electron 30 m crograph of
t hi s nanochannel Inappgqyeribedipersy prdee ipreseit girvention). thFhmethed | oft hradieras 8

was 300 tunmy,.2moft@RleBsufts And BRes! dst méc?orﬁm&vlleg%gvﬁf afi emgﬂaﬁlen%‘m of

prepared with a silicon dioxide sealing nateri al carrying o
near-fiel d &faey#es IRQvrIegels@ad tpifatix greatsr gaa@a?%mafnquatfrsaaomcrqooo nm

is nodified BatadShsdniEloR, § Pork I 1ERM, @n@.]m@ﬁl%%l t having a thicknessless
than 100 rim Figure 8 shows a schematic of how the deposited sealing

materialjon a nanmhamglgmaferf apanDl i Basd it cafrl didoasd aaaafyed@;@gmﬁp&sérﬁom
t he sealing srlraa ﬁ# @at ed ab?ve t he seal ed clgann

Subsequent | Wtha i YRUAT, Do quBeof Bage PYTSIpeasyes 2R agfaata@hfrnav&baicow&
provi de opt peakr ﬂﬁmuroasuaasatpairaegredwrtthaﬂmaqoltﬁse7pa1fEhgﬁatee<mﬁptzeosme;vys

how a nanochannel ar fro rate h
P a1 e OC RAAN Great®! By 4f 6 B PhER A R ot QU teie bgn DA hating
substrat e 1lthotesthpr Epalhed 1bqumhmtaodi netdndgﬂ aplhiyn besepuins gare e :tn@lypcrcbwmdfhe a

pl urallt}yj of ch et%?é wth width of greater than 1.5 m cron using

convent i onaf’wf)ef)1 I'cal Tithography techniques: Contact aligner such as

Karl Suss MA-6 tg osas%&%nanram éleﬂt(?ﬁ\gkfg%n 82 - .néé‘?gaﬂ"c‘%‘% b S¥f)ze

I ndustrial projection ste ean ositing
beam of seaPienef mereef ihglfol UQVI%F‘?SB'G“?Q) @t isngth @obymerphismwi ¢hremoseine,

hei ght to | gssiddiamcltafiehbmRlisho0 ran, respectively, and to

The following abbreviations are used herein: “nm” is nanometer, “mTorr” 1s milli

20 Torr.
GENERAL PROCEDURES

After NIL and etching, non-uniform deposition of sealing material was provided by
e-beam evaporation with a tijted sampie wafer at various angles or sputier deposition
using a larpe source target. This step was used to bothreduce the trench width and seal the

25 channels,

Generally, 100-340 nm of SiO; was deposited onto the patterned substrate.
Effective sealing was achieved with various deposition conditions that were tested. At gas
pressure of 30 mTormr, RF power of ~900 W, and DC bias of 1400 V, a deposition rate of
~9 nm/min was achieved. At lower pressure of 5 mTorr, the deposition rate was increased
30 to an estimated 17 nm/min. Sealing material was deposited on the pattemed substrate by

sputtering at 5 mTorr,



15 substantially seal by providing shallow tangential deposition

angl es. Exanple 8: This exanpl e provides a nanochannel array using an
ebeam techni que. A substrate is provided as in Exanple I. Silicon

di oxide i s deposited by an e-beam (them o) evaporator (Tenescal

BJD- 1800) onto the substrate. The substrate is placed at various
angles incident to the depositing beamfromthe silicon dioxide
source target; the 20 deposition rate i3 set to about 3 nm minute and
150 rimof sealing material is deposited in about 50 m nutes. Exanple
9: In this exanple, a nanochannel array is contacted with a
surface-nodi fyi ng agent. A nanochanBXAMPLE§ nade according to
Exanple 1 is subnerged in a surface-nodifying agents sol utions

cont ai ni ng pol yeﬂmyﬂ:éd@“@halmmpliensim&aanwauwmemrmq:taead u2i5g o peess ¢ht

