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15 array.

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 concerned about such problems and their possible solutions, as reported in: O.
Bakajin, et al., Anal. Chem. 73 (24), 6053 (2001), J. O. Tegenfeldt, et al., Phys. Rev. Lett.
86 (7), 1378 (2001), J. Han et al.,Science 288, 1026 (2000), and S. R. Quake et al.,

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

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

even millions of channels in an array for the simultaneous isolation and analysis of up to
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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 instantaneous 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 elongated and isolated 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., electric field) is turned off. This feature would
permit the macromolecules to be analyzed with techniques that require times longer than
the residence time of the macromolecule under the influence of the field. This feature
would also permit the analysis of macromolecules 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
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(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, primarily 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 parallel high-throughput

25 technique that makes 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 bonding
(M. Stjernstrom et al., J. Micromech. and Microeng. 8 (1), 33 (1998)), and soft elastomer
. sealing (H. P. Chou et al., Proc. Nat. Acad. Sci. USA 96 (1), 11 (1999), are suitable for
30 relatively large planar surfaces and provide an effective seal. Wafer bonding requires an
absolutely defect free and flat surface, and elastomer sealing suffers from clogging due to

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



25 technique that nmakes it possible to create nanoneter-scal e features over
| arge substrate surface areas at low cost. (S. Y. Chou et al., Appl. Phys.
Lett. 67 Wwdlp/H1®@%44 (1995) and S. Y. Chou et al., SciencecIiio/@si¢1996))
Current sealing techniques such as wafer bonding (M Stjernstromet al.,

J. Mcronech. and Mcroeng. 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. baonding requires an absol.utely defect free agnd fl surface,
and el ast gHEPe! é*?"lgﬂﬁs P LPUC PR SEEY G oA uﬁﬁfé“ﬂ?%ShyngpPa?‘rﬂfyeﬁ"?éﬂe i ntrusion
into the ahapaiefty oftht Materighconsmeding thalilic emidnirai ng structures, WO

03/ 010289 PCT/ US02/ 23610 4 biol ogical sanples are al so nuch nore sensitive
t 0 i ssues suchRasenkly devefipedicchriguesidng ‘iptace-holding'eseetifigialahatdriats soett @r i al

t ti h i di t t . <R | i i
ol ace nomteonse W il i dheel BB GORP LERRDSMYY Tornar et
?ID. : Bﬂ- 5 \é?@lyg&gfnewg).‘ﬁrﬂahﬁmk 711.,8.t ﬂzﬁz(rﬁél%ctra}&a&t. sﬂs?ga%o)), wu}égomzlggaor bﬁr nene
, us |, y o, ro cLr, cn. SL. ave
U2 nou morsaings PoRATES foReareseu Al ROaY i Tengsties , FRive L i el
However, shepsovirpaieshcrifiiialmeiidndisnac Saestag e subitate upad 200-8008Couebt as

heating the substrate up_to 200-400C qr, wet etching limts the use of
certain metdpnedinaitsd eci“%&&ﬁ%‘??’e‘ﬁ?ﬁ‘?&cﬂ”ﬁé‘%‘t”?%“ﬂf%’é‘é BPTOCRECHr ovi ded her ei n,

t he present inventio chi eyes the.goal of .providi 10 nochannel arrays
sui tabl e for pAsPETHEAGeTIy e PRRSH G BtHoT AR Sie 2R ProyiE o o g

I nterfep Orm}ldsdhs%dei ilfigg BdabY féd ;ie_)fomnagm'gmduggpdt infabgiofptiyr a(nNylsi%, anfl

non-i sotropi c. deposjtion t ni ques. ar.e use repar e nanochannel arrays
havi ng hun@icEgems °1‘(“?%@5}‘1&&96“%%?@tE‘ﬁ'ﬁﬁraﬁhynw{‘ﬁéﬁp%c}%fogggﬁ channel s

havi ng thedeg@ssﬁdnqslhﬁsqu@u NG W repadhaabhatitBaridys haasy RindRdsbd | con waf er
substrate. 15 In one aspect _of the present invention, there are provided

nanochannehousandsye morethan afrifipngnelaed shannels having the desirpdliey YmIFi°Bhannel s i n

t he nat eri@}ospfhets{;@acggf;gﬁ&,nmrqubﬁg@nnel s having a trench width of |ess
t han about 150 nanoneters and a trench depth of I|.ess than 200 nanoneters;

at | eagh SOmMe Qf ohd\ApshafRe bR sdALinténtionlItHENe ire PEbVIEd B@Ichddgel aff@gseri al to
render such channel s at | east suybstantially enclo eﬁ. 20 _In a further
Sl ohl

aspect of nglading & swfce haking A RIEANLY pbt s ithep e UfseHadnel  arrays

ar ef di scl og@hel AV aitlRIHAARHIIR RsSthPFooaf 1SORRRMhEHN BndPa BdH0E Bép 6 havi ng a
surrace,; .
less than 200 nanometers; at least some of the channels being surmounted by sealing
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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 channels 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 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
30 channels being surmounted by sealing material to render such channels at least

substantially enclosed; at least some of the channels are capable of admitting a ﬂﬁid; b) at
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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 cartridges are capable of being inserted into, used with and
30 removed from a system such as those shown herein. Cartridges useful with analytical
systems other than the systems of the present invention are also comprehended by this

invention.
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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. 7a is a scanning 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 nanochannel array of Example 1 obtained

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

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

sealing with silicon dioxide.

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

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

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

sputtering with silicon dioxide.

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

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



4. Fig. 7a is a scanning electron mcrograph of the substrate used in
Exanple 1 prior to sealing with silicon dioxide. 20 Fig. 7b is a scanning
el ectron woasograph of the nanochannel array of Exanpl e 1Protisonesio after
seal i ng the nanochannel array in 7a with silicon dioxide. Fig. 7c is a
scanning el ectron mcrograph of the supstrate used in Exanple 2 prior to
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
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with silicdndamoel.de. Fig. 7f is a scanning electron mcrograph of the

nanochannel array of Exanple 3 obtained after sputtering the nanochannel
array in 7EgvabtiHussiates e osaledichatinglehavinga @7osli0R 80 oGl lago 2t @SGhGsealing=i g. 8a
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versus o b g o i 1 el G e R nel array
si mul t aneomsadrgmelearayabiteny lengpar at i ng, and di splaying a .plurality of DNA
macronol ecul es ranging in size from10 kb to 196 kb. Fig. 10 illustrates a
syst emlPorFigrisl shewsgnanachanneh paayidirawltanequsly etongatmgf deparafing, and displaging aaspect of

the presen 1u{aﬂ§%?5wmm§§g@gig§§§ﬁﬁgﬂggF\Q&H%nrfg\gb f {s@hehaving a plural ity

of channel t are su osed. own in Figure 1, the 15
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channel s 1 In the materi a hé surface 106. e channels 104 have a
val I 110, and gehapaglor aeNirelentlthdention encompasses a nanochannel array having a

plurality of channels that are substantially 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 material 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 material 108 directly above the channel center 112, providing an
opening in the sealing material to the channel. The opening may have a variety of shapes.
The size of the opening is defined as the minimum distance spanning the opening above

25 the channel 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 completely
covering the top of the channel and having no opening in the sealing material. In certain

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

and the bottom of the channels 104, as shown in Figure 2. In such embodiments, the
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defined asyge %sﬂbrﬁvﬂfﬂ@@ nlifigihd diQance can be measured then the position of the opening

is the one that is closest to the bottom of the channel 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
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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 parallel linear channels having a periodicity of
20 200 nm, the periodicity being defined as the distance between the middle of two adjacent

channels.

In certain embodiments, the plurality of channels can be connected directly with at
least one reservoir. The connections can be a common interconnecting straight or curved
microchannel. In other embodiments, 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
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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 include 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 spontaneously 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 calculated contour length and p is the persistence length of about50 nm.
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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 scenarios, macromolecules can be partially
elongated in these channels. In this case, the macromolecules can be folded, tangled, or
both folded and tangled. While it is 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).



