| NANOCHANNEL ARRAYS AND THEI R PREPARATI ON AND USE FOR HI GH THROUGHPUT
MACROMOLECULAR ANALYSI S RELATED APPLI CATIONS 5 This patent application
clainms the benefit of priority to U S. Provisional Patent Application No.
60/ 307,666, filed on July 25, 2001. DARPA Grant Nunber MDA972-00 ~ 1-0031
supported work that led to portions of the inventions described herein.
Accordingly, the U S. Governnent may havle rights in these inventions.
BACKGROUND 10 The present invention relates to a nanochannel array. The
present invention also relates to a nmethod of preparing nanochannel arrays.
The present NANE@UHANNILISARRA ¥E £NDITHEIRPREPUWRE TIGNIAND CSEtFORIHIGH

nanochannel arrays. ThepHROASEHPUTMATROMOUEROYSRARAINGI® System suitable
for high throughput analysis of nacronol ecul es. The present invention also
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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 1 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 concemed about such problems and their possible solutions, as reported in: O.
Bakajin, et al., 4nal. Chem. 73 (24), 6053 (2001), 1. 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 milhions of channels in an array for the simultaneous isolation and analysis of up to



even mllions of channels in an array for the sinultaneous isolation and
analysis of up to 2 thousands or mllions of individual macronol ecul es. Such
| arge arrays of isolated mnacronolecules could, in principle, be analyzed
with presently avail abl e two-di nensional area detectors, such as
char ge- coupl ed devices (CCDs). Together wi th automated data- processing
collection and i nage anal ysis software, X he sinultaneous characterization of
up 5 to thousands or mllions of macronol ecul es woul d be an extrenely
powerful tool for rmacronol ecular analysis, such as popul ation distribution
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il uence of ¢ he Ppargpe et Pk E OGS o B RE ey S S
macr onol ec ulimsltasebilsasd]ativanand gnilgsis oty eoititidh efrelbogated macromolecules have been
" heretofore unavailable. Accordingly, there is an urgent need to provide nanochannel
arrays having at least three key dimensional qualities: (1) the channels should have a
20 sufficiently small dimension to elongate and isolate macromolecules; (2) the channels

should have a sufficiently long dimension to permit the instanianeous observation of the

entire elongated macromolecule; and (3) a high number of channels should be provided to

permit the simultaneous observation of a high number of macromolecules. In addition, it

would be desirable for the elon

ated and isclated macromolecules to remain indefinitely in
25  such a state at ambient conditions even after the field which is used to transport the
macromolecules into the channels (e.g., electnc field) is mmed 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 permut the analysis of macromolecuies without having to subject them to a

30 field.

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

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



30 field. Methods for anal yzi ng macronol ecul es (e.g., polyners) have been
previously disclosed, however none uses a nanochannel array having the
three key dinensional 3 qualities as described supra. U S. Patent No.
5,867,266 discloses a mcro optical system having a plurality of copl anar
mcron-to-mllimeter scale sanple channels prepared using photolithography
and an artificial gel material conprising a nultiplicity of pillar
structures in each mcron-to-mllinmeter w de sanple channel. The |arge
channel width nekes this 5 systemunsuitable as a nanochannel array.
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(S. Y. Chou et a+hu§éﬂ%lf§8§§§(§gj:?%im QFer\%éh)ng sé%%f]& r(aq'rg&éz}me‘?l‘EQaﬁ that are Chou et

al ., Science 272 rent sealing techniques such as wa
bondi ng useful in a variety of macromolecular analysis. Methods for analyzing macromolecules

(e.g., polymers) by isolating them in a narrow channel have been previously disclosed,
however none uses a nanochannel array having the three key dimensional qualities as
20 described supra, pnmanly because, until now, fabrication techniques for constructing such

a nanochannel array were not available.

In creating ultra-small nanofluidic structures, e.g. for single biomolecule analysis,
at least 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 paraliel high-throughput

25 technique that tnakes it possible to create nanometer-scale features over large substrate
surface areas at low cost. (S. Y. Chou et al.,Appl. Phys. Lett. 67(21),3114 (1995) and S.
Y. Chou et al., Science 272, 85 (1996)) Current sealing techniques such as wafer bondin.g
(M. Stemnstrom 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,



(M Stjernstromet al., J Mcronech. and Mcroeng. 8 (1), 33 (1998)), and
soft elastoner sealing (H P. Chou et al.,Proc. Not, Acad. Sci. USA 96 (1),
11 (1999), are suitable for 30 relatively |arge planar surfaces and provide
an effective seal. Wafer bonding requires an absolutely defect free and
flat surface, and el astoner sealing suffers fromclogging due to soft
material intrusion into the channels. Waghin extrenely small confining
structures, 4 biological sanples are also much nore sensitive to issues such
as hydrophobicity and the honpbgeneity of the material constructing the
fluidic stryiobMes saigleslelatso @R ARE kRGO B (GURS st ial BydBhRtSiUnd 9"
sacrificial materials such as polysilicon (S. W Turnéer et al.”, J. Vac.
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al., J. Mcroelectronech. Syst. 10 (3),‘400.%2001)) have gai ned popularity
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enclosed. 20 In a further aspect of the present invention, nethods of
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provi di ng a,.84bse M5t isMBoRwitdf fisBate. fOrmng a plurality of channels in
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less than 200 nanometers; at least some of the channels being surmounted by sealing

material to render such channels at least substantially enclosed.

20 In a further aspect of the present invention, methods of preparing nanochannel
arrays are disclosed, which include the steps of: providing a substrate having a surface;
forming a plurality of channelis in the material of the surface; and depositing a sealing
material on the plurality of channels to surmount the plurality of channels to render such
channels at least substantially enclosed, the substantially enclosed 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 matenal of the surface, said channels having a trench width of less than
about 150 nanometers and a trench depth of less than 200 nanometers; at least some of the
30 channels being surmounted by sealing material to render such channels 2t least

substantially enclosed; at Jeast some of the channels are capable of admitting a ﬂx.zid; b) at



I n anot her aspect of the invention, there are provided nanofluidic chips

i ncludi ng: a) nanochannel array, including: a substrate having a surface; a
plurality of parallel channels in the material of the surface, said
channel s having a trench width of |ess than about 150 nanoneters and a
trench depth of less than 200 nanoneters; at |east sone of the 30 channels
bei ng surnmounted by sealing material toSrender such channels at | east
substantially encl osed; at |east sonme of the channels are capabl e of
admtting a fluid; b) at 5 | east one sanple reservoir in fluid comrunication

with at | easist aﬁsesaaf letreﬁramnmemconﬁ@n@bansmnhet le2% 8he/ 6f the SiP@bk Ssaff
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invention, there are provided systens for carrying out analysis. In

exenpl ary enPodi nents, these include: A a nanofluidic chip, including: a)
nanochannel array, i ncl udi ng: a substrate having a surface, a plurality of
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e
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at | east onid theamateRRIEMEISEHfacer AifsHaRIEisHy Ving@ tiench wigsh ollses thareakowbi ¥eul e i nt o
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being surmounted by sealing material to render such channels at least substantially

20 enclosed; at least one of the channels capable of admitting a fluid; b) at least one sample
reservoir in fluid communication with at least one of the channels, said sample reservoir
capable of releasing a fluid containing at least one macromolecule; providing the at least
one sample reservoir with at least one fluid, said fluid comprising at least one
macromolecule; transporting the at least one macromolecule into the at least 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 cartnidges 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.



25 to elongate said at | east one macronol ecul e; detecting at |east one
signal transmtted from the at |east one el ongated macronol ecul e; and
correlating the detected signal to at |east one property of the at |east
one macronol ecule. Cartridges including a nanofluidic chip in accordance
with this invention are also disclosed herein. Such cartridges are capable
of being inserted into, used wwth and 3® renoved froma system such as those
shown herein. Cartridges useful with analytical systens other than the
systens of the present invention are al so conprehended by this invention. 6

BRI EF DESCRRTE PN ESc RiFE1ORAYY NEE BRAWINGE! ustrates a cross-section of a
nanochannel array having substantially enclosed channels. Fig. 2

iI'1ustratesig FrHRSEnsLLib@ke@ondf B ARAEHANIRITad hhAdg Bbiiandalf eI BLe! Y
enclosed 5 channels and having sealing material deposited in the channels.

Fig. 3 is &haeaslhi ng el ectron nicrograph of a nanochannel array having
paral l el |inear channels and open channel ends. Fig. 4 illustrates a
schemati c dfiga? PlusEdess? Frews-seSi9Bf & nerpchangr’ avgy havisg Fempleshienelssethannel s.
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Fig. 6¢ is chasnednaidngertieoneiondsyi crograph (top view) of the nanochannel
array of Exanple 15 5. Fig. 6d is a scanning electron m crograph (top view)
of the nanddbahrbbtraesasghenatecd aprasessfor dhpgsitmpsealngmeienalnnteghettaoteon

m crograph of the substrate used in Exanple 1 prior to sealing with silicon
di oxi de. 2CFiEi fjilluppetessa reng@eidichiyp- el ect ron mi crograph of the nanochannel
array of Exanple | obtained after sealing the nanochannel array in 7a with
si | i conl1@i dxigdes is Bisegnning cjestren miczegremipTaheeubstiate yeed iroExaapie $Privhte substrat e

used in Exanpl e $iLiti®n dibkide.

Fig. 6b is a scanning electron micrograph of the nanochannel array of Example 4 obtained

after sealing the substrate with silicon dioxide.

Fig. 6c 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. 7ais a scanming electron micrograph of the substrate used in Example 1 prior to

sealing with silicon dioxide.

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

afier sealing the nanochannel array in 7a with silicon dioxide.

Fig. 7¢ is a scanning electron micrograph of the substrate used in Exampie 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 7c 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 Exampie 3 obtained

after sputtering the nanochannel array in 7e with silicon dioxide.



sealing with silicon dioxide. Fig. 7d is a scanning electron m crograph of

t he nanochannel array of Exanple 2 obtained 25 after sealing the
nanochannel array of 7c with silicon dioxide. Fig. 7e is a scanning

el ectronm crograph of the substrate used in Exanple 3 prior to sputtering
with silicon dioxide. Fig. 7f is a scanning el ectron m crograph of the
nanochannel array of Exanple 3 obtained?7 after sputtering the nanochannel
array in 7e with silicon dioxide. 7 Fig. 8a illustrates a seal ed channel
having a nanoslit in an opaque | ayer across the bottom of a channel. Fig.
8b illust raEigsSaaus@ateed sediaindhehnel Baslitis SenBa (54 dpahie BRerQRRGsIthelbape@h acr oss
the seali ng % . which is oriented perpendicular to the long axis of a
nanochannel fa5C é’rﬁ 9a shows scanning el ectron m crographs of the substrate
(left and b tt rq and a of ‘H}’é ?gal ed nan channel array (right) used in
Exanpl e 14. 38’ hegirates agsealeq AR BHIRE HRAgos Pé‘h?‘t?f?q%yﬁfacf%%m&ée@mﬁb | anbda

phage genomsye(rs\bmeﬁ Rfokient@d ferpEidlidtbur Thhp g @x 8@ ABnochA@er) of Exanple 14.
I nset: Plot of genone size versus nmacronolecular contour length. 10 Fig. 9c

shows a par@gghAaRehs aahal %&bmﬂntrﬁlﬂﬂ@tb%hyoﬁh@m&}dtageﬁ SRPBS RN REd 2 ANGe
displaying a  plurality of DNA macronpl ecules ranging in size from10 kb to

196 kb. Fi gpealedngnochannglaray (gt usedin 8P4t yzi ng macr onol ecul es using a
nanof | ui di c_chi p. One aspect of the(&resent i nventi on enconpasses a

nanochannel lar%al9 theappereoiingst Temathesf-Top! p 4k &b darehiarhagcecsoms (etetal | y
enclosed. AgiSROWATY Bshggr %&ﬁ@mé— (lofdd®) oftﬁarna@@@ hBREE!PIG ! of R¥nohtsiaR s SUT f ace