EﬁbL?ZL' i;gga%ﬁ]xwts{bnga oln;tmwggagm@@ e e%%g 'ea,gga 5983 ntnhﬁgl g'f

exanpl e showsert hxepgcdabaﬂawngnhmbwahan@mmw Scamnag/Ehammngarqmctpal

oo Lag g3 G RARESR SRTOL DS YRR AL w RS TRE SR B 4200)

was used a nanochannel arra

(trench wi dt@p@@lqmqﬁhcm?émema&dp‘tminssplﬂmm Si 02/ Si substrat e) The
substrate was placed at various angles to the incident depositing
beam from t Hexzmpigrie &t 1ymy@tsilicomaubgimtrosdstrrayiied hnwngaplumdity of paraliq) ligeag

nrn/mnute. p2Gethe, 5535&:5' sts'ﬂ?lgtrér{cﬁﬂ«fd& Wad6b0 WaSred htt Q.?J‘?aqe%@

| ess than 80 nm and the channels were substanti a sed Exanpl e
11: Thi s exatpitatestasiputtersd am%@%mmofédﬂfmm@mdmtq téasqnyraupaefdews

| ayer to]@ wqmn%ﬂe%ﬁl%ngﬁh@aﬁ%maglsz%rtﬁycmﬂﬁl 20U rbEn t O
Exanple 3 is placed . erpendi cul ar, to_the incident depositing

beam to pr d¥iEdkant? %Fﬁ‘a‘ﬂﬁ%“qsé?fépo P $EeyTh A SOPHERYIhe kenchkelghting num

sour ce tar gghcrisSedSiighif A kit of 80 Qalihg Prlccdfobfing @ boldiastd 921 8B Y
mat eri al aboye the seal ed channels. The deposition rate was set at

2.0-3.6 nm ﬁﬁ?% Exanple 12: This exanple describes the steps
needed to P xamp 2 2% Anga%cmcé gubstra%é l'latvmg 2 65'nm trench width and about 100 nm trench
15 height prior to sputtering formed a nanochanne! array having a 17 nm trench width, a 68
nrn trench height, and a channel seal thickness of about 350 nm. Spurtering gas pressure

was 5 mTorr.

Example 3: A patterned substrate having a 50 nm trench width and about 80 nm trench
depth prior to sputtering formed a nanochannel array having a 10 nm trench width, 51 nm
20 trench height, and a channel seal thickness of 350 nm. Sputtering gas pressure was §

mTorr.

Example 4: A substrate containing a two-dimensional array of pillars was made using a
two-step NIL process with the channel moeld rotated 90° between the imprinting steps
(Figure 6a). The pillar array structure is subsequently completely sealed with silicon
25  dioxide using a 29 minute deposition time. The seal thickness was about 500 nm. A
profile view of the channel is depicted in Figure 6b and a top view of the completely

sealed nanochanne! array is depicted in Figure 6d.

Example 5: Example 4 was repeated except the sputter deposition time was 17 minutes to
provide a nanochannel array that is not completely sealed. A top view scanning electron

30 micrograph of this nanochanne! array 1s provided in Figure 6d. The seal thickness was
300 nm.



nanochannel array. FIB was used to m |l narrow slits less than 50 rim
inwdth in the 10 direction perpendicular to the long axis of the
nanochannel array of Exanple 11. The depth of the FIB m ning was
controlled to expose the underlying thin Si02 sealing naterial above
t he nanochannel array. Exanple 13: This exanpl e describes how to
provi de a sanple reservoir with a nanochannel an-ay to provide a
nanof | ui di ¢ chip. A nanochannel array Héving 100 rim 15 wi de, 100 nm
deep channel s was nmade according to general procedures of Exanple I.
The nanochannel array was spin-coated with a photoresi st and i naged
with a phot drawskletso pﬁuavficxdha i¥ prgvidersin @ nhappl @sdpered embl s sibfort diexide sealing
nanochannel c e

tcning to SRt S ARe RGN IARNTanE] EUPBINETH bR 90
reservoir abws m@dified by metlgﬂB\m d@atenmtritrehtchppogaﬂeckectsllsssanam 198 nm.

channel s at a
descri bes hg ?gﬂgfga‘:ﬁrﬁ%ﬁ%‘%&w F’Eetd%ﬁ&ﬁeci g?lﬁ&pm%mﬂo ac%aﬁ A ?ﬁe%m%NA
macr onol ecu hse@'sft rmilachwmmg HEB oA, theﬂiﬁdlﬁg imtrisbatuatsheipedthp bakdichannels.