10 enbodi nents, the geonetry of the channels permts the biopolyners to
enter and nove along the channels in at |east one direction. Preferably,

t he channeb osirf28ces are treated w th a non-sticking agemCr/ze2/esseri bed

| ater, for preventing the adhesion of macronol ecul es, such as biopol yners,
to the inside of the channels. In othfg enbodi nents, it is preferred that

t he nanochannel array contains channels 15 capable of transporting at

| east one unfol ded bi opol yner across the Iength of said channels. Wile
not being boun‘%’h@éur?c?%ttén%m)fa(hetrgg& nnef'vg't?n F'r?bg f(?@tr% algfo Qﬁ'
channel s are apparen Yarger than e spa con

macr onol ecsutbsmte myeria, sucts aata tandudtive npwﬂrtal al seanmductforf metbmtgalt acmnof t he
macr onol ecul n th h 0 of th Is are at
the same oF ercméermﬁ al ?CBZ)? 5%%&%"? ﬁtenq‘sgﬁ&ﬂ @%als S‘uc&‘o‘ar%rt) such
as 50 nm fgord BiNAr,tahé cmamnmmEmﬂl@saf (samcbxelustwkfmamratst 1hy1udeaiopﬂgah®d in an
unf ol ded f onlnldeth cha \Wen .t edlrren channel s
Fai b nebotrhe e risn e ERORG 4 nd P Ehuh e SRR PO tusetiistcan be
partially sxlfebmﬂg:atdeplsniiamntnﬁtéde glasg e@ingcs, and syrithesic palyeerst Heherfarepainpisecul es
can be folded,, tangled, or both folded and tangled. Wiile it is envisaged
t hat any r?éErPBlﬁ%’I Btul e can be transported 25 in an unfolded fashion in the
channel s of th anocha neI r f i Q v ety of
cortanl o unf ol dbdtnaean dfendiy B, Rkt 8 B BSRnah e 3 veftany 3, o1
pepti de chatfixg,ofskd iubmsaemndhexﬂ tlnehamthoead»f gpolioonevader. aﬂdd:ma0vqjgalty¢mnfac¢1a| ns,

and ot her r and ,conhi nati ans, t her eo refe
Eod MEn can bps stekRrs Sl aoRer O ET ) R EhER Bl DEebE oy ) o
formed from tol #eadony sabltracenh folmriiak. Walshﬁabﬂdtedatlsgepmocbi’semsmbst vapbe

surface. Ip other . enbodj nents, the channels can be fornmed frompillar
structureé{‘| %Sétfctnozggwg%’% r structures, stacked rrenbrane | ayers,

and nanobeads articles lns the channe 03/010289 . US 2/ 23610
12 The surface(hgrﬁet"éﬂeé’? °8\‘metn ﬁ‘grpg SRanner lar" fhe “sm"(’:%'nmﬁ3 arfay neli aAefsrgm al nost

any substieat endraptiailyabpaqael efateaisl hyercndﬂum it ﬂlermhlﬁrgl mterid. Benipticaljuct or

rratenal or a non- ,con mat erj al ve.materi al s
i ncl udd> mePafe afespl g elﬂ{'r‘?tﬁgll?ftweab h surfacp \V’EFG“elsﬂ@ tgeh?%ﬁx? f@t%%é% es of
sem conduddel s\iﬁamtlﬂideatlhs chitdblsdR cdopeditsdtdd 6 ropSoftithexdatieg ambrighldriaum
arseni de. Exanpl.es nop- conducti ve material s, incl g%l%pf used sjlic

silicon d.femba@tw%?f S8 HE plmpst any opaque majerial fat can gi}tﬁgﬁ%‘f IaeYerdBI yNEr s.

The foregqigdfbleSin this embodiment, Aluminum is preferred. For certain embodiments, it is

desirable that the opaque layer thicknesses are less than about 50nm thick. For
20 embodiments containing nanoslits useful for carrying out near-field imaging of the
contents of the channels, it is desirable to prepare slits smaller than 50 nm that are etched
through the deposited opaque layer but not through the transparent sealing material for
maintaining the integrity of the adjacent (underneath) channel. Without being bound by a
particular theory, the optically opaque 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
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contains s
walls near the upper portion of the channel wall. Beyond a critical 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 material 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. Sputtering is typically used because of
the divergent nature of the material beam, thus resulting in the faster deposition of target
material at the top part of the channels instead of at the bottom of the channels (i.e.,

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

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

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

results in a profile 128. Suitable sputtering systems are known in the art. A particularly
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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
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 material 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 sputtering process at gas pressures typically less than about 20

mTorr, more typically less than 10 mTorr, and even more typically less than 5 mTorr.
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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
interconnecting structures of pillar arrays.  Reservoirs can be defined using
photolithography and subsequently pattern transferred to the substrate using Reactive Ion
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 material. Alternatively, 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
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desirabl e daf Hermivioded as leas dhdni P @knonrRels, ngd vap lesf 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 after deposition

will be greater than 2 nm, and more typically greater than 5 nanometers. Trench depths of

less than 175, 150, 125, 100, 75, 50, and 25 nm can 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, to

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

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

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

20 substrate to reveal the interior portion of the channels.

In one embodiment, the deposition of the sealing material completely encloses the
plurality of channels. In this embodiment, the sealing layer is at least as thick as the atoms
of the sealing material. Typically, the 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 the plurality of channels is at least
1 nanometer thick, and more typically at least 2 nm thick. In certain embodiments of the
present invention, a step of removing a portion of the sealing material is used to reduce the
thickness of the sealing material above at least one channel. Sealing material can be
30 removed by a variety of etching and ebeam deposition methods as further described

herein.
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For use in macromolecular analysis, it is preferred that the nanotlaidic chip
provides at least a portion of the nanochannel array capable of being imaged with a two-
dimensional detector. Imaging of the array is provided by presenting the sealing material
20 face of the nanochannel array to suitable apparatus for the collection of emitted 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 electric 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. Alternating 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
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system 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 individual fluid samples. The
nanofluidic chip typically has at least one interconnecting sample delivery 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/electric-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,
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sanpl e In another embodiment of the present invention, the system includes a data
processor. The data processor 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 invention, 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
elongated macromolecule; and correlating the detected signal to at least one property of

30 the at least one macromolecule.
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al so be us&éngated before one end 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 various embodiments of the present invention, the method of analyzing a
macromolecule includes correlating the detected signal to at least one of the following
properties: length, conformation, and chemical composition. Various macromolecules
that can be analyzed this way include, biopolymers such asa 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.
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The following abbreviations are used herein: “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 tilted sample wafer at various angles or sputter deposition
using a large source target. This step was used to bothreduce the trench width and seal the

25 channels.

Generally, 100-340 nm of SiO; was deposited onto the patterned substrate.
Effective sealing was achieved with various deposition conditions that were tested. At gas
pressure of 30 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 patterned substrate by

sputtering at 5 mTorr.
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even muoe diyeniabovel )Af&'t spuetersiig, tha ehannels by 252 npetrench width,Cl86 nmtencins Wi | |

typically be |les m Lili a re typically
| ess t han h§'8hh ARE? FQWE‘“??@ f%?ﬁg r@fﬁ nwl}\p%ﬁeé’ l?é’ﬁg%‘ﬁ?nr‘f@ﬂ?‘ 8%t the present
i nvent i on,inérbRed@ighddasidf reaNedVizel $8ging proteG forihgeCeune-shdas sabsbovbithel engt h of

macr onol ecul es_ having an el ongated | ength of greater than 150 nanoneters,
and typi caﬂ P‘}“ebreat er than 500 nanoneters, 1 micron, 10 microns, 100

m crons, cm and. 10 cm v reater than 10 base
pairs can %‘Iag’ﬂle@e Paﬁ%‘FWS&“‘ifEF‘ﬁba“c“??ea %r‘l—f% g?ﬁcﬁ ﬁéﬁﬁg‘ﬂgbo‘@r@&%ﬁfﬁff;& t he
nunber 19f Ramepwsite @u&&ﬂ@%ﬂ@d@aﬁnma@emgmaﬁh@mmtrbmewm;168 greater
than 1, 000 base_pajr dg %at er than 10,00 b:il?emgaé .greater than 20, 000
base nm trench helght and a channel seal thickness of about 350 puttering gas pressure

was S 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 subsequently completely sealed with silicon
25 dioxide using a 29 minute deposition time. The seal thickness was about 500 nm. A
profile view of the channel is depicted in Figure 6b and a top view of the completely

sealed 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 nanochannel array is provided in Figure 6d. The seal thickness was
300 nm.