102 that contains a ty of channels 104 in the nmaterial of the surface
106. The clammeheleqdar chatoer lepgilel | 110, and a channel center 112. The
di stance between the wall surfaces 110 inside a channel 104 that are
per pendil@ul el §¢ showpavinoehanpeltiavay simariarcoude ploagating. separadesd, prrbdisplsyitdhe trench

i1dth. Th | | ial 108 that
Fenders 1 e BAR L PN dtol S UeTRUBLER B¢ dhf BFkL B BRE 3 Th one-
enmbodi ment qclghﬁ) iahanneks &Qéfwauuf,ﬂe%mlaaoﬁemnat& % ae,&%ﬁaeﬁan g will

typically havVe no seali ng materi a 8 directly above the c center
112, providing afhe APERI0RGhd Prcgé?ﬁ’ iDRAHdNChcBRpREERE nhibchither BN Rhving BE

openi ng may have a varlety of shapes.
plurality of channels that are substan’naliy enclosed. As shown in Figure 1, 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 a 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 maternial 108 directly above the channel center 112, providing an
opening in the sealing material to 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 channe! center 112. In such embodiments, the size of the opening is less than the
trench width, and is typically less than 1/2 of the trench width, more typically less than 1/3
of the trench width, and most typically less than 1/4 of the trench width. In other
embodiments the channels can be completely enclosed, having sealing material compietely
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



The size of the opening is defined as the m ni mrum di stance spanni ng the
openi ng above 25 the channel center 112. In such enbodi nents, the size of
the opening is less than the trench width, and is typically less than 1/2
of the trench width, nore typically less than 1/3 of the trench width, and
nost typically less than 1/4 of the trench wdth. In other enbodinents the
channel s can be conpletely encl osed, haging sealing material conpletely
covering the top of the channel and having no opening in the sealing
material. In certain 30 enbodi nents of the present invention, sealing

mat eri al 1%@%&%%@&%@&%& teBscdidle| Fort Y syt QFm AL elmsgihﬁghﬁat@mnnel s

104, as shown in Figure 2. In such enbodinents, the 8 trench wd

defi ned as adireentitsthameBs {1om t he surfaces for med by the sealing rraterl al
adjacent to the walls 114. In the present invention, the trench width is
typically | ess fhe gs@nhmyeptine the, trennbwedtbyiplmttaﬂly lessgtfant hath naoneters,

nanorreters,m(%gg.ﬁc\gﬁglegp{h th(Phéﬁ%l'nleVe{%,] G Bevel Hdre &gcﬁ)@res ngan %@d 2%5

nanonet ers ertain embodi ment s trenc it 1Y nanomaters
In the 3prdSennomewmnin oertain kmbedimanth tivi trkinkh ingdthtis dteast0 Ranoirryeranth thypi cal |y
at least 5 nm at | east

rese ven the hann r

subst ant i alﬂrﬁfe'ét%‘f%é%n ' c'tfft évédstgls aéueﬂgt ar}ﬂllagﬁ Wlféaﬁélab'ggsg's nr’ﬁ;ans that the
channel s are conpl.etely encl have an ng . nmat eri al
that is smaller 't RSP }g'? Thed f”r1 ncﬂlawe e af)}caﬁ {és‘%’t%ﬁye Cg"s&g' f\ég

encl osed chawalisiipreclordni mgss tmamaeihsmnaareadmmﬂpleauebew eﬂmh@sed have a
trench depth that is defined althﬁ sr‘i‘éai ance etvveen hhe surface of the
solid mat erdPERiNg 0 theeseping Biegp! thakls ik fhap %)\Wet Fench ofdnsr he¥nb¥P 112 to
the sealg NGohBletdly alclagdMtanhéicadwpemags.center 112. Enbodi ments in which the
channel s havi ng an opening have a trench depth defined as the distance from

the 15 surface chatd® B8 are cﬂﬁbﬁfdl}abnoﬁised mevebmremﬂ &t thet GhrAREd aP@&EOW t he
channel center to the _positio mhere t he gpening size is
n%r‘ge f‘h rf“z“t

measur ed. 19154758 DERER 1 SH%@“ btoi“B’H ks Eeangtibelawthe

di stance caRafR) ERasul et hbetklinBtnaenl il usrefchhlli}m 8QfdH N9, Enboliigen@ng t hat
is closest to the bottom of the channel 104. In the present invention, the

trench depthichsthe ghasmeln havingen epernghiayed fraich depth defsscs therdistancerfeom thench

depth is t ypigal drnd &na 14151@;%1 Jamemashoawtﬁm&snﬁemmaﬂ h¥ chéne Lhapold@ nm
125 rim 100 nm 75 nm nm and 25 nun. In certain enbodi ments the

trench demoktips 0&@9@?8!&1& here theroreaing siz icmersuiere Af e ohwing kasgnporddpnh i s at
least 2 nmgt %géiﬁéﬂ L¥ere a minimum distance can be measured then the position of the opening

is the one that is closest to the bottom of the channe! 104,

In the present invention, the trench depth is less than 200 nm. In certain

20 embodiments, the trench 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 trench
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 array 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 nanochannel 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,

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



at least 5 run, and nore typically at least 10 nm |In the present

i nvention, the nanochannel arrays can be fornmed in a substrate, such 25 as
a silicon wafer substrate, using a variety of fabrication nethods as

descri bed below. In one enbodi nent, the nanochannel array has a plurality of
parallel linear channels across the surface of substrate as illustrated by
the scanning electron mcrograph in Figare 3. In certain enbodi nents, the
nanochannel arrays have at |east one end of at |east one of the channels
can be in fluid conmunication with at |east one reservoir. In these 30
enbodi Ment $yie@hyd. SRR I‘gﬁt &%m@mz'cr%c}?a%m%ﬁﬂ]ngﬂ HaG Rk Yo ittt Ha? one
reservoir. Al ternat| Ve | east one chann can Be conhected with at

| east one fl&gwrthar abopt anawog) ion & edhavne h scaonngs tesit wah gthitasp one taseredir rviicsroc hannel

(a channel lm"&rﬂﬁc?ﬂg‘%&w ﬁ%?hg%}ggll?rrang th larger than about a micron), or

a channel i's connéc reservoir via an interconnecting

nanopi | lar or mc e‘1 cx%fnocﬁr%xﬂX Eft lQﬁ??\%& ahdl SDo QPH{[eSchtaHnelslt gash fﬁu\%) ends

of sonme of the C ann s are iIn conmuni catron w east one
reservoiy coammbhichtiont wich ﬂhmrmiesresemnrtdoemmnemoﬁhmtsszn thtseleedmstiimews, ends of

f the channel t t t. . .These_channel b
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| east two ehatsm&inﬁecﬁamlheupenmem@dow:’e&natu.I east one reservoir via a
comon i nterconnecting straight or curved mcrochannel. Alternatively, at 10
| east two channgl serénemiodinenne at Edstwivbfthﬂinels&aﬁﬁ}eQﬂﬁlel'cﬁﬁeﬁmitrleaéi aned Cconmon
i nterconnecti ng, nanopil |l ar.or m cropi I.n certgl n. enbodi nents of

ar arra
the presenfSSFRPENE HROMPAR HLRYUTRHRESI ra’&F“r%{f‘lﬁéQ mjcrogpann N‘?mé’)'f“’e(%éhnel s

that arg i Meafd wvel GapmEINicemtte0BomiettBd alith €@ Slkas®NEheS ¥PHOIrT €8 €5 V&irfimorCONMMDN
to at | east sone of the channel.s. Eé "a plurality of channels"” is nmeant nore
than 15 t wERAHKEINE, “af‘%\}q{zﬁ’lrﬂ}“%‘ ¥R{¥n 5, and even typically nore than
10, 100, 1000, 10,000 and. 100,000 channels. In certain enbqdi nents, one
sanpl e reservoi I EHRHEMEPHTIERS Lif BF PISERt Brentes. s panarhanpsl 3y bearfochannel

array, t huExutrmy R Whatnkk ¥ha@fare hanme s meRicBford&vith Ak Bast e Lahpikhesir of
channel s that are on the substrate. In a certain enbodi nents, 100 mm

di anet er sGPRMEBIRE leashsama/el hbehinneio B0 o palt afshannelse iy meantmers athavi ng a
periodig t )«N&fcha%gelgquemy hBR RS 5adk %bérﬁ/w?\‘%hlﬂgmgﬁ:f e do, amot hvodishence
bet ween the md of two adjacent chann

and 100,000 channels. In certam embodiments, one sample reservoir can be provided for

all of the channels in the nanochannel array, thus the plurality of channels can be as large

as the number of channels that are on the substrate. In a certain embodiments, 100 mm

diameter substrates can have about 500,000 paralle! linear channels having a periodicity of

20 200 nm, the penodicity 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, a 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



In certain enbodi nents, the plurality of channels can be connected directly
with at |east one reservoir. The connections can be a conmon

i nterconnecting straight or curved mcrochannel. In other enbodinents, a
plurality of channels can be connected with at 25 |east one reservoir via a
common i nterconnecting nanopillar or mcropillar array. In certain

enbodi nents of the present invention, tHe nanonanochannel array contains a
plurality of channels that are in fluid conmunication with at | east one
waste reservoir. Although the plurality of channels is typically connected
directly watByat Inl et emtpdinanss b @hurf 8¢ by ohdnnel§0ibd bdMeQOE Wi it ¢eakiemer voi r
can al so be provided. It should be 30 ap reci ated that tEe waste reservoir
can be used?d¥ FEARPI Wa o) JOBPI T APIFTEQRIEG G STaiphlc BF FHRGE y ISt @S sanpl e
col | ecti on geQsmEy ehdier. cemealssoa Qﬁsrﬁft?‘b'f@ﬁ&’nn@l@ cQﬁ'B@QB%EE‘E%'d »&Qh @l [e@MSne | N

t hese enbodi nents, a pl urallty of channels can be connected with at |east
one wast e WaSESEHION W4 aceMBORIRTICIREding GaneRiiar Rymearerilleptarrapr  cur ved

m crochannel as described earlier. Likewi se, a plurality of channels can be
connectedl with & ckmzintenthedimaniss ol theerresombiipvention, dhe oamrshainat emenhreet i ng
nanopi | | ar Al ent

i nvelrcl)ti on, P rgﬁgﬁgcﬁlghﬁéhﬁzg?f?&sﬁml gcp%ﬁtlur 2? F’?Rg%ggﬁmlﬁp Ff E}Qﬁ'haét%g glr%e

subst ant i alshlstqrtirly ineths plere v\frihewrfahef)f)thaﬁldismly of channel s are

substantially in the plane of the surface of the substrate. In certain
enbodi nents of theerpiresebrdimenieet thopresanh ivaatise hamarechammebyrayaqan corteiai n

| i near chan ar r t n
substantlalnghng?éb%g |%%2%€gﬁ%§%?e e ?ﬁgéﬁpfg%ﬂggng%ﬁl%gq%bagﬁhgyeﬁds of

t he chanlhelisempanecepabl e of adnlttlng a macronolecule in a fluid. By being
capable of admtting nmacronol ecul e neans that the channels have at |east
one opening |ar ge cennugﬁmtmdlrpmtsmlhe ehds pﬁsbtagbanoéls aarmcpsd»lmbé@dinmmg While a
vari ety of openi 1258 all pen can_b ated at
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With a var SEPESTREERpoMARRITET gb APt SEHingnERITA) GEL PR POV subsequent

modification of the nanochannel arrays as provided below.

In certain embodiments of the present invention, the nanochannel array contains

channels that are capable of transporting a macromolecule across their length. The

20 nanochannel arrays can be fitted with a variety of components to affect macromolecular
transport, examples of which inciude pressure or vacuum gradient drop across the

channels, electroosmosis, and electrokinesis.