sanpl e-del i ‘égﬁs\éq,g Edsﬁéﬂ% @{eat@@% ?Mqﬁg Eﬂet tg}érfﬁ Hé tical contrast

fmﬁ‘h&r&e

communi cati on mnt one 0 reservoirs anothann array of
Exanpl e 13. amhesktel i very tube is connected to an external sanple 15
delivery/collection device, which is in turn connected to a pressure
/ vacuum gen&ramplg; A S¥ TR SOWR B0 b BATREhaanel pEaxean e arcpasthiore api | | ar y

action w thgg, Rk ﬁuwmgsp,huiah@r&harﬁeﬂa%fr%maﬁ P50hirh WaINEE A da . atsﬁwﬁfé

| ambda phage macronol ecul.es g were introduced into the

nanochanifel isTERaEAIRY P@?‘@E‘E’P?Ephﬁ’l q‘(“éfo wovide /PRty of panags vith wieith of
concentrati @fbai&ﬁﬁxar’ﬁl mnﬁ&egﬁaﬁg olnveibhat mlchlammc e§t@dﬂwada1?ghcra
ratio of 10:1 base r%‘glﬁe wth the 30deTOT H@r Probes
Eugene, O eé‘&ﬁl?)as FH ouss 10 BIPVEF 2 SPUATHEE IR T"t’}t gk {15

/2 0. 5mi cr ogpafEctibn itﬂfcper OrheXinglB6T the fntlﬂerbﬁg@aﬁﬁﬁ aéa?l &Iualﬁaﬂlﬁg maiemﬂlr!; Varidg

7 containin . 1M o n ti-oxidant a 1% o i ne

pol yacryl anf“grégf@g% tggahﬁ‘%ﬁhﬁ'ﬁdgglﬁﬁt&feﬁsglgﬂbgsﬁtm Es?a{ﬁﬁf“@ 'f'Z‘P“tR’dY »and to
nanof | ui @i c sutBtaptisiindesl by powidingghilbwitapemtabddbdsitibraatighyy channel

di mensi ons of 100 nmx 100 nrn was filled using capillary action with
a buffer soEwtrnpn85Thieptamipld prgvidesainaedhamelcmay uidhitert edeam tashritne. BNA

macr onol ecu L&%u&:@h%:éﬁ&d%@ m%ilev\li. tShicon dioxide is deposited by an e-beam (thermo)

evaporator (Temescal BJD-1800Q) onto the substrate. The substrate is placed at various
angles incident 1o the depositing beam from the silicon dioxide source target; the
20 deposition rate is set to about 3 nm/minute and 150 nm of sealing material is deposited in

about 50 minutes.

Example 9: In this example, a nanochannel array is contacted with a surface-modifying
agent. A nanochannel array made according to Example | is submerged in a surface-
modifying agents solutions containing polyethylene glycol inside a vacuum chamber

25 overnight to facilitate wetting and treatment of the channels and degas the air bubbles that
might be trapped inside the channels.

Example 10: This example shows the preparation of a nanochanne! array having a metal

sealing material. An e-beam (thermo) evaporator (Temescal BJD-1800) was used to

deposit Chromium (Cr) onto a nanochannel array chip (trench width 80 nm, trench depth
30 80 nm, S102/5i substrate). The substrate was placed at various angles to the incident

depositing beam from the source target, the deposition rate was set at 2.0-3.6 nm/minute.



an electric field. Bacteria phage DNA nol ecul es Lanbda (48.5 kb) and
T4 (1 68.9kb) were stained with the dye TOTO-1 and BOBO 3
respectively. This solution of stained DNA was diluted to 0.5 g/nL
into 0.5 X TBE containing 0.1M dithiothreatol as an anti oxi dant and
0.1% of a linear acrylam de used as an anti-sticking agent). A N kon
Ecli pse 10 TE-300 inverted mcroscope with a 60X (N. A 1.4) oil

i mrer si on objective was used with an Ar2& | aser (Coherent Lasers) as
an excitation source at 488 nmand 570nm A Roper Scientific Pentamax
intensified cooled CCD canera with a 512 X 512 pixel array and 16
bits digital Tleutguitingwaschisidth was 20magenthdeptiibss cah &8 nmbirg thélthahnsgeere
was anal yzed S a ]data processor by NIH | mage software. Figure 9b
shows an int egﬁ} @H PRdge of the 15 stretched Lanbda and T4 phage

d h th
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digital i nagencpﬂhemtt:la&imga& mbcllahd magemdmccsrdm to ERénpls3 6. p&&@@G)
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entire Iengt"ﬁ can be s ret ched an analeyzed
Exanpl e 15: I pgat ] ik ad | rvoir
system A nanoﬂml |(]:Iﬂ]é c?agilrgrage g%gg?dfcﬂme d oﬁ@v{ﬁgk%ﬁ fglJns@E:ﬁ'\fl ed
wi th a phot oweeskanng! gsregy i the weussdiepnil npfé@eﬂvbies%hane%hn nesidininthe