pairs, greater than 40,000 base pairs, and greater than 80,000 base pairs.
DNA having nore than 1 mllion, 10 mllion, and even 100 mllion basepairs
can be amabyzewth2s2th the 15 present nethods. |In one enbodcmarsp2/edeld he
present invention, the nethods can be used to anal yze one or nore of the
following: restriction fragment |engtfit pol ynorphism a chronmpsonme, and

si ngl e nucl eoti de pol ynorphism The foll ow ng abbreviations are used
herein: "nm is nanoneter, "mlTorr"™ is mlli 20 Torr. GENERAL PROCEDURES
After NI L _and etchi non- uni .f.orm deposi tion of..sealing. i-al was

o ovi ded BRE s ar BingRB PP e PR RE! ey SllleiB oL Sk, 00

angl es or ngydiial foF caAgfrpsiut haanfieldahaigsishavaggeead thicknesstgagatpe than Thaug 1862 ep was

used to bothred he .trench width and seal t 25 channgls. Generally,
150- 240 i mered i Seind HRER oM Eise B B Be e Eimel el BRI B o Fecti ve
seal i ng warsguachitewed svheintativ af Hoouthe dhppiri bdating mowedalionamandchatnelwerag t est ed.
At gas _ pressur f 30 ml RFE. power of -90! nd i of .1400 V, a
Gepos ] b Rt B ewsicusiit 1B Rt SbffeDseral el e shedef et iror s

t he deposiSubsefuendy elusigum fodepasited to3eatecanaupa@etiayeatoadovide aptitaticontraSeal i ng
material wa glciaposited on the patterned substrate by sputtering at 5
mrorr. WO2HBFE1'0289 PCT/ US02/ 23610 24 EXAMPLES In the fol | owi ng exanpl es,
nanochann arrays.were prepared using.a process 1o deposit SiO2 sealing
Tt or ol GmRE RS A EE BBl 55 i b2 hos” vere
prepar ed Rybsthrauvinga phealiguthstrellergarmblan If@gedwidy bist $hmh degpEAschstm®Ei C

M croscope 5 (S . ,Results are as foll ows, and sho that the trench w dths
are natt O\A%EFeéN%ephoffi%?g’iaPl?yot chrjaups i@ PLYide aﬁgurﬁ%aﬂy\é\f?haa gﬁjss‘iv%wédgb{)}feri ng:

Exanpl e 1:grétel @An M5 mictonasifg servshtiontlepyied litogpldeechnapmes (Cantaot aligabr ty of
paral l el linear_ chanpels that had an 85 nmtrench width and a 200 nm
trench heisyft a%‘%f'g%&ﬁ%‘%‘ﬁ to PRRYide a patisu rpsplytio %log’d'ﬂ}frtogﬁieé’gl’ ﬁ{au%fnﬁlas pressure
of 5 nilor rpr@6ciivh diepidr.t Thd dagle@E BRIRideRt QpOsitiipeeathQf s@lingMarbislievarklit er
sputterd n%c’) retdncGe t(lzleh ggnrclzﬁ Iwsldtlrl1 gr?d lﬁaigﬁ% toqgrs]sttﬁa%q(%g n}lnvI a%%l fi|50 gm,lrgg)egtme}yr, gx? tg

15 substantially seal by providing shallow tangential deposition angles.

Example 8: This example provides a nanochannel 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 1 is submerged in a surface-
modifying agents solutions containing polyethylene glycol inside a vacuum chamber

25 ovemight 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 nanochannel 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, SiO2/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.



hei ght, and a seal thickness of 200 nm (Figure 7b). Apparently, the trench
hei ght increased slightly as a result of the sealing process formng a
cone- shapwo spai28above the channel. Exanple 2: A patter n@dTdisbyeicad e
having a 65 nmtrench width and about 100 nmtrench 15 height prior to
sputtering fornmed a nanochannel array. (ﬂavi ng a 17 run trench width, a 68
nmtrench height, and a channel seal % I ckness of about 350 nm Sputtering
gas pressure was 5 mlorr. Exanple 3: A patterned substrate having a 50 nm
trench wi dth and about 8Q tun_.trench epth pri to sputteri formed a
nanochannéqheé‘?sl“'é‘?gH&‘%Fihﬁﬂgtﬁ“%z{lﬂﬁhtt’iﬁﬁﬂlc%p%ilﬁsﬁ ,angénﬁhan efl}agrrlléc}%wﬁrgi ght, and
a channel sge@dntihily dbsagss of 350 nm Sputtering gas pressure was 5 niforr.
Exanpl e 4: A substrate containing a two-di nensional array of pillars was
nmade Usi NExampleV0: ThERxddhple fHoos eieprodetspftaliding fraopnedllynapadherlaeatoed 90 bet ween
the inprinting steps Figure 6a). Th Illar array structure is

subs equentqa9°°g'6‘f’rﬁ 3 @3&‘1"8‘2{*"3}% “é‘ﬁ%F ?‘E:C(?F@?Sm ?ﬁ‘?&?lﬁé l%@i’(ﬁ’a a 29 nminute
deposi t § OfhetreMeulde the elidenhdepbsirbenvasto phuvide ab@Paquel layeriessphanfsoinen vi ew of
the channel s de{)i cted in Figure gb ??Pd a t\(;g Vi ew@gf t §2co%etely

seal ed naribighafiRalumifum,spurce RIEsSiis lsgef for 2FRpGHae 87 op "e” BB anpl e 4 was
repeat ed ex£&Rl abdve theRedlédEdhafiRPOThd depbsifidnTete WaAS sek 4t X036 ¥/ mdiute. pr ovi de a
nanochannel array that is not conpletely sealed. A top view scanning

el ectron B@mBieanoghrpRadple Hésctbas aivacdpantedtd @rpr@ydel snepr-fisld diitdn N Fi gure 6d.
The seal thickness was

300 nm, WD 03/ 010289 PCT/ US02/.23610. 25 Exanple 6:
A nanosl i thapechannshareyg FIR was vsed il ‘BFBB&E%EES&}%H%E“@F? iwé%lhmcfﬁ%xi de sealing
materiah fofeckagereidoattto tRasnglaxRlod themahothirmelaay DYE@angdal 1. tTheckness
greater than about 10Q  nmis rmﬂi ied b usi%%gFl \%gt g.cgéegte a nanoslit
havi ng a tdspiahhed'IB gulling pag corgrg ex}ﬁ%@?é‘“ RN 214 EMEt i ¢ of how t he
deposi t ed 5gakdl AbvERietahédha®iRl Arayanochannel array 5 is first mlled away
using FIB fromthe sealing material situated above the seal ed channels.

Subsequent gampf BNTRIBxhSspld @R Ebds@dw!te pivda b ardple eRasivie withyer to provi de
optical contrast _at the slit. Exanple.7: This exalnprl e, sho how a
nanochannelangghaggel sy tBBfoﬁPdéﬁé‘P%Qﬂura‘o‘b%‘% A nanochannel atray having 100 nm

15 wide, 100 nm deep channels was made according to general procedures of Example 1.
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 cylindrical-shaped plastic sample-delivery
tube of 2 mm diameter was placed in fluid communication with one of the reservoirs of the
nanochannel 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 electric field (at 1-50 V/cm); the solution concentration was
5 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 0.5xTBE (tris-boroacetate buffer at pH 7.0)



substrate having a plurality channels larger than 150 nm w de by 150 nm
deep. A substrate 10 is prepared by photolithography techni ques to provide
a plural iwgosiiekannel s with width of greater than 1.5 m @CFrUSOZ23s¢0
conventional optical |ithography techniques: Contact aligner such as Karl
Suss MA-6 to provide a pattern resol uﬁ on at low mcron level; Industrial
projection stepper. The angle of the Tncident depositing beam of sealing
material is varied to reduce the trench width and height to | ess than 150

run and 150 nm respectivel nd 15 substantially seal by providing
shal | ow t&ﬂ'@}%‘ﬁt“ﬂgr13@8%8’53“?‘1‘%@"’3&3? ég% %ﬁiﬂ%ﬁré’g@f‘c AT deé‘f‘(ear?ﬁla}é a’g[} ovi des a
nanochannglickidg a¥¢ntiSi Ng an a-beam technique. A substrate is provided as in
Exanple 1. Silicon dioxide is deposited by an e-beam (therno) evaporator
(Temescal H3dip1t800N mnbfuidibehis wiadé soding ThExsnibst2, Atvng chapdehced at vari ous
angles incjdent to.the depositin amfromthe silico I OX| source
target; tﬁ@“%‘oa%ﬁfolsopf‘%’f'nP@arinéwf'gﬁlgegtmtng 2 qll(l)au acyion wat, 'a%ﬁfy%r Sgh%&iSO nm of
seal i ngs Mabkinilg stasned garmii¢ PN A to draabibel DNBOmadromidleciles Fxta thel charfrels witht hi s
exanpl e, a nanoc n ar.r i ont.acte Lt h f - Li:Xi ng agent.
A nanocharffi& ec‘ﬁ‘r"?%@' %&tgnﬁ%é? @N%bm?%c'%?g‘ﬁ%’lnbéa (fgﬁgl‘%iﬁadﬁﬁrgg%b{‘ a surface-
nodi fyi ng vageaiisedwithithe apsTODO1aing BOBQP kespdchiydienEhig kolatin df seindé a vacuum
chanmber 25 overni ght t acilita i ng.and nt af the channels
and degas R was i ‘Hﬁﬂatﬁf%e{l‘gf“ilﬁatnto @f&(h“féﬁo%on?q;ra%%hﬂfﬁ@%ez}tﬁés ghalthel s.
Exanpl e 1Qixidkhk shd ©4 35t L6k 1dnfige e podraintictickafy agetpAONkan Belipsar r ay

having a netal sealing materjal. An_e-beam.(therno). evaporator (Tenescal
20D 1900) a0 gecned EncHBRRY AN SN Gk C) BB LIS BRI Y £ oy cni p

(trench wigdtd) BRsEMTolerin ke RP RS 4h e36it=80n Bitirce 3t P88/ rivh arfd 879hiaA RoperThe
substrate was placed at various angl es to th In?@??@% . ?ggosiéigg beam
fromthe stisntisc Pentageax inteprifiedspeled BB remgpan 1 pixel grrayagd Lo,/ i nut e,
WO 03/ 010339 4RSI JdGRR aBEsLA to iR IhE mloREhibd. IDMltal InfiR6 WavrfllyRed@sng20nm  trench
depth less than 80 run, and the channels were substanti all¥ cl osed.