While not being bound to a particular theory, it is believed that macromolecules

typically have a non-linear, three-dimensional conformation in space (e.g., linear polymers

25 have a random coil conformation in their natural state).  Accordingly, it is
thermodynamically unfavorable for macromolecules to spontaneousty elongate and enter
channels directly from the environment due to the large free energy needed to 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,



transport, exanples of which include pressure or vacuum gradi ent drop across
the channels, electroosnosis, and el ectrokinesis. Wile not being bound to
a particular theory, it is believed that macronol ecules typically have a
non-|inear, three-dinensional conformation in space (e.g., linear polyners
25 have a randomcoil conformation in their natural state). Accordingly, it
is thernodynam cally unfavorable for magronol ecul es to spontaneously

el ongate and enter channels directly fromthe environnent due to the |arge
free energy needed to reduce entropy. For exanple, a 169 kil obase T4 phage
doubl e stranded ge 1,.C ; i | r L.an ' jus of
gyration Rg= (Lp%Gwnze%lf}éi]?g’ ?ﬁe }%rrlgghasng?uﬁa nc%v%\%gera gl C}%ghéﬂs igépal!i)tﬁ gdfu
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certain preferred enbodi nents qof the present invention, the nanochannel
array is capabl® Gp2pp i ﬁlnﬁftsloéé}ﬁprfﬁ%t IBY SRy R pangehagae! &RR S| engt h
of said Chaﬂﬁﬁbl@-ofhﬂnsb&%ﬁ@atll@as@Hﬁ@lﬂbﬁ@%@nacid@?th@@?}%ﬁtd’f%a@fchﬁrﬁﬁlschﬁlﬂa@&l s

e
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one di r é8t i gAbodmnEtts rthe BSOMeH O fhamels eratede driepobimest yentey il move
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macr onol ecul es; such as biopolyners, to the inside of the channels. In other
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macr onol ecul'es, such as e macronol ecul es can be su ciently
channels are apparently larger than the spatial conformation of the macromolecules, there

is at least a partial amount of elongation of the macromolecules in the channels. When the
dimensions of the channels are at the same order or below the persistence length of
20 macromolecules, such as 50 nm for DNA the macromolecules can be sufficiently
elongated in an unfolded fashion inside the channels. When the dimensions of the channels
fall in between the above-mentioned two scenanos, macromolecules can be partially
elongated in these channels. In this case, the macromolecules can be folded, tangled, or
boih folded and tangled. While it 1s envisaged that any macromolecule can be transported
25 in an unfolded fashion in the channels of the nanochannel array of the present invention, a
variety of suitable unfolded macromolecules include RNA, DNA, denatured unfolded
peptide chains, self-assembled chemical polymers, and co-polymer chains, and other

biopolymers, and combinations thereof.

In one preferred embodiment, the channel structures of the nanochannel arrays can
30 be formed from linearly adjacent channel walls that span the substrate surface. In other
embodiments, the channels can be formed from pillar structures, self-assembled polymer

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



el ongated in an unfol ded fashion inside the channels. \Wen the di nensions of
the channels fall in between the above-nentioned two scenari os,
macronol ecul es can be partially elongated in these channels. In this case,

t he macronol ecul es can be fol ded, tangled, or Wiile it is envisaged that any
macr rmol ecul e can be transported both folded and tangled. Wile it is

envi saged that any macronol ecul e can bel2ransported 25 in an unfol ded
fashion in the channels of the nanochannel array of the present invention, a
vari ety of suitable unfol ded macronol ecul es include RNA, DNA, denatured

unf ol ded pepti dge Ghdidasmatesdlfofahé agicRMneNSHYS @hn PRl YRS froRNImea- amgl ymer
chai ns, and other biopolyners, and conbinations thereof. In one preferred
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supported by a secgond supstrate. ,Coating a nmaterial on to a second substrate
can formfﬁF?ﬁ?'t’voéﬂl’?aéﬁlago%IBétWaﬁﬁ process includes vapor deposition of a
material onto a_wafer. certain enbodi nents of the present invention, the

nanochannel ar r &y<§TR# %@9"5?“‘5 ?fréas pregiié "Hﬁ?‘i‘%mey’aaﬁ%{'ﬁwl AERcxdey 3ty or
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situated between t e sur e material and the sealing |ayer, it can
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can be dep05|ted as a | ayer
combination of these. Whﬂe almost any opaque material that can be deposited as a layer is

possible in this embodiment, Aluminum is preferred. For certain embodiments, it is
desirable that the opaque layer thicknesses are less than about 30nm thick. For
20 embodiments containing nanoslits useful for camrying 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 thecory, the optically opague layer functions as a blocking mask for high-
25 resolution near-field excitation. Without being bound to a particular theory, aluminum is
particularly preferred 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

. possible target molecules in channels.

30 In certain 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



possible in this enbodinent, Alumnumis preferred. For certain enbodi nents,
it is desirable that the opaque |ayer thicknesses are | ess than about 50nm
t hi ck. For 20 enbodi nents containing nanoslits useful for carrying out
near-field imaging of the contents of the channels, it is desirable to
prepare slits smaller than 50 nmthat are etched through the deposited
opaque | ayer but not through the transpa¥ent sealing material for

mai ntaining the integrity of the adjacent (underneath) channel. Wthout
bei ng bound by a particular theory, the optically opaque |ayer functions as

a bl ocki ng Rgktf 6ff thBia@facen? Seda tHathdiarTheah@l Will 6N séx@iag rhdi@iatl besagtd atti on.
Wt hout being bound to a partjcul ar_theor alumnumis particularly

heory, .
preferred a¥PCBIREAPAEFENtE G Betsrichdy FIBRLIRa R cAREHisd A TBINEPSR I dept h of
any material at the given wavel eng_th of the excitation |ight source.

rendering the sriffadher prgisreadrabodigrent. tis BPadianeeg aray eentaipessaling Rae % or t est
di stance bejdnRem bhNke shanhd tAREm! RaliROsEeRAICah e FRbviBR] BCHaB%! bBusRANel s.

30 In certain enbodi nents of the present invention, the nanochannel array
has at | &asiepogiies Aeuiatie sqading materpb inteithe eispnas arioy wast simwancoshneith Such
slits shoulglcgg-n%%grghg,@;c%d as close (less than about 30 nm to the channel
as possible w th6ut conprom sing the 13 integrity of the adjacent seal ed

channel s. The t hl"l'fé muhagﬁello)%ﬂ'gjr%ﬂ%o ?Fe&‘&gﬂtﬁlly %xﬁpréyaﬁeﬁapgﬁ%eﬁg toamg .

channel's could be create _ ing or-contro mat eri‘al deposi tion.
I n a furt hethapred fvaallr wetepatboldi Wrsnembadireemathe chadmg ghatanslasan gedicaiths trerehl | ng
material adjacent. to_ tFL m __Seal | i can_he provi ded
i n channel ‘B;g?}' o?nﬁlf)gs Hfhgcg%aggfﬂtap%lgm %Qésbl%f ggpgr%lsgea Pé%aﬁ%tagf%lfsa o nat‘baplfrﬁe
channel 80 prdifoubtmtosurBtasithitaneowsihynwels Widerethed 051 ny inltendhaintiebsd détber

nanochannel ., ar s also prefer jal Ly have seal i ng. erial_ adjacent, to the
channel vvaltflarfra erna .éenlcﬁ d?%ﬁ‘s?ngﬁr%ﬁg |b;é%lme,“8€ ﬁeassdgé |bgegtbﬁlao?é?eia§ é{:"ﬁtﬁ‘m?[educe
t he trench canit@dtdeposiipd snto shpmel ibg bl kel o dvanddag Epessuftayle preéparis Bdeam

nanochannel arrays froma vari et%‘ 10 of substrgtg surfaces that contain
channel s wi D&POTF WA “IEH 925 PUT SRERS G BER3nd® Gl SV aPHare2 861 M n
trench deptib.tygitullyThsSavesyesth fierdourcar@mpsred @S she df Bl @itiples @@l ih8@ngmdrer i al
can be deposited. into channels b .%\.vari ety of methods. One. suitabl e nethod
i s E-beadth GYHPUIOHIINE IRpTEH TEPERA (S VD BTN, TOGEPIERE HROTHSHGRT APPOSTN E- beam

evapor at i Onthe guissb@lif 8it€d atiaSspediBt 6Ad1E YTHe@hardieBWalld paRidIRebISQUME Repar ed to
the size of the sanple, and the angular 15 distribution of the deﬁ)05| ting

l e, & )
mat eri al i Lhveshpemateahiiked shadpvayanddnesh pl the mriPAl 1d&p depasiteshon the channel

walls near the upper portion of the channel wall. Beyond a cntical depth no deposition

will occur as long as the substrate is tilted.

20 An alternative and preferred method to provide sealing material in the channels is
sputter deposition. In sputter deposition, the sealing material is deposited at all angles, so
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
particular theory, sealing matenal from a large 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. Sputtening is typically used because of
the divergent nature of the matenial beam, thus resulting in the faster deposition of target
matenial at the top part of the channels instead of at the bottom of the channels {i.e.,

.surmounting the channel). In ume, the sealing matenal near the top of the channels

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

matenal mto the channel. In one embodiment, the resultant sealing material in the channel

results in a profile 128. Suitable sputtenng systems are known in the art. A particularly



the substrate is tilted at a specific angle. The channel walls partially

bl ock the deposition of sealing material (like a shadow), and nost of the
material is be deposited on the channel walls near the upper portion of the
channel wall. Beyond a critical depth no deposition wll occur as |ong as
the substrate is tilted. 20 An alternative and preferred nethod to provide
sealing material in the channels is sp4dtter deposition. In sputter
deposition, the sealing material is deposited at all angles, so the instant
grow h rate at any point on the surface depends on the percentage of the
total tar gefabRr pansMrighivitemtitis laizoe noh SOYRdrget @6urcs whithl groegksimgiiglice 4.

Wt hout being bound tg a. particular theory, sealing nmaterial froma |arge
target soufTEr2RSEnY Haiformyy POy b¥MBsBSSTAiSt y 25 to the substrate surface,
can travel along a varieé§ OL tr?jectories (122, 124, 126, 127) and_ be
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in the faster deposition of target material at the top part of ghe.channels
i nst ead Sof catying eutyoacremeledular paalybiansiag she(1anechannd wrayues pragdecbelewahnel ) .

In tinme, the I ter] elsS,.3 ntyal |y
conpletelyﬂé%%ﬁ%2%2g¥ﬁgcgﬁgghéﬁ?qak%gﬁ %@gWg%{ggﬁﬂﬁpﬁ%? §§Sh§?ﬁ¥@%‘%?

seal i ng niehgthi @l the nhamnélhes grieamandian 1| cendmetee(thgdamienten gréveer st tani s seal i ng
material in the ghannel results in a profile 128. Suitable sputtering
systens ar &K %N the art. A particularly 14 suitable sputtering system

has a 200 mMm Si GParbakgaipeaofiteerysentChvantioy thdesis prgided urthabe ofpoapariage and
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typi cal |y, cddi@inink @RGEBIIQTof thaneRPpeTehBlyihavas patcicity AN 08 nePitckdrebeless( CM) ,
and even greater than 5 pgg 15, cm and 25 cm _In another aspect of_ the
present i nvishi &1 PRV Py oitgidome e HBRETYp pRh AR1igPEDt TthogBABt hanne

array, whi chybigedsUdeintahedisdiona iR §.05idn 8o s pribas ithy cafipieB ¥MRsSeioh t he
material of the surface of a substrate, and depositing a sealing material to

surnount t Waichgs incarppraieddyy refeEsnae PaeIno Asrdsyirded sarlipe xarous fpss ahmpignaly

encl osed chammelsy to%&lagatre rfes RAMAL pmlagg%fmhmlé. t&ible GhRRARL shcRief erably

have a periodicity 200 nanoneters or _
semiconductors, dielectrics, polymers, self-assembled biofilm, membranes, metals, alloy,

and ceramics.

20 The sealing material is preferably deposited to surmount the plurality of channels
to render such channels at least substantially enclosed, the substantially enclosed channels
having a trench width of less than 150 nanometers and a trench depth of less than 200

nanometers. By “surmount” is meant that the sealing material is preferentially deposited

..... 4 Laidllg

towards the top of the channels compared to the bottom of the channels, resulting in

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 matenal is

deposited using electron-beam evaporation or sputtering.

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

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



whi ch can be provided by interferonmetric |ithography and nanoi npri nt

| it hography 15 techni ques, which are disclosed in U S. Patent No.