connect eg t Qi QR p%ém&hﬁ t@lhemg@moﬁﬁigﬁm@éhahm a0 4R3PS YDSHd at €.
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are connect qghidrial hhRe GRMaSERAMEI gy ends of the channels to coll ect
t he DNA sanples. Exanple 16. This exarrpl e describes a systemused for
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I n anot her aspect of the present invention, there is provided 144. A
cartridge conprising at |east one nanofluidic chip, said cartridge
capabl e of being inserted and 20 renoved froma system for carrying
out macronol ecul ar anal ysis, said at |east one nanofluidic chip
conprising at | east one nanonanochannel array, said nanonanochannel
array conpri sing a surface having a plurality of channels in
the material of the surface, said chanrmgl s having a trench w dth of

| ess than about 150 nanoneters and a trench deph of |ess than 25 200

nanonet ers; at | east sonme of the channels being surnmounted by
seal i ng mat efoh@iing®. M ofiar angveidare ka® e f alinda@ payaciisitianded ab biyanti-
enclosed. 29 Clainms 1. A nanochannel device, conpri sing: a
substrate hef‘\)flﬂ’bg%gtemr east one channel in the surface of the
substrate, t Ie st a,Lre wi dt h. and a
trench dept hﬁgﬁ 4b1 g‘r*am%ﬂ?dré%? %eac crxoam \rﬁ?mavmﬁépﬂg’gl

| ength of t mnaisloheefslt(momec Imalnn*eds ﬁﬂadadsmg capﬂ]avmaenm with feufélr soledmt
one channe! comaRip TR Eéhofe AR Athy TR B Mok ol BN ] dhe Blanh AR,

subst anti‘al I'y encFose e nanochanne eVI'Ce ot

wherein the asebttr:n@eldatBectexad phpgeclNY ewiggnles banbdag4 & Dki)hed @8 (16820%d) one
channel. 3., T I djﬁ%’ ein

the at | eastwe6%§31£ anneﬁygs%’[ ggddg cgm5$§é veﬁheﬁus SHIUL?n ?t(easéaéqﬁgone
reservoir. DNA Vhaedihasdoelangeil igewiice THE cottaining 0, IMBigriethrapbahnentd of

the at | east, @9}% aﬁﬁ‘@”@eéfa%@a Laﬂ’y HrHteF Qﬂt%@i%%ﬁ% %M’lﬁ hA Rl el sQi r.

5. A method of preparing a RO Ranael deuT aareig provi ding a
subst r at B0 haREr30§ invesied mapaascork orifiarf§X4N.A.e4keil Wr%mqu waSUh:ed Wlth

surface of tphg, IQSQEH@Jh@rcm Lasers) a@lepss&sﬁtsaagoacéﬁahsmaﬂ&ls xsagf
st ant |y

at | east one channe to render 'such channels at | east su

encl osed andcisefificlisprmpyintansifipderolediGrd ey dhpt 12S0FE piryl e3ayaad | 6
length of thgs &kidieapht LRS&NSMAAk the molecules. Digital image was analyzed using a

data processor by NIH Image software. Figure 9b shows an integrated image of the

15 stretched Lambda and T4 phage genomes side by side in the channels. The insetof 9b
shows the near perfect linear fit of the directly measured length obtained from the digital
image plotted against their genome size, (R2 is 0.999%6). Fig. 9¢ shows an array of
fluorescently-iabeled genomic DNA molecules aligned and stretched in the channels with
the size ranging from 10kb to 194 kb. This shows that millions of center-meter long

20  parallel channels could be fabricated over the whole wafer. Accordingly, the entire length

of genomic DNA molecules can be stretched and analyzed.

Example 15: Example 14 is repeated, but with a 96 multiple reservoir system. A
nanofluidic chip made according 1o Example 12 is modified with a photomask 10 provide
96 sample reservoeirs, each reservoir connected to 1000 channels along one edge of the 100
25 mm substrate. 96 different DNA samples are delivered and injected using capillary fibers
connected to the sample reservoirs. 96 collection reservoirs are connected to the

corresponding ends of the channels to collect the DNA samples.