Exanpl e 1Mdatapmpesssox i Imzgsieftvare Bigwie &8 shoyrs aadfesigted imagsof B8l |y opaque

| ayer ﬂ{pﬂﬁf AGhd ™ AoRREQG B in e AUNRBAErARRTIbNY t O
Exanpl tég):%asltrgtgp acecgaS perpﬁelﬁgic%uloar to t'he ilﬁciedent depasi ti n% beam to
&

provi de arshopathaecdragdrct liness fit ofahe Gcthrmeasiied lengthebBMsAHIRmHISHE e t ar get
I's select qga&&ﬁlof?&ﬁ%ﬁﬁl&t'tﬁ@f Rorh@HzO (RS 119.99583. $2Y¢ HBws an array 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 parallel channels could be fabricated over the whole wafer. Accordingly, the entire length

of genomic DNA molecules can be stretched and analyzed.

Example 15: Example 14 is repeated, but with a 96 multiple reservoir system. A
nanofluidic chip made according to Example 12 is modified with a photomask to provide
96 sample 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



mat eri al above the seal ed channels. The deposition rate was set at 2.0-3.6
nn/ mnute. Exanple 12: This exanpl e describes the steps needed to provide
a near-fiwod3®hozsoi n a nanochannel array. FIB was used t ®@Cmudo2/msne ow
slits less than 50 rimin width in the 10 direction perpendicular to the
long axis of the nanochannel array of Exanple 11. The depth of the FIB
mlling was controlled to expose the thder | ying thin Si02 sealing materi al
above the nanochannel array. Exanple 13: This exanple describes how to
provide a sanple reservoir with a nanochannel array rovide a

nanof | ui dimicedsapillaratubingotdsmbedded meta), condagtsifer cpotecton top@%&kdféon 50 nm deep
channel s wag,Mage clﬁﬁc?ﬁéjéaﬂﬂdéeocaggg%ﬁ-{ed% DERMHALERIG, \Enaam |nﬁeg1=atea_ he
nanochannel array was spi n-coated a photoresist and imged with a
phot omask Wigh any lser excitatiql seprse and %ﬁﬁé%?&t@aléﬁt!@o@mstt%émﬁléﬁ6\9?‘?&%?@81’“ array.

The exposeg i EQRcHRI 7 opt%apﬁﬁﬁlsléﬁiaﬂﬁl %%ﬁ; daMiBle RIS MO ndfdcihRase the
channel ends and to provide m cron- reservoir about a mllineter

wi de onSt Herappelobs ranoByidis chip. Fh%“é‘ﬁéﬁﬁﬁ%qt@n/a@“eﬁw pryatupfs accheled G6Dsubst r at e.
Exarrpl e ]'A'dl%l-ltxtli| baindra aSTBxlla@s mﬁfe'd@?ﬁl O Qe Iﬂalyjze@bm%{\ﬁr\%egéo? uﬁﬁé pwtha

fluid contarl ni ng macr onol ecul es to anal yze t
cylindri calﬂnismpewab{sm@ﬁwarwﬁﬁp@plamdm@rn}omtmbe of 2 mmdiameter was

placed in fluid conmuni cation with one of the reservoirs of the
nanochannefxamplealy’: dihisrxample desesbes iy tejuse thesystemph Expmple dhietizecet o an

external sggRl ac?énoq&luievﬁrs\ﬁ{g?é)‘khtﬁﬁk ste A8Yde& ﬁ) ex‘ﬁ"é‘ét(?tlg ehtfte kfhokdid N connect ed

to a pressure /vacuum generati ng paratus. The channel S are wetted using
capi | | 4y ca;mtentsrﬁDW\ﬂ with 19 grigreliters of ¢ liffﬁﬁ SOINIWﬂé‘iﬁme% with flperesceptrityas: ni ng

stai ned | e gﬁa%geﬁggﬁ{sa{zﬁh ieﬁgh\gégfﬂél}g%fw&nﬁwg@%ﬂam&ﬁ%m'nto the

nanochanne ectric ) 50 Vic e solution
concent r at dontainimgstluié Feoalestrodasiarelactivatied: and thed?fﬁ@alammomslesarm ned at a ratio

of 10:1 base_paj r/ ;{ng 3 % 'I;%q} r](l b hes,: Eugene,
hanfiél afdy, %‘éé ?ru
Oregon). TR 0so %@ﬁwaéola arned e ute a{)h 8 gé m crogram nL
into O. 5xT§BEm(¢rrthe;DbRArraaemtadbylbléxcetatimsomeie m@)hem@rmm@i&z@@are
PCT/US /23 n ning O !Y%n t LRk ARt .2nkyQ, 1 % of a
| i near %ol ‘if’ ‘%@‘f Qe ee égte) xggraa%—%% afls cgpfcg%f %Igwaége%{a.re%xanp?re 14: A
nanof | ui di mteﬁhtyrnndpdemaﬂwahddam;)rb@sﬁxaﬁpl lengtiPof ahsinglenigNAhsedutested add nensi ons
of 100 nm Xx nm e ft{lled using capillary action with a buffer solution
tens1ty profile 1s plo ed
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.



5 containing stained genonmic DNA to draw the DNA nmacronol ecules into the
channels with an electric field. Bacteria phage DNA nol ecul es Lanbda (48.5
kb) and T™O(0388128kb) were stained with the dye TOTO 1 anaCBOBQER/33610
respectively. This solution of stained DNA was diluted to 0.5g/nL into 0.5
X TBE containing 0. 1M dithiothreatol,as an anti- oxidant and 0.1% of a

| i near acryl am de used as an anti-sti% ing agent). A N kon Eclipse 10
TE-300 inverted mcroscope with a 60X (N. A 1.4) oil imrersion objective was
used with an Ar: K |laser (Coherent Lasers) as an excitation source at 488
nm and 570K#f18 M Roper  Scientific Pentamax intensified cool ed CCD canera
with a 512, X 5hZnapboh@hnebseacomprsidds bits digital output was used to i mage

the nmol ecul es. Digital .i mage s .apal yzed. usi ng .a. dat rocessor. by N H
| mage sof t war e S¥{a§6 %%V‘%a g‘ﬁfﬁ’w@ oafﬁﬂ"inﬂ%/léﬁ’rtg‘f Bgtefialeh Q‘e(??g?cﬁ’esafsc a5t ched
Lanbda andaliig Rha@eh gadto bERssSthateabidyit $300ganbMetti@nd Barnel depthlbfdlessntaat of 9b
shows the near perfect linear fit of the directly neasured | ength obtained
fromthe dO8meMmetyage plotted agai nst their genone size, (R2is 0.99996).
Fig. 9c shows afnieast k@ie 6f the thanasiebarntlrmolidetedagpnanttal BNAna@lsecill es
aligned and stretched in tqe channels with the size ranging from 10kb to
194 kb. Trhannsligiusat aukistapiallyieBfesett center-meter 1ong 20 parallel channels
coul d be fabricated over the whole wafer. Accordingly, the entire length
of genom c DNA nol ecul es can be stretched and anal yzed, Exanple 15: Exanple
14 is repéat ed Thpnanaghangelargy ofglaim b veheredt at et P g bt least engi§ithei di ¢
chip e @ehRlsdé AL TaAmNBonwith 8 18Rnkir@drvwirt h a phot omask to provide
96 sanple reservoirs, each reservoir connected to 1000 channel s al ong one
edge of the 100 25 mm substrate. 96 different DNA sanples are delivered and
injected using ThaRiahdRhthel LRSYF 5f cERNNEFh&En it BRisSHR 1Bast &R \Riths. 96
collection reservoirs are cornnected to the corresponding ends of the
channel s tabamnsls|agein fufdcompuunicaien wish repsreiisi e 16. Thi s exanpl e describes a
system used for carrying out analysis of macronolecules. The system
contains an autonmated 96-capillary auto-injection sanple 30 |oader to
del i verl5 964 mac Theoianechanel piray of daimpl edhereint hetMerakity| of\chanpelsoistia fud 5
nanof | ui d'c%m%,rlﬁcrati&g%ith-r Clehdnat |y chrege?-&&{ bfioh So &t NAIOEIHE rGn&hi p
encased by a plastic polycarbonate housing, having delivery ports and
col I ecti orchpmretss f or connection to WO 03/010289 PCT/ US02/ 23610 28
m crocapi |l lary tubing, and enbedded netal contacts for connection to
el ectrodes on the

5. The nanochannel array of claim 4 wherein the plurality of channels is in fluid

20 communication with at least one waste reservoir.