5,772,905, .the conpl ete disclosure of which is incorporated by reference
herein. As described earlier, various types of materials can be used to
prepare surfaces having a plurality of channels. Suitable substrates include
sem conductors, dielectrics, polyners, s$&lf-assenbled biofilm nenbranes,
netals, alloy, and ceram cs. 20 The sealing material is preferably
deposited to surnount the plurality of channels to render such channels at

| east subst guifeahg ¥s Spedcosest, drivivg sialsdianbiral {vr@nelpes adfehaarrls sibgving a
trench wdth of Iess than 150 nanoneters and a trench depth of Iess t han 200
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descri bed above and in Figure 4. In certain e nts of e present
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embodi nents_of the present V. 2al | ter| a osited on
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t han about &b@osmﬂ'g)womsrmrleietrymecfahbqnﬂymsthtxh@mhjxe thel eilysirai@ BoHR¥ S Reni® B €

typically Iess#hanSmT Cgtterln I.S rocess of. dI’IV]: %rmlecules
of f a sour cBFd ‘d"égenéﬁ‘iaf' g a@%ﬁ%ﬁ 0oy &p "P‘%é’?dnéogﬁf PEFIHIEN. | HfnfoRer gas

borbar dygnt prelR it bk Mishteficaht fist dspdshRnsMbreCRpbafige htoRBdaf dhch R
deposited on a varjety of substrate sgrfaces such as |tolatter ned silicon

waf ers. Wi rastoppand IpWerRptRS s igavalls phihe imenehss. erapyplatively fastes deposivn t hat

as the gas cms%wx%mbﬁalraemoﬁ%aaléuanﬁcér@yﬁhgra@meltgi; @$ tHeMrdnBRes, this
envi ronnment of the plasna sputteri ng chanb which results in the

deposi ti ng beraently legdgiesmatiet ¢h freneh) ‘F‘F@P% before reaching the
substrate surface; hence, g nore anisotropic and_faster deposition.

hi gher gas presstiitetsBest ORI sy Finghss beingssaled plsogflestsofie zegmeoel tﬁ*ﬁ)ﬁ@"’l

frequengky éemeah%idr Jm@é e hifHee uRURSi t%t\eld%UFafnaCﬁe 1B&NE LR mﬂi’éﬁﬂ Siver gent
traveling angles and nore isotropic and_ sl ower de osition.” At | ower gas 10

pressure wi daRonisdaeanine SeRUPPE DAt s tThadpusi the S?Pth o Pidth egsies thei sgliak ons

can reach the .Rehbom antndiARinsRAst of the sidewalls of the trenches,
causing relatively faster deposition of sealing naterial at the bot t om and

si dewal | s conparni,nRge Eﬂb&ﬁﬂeﬁt%c%lﬁé]&tttﬂeeﬂ&h&ismf tfn@bésent invention, at least one
reservoir is provided to be in fluid communication with at least one end of at least one of

20 the channels. Channels can be fabricated on the substrate using nanoimprinting and
interconnc‘cting structures of pillar amrays.  Reservoirs can be defined using
photolithography and subsequentiy pattern transferred to the substrate using Reactive lon

etching (RIE), chemical etching or FIB milling directly to 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 least 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



subsequently leads to smaller channel (trench) dinensions The aspect ratio
of the trenches being sealed also affects the geonetry of the final 15
seal ed void space. The higher the depth to width ratio, the |ess sealing
material will be deposited near the bottom of the trench. The | ower the
depth to width ratio, the smaller and narrower the channel dinensions. In
one enbodi nent of carrying out the nethéd of the present invention, at |east
one reservoir is provided to be in fluid communication with at | east one
end of at |east one of 20 the channels. Channels can.be fabricated on the
substrat e 4Skitg chad@ismpdn bé icngisianel: dtnieasicDNBAGYiRgcat bUChvided ah i ar
arrays. Reservoirs, can be defined using photolithography and subsequently
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communi cation with the channels. Auxiliary structures, such
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structures 1s typic | east severa anoneters,’ preferably
at | east slkeusr30hiesermonst are sprawdpl id Autle ceramnnieativadivitle ret Jeasi 1109 sepheae rabl e
to provide_,an d| ti on step. A suitable additional sealing step

i ncl udes a ca’torcom auo%(EI?Aa'?'lrrlé(;l&rq surface substrate to the top 30 of the
sealing materia esellng

atl ervoirs. can. bhe
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about a i gareharael a’rasmstmmeﬁ@nnmgtlme@mmw af:rfa)y hﬁbﬁ;@ﬁés Ay eparddrettyoir. A
vari ety of hemes 1. copnect.reservoi.rs hannel s can, b
ot o1 Shodol s Pl s BRREY b PN b GOt i TS b Mt  on
with at | eaghnelssRapat a:feﬁchcxhﬂm‘lﬁlsﬁtha@ﬂmahadoa&ﬁrs ma ﬁ@x&ﬁdf}i/@dpﬂﬁleaf ¢hapniovi ded in
fluid conmuni cati on with ah 4east 10 separat eBﬁhanne S; O ast. 96

]
reservoi rs“%f’roé“e‘?ﬁ ovT HEY SPROPEN 2 I5ATh MPYHER Bh 1R Sepling mp Eélt i PeESar at e

channel's; @in@tpiltRASEpoHHbh © PrOS&S EPirgSmate Bal RERVEr @fihk Bhdrnkti WalLRaRHAIE At | ON
w th at Ieast 5p0 separate channels; or at |east 5000 reservoirs are

provi ded i PRTQWI LS tEgRitTi at i on vmth at |l east 100 separate channels; or

conbi nations thereof. In a preferred enbodi nent of the present invention,
the metlhod of prapas HE HINE MAKBEhIEPREon PrEpReters I%a}SP.léad dutP2EeV g | i near

channel ar gayehSwiit 68{he Shdhavis Ndha dasitRd éﬁiatr%te]fpcm bd afedth ProviéiOndnen f or med
by nanoi npri nt I|thog]rah In this enbodi ment, the |inear
widths of typically less than 100 nanometers. As more material is deposited, trench widths
can be narrowed to less than 75 nanometers, and even less than: 50 nanometers, 25
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 afier 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 also 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 5 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 material 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, 1o

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



channel s have a trench width I ess than 100 nanoneters and a trench depth

| ess than 100 nanoneters. In this enbodinent, at |east a portion of the
sealing material is deposited wusing sputter deposition to provide sealing
mat eri al adjacent to the channel wall material to narrow the trench w dth.
15 Varying the sealing material deposition paraneters is' also used to
narrow the trench width of the channel §7 The deposition paraneters can be
varied to provide trench w dths of typically |less than 100 nanoneters. As
nore material is deposited, trench wwdths can be narrowed to |ess than 75
nanonet ers, even |.e , 2k ongters, .an
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nmet hods of mheoppkesded | nvention. Typically, the resulting trench w dths
after deposition wll be greater than 2 nm and nore typically greater than
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enbodi nent of . the present invention, the hod .may al i.nclude the  step
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channel . | notoliv§deSt Rfoslit i Be SpAfuk BEkliARKALHAL 1S typically transparent, such
as silicon dioxide, to permt spectroscopic detection of fluorescently

| abel ed macr ool §euhie Fabrizhdh ASthbAWor irBsbeRy taGriaf M3ANGhSY 2kl SicRREME tS the
use of optical nethods, such as near-field optical inaging, to 30 analyze
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nanoslit above 1/°the channel is thih to permt sufficient evanescent
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nodi fied usi'ng a sui rication ne to provide a nanos I'n the
opaque d$ealnangsiivatrertaral . Sui t abl e fabricati on nmethods for renoving materi al
fromsmall areas include & beamlithography and Focus lon Beam m | |ling.

E- beam | i t hogr aghynk embbdiesnt ¢fghe present invention, a portion of the sealing material can

be deposited inside the channels to form at least one of: an insulating layer, a conducting
layer, a hydrophilic layer, a hydrophobic layer, or combinations thereof. In this

embodiment, the layer thickness is typically less than half of the trench width.

20 In one embodiment, the dimensions, geometry, composition, or combinations
thereof, of the sealing material adjacent to the walls 114 can be modified and manipulated
for corresponding samples being analyzed in the channels. In a particular embodiment, it
is desirable to alter the surface properties of the sealing material adjacent to the wall 114
This is carmied out by treating at least some of the channels with a surfacemodifying agent

25 to alter the surfaces interior to said channels.

In one embodiment, surface-modifying agents are deposited in the channels tc
improve the transport of macromolecules into and through the channels. Surface
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 to said channels. Nanochanne’

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



10 lithography of ebeamresists followed by devel opnent and reactive ion
etching. Focus lon Beam (FIB) mlling is preferably used, as it requires
fewer steps than E-beam |I|ithography. FIB uses a beam of energetic ions
such as Galliumions to sputter material away and is capable of resol ution
down to 20 nm and can etch down many microns in principle. FIBis preferred
as it enables one to inage the mlled agea i mMmediately after FIB mlling the
15 nanoslit structure. In one enbodi mrent of the present invention, a portion
of the sealing material can be deposited inside the channel s to form at
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sol ution, sur hon-sp nding satu anti-protein
sticking agenpetedippland sionphegharaelsr essure differential, such as 5 vacuum
can be used to assist the treatment of the channels. Appl i cation of vacuum
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counteracts I’OOSI’TDSI S ects 1nsi
bound to aof 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 matenal. Typically, the sealing material surmounting the plurality of
channels is less 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 fhe 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 matenial is used to reduce the
thickness of the sealing material above at least one channel. Sealing material can be
30 removed by 2 variety of etching and ebeam deposition methods as further described

herein.



particular theory, the electroosnosis effect is usually due to ionized
acidic groups 10 immobilized to the matrix (e.g., attached to the wall)

i nduci ng positively charged counter ions in the buffer that m grate towards
t he negative el ectrodes, causing a bulk flowof |Iliquid that mgrates in the
direction opposite to that of the negatively charged DNA. Accordingly,
reduci ng el ectroosnosis effects hel ps ¢harged nmacronol ecul es to be
transported into and along the channels. 15 In one enbodi ment of the present
i nvention, the channels can be at |east substantially enclosed on the
surface of the 1-ald . : -1 0f
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mat eri al sur ITDUI’I%I ng the plurality of channels is at |east | nanoneter

t hi ck, and ar?éb’éistypi cally at least 2 run thick. In certain enbodi nents of

the present inventi o_n,[n% t eg of Fem)vi ng a portion of the sealing materi al
is used!Po redud ERAN ePRPERITESLIGhe Pireent BWERHRD st warPAYIdS TSR cota®eslst one
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ebeam deposition nethods as further described herein. 19 In another aspect

of the presErvqiriamaneghannah df1ay jsubSHRSY iatreprovidehabeveui i Biscembpdiment. at

i ncludes a 1@@%@%&% @by @ nlilecoRiasfatiol MENL Mt BES 6F tled Gndnfelfi QU €
5, the nanofluidic chip 200 has a nanochannel array 100, a substrate 146,

and reser volymcallgAthe gunofbidipchip conthinges tieasy brsamplrpreercat. | ctarish) of ®bert her
provi dedsi o ahéne iRflle el dsYicRerBIPLA ROGE 31 1AQ 2h AUALLIALY quast e
ports for handling tluid sanple. The reservoirs are in fluid comunication
with at | eastnofiméicghipt he channels, so that the sanple reservoirs are

capable of releasing a fluid into the channels, and the waste reservoirs are
capabl e of For use in macromolecular analysis, 1t is preferred that the nanofluidic chip

provides at least a portion of the nanochannel array capable of being imaged with a two-
dimensional detector. Imaging of the ammay is provided by presenting the sealing matenial
20 face of the nanochannel array to suitable apparatus for the collection of efnitted signals,
such as optical elements for the collection of light from the nanochannel array. In this
embodiment, the nanofluidic chip is capable of transporting a plurality of elongated

macromolecules from a sample reservoir and across the channels.

In certain embodiments of the present invention, the nanofluidic chip contains an

25 apparatus for transporting macromolecules from the sample reservoirs, through the
channels, and into the waste reservoirs. A suitable apparatus includes at least one pair of
electrodes capable of applying an electnic field across at least some of the channels in at

least one direction. Electrode metal contacts can be integrated using standard integrated
circuit fabrication technology to be in contact with at least one sample and at least one

30 collection/waste reservoir to establish directional electric field. Altemnating 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



receiving a fluid fromthe channels. Typically the fluids contain
macr onol ecul es for analysis. 10 In certain enbodi nents of the present
invention, the nanofluidic chip contains at |east one sanple reservoir is
formed in the surface of the substrate. Steps to form reservoirs in
nanochannel array substrates are provided above. In this enbodi nent, at

| east one waste reservoir in fluid commpmi cation with at | east one of the
channels. Typically, the nanofluidic chip contains at |east | sanple
reservoir. A variety of other 15 enbodi nents include at |east 96 reservoirs,
and even atpahiRastypk@fP af RERLHOEASf dhelelRirodtaB O EoHisbt witiubler SoMitidhSI then
macronol ecul ar analysis, it is preferred that the nanofluidic chip provides
at | east a Ip®Nt9mNn of the nanochannel array capable of being imaged with a
two- di nensional detector. Inmaging of the array is provided by presenting
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field across at [heastheSapectQf thchgrehninalt®n] heRtis ptBaddd DHGtedi (Fogirt 0N
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field. Alternating current (AC, direct current ( , or both types of

: AC) ] DC)
fields can 3deasppng signaltrassmitisd oy ane enmopmellyidsian 8re nanpehgarel afpy pEthgl | and
are typi caI,Ia)goﬁmh;gcﬁIp_/Au netal |ayers deposited on defined |line 20 paths.
Typically at [east one end of one electrode is in contact with buffer
sol ution in the Inpesews enpodimpnty of the presehb BRSO $heosystere fusthess mstudpnstent i on,
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providing an electric field in different directions. his”5 enbodi nent,
adj acent clafsherckanpflschasmple Joadingnanperaius dpr/lodding af deghtaenediwid setheoiemplew t h at

-reservoirs in the nanofiuidic chip; and a data processor. The various components of the
systern 300 are connected together, and the general principles of operation are illustrated

in Figure 10.