Example 16. This example describes a system used for carrying out analysis of
macromolecules. The system contains an automated 86-capillary auto-injection sample

30 loader to deliver 96 macromolecular fluid samples into the delivery ports of 2 nanofluidic
cartridge. The nanofluidic cartridge is a nanofluidic chip encased by a plastic

polycarbonate housing, having delivery ports and collection ports for connection to



6. The nethod of claim5, wherein the at | east one channel is forned
by: nano inprint lithography, spin coating, electron beam

| it hography, focused ion beammlling, photolithography, reactive

i on-etching, wet-etching, enbossing, injection nolding, material
fracturing, plasma-enhanced chem cal vapor deposition, electron beam
evaporation, sputter deposition, and conbinations thereof. 7. The
met hod of claimb5, wherein the sealingazgaterial is deposited using

el ectron beam evaporation or sputter deposition. 8. The method of
claim5, further conprising depositing at |east one optically opaque

| ayer adj ac@idrotRilliuisifghbd\gntBAERIhEM] contes THQONMRLBAS Qécnbliddion
further conprisj g]ge; cSrow di ng. at | east one near field slit feature
¢

above the aP2noy e TORSHAKES canpg inserted spa cHBHes Polderav hicksis iptggraied

conpri si ng HitBahiaNgereRSitaioRsdurcenfd SMaHIB 8ptickl dobpnettlih oOBR fYitdton
agent to alter the surfaces |g1t¥§r| or to the at | east one channel.

11. The net ﬂ%ﬂ‘dcﬁ’ﬁ%fr‘%‘i piigal igpals enpag i fegmsgmplerfidsrigthin the penoghanas]

the seal isngaRRfsf iR hadoBluidRadtRe ThBSighd) dekiBeoIREHNBpaeAt IsRTHRE eChAl
above the at, | east ongiégagﬁ_nel 12. A napnof|uidic chip,

. ..30 p _
conpri si ng: digital cagerg, Pra theflig) L eemeracass malyged Y ©9a RIPCESSORMERRI N
the at | easNI@maaghanpsd sotwareapalalsplapdd aadmhdaibng a f 1 ui d; at
| east one sanple reservoir in fluid communication with the at | east

one channel Exdmyla¢7: Mlaoohapledbsctibasihow,to iftehsybphef ERSRIY 06 o sRRPabl €

of releasin fluid: and, . | east . one she reservoir in fluid
communi cat i gmﬂ”?‘?%wg% A gl A%hrélx 3?%?1??2’(“%&? °t S RS E R BFIREYC
devi ce, 0hecomstte(DNS evithd 0 micralitads lo€a biffar edetioniand stainkd witki fluord@ent thes.
nanof | ui di c.-.chj f, clalm . ri-%}ﬂe t es‘_kz'_i ne .argg}ﬁ
eservol 1 | B RRloe et M Bl Gefe] Borlof L RS S SRR e D
nanof | ui di ccanltdipingfluid] ThewlecRoddsgretaoivatadonpthe SiNYgmatroneratlesame pair  of
el ect rodes . RlothigedR £ 88 & vhlsld & at_ | east
one channel &aﬁﬁggrlt[eﬁllrg%g}%moneﬁl ?eg?f’on. _e ileg éIqhec h"q%‘{‘)t?‘f?ﬁﬂ}%ﬁg°’éﬁf%‘ of
cl ai m 14, whainepmthaDNAears excitpibbypthe excisation| seures, entbibeie awissipr sighalese an
el ectri ‘isf 'gJII@ct!e@uﬂ{gftfigﬁéﬂtcarqéé.eﬁé s@%ﬁls col%e@tedﬂn§]¥§édea% récOfERE ksp! NY- @
nanof | uidic chip according to claim12; and )
intensity and position by the data processor. The length of a single DNA is detected and
intensity profile is plotted.
In another aspect of the present invention, there is provided 144. A cartridge
comprising at least one nanofluidic chip, said cartridge capable of being inserted and
20 remc_wed from a system for carrying out macromolecular analysis, said at least one
nanofluidic chip comprising at least one nanonanochannel array, said nanonanochannel
array comprising
a surface having a plurality of channels in the material of the surface, said channels
having a trench width of less than about 150 nanometers and a trench deph of less than
25 200 nanometers;
at Jeast some of the channels being surmounted by sealing material 1o render such

channels at least substantiaily enclosed.