6. The nanochannel array of claim 1 wherein the channels are substantially parallel.

7.7 The nanochannel array of claim 1 wherein the ends of the channels are capable of

25 admitting a macromolecule in a fluid.

8. The nanochannel array of claim 1 wherein the channels are capable of transporting

a macromolecule across their length.

30 9. The nanochannel array of claim 1 wherein the channels are capable of transporting
at least one macromolecule across the length of said channels, said macromolecule being

in an elongated form,



nanof l uidic chip. The cartridge can be inserted in a cartridge hol der,
which is integrated wth an a |l aser excitation source and suitable optical
conponentwotos/opr2eyi de the excitation of and collection offcapiSozadeisi gnal s
emanating fromsanple fluids within the nanochannel 5 arrays of the

nanof | ui di ¢ chip. The signal detecti 0;{?)( coll ection apparatus is a cooled CCD
digital canera. Signals fromthe digital canmera are analyzed by a data
processor using N H inmage analysis software, and displayed on a nonitor.

Exanpl e 17; This exanple,descri bes hagw to use the syst f EX le 16 to
26 one  1Bna FiETEROPREFES 50 TR 4 BT Y 2fbS R BRI B RO 2t P s
entire gerorhk odébicgulimsrtacro{siiNANengh bhsaldrhamretsol i ters of a buffer solution
and stained with fluorescent dyes. The sanple |oader is inserted into the
delivery ports of the cartridge and injects the DNN containing fluid. The

el ect r odeg1ar eTAE tranéch@theiactay et Eldidn NAC rvbieeire Chiel eBandéle art r@psdordfed into
t he nanochannel . arr wher.e .t he econme elongated. The fl yuorescent stains
on the anPaTEg At @é&o%vn{cﬁgedre&%ﬂogﬁef Sﬁosﬁélﬂﬁqg'ég}h%ﬂf ldtcﬁ@}nfﬂem ssion signals

are 15 collected using the CCD canera. The signals collected, analyzed and

recorded fqr tensit nd Sjti t he dat rocessor. The length of a
singl e DNA%i s %W%@ﬁwafﬁfkﬁg?{’jvg%‘mﬁ% @O?og'r'geiréstat%.%lﬁ af‘f“{a]mot her aspect
of the present invention, there is provided 144. A cartridge conprising at
| east one nanofluidic chip, said.cartridge capable of being inserted and

20 renoved3f r offanapehagpgl pERy %Ha“ﬁi??ﬁﬁd”lﬁff‘gn Wﬁimﬁixr*@&maarm dedyurlelc sqi g at

| east e@@e gganofl uidic chip conprising at | east one nanonanochannel array,

sai d nanonanochannel array conprising a surface having-a plurality of
channels in the material of the surface, said channels having a trench

wi dth of 11gss trhamasRRitnellaaynanolEmt 1 Shaéifl the teRACHidiCR RsOfthanes® than 25
200 nanoneters; at |east sonme of the channels being surnounted by sealing

mat eri al trgn9mggier such channels at |east substantially enclosed. WO
03/010289 PCT/ US02/ 23610 29 W Caim 1. A nanochannel array conprising a

surface having a plurality of channels in the material of the surface, said
channel% 15. ~ The nanochannel array of claim 1 wherein the trench width is less than 75

nanometers.

16.  The.nanochannel array of claim 1 wherein the trench width is less than 50

nanometers.
20

17. The nanochannel array of claim 1 wherein the trench width is less than 25

nanometers.

18.  The nanochannel array of claim 1 wherein the trench width is less than 15

25 nanometers.
19.  The nanochannel array of claim 1 wherein the trench width is about 10 nanometers.

20.  The nanochannel array of claim 1 wherein the trench width is greater than 5

30 nanometers.

21.  The nanochannel array of claim 1 wherein the trench width is greater than 2

nanometers.



having a trench width of |ess than about 150 nanoneters and a trench depth
of less than 5 200 nanoneters; at |east sonme of the channels being

sur mount ewolwg/ose8d i ng material to render such channel s atPCra:92/23610
substantially encl osed. 2. The nanochannel array of claim1l wherein at

| east one end of at |east one of the 0 channels is in fluid conmunication
with at | east one reservoir. 3. The nanochannel array of claiml wherein
both ends of at |east some of the channels are in fluid communication with
reservoirs. 15 4. The nanochannel array of claim1l wherein the plurality of
channels is in fluid comunication with at | east one sanple reservoir
comon to 28t | gastnagatienmef atrine of chémriewvherel. the hencladegthdanries thar ay5 of claim
4 wherein the plurality of channels is in fluid 20 conmmunication with at

| east one %ﬁ%‘?g‘eﬁseservoi r. 6. The nanochannel array of claim1 wherein the
channel s are substantially parallel. 7. The nanochannel array of claim1

wherein_the en of the channel re capabl e of 5 adm.tting, a

macr onoPecth e id‘i‘ed‘af‘?q.lff“éﬂe gFrayl'ﬁg cﬁ’é{ﬂolcﬁgﬁﬁgl th trepgh gept I‘E\il?ﬁs%h%é%sei n the
channel s agagoeé&tpdbl e of transporting a macronol ecul e across their | ength.
30 9. The nanochannel array of claim 1l wherein the channels are capabl e of
transporting at |east one macronol ecul e across the length of said

channel s, sai d THICKA6ENaREU | agra &if NGaimi D vHeredh ANy ated Eiimis Wes kin019289
PCT/ US02/ 23610 30 10. The nanochannel array of claim1l wherein the
channel s aM@°R&FSbl e of transporting at |east one biopol ymer across the

| engt h 1gf said channels. 11. The nanochannel array of claim 10 wherein the

channel s are capable of 5 transporting at |east one unfol ded bi opol yner
across the2jen nochangel ey Af| daimy b Whergin ﬁ%ﬂnHE?ﬁ!\‘nﬂ%ﬂ%’ ésr?§§§/ tgﬂ‘" g&ai m 10

wherein thg bigpal ymer is a nucleic acid. 13. The nanochannel array of
claim 10 wherein the biopolyner is an unfol ded nucleic 10 acid. 14. The
nanochannel array of claim1l wherein the trench width is | ess than 100

26. The nanochannel array of claim 1 wherein the trench depth is less than 25

15 nanometers.
27.  The nanochannel array of claim 1 wherein the trench depth is about 15 nanometers.

28.  The nanochannel array of claim 1 wherein the trench depth is greater than 5

20 nanometers.

29.  The nanochannel array of claim 1 wherein the trench depth is greater than 2

nanometers.

25 30. The nanochannel array of claim 1 wherein the at least a portion of the channels are

pillar structures.