20 The nanofluidic chip 200 used in the system is typically disposable, individually
packaged, and having a sample loading capacity of 1-50,000 individuai fluid samples. The
nanofluidic chip typically has at least one interconnecting sampie dehivery microchannel to
provide fluid samples into the channels, as well as sample loading openings and a
reservoir, or sample loading openings and plates connected with a 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/electmc-field tuner.

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

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



| east two sets of independent electrodes, field contacts can be used to

i ndependently nodul ate the direction and anplitudes of the electric fields
to nmove nacronol ecul es at desired speed or directions. In another aspect of
the present invention, there is provided a system (Figure 10, 10 300) that
is suitable for carrying out macronol ecul ar analysis. In the present

i nvention, the systemincludes a nanoflyidic chip as described herein, and
an apparatus for detecting at |east one signal transmtted fromone or nore
fluids in the nanochannel array of the nanofluidic chip. In various
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In another embodiment of the present invention, the system includes a data
processor. The data proccssoi 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 can 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 mvention, providing the at least one sample
reservoir with at least one fluid, said flud comprising at least one macromolecule;
transporting the at least 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 least one property of

30 the at least one macromolecule.



5 as polynmers, and materials found in nature (e.g., materials derived from
plants, animals, and other life forms). Such fluid sanples can be nanaged,
| oaded, and injected using automated or manual sanpl e | oadi ng apparatus of
the present invention. In one enbodi nent of the present invention, the
systemincludes an apparatus to excite the macronol ecul es inside the
channel s and detect and collect the resgdting signals. 10 A suitable
apparatus is illustrated in Figure 10: a | aser beam 204 is focused using a
focusing I'ens 206 to a spot on the nanochannel array 100. The generated

i ght signal fr 1 NSj t shown) is
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camera. Varioys tica onent s evjces can. als sed 15 in the
Cytem to dEadHTebiTn SOPRIA Bactuturrus MAgrrr i pobrs an

(phot onul t imkiA&fzn intfodbe)into@BsbehAlias] {Ayabpeedac pbrt odi odes. In anot her
enbodi ment of the present invention, the systemincludes a data processor.
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charact eri zgfiAlih Ry TRk i famo 1%@%@%9@%&9%1.@51@ l49€. SuibR& géfs@msst ics,
hi st ogr ans, karyotiigblI @Q‘Bﬁf 8?0 I agnostics information and displa t he

i nf or mat i orin¢lpde T lecadia Srnben EagenenOmeonhetolyippeet of t he
present 'nvmécﬂﬂNAtéaﬁfJ@ﬁlrﬁlep&ﬁYémq n"éatga?%mgn%n@fmdgéh? arﬂisnc%ﬂgt one

macr onol ecul e, 1N this I nvention, the analysis inc e steps

provi di h¢y Zgewt. nanof |l uidic chip accor ding to the present invention,
providing the at | east one sanple reservoir with at |east one fl ui d, said
fluid conprisi ndrane trobadimentef thaeresenslimeotien, thetmethadfianilgiging he at | east one
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macr onol ec etec east one signal transm tted rom at | east
one el ongawcedctntaﬁommﬁreg@ﬁe@ or gprde,coth 5l aathiraxg andhatdbly ensportad (gealine o at

| east one pr ert f 4N éeast one nacronol ecule. 22 In one

enbodi nent 5 m¥dgel m °|dnveez%%$ t he nethod of analyzing a

macr Om)ll? cule i %ac‘f&%& rtflu?cgs Hg;? s%?@%%é&dlﬁr‘oﬂ& &?&vé&sﬁﬁ%eﬁ%ﬁnoﬁlﬂdﬂt h a

buffer solution "or a u er sol Gt on contal ni ng~macr ono
Maconol eculchp andatangored ManeesoaedtingDhi&rachmnkelat fﬁhd uaesmoldcolen arepetiaknel
arrays by %llc?n%%{ed %e;oireeén%'cnd of the macromolecule enters the channels; they are substantially
fully elongated when completely inside the channels. The fluorescent signals can be
excited by the appropriate excitation sources and emission signalscan be collected via
20 imaging camera 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 vanious 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, biopolymers such as a protein, a 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.



5 Various macronol ecul es can be anal yzed using the present nethod. For

anal yzing DNA typical process conditions include providing dilute solutions
of DNA which are stained at a ratio of 4:1 to 10:1 base pair/dye with a
suitabl e dye. Suitable dye stains include TOTO-1, BOBO- 1, BOBO 3 (Ml ecul ar
Probes, Eugene, Oregon). Solutions of stained DNA can be further diluted
and treated with an anti-oxidant and ampzanti-sticking 10 agent. In one
enbodi ment of the present invention, the nethod of analyzing a

macr onol ecul e i ncludes the sizing of one DNA. One DNA macronol ecul e can be
extracted from i ; r -
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plotted. | miMdhd, QUSmdFbRd] AN tiScnQfand h@can@gent invention, the nmethod of

anal yzing a nmacronol ecul e includes correlating the detected signal to at

least ope of theNOhhewd B@atepHRREIN bARS palreBg Biso GONnRKHES Loy tRNsreheni cal
conposition. Various nacronol ecul es that can be analyzed thi s way .include,
bi opol yrmer deodh Axpically, 1Bt Bymberof BaepaEpPrifared spribagreplstihe LO0Rasgpatsch as

RNA or DNAFQfer PR NO® Bise paks Afreatd@anieb 660 sslseSILask@,aFﬁaﬁaihaH%?d@upO&EJ el ated
to the base pair sequence of said DNA. 23 The typi cal concentration of the

macr onol ec@kies gretar Haans 40,009 base paise agd @reaten chadntD- WO base pairs- aBdit baxing east
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typically at |east one picogramper nm, and even nore typically at |east one

nanogr af pereserit metmdeentrations will typically be | ess than 5 micrograns per
mililiter
In one embodiment of the present invention, the methods can be used to analyze
one or more of the following: restriction fragment length polymorphism, a chromosome,

and single nucleotide polymorphism.

The following abbreviations are used hereint: “nm” is nanometer, “mTorr” is milli

20 Torr.
GENERAL PROCEDURES

After NIL and etching, non-uniform deposition of sealing material was provided by
e~beam evaporation with a tilied sample wafer at various angies or sputier deposition
using a large source target. This siep 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 vanous deposition conditions that were tested. At gas
pressure of 30 mTorr, 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 pattened substrate by

sputtering at S mTorr.



5 and nore typically less than 0.5 mcrograns per mlliliter. In one

enbodi nent of the present invention, the nethod of analyzing a

macr onol ecul e measures the | ength of macronol ecul es having an el ongat ed

| ength of greater than 150 nanoneters, and typically greater than 500
nanoneters, 1 mcron, 10 mcrons, 100 mcrons, 1 mm 1 cm and 10 cm | ong.
10 DNA having greater than 10 base pairg4can al so be anal yzed using the
present nethods. Typically, the nunber of base pairs neasured can be
greater than 100 base pairs, greater than 1,000 base pairs, greater than
10, 000 base pairs, greater than 20, G80Ap@3Gs pairs, greater than 40,000 base
pairs, and greater than 80,000 base pairs. DNA having nore than | mllion

10 mllion, and ingickhhoBs B hEIS, i 15
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deposition pof seali mat.erial _was. provided by e-beam evaporation with a
tilted sanp 680%?%?{13? se\?é’ﬁ %Len\é\ﬁugslnggp%¢en§%ut ter deposition using a |arge

source target. This p. was. used to both reduce.the trench width.and seal
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patterned siHafdel£thet had &hBE G vehch aadth B 1B 136 kegohadight (Hguatari)oUhideposi ti on
conditions that were testgd. At gas es&ure of .30 Torr,WgF poywer of -900
W and DC biuBSrasf wangpytiered at a5 BES TN + Bt 87 aeording o RnehBrost i Bved. At

| ower pn@ss%m Dbvd A& spundrhip, BepRsihéls BAY 4 §3:8n Wosch viae a$88ndQrehéh an
estimated 17 nm m n. Sealing material was dﬁgOSlted on the patterned
substrate DFiEhSsndRseajlyckressoldil pp (FisuregRA\ppRagently, thsdrepd fedghitng exanpl es,
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mat eri al onhpatﬁerned substrates by sputtering. annel openings
cnannes.

Example 2: A patterned substrate having a 65 nm trench width and about 100 nm trench
15 height prior to sputtering formed a nanochannel array having a 17 nm trench width, a 68
nm trench height, and a channel seal thickness of about 350 nm. Sputiering 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 5

mTorr.

Example 4: A substrate containing a two-dimensional array of pillars was made using a
two-step NIL process with the channel mold rotated 90° between the imprinting steps
(Figure 6a). The pillar array structure is subseguently 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 nanochannel 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 is provided in Figure 6d. The sea! thickness was

300 nm.



were prepared by cleaving the substrate and i maged by Scanning El ectronic

M croscope 5 (SEM. Results are as follows and shows that the trench w dths
are narrowed by the deposition of the sealing material using sputtering:
Exanple 1: A 100 mmsilicon substrate was provided having a plurality of
parallel linear channels that had an 85 nmtrench width and a 200 rim
trench height (Figure 7a). This substrzate was sputtered at a gas pressure
of 5 niforr according to the general procedures 10 given above. After
sputtering, the channels had a 52 nmtrench width, a 186 run trench height,

and a seal E&Bfnﬁiersessmifan&@@lsrpawéda .gu&ﬁan%bbpreﬁﬁmﬁm LiNcontdiéxidd @BGky hei ght
increased slightly as a result _of the sealing process formng a cone shaped

seal above Ma&i2l {4 gamang opdsaiidd snalysisduyingrerseel Bigknesy ereatenihan #Yua! B5 nm
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nanoc hannelpr@}écﬁay sieBpddl THE ahedle bﬂhEirQi@!éﬁ& Rfosi b ea RS séalling Kﬁ&&ﬁl Mﬂ&nedBOO nm
25 Exanple 6: A nanoslit is provided in a channel prepared with a silicon

di oxi de sed® redyee ‘h’ﬁf‘%‘f"iha‘(‘d‘fh&ﬂ‘déallg}’"y‘P ¥gs Bap lakamanddpYyrangspesienapiity a seal
thi ckneps gpgadnghiy fano2PevlinkQBallow tangential deposition angles.