an apparatus for detecting at |east one signal transmtted froma
fluid in the nanochannel device. 17. The system of claim 16, further
conprising a transporting apparatus to transport a fluid through the
at | east one channel. 18. The system of claim 16, further conprising
a sanpl e | oadi ng apparatus for |oadi ng2&at |east one fluid to the at

| east one sanple reservoir. 19. The system of claim 16, further
conprising a data processor. 20. A nethod of analyzing at |east one
macr orol ecul €X18%hpri si ng: providing a nanof | uidi ¢ chip according to
claim 12: depositing at least one fluid into the at |east one
sanple reservoir, the fluid conprising at |east one macronol ecul e;
transpdrtlnéJﬁmedEmn@e@@®%@n€mnﬂogonDIecule into the at |east one
channel ; det edsimig havingeblast oneclsingelah thersarfae dittiscsubstoate, tthreat d¢asl @mst
one machomel leginge:; treank width med atrengh depth suablde feedragspgnalg 4 maabmbrast
one pr agesdylength biitheat ldastamt chadelrasd onol ecul e.  21. The met hod of
claim 20, wh@eeinthaafleast ahd EBanddl i RERHVAED By alid shatefialdb wémllet it it Rhst
nMacr onehiemtifsy ddlRed plurality of channels for determining at |east
one characteristic of each nacronol ecule. 22. A cartridge,

conpri §i Ng: The nanocl?atnnkzl%%}ce%@ Qlaﬂﬁﬁloxtvfléféﬂ'tﬁe 5%91'1 Iﬁ&@ﬂﬁlg:lr&gdés%ngpgﬁl to
12, the,CREdLdgenaappbl e of bei ng’ 1 nserted rean d from em

for ana yzing macrono ecules

3. The nanochannel device of claim 1, wherein the end of the at least one channel is in fluid
communication with at least one reservoir.

4, The nanochannel device of claim 1, wherein each end of the at least one channel are in
fluid communication with a reservoir.

5. A method of preparing a nanochannel device, comprising

providing a substrate having a surface;

forming at least one channel in the surface of the substrate;

depositing a sealing material on the at least one channel to render such channels at least
substantially enclosed and suitable for transporting a macromolecule across a length of the at
least one channel.

6. The method of claim 5, wherein the at least one channel is formed by: nanoimprint
lithography, spin coating, electron beam lithography, focused ion beam milling,
photolithography, reactive ion-etching, wet-etching, embossing, injection molding, material
fracturing, plasma-enhanced chemical vapor deposition, electron beam evaporation, sputter
deposition, and combinations thereof.

7. The method of claim 5, wherein the sealing material is deposited using electron beam
evaporation or sputter deposition.

8. The method of claim 5, further comprising depositing at least one optically opaque layer
adjacent to the sealing material.

9. The method of claim 5, further comprising providing at least one near field slit feature
above the at [east one channel.

10.  The method of claim 5, further comprising treating the least one channel with a surface-
modifying agent to alter the surfaces interior to the at least one channel.

11.  The method of claim 5, further comprising removing a portion of the sealing material to
reduce the thickness of the sealing material above the at least one channel.
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12. A nanofluidic chip, comprising:

a nanochannel device according to claim 1, wherein the at least one channel is capable of
admitting a fluid;

at least one sample reservoir in fluid communication with the at least one channel of the

nanochannel device, the sample reservoir capable of releasing a fluid; and
at least one waste reservoir in fluid communication with the at least one channel of the

nanochannel device, the waste reservoir capable of receiving a fluid.

13.  The nanofluidic chip of claim 12, wherein the at least one sample reservoir is formed in
the surface of the substrate.

[4.  The nanofluidic chip of claim 12, further comprising at least one pair of electrodes
capable of applying an electric field across the at least one channel in at least one direction.

15.  The nanofluidic chip of claim 14, wherein at least two pair of electrodes each provides an
electric field in different directions.

16. A system, comprising:
a nanofluidic chip according to claim 12; and
an apparatus for detecting at least one signal transmitted from a fluid in the nanochannel
device.

17.  The system of claim 16, further comprising a transporting apparatus to transport a fluid
through the at least one channel.

18.  The system of claim 16, further comprising a sample loading apparatus for loading at
least one fluid to the at least one sample reservoir.

19.  The system of claim 16, further comprising a data processor.

20. A method of analyzing at least one macromolecule, comprising:
providing a nanofluidic chip according to claim 12:
depositing at least one fluid into the at least one sample reservoir, the fluid comprising at
least one macromolecule;
transporting the at least one macromolecule into the at least one channel;
detecting at least one signal transmitted from the at least one macromolecule; and
correlating the detected signal to at least one property of the at least one macromolecule.

21.  The method of claim 20, wherein a plurality of reservoirs provide a plurality of
macromolecules into a plurality of channels for determining at least one characteristic of each
macromolecule.

22. A cartridge, comprising:
at least one nanofluidic chip according to claim 12, the cartridge capable of being
inserted and removed from a system for analyzing macromolecules.