31.  The nanochannel array of claim 1 wherein the channel period is less than about 200
nm.

30
32. The nanochannel array of claim 1 wherein the material of the surface is a film

adjacently supported by a second substrate.



nanoneters. 15 15. The nanochannel array of claim 1l wherein the trench
wdth is less than 75 nanoneters. 16. The. nanochannel array of claim1l
wherein twe feneh width is | ess than 50 nanoneters. 20 PCTI/URB23610
nanochannel array of claiml1l wherein the trench width is | ess than 25
nanoneters. 18. The nanochannel array_of claim1l wherein the trench width
is less than 15 25 nanoneters. 19. Tie nanochannel array of claiml
wherein the trench width is about 10 nanonmeters. 20. The nanochannel array
of claim 1l wherein the trench width is greater than 5 .30 nanopeters. 21.
The nanocﬁénneﬂh%ﬁ?%hwelépﬁi'r?'\fmila%ér"él?e 17 g SEPYREMYUFL 1S # SOYMEMEr t han 2
nanomet er SpatdMa1 03/ 010289 PCT/ US02/ 23610 31 22. The nanochannel array of
claiml1 wherein the trench depth is |ess than 175 nanoneters. 5 23. The
nanochannel array of claiml| wherein the trench depth is | ess than 125

nanonet er Sy 24 1hd hgndtaaen aaebf laimY1 HhefAr@tHy hbWhRd @laferahes brepch depth
is less than 75 nangneters. 10 25. The nanochannel array of claiml

wher ei n5tr‘r‘én4qcé‘|‘ﬁ:‘l‘latﬁ'é%th is less than 50 nanoneters. 26. The nanochannel
array of claim1 wherein the trench depth is less than 25 15 nanoneters.
27. The nanochannel array of claim1 wherein the trench depth is about 15
nanomet er $5.  28he TRBochaREL AEMNOf imal woerdn dhensubsiipter Bptaridlnie 2 MeAth dept h

i's greaterg.hRAnPmardRainanonet ers.

10 36. The nanochannel array of claim 1 further comprising at least one optically opaque

layer adjacent to the sealing materal.

37.  The nanochannel array of claim 1 further comprising at least one near field slit
above at least one channel.

15
38.  The nanochannel array of claim 1 further comprising sealing material adjacent to a

channel bottom.

39.  The nanochannel array of claim 1 further comprising sealing material adjacent to a

20 channel wall.

40.  The nanochannel array of claim 1 wherein the dimensions of the sealing material

are such that Aw’ is greater than or equal to Aw”.

25 41.  The nanochannel array of claim 1 wherein the length of the channels is greater than

1 millimeter.

42.  The nanochannel array of claim 1 wherein the length of the channels is greater than
1 centimeter.

30
43.  The nanochannel array of claim 1 wherein the length of the channels is greater than

S centimeters.



29. The nanochannel array of claim 1l wherein the trench depth is greater
than 2 nanoneters. 25 30. The nanochannel array of claim1l wherein the at
| east a peoto3om28d the channels are pillar structures. 3PCTNse2/m@mochannel
array of claim1 wherein the channel period is |ess than about 200 nm 30
32. The nanochannel array of claim1l wherein the material of the surface is
a film adjacently supported by a second substrate. WO 03/010289

PCT/ US02/ 23610 32 33. The nanochannel array of claim1 wherein the

substrate materjal is a conductin terial. 34. The nanochann array of
claim1 \/\:ﬁ‘g!ra ei &hf H"é‘oglﬁ‘Bgéti raﬁ?yegftr?gﬁ“g}iw%%rel’%&lﬁllegétﬁiof ¢ Cﬁ%fﬁlglﬁést %r?\aéerﬁr%atneri al .
35. The nanQekamdial. array of claiml wherein the substrate material is a
non- conducting material. 10 36. The nanochannel array of claim1l further
conprising at |east one optically opaque |ayer adjacent to the sealing

mat eri al . 437. ThendnaRehanns) ofaldi@)l vafersin i MongthfdftieBinmeRIPEregentiarat | east
one near field slit above at |east one channel. 15 38. The nanochannel
array of PEFHMESrt her conprising sealing material adjacent to a channel
bottom 39. The nanochannel array of claim1 further conprising sealing

material adjacent to a 20 ch el | 1. 40. The nanpchanpel arragy of claim
| wher ei n %he ﬁ%ﬂ??‘&ﬁ%"%&fmx ‘%g?"é‘@aﬁ,\"ﬁl‘?&"h%ﬁf &yhsipte ‘Sai‘rfg""gﬁ% “‘c‘ﬁé‘?“%/\/ i's
greater than or equal to AwW'. 25 41. The nanochannel array of claim1

wherein the length of the channels is greater than 1 mllimeter. 42. The
nanochanné’- ar AeetBed R pEsRINRS JpAsPehepnel AgeY, ENERTFSHhe 1P Channel s is greater

than providing a substrate having a surface;
forming a plurality of channels 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 closed, the substantially
closed channels having a trench width of less than about 150 nanometers and a

15 trench depth of less than 200 nanometers.

48. The method of claim 47 further comprising the step of providing at least one

reservoir in fluid communication with at least one end of at least one of the channels.

20 49.  The method of claim 48 wherein at least 2 reservoirs are provided in fluid

communication with at least 2 separate channels.

50. The method of claim 48 wherein at least 10 reservoirs are provided in fluid
communication with at least 10 separate channels.

25
51. The method of claim 48 wherein at least 96 reservoirs are provided in fluid

communication with at least 96 separate channels.

52.  The method of claim 48 wherein at least 500 reservoirs are provided in fluid

30 tommunication with at least 500 separate channels.

53. The method of claim 47 wherein the plurality of channels is formed by:
nanoimprint lithography, spin coating, electron beam lithography, focused ion beam



1 centineter. 30 43. The nanochannel array of claim1l wherein the | ength of
the channels is greater than 5 centinmeters. WD 03/010289 PCT/ US02/ 23610
33 44. Thwomanoekannel array of claim 1l wherein the | engtrcafusonessehannel s
is greater than 15 centineters. 45. The nanochannel array of claiml
wherein the length of the channels is,greater than 5 25 centineters. 46.
The nanochannel array of claim!]l V\/nerel n the substrate is a flexible film
material. 47. A method of prepari ng a nanochannel array, conprising the
steps of: substrate 1 ng rfac or.m n ality of
channel s |WRP‘$% P}(}gtplgﬁhggﬁpk}gf TR lo??ﬁglgg’ ‘3{%0‘3% g‘&]@o?ﬁ‘?ﬁ“ﬁ ncsega%eg‘tfa{mt eri al
on the pl uvapbt deposifion; blam‘mlearh ev@matm:u Rputtehdeppsditivna hnd gombafaticdsatheredfs t o
render such channels at |east substantially closed, the substantially

cl osed channel s having a trench width of |ess than about 150 nanoneters and
a 15 trench depth of less than 200 nanoneters. 48. The nethod of claim47
further cosqri sihegmtthed sf elpindf47pwieréinli they clennéle ast lingae chammslerfooned bn f | ui d
conmuni ¢ation. Wit t Ie nd ,of | east one. of . h 20 49.
The. ot Rochapniirf iegRAG wfh Gufl e, BB, B Wi e UREGYE s £
comruni cat hannm\tjetsrnnata tteactsdepth lsssphanalﬂé minammak SNheEeﬁh atTlkest mrﬁomlobthecl aim 48
wher ei n at g‘?st th reaervl%dr Sind". eut%r 1? n;( . wg psommuni C%talcé)n with at
| east 10 s¥PHRLTACHY AN Hebeutcd JSIng P pr?% P BPVidY seeliiega Y A8t | east
96 r eser Voijolthe catne) wall hdeedal to nirkaw the treautmwidéhcat i on with at | east 96
separate channels. 52. The nethod of claim48 wherein at |east 500
reservoirs are provided in fluid 30 conmunication with at |east 500
separate channels. 53. The nethod of claim47 wherein the plurality of
channeli® i 85.f orThedndilyod of nlamo# Trphérein thei ttencgw sty less tham 1 ¢omanpmetersel ect r on
beam | i t hography, focused i on beam

56.  The method of claim 47 wherein the trench width is less than 75 nanometers.

57. The method of claim 47 wherein the trench width is less than 50 nanometers.
15

58. The method of claim 47 wherein the trench width is less than 25 nanometers.

59. The method of claim 47 wherein the trench width is less than 15 nanometers.
20 60. The method of claim 47 wherein the trench width is about 10 nanometers.

61.  The method of claim 47 wherein the trench width is greater than 5 nanometers.

62.  The method of claim 47 wherein the trench width is greater than 2 nanometers.
25

63.  The method of claim 47 wherein the trench depth is less than 175 nanometers.



WO 03/ 010289 PCT/ US02/ 23610 34 mlling, photolithography, reactive

i on-etching, wet-etching, plasma-enhanced chem cal vapor deposition,

el ect r on weawioenzapor ati on, sputter deposition, and conbi n®Cirarse2/23ses eof .