Example 8: This example provides a nanochanne! array using an e-beam technique. A
substrate is provided as in Example 1. Silicon dioxide is deposited by an e-beam (thermo)
evaporator (Temescal BJD-1800) onto the substrate. The substrate is placed at various
angles incident to 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, Si02/Si 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.



rimis nodified by using FIB to create a nanoslit having a thicknessless
than 100 rim Figure 8 shows a schematic of how the deposited sealing
material on a nanochannel array 5 is first mlled away using FIB fromthe
sealing material situated above the seal ed channels. Subsequently, al um num
is deposited to create an opaque | ayer to provide optical contrast at the
slit. Exanple 7: This exanple shows how;g nanochannel array can be prepared
froma substrate having a plurality channels larger than 150 ri mw de by
150 rimdeep. A substrate 10 is prepared by photolithography techniques to

provide a Phwr@édl{i%% Q{ncﬁ*&?}&ﬂ%lﬁ 2%%,%%%221{?&&%&5#% fifn, LAR thahnbl GRS usi ng

conventional optic I't hography techni qu ntact aligner such as Karl
Suss MA- 6 twbpamvdlideimedpattern resolution at |ow mcron level; Industrial
proj ection stepper. The angle of the incident depositing beam of sealing
mat eri al i sExeanpledi: Tigs c_a:lnwes}tom ther wnodss of afidmgandpheiliyhpaque 1hyes o a¢han 150
rimand 150 rur}1a reég_ectl vel tha&r%f to 15 subs provi di ng

antially.seal b
shal | ow t any&ft BGs A RBF aRGT Y IE%(daerﬁ%‘foerghg.gE nlmsrXpé?(gl*rstﬁ]gyeBrovi des a
nanochanfel peggenhdiculds totfe &itidentizpositicieamweprovide SubBigaatager Issspkaviodesl as in
Example 1. Sjlicon dioxide is deposited n e-beam (thernp)_  eyaporator
(Tenmescal Bglé‘ fgb%'jm'&H’E“cfotlﬁé‘%%FEéW gdl%%rﬁigp%%méOFgﬂfﬁpé%éﬁng vari ous
angl es i ncigapatadoldiBe SmASIhhhres. PRAIEPLEQHA fabtowsd det SON0-0isRb/AEmsQur ce
target; the 20 deposition rate is set to about 3 nnmim nute and 150 ri m of

seal i ng matBlhiie 13 TGP eLdnkRE ddsbribed BRWiep2 Bedlcd s HSvidEX AR @1 slitliRat hi s
exanpl e, a nanochannel array is contacted with a surface-nodifying agent. A
nanochannel neapshapnetaray-aBdbvves 1gd tognBasmselis Ipss taamiPery duwidth & B&r f ace-

nodi fyi Ng afgblisn SQbHANS (S AP I AKRBT BRI MBS AYARN Errg) mlan'ritpfbsﬁdeﬂﬁ vacuum
chanmber 25 overnight to facilitate wetting and treatnent of the channels and

degas t he alepthmfiths BB mijling was gamtrolicd to eapnse thejuwrderipang thin TiR3seading.  Exanpl e

10: This exrgg[pll,-% DM Ee hiYocRigPaiAYyl on of a nanochannel array having a netal
sealing material. An e-beam (thernd) evaporator (Tenmescal BJD 1800) was used

to deposi tg,GRAM $riCedaniit QQS%%QW@be%ldeaarsaweqbéepwﬁ#mm&h wi dth 80
run, trench depth 30 80 rim SI02/Si substrate). The substrate was placed at

various anglasechapnell4may epraeide 2 nepoflaisic ¢higy Haarachered amy havinedeO nar get, the
e 20niy ¥Rk i btk AP MR A aep e i dBRY of Epampi ErC v AT
The nanochannel array was spin-coated with a photoresist and imaged with a photomask to
provide regions on opposite ends of the nanochannel array. The exposed areas were
etched using reactive ion etching to expose the channel ends and to provide a micron-deep
reservoir about a millimeter wide on the opposite ends of the channels at the edge of the

20 substrate.

Example 14: This example describes how to fill a nanofluidic chip with a fluid containing
DNA macromolecules to analyze the DNA. A cylindncal-shaped plastic sample-delivery
tube of 2 mm diameter was placed in fizid communication with one of the reservoirs of the
nanochanne! array of Example 13. The delivery tube is connected to an external sample

25 delivery/collection device, which is in turn connected to a pressure /vacuum generating
apparatus. The channels are wetted using capillary action with a buffer solution. A buffer
solution containing stained lambda phage macromolecules (lambda DNA) were introduced
into the nanochannel array by electne field (at 1-30 V/cm); the solution concentration was
S microgram/mL and the lambda DNA was stained at a ratio of 10:1 base pair/dye with the

30 dye TOTO-1 (Molecular Probes, Eugene, Oregon). This solution of stained DNA was
diluted to 0.1-0.5microgram/mL into 0.5x TBE (tris-boroacetate buffer at pH 7.0)



substantially closed. Exanple 11: This exanple shows the process of adding
an optically opaque |layer to a nanochannel array. A nanochannel array made
according to Exanple 3 is placed 5 perpendicular to the incident depositing
beam to provide an opaque |ayer less than 50 rim thick. An al um num source
target is selected for depositing on top of the Si02 sealing materi al
above the seal ed channels. The depositipn rate was set at 2.0-3.6 nn m nute.
Exanpl e 12: This exanpl e describes the steps needed to provide a near-field
slit in a nanochannel array. FIB was used to m |l narrow slits |ess than 50
rimin w dt . L . the
nanochannel"jazg{ra {r?lzliﬁ O*ﬁ%{%ﬁ%ﬁi&h%t?ﬁ%@?ﬁ?ﬁ? Eingér %gE%Faé%@%elﬁﬁé%&vgﬁsn

control | ed stickiexpgese t he underlying thin Si02 sealing nmaterial above the
nanochannel array. Exanple 13: This exanple describes how to provide a
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a m cron- degpe staps@wWbite GOAAUTCRI Bhd BOBEL- EPech@n@el?nThﬁ%omﬁ&QSfs&ﬁn&ﬂds of the
channel s at_the ed substr le 14: This exanp
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descri bes HOWAMRSE e‘legéP @3’?&5‘?‘?‘0?‘8@5 %H%d': %W‘&g 9 1 @f‘}t&‘ﬁfhﬁeé@hi‘w anF_BNA
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sanpl e-del i ver tube of 2 nmdianmeter was placed in fluid comunication

wi th onE of TE-}R0 inestadverioscopt “itha SOX{Aot Hal RBtimaersigp Ppectixanps wsed vithThe
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device, which i1s in turn connected to a pressure /vacuum generating
appar at us. SrivatifinBememax ajeasified QC@J:FdLS%CFIPIQaTE%FBW!h@r%Ua?%ﬁi?owwaﬁhy endolf f er

sol ut1,on. OIS ourRRLi L0R Bl OICBHEL Defhal A0S, 0SS IRGHOUD! eoul oo

(1 ambda I nto the nanoc rray rc field
(at 1-50 V/dampf0¢da@rQDMH|lmng&:S@ﬁ@@r¢t Fagure Ab e@msa@:mmmgmm teend t he

| ambda Haene ff‘zig%c@ aﬁ& T%gé%rﬁ'é n%esjspdeibybs%%%n 91%' F—./ on 0% 1@15 F9b30 dye

TOTO 1 Iécil'a i'S'so T8 ned DNA was
di | ut ed t o sbovts Ozeﬁmrqxedgméuntaxﬁt phithe dBe By TBEsred iesgtbmbaamétfaumtrbtd‘igmr at pH
7.0) 27 image plotted against their genome size, (R2 15 0.99996). Fig. 9c shows an amay of
fluorescently-labeled 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  paralle] 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 to Example 12 is modified with a photomask to provide
96 sampie reservoirs, 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 96-capillary auto-injection sample

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

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



containing 0.1 Mof an anti-oxidant and 0.1% of a |linear polyacrylam de used
as an anti- sticking agent. Exanple 14: A nanofluidic chip made according to
Exanpl e 12, having channel dinmensions of 100 nmx ] 00 nmwas filled using
capillary action with a buffer solution 5 containing stained genomc DNA to
draw t he DNA nmacronol ecules into the channels with an electric field.

Bact eri a phage DNA nol ecul es Lanmbda (4845 kb) and T4 (168. 9kb) wer e
stained with the dye TOTO-1 and BOBO 3 respectively This sol ution of
stained DNA was diluted to 0.5pg/nL into .5 X TBE cont ai ni ng O 1M
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macr onol ecul ar , 1 ui s into the delivery ports of a nanofluidic

cartridge. ‘W‘%ﬁmq‘ﬁpm“&‘?cart ridge is a nanofluidic chip encased by a
plastic 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 removed 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 least some of the channels being surmounted by sealing material to render such

channels at least substantially enclosed.



pol ycar bonate housing, having delivery ports and collection ports for
connection to 28 mcrocapillary tubing, and enbedded netal contacts for
connection to electrodes on the nanofluidic chip. The cartridge can be
inserted in a cartridge holder, which is integrated wth an a | aser
excitation source and suitable optical conponents to provide the excitation
of and collection of optical signals eganating fromsanple fluids within the
nanochannel 5 arrays of the nanofluidic chip. The signal
detectiongfthegtion apparatus is a cooled CCD digital canmera. Signals from
the digital®c3fera are anal yzed by a data processor using N H image

anal ysi s $of t wAmethodflpreipasipg ayedcianneharmayndohprisinghamppsefil7: This exanpl e
descri bes hOM/tO.Hse tht§ ﬁten1offExanple 16 to size one DNA
nacronnlecule.mﬂpswﬁﬁf%sﬁ%g X 2SPor& is lysed to extract its entire genonic
10 contents ( DidApingk phurali@)y aficcamodls inelesmaydriabofbihef shdacesapklut i on and stai ned with

fluorescent dyes. ..The . LSalidser, I i . orts of
the cartridge geﬁaslﬁ“}ﬁ %éet%gﬁg)hgte%ﬁ&qqé%hltﬁ all ﬁi O(rafgh%?‘al:s 35 Qﬁg&éﬁ@ct’l}r{%{ﬁ%s&ar e
activated and ttendBNA rmmicr ob|cboutlest ke sutstailpotaed tientubstartielbnepgé hanne
array, where t Blecl}{neﬂ%%lgg a%le cﬁﬂ%ﬁﬁ%’f }]egb?l%ﬂ( élbldgtr 33 %%ete% &aNSrefith &GB%SOPNA are

excited by the excitation source, a elr emssion signals are

col | ect ed usi nlgsstthan 20Cmenoawersa. The signals col |l ected, anal yzed and recor ded
for intensity and position by the data processor. The length of a single
DNA is detected and intensity profile is plotted. |n another aspect of the
present i Avent Tenmethoterielding 1gpeher ersepriving theAtep gF piovidiie at leasiprs PRyl | east

one nanof ltdbamGRidion $ih & 1GR1 dnk A0S LRRANIST AF cRRNdIY i nserted and 20
removed froma systemfor carrying out nmacronol ecul ar anal ysis, said at

| east one nanofluidic chip conprising at | east one nanonanochannel array,

sai d nanopanochgighod Alclafy 2 GABRM 25 1cRE 2 Fest¥bitABEpHBAVEINE RidRbIARhikdtdn OF
channels in the nmaterial of the surface, said channels having a trench
width of MEBatleasbiseppyathass: nanonet ers and a trench depth of less than 25
200 nanoneters; at |east sone of the channels being surnmounted by sealing
material to render suc chanpel s at | east substantj%yly encl osed. 29 W
cam The method of claim 2 wherein at least 10 reservorrs are provided intluid communication

with at least 10 separate channels.

5. The method of claim 2 wherein at least 96 reservoirs are provided in fluid communication

with at least 96 separate channels.

6. The method of claim 2 wherein at least 500 reservoirs are provided in fluid

communication with at least 500 separate channels.

7. The method of claim 1 wherein the plurality of channels is formed by: nanoimprint
lithography, spin coating, electron beam lithography, focused ion beam milling,
photolithography,  reactive  ion-etching,  wet-etching,  plasma-enhanced  chemical

vapor deposition, electron beam evaporation, sputter deposition, and combinations thereof.

8. The method of claim 1 wherein the channels are linear channels formed by nanoimprint
lithography, said linear channels having a trench width less than 100 nanometers and a trench
depth less than 175 manometers, wherein at least a portion of the sealing material is deposited
using sputter deposition to provide sealing material adjacent to the channel wall material to

narrow the trench width.