54. The nethod of claim47 wherein the channels are |inear channels forned
by 5 nanoi nprint |ithography, said I|i gar -channel s having a trench w dth

| ess than 100 nanoneters and a trench depth |ess than 175 nanoneters,
wherein at least a portion of the sealing material is deposited using
sputter de OSI on to vi de seal.i e d e he channel

wal | mat er§al eﬁﬁﬂpgﬁfaﬁ@‘ r%ﬂ?ﬂ“&ﬁ&?ﬂ ‘%@ﬁﬁ%%“#ﬁﬂ’ﬁépﬁgﬁlg Sclai m 47
wherein the trench wdth is | ess than 100 nanoneters. 56. The nethod of
claim 47 wherein the trench width is I ess than 75 nanoneters. 57. The

met hod of 47 rei,n t tren t n o0 nanoneters. 15
55, The method 15F MBI Rf Sy i R cted o fefon (8 PamtnRE o5
nanoneters. 59. The nmethod of claim47 wherein the trench width is |ess
than 15 nanoneters. 20 60. The nethod of claim47 wherein the trench width

|5 oroater®t nan B raea ot i #7Fph e Gp B A B T he

trench wdth is greater than 2 nanoneters. 25 63. The nethod of claim47
wherein the trench depth is I ess than 175 nanoneters. WO 03/010289

PCT/ US02/ 283610 g mefitha oiraemm »b&qemheq}eame h VA& Bidlsd PABorhéeRch depth is
| ess than 125 nanoneters. . The method of claim47 wherein the trench

depth is less than 100 nanoneters. 5 66. The nethod of claim47 wherein
the trench depth is less than 75 nanoneters. 67. The method of claim47

wher ei n_t hgg t 1 efg iRl clhitn 4 S BeréiRai tégcm?ﬂma&msna@&netme met hod of
claim47 wherein the trench depth is about 15 nanoneters. 10 69. The net hod

of claijgn 47 wherein the trench depth is greater than 5 nanoneters. 70. The
nmet hod of claim 47 wherein the trench depth is greater than 2 nanoneters.

15 71. Theggret hod nefhdaloBtaindlZ7 whesig ki tieheh &epal ib p@atoPthar 5 Adnomstetheposi t ed
usi ng el ectron

70.  The method of claim 47 wherein the trench depth is greater than 2 nanometers.

15 71. The method of claim 47 wherein the sealing material is deposited using electron

beam evaporation or sputter deposition.

72.  The method of claim 47 wherein the plurality of channels are formed substantially
parallel.

20
73.  The method of claim 47 wherein the plurality of channels are pillar structures.

74.  The method of claim 47 wherein the channels in the substrate material have a
periodicity of less than about 200 nm.

25
75.  The method of claim 47 wherein the material of the surface is a film adjacently

supported by a second substrate.

76. The method of claim 74 wherein the substrate material is conductive.

30



beam evaporation or sputter deposition. 72. The method of claim47 wherein
the plurality of channels are fornmed substantially parallel. 20 73. The
nmet hod ofwoloaion24¥ wherein the plurality of channels are pCTIE02/8361mct ures.
74. The nmethod of claim47 wherein the channels in the substrate materi al
have a periodicity of |less than abou%6 200 nm 25 75. The nethod of claim
47 wherein the material of the surface’is a filmadjacently supported by a
second substrate. 76. The nethod of claim 74 wherein the substrate materi al
is conductive. 30 WD 03/010289 PCT/ USQ2/ 23610 . 36 77. The nethod of claim
74 wher ei /7t he Toapsthed okclaigy idrvhgren e subsirate mgiseelity gemicopguctiife et hod of
claim 74 wherein the substrate material is non-conductive. 5 79. The net hod
of claim47 further conprising the step of depasiting at |east one

: R )
opti cal | y Bpaqdhe mgihed oxgpimcidnvheren thp sibsizaie magriakit Ben-¢anducdye: The net hod of
claim79 wherein the step of depositing at | east one optically opaque
| ayer occurs prior to depositing the sealing nmaterial. 10 81. The net hod of
cl ai m 78 wWier eiThe tmpthagh @frrlgm %8\5@@& Fomgprising| e step b dleppsiting At 11525t 8faque

| ayer pcc%yﬁcaﬁ%wq&r i cBRROHE kdalfg lhRrseal i ng material. 82. The method
of claim47 turther conprising the step of providing at | east one near 15

field slit feature above at | east one channel. 83. The nethod of claimA47

wherein a gortifge Rdmdder §1a;ia4 oG HIRLE feddte Sf HERGSHE GE lealW bid Hptichs,

channel s. 20 84. The nethod of claim83 wherein a portion of the sealing
materi al icepagedaxsr pecyrsi pFior LHISPesHIng e sstlingimatesiakt one channel . 85. The
nmet hodlﬁf claim83 wherein a portion of the sealing material is deposited

on at east one wall of at |east one channel. N ‘
81. The method of claim 79 wherein the step of depositing at least one optically

opaque layer occurs subsequent to depositing the sealing material.

82.  The method of claim 47 further comprising the step of providing at least one near

15 field slit feature above at least one channel.

’

83. The method of claim 47 wherein a portion of the sealing material is deposited

within the channels.

20 84. The method of claim 83 wherein a portion of the sealing material is deposited in

the bottom of at least one channel.

85.  The method of claim 83 wherein a portion of the sealing material is deposited on at
least one wall of at least one channel.
25

86.  The method of claim 47 wherein the dimensions of the déposited sealing material

are such that Aw’ is greater than or equal to Aw”.

87.  The method of claim 47 further comprising the step of treating at least some of the

30 channels with a surface-modifying agent to alter the surfaces interior to said channels.

88. The method of claim 87 wherein the surface-modifying agent rteduces

hydrophobicity of the surfaces interior to said channels.



25 86. The nmethod of claim47 wherein the dinensions of the deposited
sealing material are such that zw is greater than or equal to Ow'. 87.
The net howooB/oti2ad m 47 further conprising the step of tre&Crngpoae3cieast
some of the 30 channels with a surface-nodifying agent to alter the
surfaces interior to said channels. 8 The nethod of claim 87 wherein the
surface-nodi fying agent reduces hydrophobicity of the surfaces interior to
sai d channels. WO 03/010289 PCT/US02/ 23610 37 89. The nmethod of claim87
wherein the surface-nodi fying agent increases hydrophobicity of the
surfaces interior to said channels. 5 90. The nmethod of claim87 wherein

t he surf acs® nodihé ymethodgeitclabouBl ewbertis thae surBlceiotidyisgroagest eddransdss | nsi de

t he channel s. .. .The nmethod of claim.4 erein the channels are

subst ant i glyﬁg})pg‘%bd‘%’d&é}rf SP%%C“ g’aef‘f)é%esa‘&cz?"ﬂ% Ssubstrate .and substantially
open on the edges of the substrate. 10 92. The nethod of claim47 wherein
the sealing materi al, surpounti the pluralit f.. channels is at, | east the
t hi ckness %f th-ge d?%'l’&dJSgglf’Wé 82 ge{?i}felrﬂ%e%f“é'hcﬁf\g‘.og@?g PR FRPNTACR %) ai m 47
wher ei n t htectBadno3l effadteinkide the dhamaelat i ng the plurality of 15 channels is

| ess than 500 nanoneters thick. 94. The nmethod of claim47 wherein the

sealing material surnounting the plurality of channels is |less than 150

nanonet ler so1t hi alhe MAh&bof Tlaen AR tWiRekiD theCtianmgls freWMubstaitially Ribsek ah ithy

material surmounting the plurality of channels s |ess than 100 nanoneters
Chi ok, 96, Ui akdheohstge 401 avtienelixias o e plees abihe H’g’s‘mﬁ‘i'eri al surmounting
the plypality of channels is |ess than 50 nanonmeters thick. 25 97. The

met hod of claim47 wherein the sealing terial, surnounting he‘nﬁjl *Jral ity
of channel% i sthpareshodipd glams 44 shercisy W seatipg FRirGSUmMpBLBR R PHYHY &t ai m 47

wher ei Nt hg 3R ik Blled¥Pihe iHickness WF {He Widks R@tHeReulink attkiak y of 30 channels is
| ess than 10 nanoneters thick.
93.  The method of claim 47 wherein the sealing material surmounting the plurality of

15 channels is less than 500 nanometers thick.

94.  The method of claim 47 wherein the sealing material surmounting the plurality of

channels is less than 150 nanometers thick.

20 95. The method of claim 47 wherein the sealing material surmounting the plurality of

channels is less than 100 nanometers thick.

96.  The method of claim 47 wherein the sealing material surmounting the plurality of
channels is less than 50 nanometers thick.

25
97.  The method of claim 47 wherein the sealing material surmounting the plurality of

channels is less than 25 nanometers thick.

98.  The method of claim 47 wherein the sealing material surmounting the plurality of

30 -channels is less than 10 nanometers thick.

99.  The method of claim 47 wherein the sealing material surmounting the plurality of

channels is less than 5 nanometers thick.