1 A nmethod of preparing a nanochannel array, conprising the steps of:
providing a substrate having a surface; formng a plurality of channels in
the material of the surface; and depositing a sealing naterial on the
plurality of channels to surnount the plurality of channels to render such
channel s at | east substantially closed, the substantially closed channels
having a trench width of |ess than abo 150 nanoneters and a trench depth
of less than 200 nanoneters. 2. The nethod of clain11 further conprising
the step of providing at | east one reservoir in uid comunication with at
| east one’end d&fe ﬁhWH§§P“6ﬁ@mﬁFmﬂﬁﬁ“ﬁﬂﬁﬁﬁ@P%bﬁémmfﬂg“ﬂ@?ﬁ@ﬁ of claim?2
wherein at least 2 reservoirs are provided in fluid conmunication wth at

| east 2 separa chanpel s. 4. The net hqad claim2 wherein at |east 10
reserv0|r§8areﬁﬁ?ﬁyﬁﬂgﬁkﬁﬁnﬁW@Pﬁmégﬂﬁﬂ %g ﬂ%ﬁ$tmwﬁﬁ“$%mF35%t 10 separate

channel s. 5. The net hod of claim?2 mhereln at |l east 96 reservoirs are

et hod o 01 ai TOTRRBIAI 5t "Tese 500 BeBR b 3PS sbrted i m fiuta

comuni cation with at |east 500 separate channel's. 7. The method of claim1l
wher el n ”]2 Pl Lf‘Flal Ittné{d oc%fclalm Quﬁ]lerle% r\g‘ﬁ% 1?%55 lq]a%%l ngio Heﬂ:’i‘s | 't hography,
spi n coati'iig, tron bean1I| hog ra ocused 1on beammlling,

phot ol i t hogr aphy, reactive ion- etchlng, wet - etchlng, pl asma- enhanced

chemi cal apo r s r ter deposition,
and conblnétlogggﬁﬁg&hhkﬁng %*%%&tﬁﬂﬁgggﬂyﬁ fﬁg‘ﬁ%l%ﬁ%FégﬁL%he channel s are
| i near channels fornmed by nanoinprint |ithography, said |inear channels
having 3 Yhenchnihdhll dEhin WBeh Rt AAOATEASL SR dhdlleh  depth | ess than
175 manoneters erern at least a portion o sealing material is
deposited wusing sputter deposition to provide sealing material adjacent to
the channgk walg, ﬁ%@daﬁiamwh&%{nrtpe/vre@]apwmh%gr&twtmfsna;ﬁ;ﬁle‘@m The net hod of
claim1 wherein t trench dth is I ess than 100 nanoneters 10. The

met hod of claim1 wherein the trench width is |ess than 75 nanoneters. 11.

The nethodgof ghajBhby YMEKSEH WhbRE tﬁert?eﬂahwwhdg Qedtéﬂhaﬁ%aﬁd?%réo hanonet ers.

12. The method of claim 1 wherein the trench th | ess than 25
nanonet ers.

17. The method of claim 1 wherein the trench depth is less than 175 nanometers.

18. The method of claim 1 wherein the trench depth is less than 125 nanometers.

19. The method of claim 1 wherein the trench depth is less than 100 nanometers.

20. The method of claim 1 wherein the trench depth is less than 75 nanometers.

21, The method of claim 1 wherein the trench depth is less than 50 nanometers.

22. The method of claim 1 wherein the trench depth is about 15 nanometers.

23. The method of claim 1 wherein the trench depth is greater than 5 nanometers.

24, The method of claim 1 wherein the trench depth is greater than 2 nanometers.

25. The method of claim 1 wherein the sealing material is deposited using electron beam

evaporation or sputter deposition.



13. The nmethod of claim 1 wherein the trench width is | ess than 15
nanoneters. 14. The nethod of claim 1l wherein the trench width is about 10
nanoneters. 15. The nethod of claim1 wherein the trench width is greater
than 5 nanometers. 16. The nethod of claim|l wherein the trench width is
greater than 2 nanoneters. 17. The nethod of claim1 wherein the trench
depth is less than 175 nanoneters. 18,; The nethod of claim 1l wherein the
trench depth is less than 125 nanoneters. 19. The nmethod of claim 1l wherein
the trench depth is less than 100 nanoneters. 20. The nethod of claim1
wherein the trench depth is |l ess than 75 nanoneters. 21. The net hod of
claiml wher ei ThetrhehddlogBigin Depdréin itg pluesisy dfieenndOara &maekdubstatiallP@raldhe net hod
of claim1l wherein the trench depth is about 15 nanoneters. 23. The net hod
of claim1l wherein the trench depth is greater than 5 nanoneters. 24. The
met hod of 2z ai Thelmattveroélaint hehdreie rhe plutdipt df chaings @apdler tetre? nanonet ers. 25.
The nmethod of claim| wherein the sealing material is deposited using

el ectron beam evaporation or sputter deposition. 31 26. The nmethod of claim
1 wher ei n28.he Pheunahddt of ctaim ¢ veareel the eaenclson thedubtbws treatariabhavy a perradicitel . 27.
The nethod“gf %L$%ﬁ}ixMherein the plurality of channels are pillar
structure$’ %gT e method of claim1 wherein the channels in the substrate
mat erial have a periodicity of |ess than about 200 nm 29. The net hod of
claiml reip t i I i it ported
by o second subkPa B SR nBbchife SHEIRGR Syl LRV ERURCRD Wi THRET

mat eri al bga sorduthsirgte. 31. The net hod of claim28 wherein the substrate
material is sem conductive. 32. The nethod of claim 28 wherein the
substrate material is non-conductive. 33. The nmethod of claim1 further
conpr i si ng0-t heTkstragshagfof dleiynal viarin We sybetgde myerel serdgicy  opaque | ayer

adj acent to the sealing material. 34. The nethod of claim 33 wherein the
step of dePositing at | east one optically opague |ayer occurs prior to
deposi t i ndl-t heTheeBethadl plate?s whereimthe suppiEitg e isssmEPEHVS3 wherein the step
of depositing at |east one optically opaque | ayer occurs subsequent to
depositingzthe sealing material. 36. The nethod of claim1 further

conpri si ng?t he T Bshagfol plapr s awhegrimthe pubsigate maenal s apn-FondPdive) j ¢

33. The method of claim 1 further comprising the step of depositing at least one optically

opaque layer adjacent to the sealing material.

34. The method of claim 33 wherein the step of depositing at least one optically opaque layer

occurs prior to depositing the sealing material.

35. The method of claim 33 wherein the step of depositing at least one optically opaque layer

occurs subsequent to depostting the sealing material.

36. The method of claim 1 further comprising the step of providing at least one near field slit

feature above at least one channel.

37. The method of claim 1 wherein a portion of the sealing material is deposited within the
channels.
38. The method of claim 37 wherein a portion of the sealing material is deposited in the

bottom of at least one channel,



feature above at | east one channel. 37. The nethod of claim| wherein a
portion of the sealing material is deposited wthin the channels. 38. The
met hod of claim 37 wherein a portion of the sealing material is deposited in
the bottomof at |east one channel. 32 39. The nethod of claim 37 wherein a
portion of the sealing material is deposited on at |east one wall of at

| east one channel. 40. The nethod of claim1 wherein the dinensions of the
deposited sealing material are such that 4w is greater than or equal to
AW'. 41. The nethod of claim1 further conprising the step of treating at

| east some of the channels with a surface-nodifying agent to alter the
sur f aces i3at er Tad metbodat cthila Banvhelet.a pbRion Thehe setinodatedial ¢ &positddonvhdragi N t he
sur f ace- nodi fgﬂ' Q%tla%ﬁm t;ledulces hydr ophobicity of the surfaces interior to
sai d chanf8f ¥ 43" “Fh&"“#eth6d of clai m 41 wherein the surface-nodifying
agent increases hydrophobicity of the surfaces interior to said channels.
44. The hod.of _cl aj 1 rein.the sur - I £yl . eracts
the el eg'?' I:r)'oos rTrg%rlngth%df #?écafnéw?‘%§€el gh‘i %‘éle]?:s Ogéﬁ@ﬁ%&%%f X%%gngﬁgﬁﬁgaé%g? ! r(}:]I aiml
wher ei n t et sWainpehts: thareorsglastoadmt’i.al |y cl osed on the surface of the
substrate and substantially open on the edges of the substrate. 46. The

met hod of claim 1 wherein the sealing material surnmounting the plurality of
channel s 4ks aflh¢ ewthed tdfi eslairhi 1c fortbgrscoptprising: thet stawsofofeatiige ats ksagt isprge whithsr i al .
47. The Rl ?’}gﬁf [ ' erial. nting the
plurali t;r% %%Hgﬁgﬁ%g%ga@ éo sg%? é{nomgtf)%ﬁﬁdgﬁg&n%@lgnfﬁ%ugE%E]ﬁ%y The met hod of
claim1 wherein the sealing material surnounting the plurality of channels
is less than ﬁﬁe RAMOIBL & 41 Miekin AOsurfEmBA Ao &l dh MydropMiGES) 41 t he
sealing material surnounting the plurality of "channels is |ess than 100
nanomet er $heshifesks inggorgp saidghaniglss hod of claim 1 wherein the sealing material
surnmounting the plurality of channels is |less than 50 nanoneters thick.

43, The method of claim 41 wherein the surface-modifying agent increases hydrophobicity of

the surfaces interior to said channels.

44, The method of claim 41 wherein the surface-modifying agent counteracts the

electroosmosis effects inside the channels.

45, The method of claim 1 wherein the channels are substantially closed on the surface of the

substrate and substantially open on the edges of the substrate,

46. The method of claim 1 wherein the sealing material surmounting the plurality of channels

is at least the thickness of the atoms of the sealing material.

47, The method of claim 1 wherein the sealing material surmounting the plurality of channels

is less than 500 nanometers thick.

48, The method of claim 1 wherein the sealing material surmounting the plurality of channels

is less than 150 nanometers thick,

49, The method of claim 1 wherein the sealing material surmounting the plurality of channels

15 less than 100 nanometers thick.



51. The nethod of claiml wherein the sealing material surnounting the
plurality of channels 1is less than 25 nanoneters thick. 52. The net hod of
claiml1 wherein the sealing material surnounting the plurality of channels
is less than 10 nanoneters thick. 53. The nethod of claim1l wherein the
sealing material surmounting the plurality of channels is less than 5
nanoneters thick. 54. The nethod of clgmIl wherein the sealing materi al
surnounting the plurality of channels “1s at |east 1 nanometer thick. 55.
The method of claiml wherein the sealing materi al surnnuntln t he Iurallty
of channePd i Shameiebalilasm e ealiog RaieralsgmonaE R FUal Pt e

further cmﬂaﬁm@hsgn&mﬁm@kemd@f renmovi ng a portion of the sealing naterlal
to reduce the thickness of the sealing material above at |east one channel.
57. A nanofluidic chip, conprising: a) nanochannel array, conprising: a
substr at e shavi mge @etiolt dfaten 1 ahpletnrtiad dedling @fatepalrsaintoahtinghBepiablity bhchafelsmat er i al
of the surflacgli §?|d cqgn el.s having a trench width of |ess than about 150
nanonet er & &1d°4 Pﬁﬁgﬁeﬁg% M of less than 200 nanometers: at |east some of
t he channel s being surnnunted by sealing material to render such channels
at | east bst tiall I apabl e
of adm ttpg ot traed e age TS Y AR ORI REIRRR B Mtk
connunlcaUsbthmﬂhnamnkEasmdone of the channels, said sanmpl e reservoir
capable of releasing a fluid; and c) at | east one waste reservoir in fluid
communi cation with at | east one of the channels, said waste reservoir
capabl e of53r ecdhemegodoffclai d whgwin3ig: seating materialfshmioditingdhd gurality of diamneb7
wherein t |l e reservoir is formed in the surface of the
substratenﬁgghm#ﬁgaﬁgﬁgft@?%?c chip of claim57 further conprising at |east
one waste reservoir in fluid conmmunication with at |east one of the

channel s. G0 ThenBaRLulilh GueRinRndah MR buliBhflehd Gy BPGhnfls Sampl e

reservoirs i s at east
15 at least 1 nanometer thick.

55. The method of claim 1 wherein the sealing material surmounting the plurality of channels

15 at least 2 nanometers thick.

56. The method of claim 1 further comprising the step of removing a portion of the sealing

material to reduce the thickness of the sealing material above at least one channel.

57. A nanofluidic chip, comprising:

a) nanochannel array, comprising:

a substrate having a surface;

a plurality of parallel channels in the material of the surface, said channels having
a trench width of less than about 150 nanometers and a trench depth of less than 200
nanometers;

at least some of the 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 fluid;
b) at least one sample reservoir in fluid communication with at least one of the
channels, said sample reservoir capable of releasing a fluid; and
c) at least one waste reservoir in fluid communication with at least one of the

channels, said waste reservoir capable of receiving a fluid,



61. The nanofluidic chip of claimb57 wherein the nunber of sanple reservoirs
is at least 96. 62. The nanofluidic chip of claimb57 wherein the nunber of
sanple reservoirs is at |least 1000. 63. The nanofluidic chip of claim57
wherein at |east a portion of the nanochannel array capable of being imaged
wi th a two-di mensional detector. 64. The nanofluidic chip of claimb57
capable of transporting a plurality of,elongated nacronolecules froma
sanpl e reservoir and across the channé?s 65. The nanofluidic chip of claim
57 further conprising at |east one pair of electrodes capable of applying
an electric field across at |east sone of the channels in at |east one

di recti ons58.66. THhemomndit khip @f claiehi Ppwiafeic thaiatmefsd ondh@mpicnreatvolreadimédio pair of
el ect rodeg each gvi es . an electric field in different directions. 67. A
system cﬁﬁﬁW%?Fﬁ@.e%ﬁﬂgmnanofluidic chip, conprising: a) nanochannel array,
conprising: a substrate having a surface; a plurality of parallel channels
in the matgrial, of the. surfage, sal chan vin r -wi dth of |ess
t han abou%&150&W%ﬁ%ﬂe'%?Emgﬁgag' ftﬁ%%XCOéggnESP%s%g%:?ﬁ%ﬁggégwﬁ%ﬂ%ﬁeters;

at | east omemaficatibrewthhanmeloge b8haghasgtsnount ed by sealing material to 35
render such channels at |east substantially enclosed; at |east one of the
channel s capable of admtting a fluid; and b) at | east one sanple reservoir
in fluid édmmuihcanobndiqttihofatain §Awheron gheahmberieéseotpiaressivoirs isat ldass Hhpl e
reservoir capable of releasing a fluid; and B) an apparatus for detecting at
| east one signal transmtted fromthe at |east one fluid in the nanochannel
array. 68561 TheThymnefnidicelop off otpgm 58 wherain the@pmber gf sanmwle reSHPT Biahlgasho.
transporting apparatus to transport a fluid through at | east one of the
channels. 69. The system according to claim®67, further conprisin? a sanple
| oadi ng appar afbesnanefuidic shii oflaim I edseinofhe nember Pitsemplpacsgrorelgf 1gfte sanpl e
reservoir.oof@. The system according to claim67, further conprising a data
processor.

63. The nanofluidic chip of claim 57 wherein at least a portion of the nanochannel array

capable of being imaged with a two-dimensional detector.

64. The nanofluidic chip of claim 57 capable of transporting a plurality of elongated

macromolecules from a sample reservoir and across the channels.

65. The nanofluidic chip of claim 57 further comprising at least one pair of electrodes

capable of applying an electric field across at least some of the channels in at least one direction.

66. The nanofluidic chip of ¢laim 65 wherein at least two pair of electrodes each provides an

electric field in different directions.

67. A system, comprising:
A) a nanofluidic chip, comprising:
a) nanochanne! array, comprising;
a substrate having a surface;
a plurality of parallel channels in the material of the surface, said
channels having a trench width of less than about 150 nanometers and a trench
depth of less than 200 nanometers;

at least one of the channels being surmounted by sealing material to



71. A nmethod of analyzing at | east one macronol ecul e, conprising the steps
of :  providing a nanofluidic chip, conprising: a) nanochannel array,
conprising: a surface having a plurality of parallel channels in the
material of the surface, said channels having a trench width of |ess than
about 150 nanoneters and a trench depth of |ess than 200 nanoneters; at

| east one of the channels being surnoupted by sealing material to render
such channels at |east substantially enclosed; at |east one of the channels
capable of admitting a fluid; b) qt | east one sanple reservoir in fluid
conmuni cation with Hndgraucbichying’s grleasirubsiantipiiyepdosediai  sanpl e reservoir
capabl e of releasing a fhuégh &006f @t Halgls capable@@sdmiang 2 MARE &@ol ecul e;
providing the at | east one sanple reservoir with at |east one fluid,, said
fluid conprising at? | eadt'*d %BﬁﬂEW6WﬁF&ﬂh@é@“VPﬁﬁ?ﬁﬁWFWﬁﬁgﬁﬁgaﬁan@ést one
macronol ecul e i nto tHaehaihelk,ef8 banphereediRegable of eleadigpd Muigahd at | east one
macr onol ecul e; detecting_.at, | east one signal trapnsmtted omthe at | east
one. ol ongat ed. e GRGRBE T eteSR gt B pi PR RISt B e ity ot

| east one propéatetnyna@hanhéierrag. | east one macronol ecul e. 36 72. The net hod
according to claim68 wherein the detected signal is correlated to at |east
one of the follow ng properties: |ength, conformation, and chem cal

conposi ti @f. 73he Feenmatdvodingde olath réd, futhel edmmprisBg wh érmperting epraetwsotwol ecul e

is a Sy”tQS&JSHQQLMﬁﬁblﬂﬁ 1Rk ORI, 44 The nethod of claim 70 wherein
t he biopolyn@r IS at é%s% one of. a pro%ein, a polypeptide, and a nucleic
acid. 75. The nethod of claim 71 wherein the nucleic acid is DNA and the

det ect ed siygnal r I - t i, e i . 76.
The: et nod or - e Sy R b ehuh 87, AfhcP 358 RR s SERMEREE oY AL T Dr
of  macr orwsidime @l least ongtilvidgo picar lagst eng sayrpletssatvait s for determining the | engths
of the macronol ecul es. 77. The nethod of claim 73 wherein nore than one of

t he macronol ecul es enters a single o
70. The system according to claim 67, further comprising a data processor.

71. A method of analyzing at least one macromolecule, comprising the steps of:
providing a nanofluidic chip, comprising:
a) nanochannel array, comprising:

a surface having a plurality of parallel channels in the material of the
surface, said channels having a trench width of less than about 150 nanometers
and a trench depth of less than 200 nanometers;

at least one of the channels being surmounted by sealing material to
render such channels at least substantially enclosed;

at least one of the channels capable of admitting a fluid;

b) at least one sample reservoir in fluid communication with at least
one of the channels, said sample reservoir capable of releasing a fluid containing
at least one macromolecule;
providing the at least one sample reservoir with at least one fluid, said fluid comprising at
least one macromolecule;
transporting the at least one macromolecule into the at least one channel to elongate said
at least one macromolecule;
detecting at least one signal transmitted from the at least one e¢longated macromolecule;
and

correlating the detected signal to at least one property of the at least one macromolecule.



channel . 78. The nethod of claim 73 wherein the macronol ecul es are

bi opol yners. 79. The nethod of claim75 wherein the biopolyners are
proteins, polypeptides, DNA or RNA. 80. The nethod of claim 75 wherein the
bi opol yners are at |east substantially unfolded in the channels. 81. The
met hod of claim 68 wherein the concentration of the macronol ecules in the
fluid is at least one attogramper nmiJiliter. 82. The nmethod of claim 68
wherein the concentration of the macronolecules in the fluid is at |east
one femogramper milliliter. 37 83. The nethod of claim68 wherein the
concentration of the macronol ecules in the fluid is at |east one picogram
per ml|i 72t er ThBeethddecording actlxh 68 Wabiain G daketedsignat heocdnakbnbrlatsi @e of t he
nacronolecy!e§ ﬂn.the f&ulg iﬁ IFsst£Q%Q éwnhﬁﬂ% ranms per mlliliter. 85.
The met hod &F UPEIPRPRE e rBf T PRSMENRE MY SPIEH BPOY YRS rmacr ool ecul es i n
the fluidis less than 0.5 mcrograns per milliliter. 86. The nethod of

channels o or 4 BRTRERECGEREEMheR, DRKE: B0nSLARORRD s s S B O wher ei

t he macr omdbegutres have an el ongated length in the channels of greater than
500 nanoneters. 88. The nethod of claim68 wherein the macronol ecul es have
an elongated length in the channels of greater than 1 mcron. 89. The

met hod of 74| ai Fh&&eitiodradi dlaimhéd vheremnthe deerobmichay et &astedrngnefateeptoleimngt h i n
the channgls..0f. Healehicbign 10 mcrons. 90. The method of claim68 wherein
t he nacroﬁn?%?u%%s are DNA havi ng greater than 10 base pairs. 91. The

nmet hod of claim 68 wherein the macronol ecul es are DNA having greater than
100 base 7pai I §he Réiod BECIARE NORLOdin Heaiubki8cMheDRIAMNNG: ARGIQNMhACWees are

DNA having greater than 1,000 base pairs.
correlated to the base pair sequence of said DNA,

76. The method of claim 68 wherein a plurality of reservoirs provide a plurality of

macromolecules into a plurality of channels for determining the lengths of the macromolecules.

77. The method of claim 73 wherein more than one of the macromolecules enters a single
channel.
78. The method of claim 73 wherein the macromolecules are biopolymers.

79. The method of claim 75 wherein the biopolymers are proteins, polypeptides, DNA or
RNA.

80. The method of claim 75 wherein the biopolymers are at least substantially unfolded in the

channels.

81, The method of claim 63 wherein the concentration of the macromolecules in the fluid is

at least one attogram per milliliter.

82. The method of claim 68 wherein the concentration of the macromolecules in the fluid is

at least one femtogram per milliliter.



93. The nethod of claim68 wherein the macronol ecul es are DNA havi ng greater
than 10,000 base pairs. 38 94. The nethod of claim68 wherein the
macr onol ecul es are DNA having greater than 20,000 base pairs. 95. The

met hod of claim 68 wherein the macronol ecul es are DNA having greater than
40, 000 base pairs. 96. The nmethod of claim®68 wherein the macronol ecul es are
DNA having greater than 80,000 base pgrs. 97. The nmethod of claim 68
wherei n the nanochannel array has at |east 96 sanple sinultaneously
reservoirs_ for_analyzjng at |least 96 different cronol ecul ar flui.d sanpl es.
05 The. mathod 1B EHa fsBhmeREri et or ey T ferons Bata id's™s
restricti anedst @gmrbgramlpengiliiitgpol ynor phi sm 99. The net hod of claim 68
wherein the at | east one nmacronol ecule is a chronmosone. 100. The net hod of
claim96 wherein the at | east one chronobsone is analyzed to determ ne the
presence 6#. at Theasthodboielsmmgwherincheantaeatpolof temprcsmlecllOdin i fhad tsri dge
conprisin%mg%wlygﬁh)on% @gﬁlhh&idic chip, said cartridge capabl e of being

i nserted and fenbved Trom a system for carrying out macronol ecul ar anal ysi s,
said at | east one nanofluidic chip conprising at |east one nanonanochannel
array, sai,d na . I : [ S f j | rality
o ohannol’s | nihACRA & e pldiin GELRECRLIG PR HeRRBIARN BRI 2 oY
wi dt h of [lestat hamiademans peE@ilgeronet ers and a trench depth of |ess than 200
nanoneters; at |east sone of the channels being surnmounted by sealing

material to render rich channels at |east substantially encl osed.
86. The method of claim 68 wherein the macromolecules have an elongated length in the

channcls of greater than 150 nanometers.

87. The method of claim 68 wherein the macromolecules have an elongated length in the

channels of greater than 500 nanometers.

88. The method of claim 68 wherein the macromolecules have an elongated length in the

channels of greater than 1 micron,

89. The method of claim 68 wherein the macromolecules have an elongated length in the

channels of greater than 10 microns.

90. The method of claim 68 wherein the macromolecules are DNA having greater than 10
base pairs.
91. The method of claim 68 wherein the macromolecules are DNA having greater than 100
base pairs.
92. The method of claim 68 wherein the macromolecules are DNA having greater than 1,000
base pairs.
93. The method of claim 68 wherein the macromolecules are DNA having greater than

10,000 base pairs.
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94, The method of claim 68 wherein the macromolecules are DNA having greater than
20,000 base pairs.
95. The method of claim 68 wherein the macromolecules are DNA having greater than
40,000 base pairs.
96. The method of claim 68 wherein the macromolecules are DNA having greater than
80,000 base pairs.
97. The method of claim 68 wherein the nanochannel array has at least 96 sample

simultaneously reservoirs for analyzing at least 96 different macromolecular fluid samples.

98. The method of claim 68 wherein the at least one macromolecule is a restriction fragment
length polymorphism.
09, The method of claim 68 wherein the at least one macromolecule is a chromosome.

100.  The method of claim 96 wherein the at least one chromosome is analyzed to determine

the presence of at least one single nucleotide polymorphism.

101. A cartridge comprising at least one nanofluidic chip, said cartridge capable of being
inserted and removed 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 depth of less than 200
nanometers;

at least some of the channels being surmounted by sealing material to render rich

channels at least substantially enclosed.