99. The nethod of claim47 wherein the sealing material surnounting the
plurality of channels is less than 5 nanoneters thick. W 03/010289

PCT/ US02/a8813010288 100. The met hod of claim47 wherein t hecydasoz/mgiomat eri al
surnounting the plurality of channels is at |east 1 nanonmeter thick. 5
101. The nethod of claim47 wherein the sealing material surnounting the
plurality of channels is at |east 2 nanoneters thick. 102. The nethod of
claimd47 further conprising the step of renoving a portion of the sealing
material to reduce the thickness of the sealing nmaterial above at |east one
channel. 10 103. A nanofluidic chip, conprising: a) nanochannel array,
conpri si ngoo. aTsdhsthb@becihiays Nghdeis Ulid @6kig Matpriall s@hiotitingftheoplnalityedf channel s
in the material ,of the surface,. said channels 15 having a trench w dth of

| ess than‘%ﬁﬁﬁF‘ﬂ%@”ﬁdﬁ@ﬁ@?@?ghﬁﬁd a trench depth of less than 200
nanoneters; at |east sone of the channels being surnmounted by sealing
material to. render such channpe|s at |east substantially enc)] osed;_ at |east
some of’t H8lc hgh‘i’lgﬁe@o‘éf’gd@&bgﬁWE“B‘P ﬂé"d???a]t“lgi Herpl F?rﬂloél’,‘tnﬁdﬁ?))’ll“??‘tﬂ ehst one
sanpl e r esBinHRIslis atlleabt aboa&temawidkcat i on with at | east one of the channels,

said sanple reservoir capable of releasing a fluid; and c) at |east one
waste reservoir in fluid conmunication with at | east one of the channels,

sai d wast g esghy fHetho§ 3P aline 4P furtheC &Imprislig ahd dtep 6k reRBvinP4 porier of@rof | ui di c
chip of claim103 wherein the at |east one sanple reservoir is forned in

the surf acesling masiakigirdupsthe thidkgess of he sppking Matsrigl oyt fragiong Fhansl103
furthejgconprising at | east one waste reservoir in fluid comunication
with at | east one of the channels. 30 106. The nanofluidic chip of claim
103 wher ei 93t hé mnpfbudic gHip.cAMpriEng eservoirs is at |east 10.

a) nanochannel array, comprising:
a substrate having a surface;
a plurality of parallel channels in the material of the surface, said channels
15 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;
20 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.

25 104. The nanofluidic chip of claim 103 wherein the at least one sample reservoir is

formed in the surface of the substrate.

105. The nanofluidic chip of claim 103 further comprising at least one waste reservoir in
fluid communication with at least one of the channels.

30
106. The nanofluidic chip of claim 103 wherein the number of sample reservoirs is at

least 10.



WO 03/ 010289 PCT/ US02/ 23610 39 107. The nanofluidic chip of claim 103
wherein the nunber of sanple reservoirs is at |east 96. 108. The

nanof | ui dwo hi@sof cl ai m 103 wherein the nunber of sanpl ecTasezewies is at
5 least 1000. 109. The nanofluidic chip of claim 103 wherein at |east a
portion of the nanochannel array capﬂple -of being inmaged with a

t wo- di nensi onal detector. 10 110. Thenanofluidic chip of claim103 capable
of transporting a plurality of el ongated nacronolecules froma sanple

reservoir and across t a l.s.. 11 ui dic Chl of .claim 103
further cofpri @ﬁ@a‘é‘ﬂ“‘gé’a@i %%n A 0% “éfere"é %HS@EBEHF%" S4hHi yi ng an
el ectric fiiglgs. across at | east sone of the channels in at 15 | east one

direction. 112. The nanofluidic chip of claim 111 wherein at |east two pair
of electrodes each provides an electric field in different directions. 20

113. A syspem Tae AaHongidRgshipf daimaria§ Wherehh eheCliinider 603aRIpleSest@voin)is at
nanochannel array, conprising: a substrate having a surface; a plurality of
paral | e} demsht¥s in the material of the surface, said 25 channels having
a trench wwdth of |ess than about 150 nanoneters and a trench depth of

| ess than 200 nanoneters; at | east one of

h | ted b
seal i ng ma0&r i dhe pepofluidiryehip of elpim h%ﬁg?r?“é’f ?qaéaf’gggrgﬂlsjgé)g’ﬁt"g%ﬂcﬁr eru(r:]I gs edy

at | east opgy edpabledf i inAL&l widPaR difbnsishal detdet@. @ fluid; and 30 b) at
| east one sanple reservoir in fluid communication with at |east one of the

channel s, said sanple reservoir capabl e of relea5|ng a fluid;, and B) an

appar aﬁb's f19r ‘iﬁé AedonficAthig S834imOrs c%madf tah tat Rekafity Oelohgated | east
one t he nanochannel array 03/010 89 / US02/ 2361 40
macromolecules from a sample reserv01r and across the channels.

111. ' The nanofluidic chip of claim 103 further comprising at least one pair of

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

112. The nanofluidic chip of claim 111 wherein at least two pair of electrodes each

provides an electric field in different directions.

20 113. A system, comprising:
A) 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
25 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;and
30 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
B) an apparatus for detecting at least one signal transmitted from the at least one

fluid in the nanochannel array.



114. The system according to claim 113, further conprising a transporting
apparatus to transport a fluid through at | east one of the channels. 5
115. The wpasmm2sccordi ng to claim 113, further conpri si ngca/sarnpiceeo | oadi ng
apparatus for loading at least one fluid to the at | east one sanple
reservoir; 116. The system according Ry claim 113, further conprising a
data processor. 10 117. A nethod of analyzing at | east one nacronol ecul e,
conprising the steps of: providing a nanofluidic chip, conprising: a)
nanochannel array, conprising: a surface having a plurality of parall el
channels in the material of the surface, said channels having a trench
width of l1g8s trhesyseRBodttording to dibinh Y80 frther Snfpniging attiagspotting@ppdratod tol ess t han
200 nanoneters; at . ] east oHe of t?g?cFanqgls bei ng surnounted by sealing
material t@nsPeEAdlId BipREh HHEASHMCO BF SPEYES substantial |y encl osed; at | east
one of the channels capable of admtting a fluid; b) at |east one sanple
reservoir in fluid communication wth.at |east . 20 on f the channels,

sai d satmlld3r edBF PSiem EEFIBE & Blpint b3 Rt compriping A sarpRiy {2ARE ARPAAMY east one

macr ool equ 18adifl A Vastiond fluideo e at RaS bnodampRasRhwif eservoir with at |east
one fluid, said fluid conprising at |east one nmacronol ecul e; transporting
the at | east one macronol ecule into the at | east one channel to 25

el ongate sakd ahe bRl acORBInFRCASADI 18 ClultRer cORpRsid N@tdprotesss! one si gnal
transmtted fromthe at | east one el ongated nmacronol ecule; and correlating

the detected signal to at |east one property of the at |east one

macr omph eqyhe. A3Retlddof aRAIPZiREANGG: GhE FAEBIAGCS, conplisthd thé stehesei n t he

detected signal is correlated to at |east one of the follow ng properties:
| ength, conf or Revidsng a wRetlWdE AABOMPEHPESi ti on. WO 03/ 010289 PCT/ US02/ 23610
41 119. The nethod AgerycHidnel drdy dodtipiind:4 wherein the macronol ecule is a

synt hetic ) _ . .
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
15 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
20 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
25 elongate said at least one macromolecule;
detecting at least one signal transmitted from the at least one elongated
macromolecule; and
comelating the detected signal to at least one property of the at least one
macromolecule.
30
118. The method according to claim 114 wherein the detected signal is correlated to at

least one of the following properties: length, conformation, and chemical composition.



pol ynmer or biopolyner. 120. The nethod of claim 116 wherein the biopol yner
is at least one of a protein, a 5 polypeptide, and a nucleic acid. 121.
The met howoalB/ocd2a9 m 117 wherein the nucleic acid is DNA ardTiUse2/awiect ed
signals are correlated to the base pair sequence of said DNA. 10 122. The
met hod of claim 114 wherein a plural |Z§1y reservoirs provide a plurality
of macronolecules into a plurality of® channels for determ ning the |engths
of the macronol ecules. 123. The nmethod of claim 119 wherein nore than one
of the macronol ecul es enters a single channel. 124. The nethod of claim
119 wher eilddt h&heramethodracerttipg 4o ﬁﬁ’é"b‘ilép‘@ey% - mjeggmolggple jfp ﬁé%fE%F claim
121 V\herelpgly;r{}eo iRNmnerer s are proteins, polypeptides, 20 DNA or RNA.

126. The nethod of claim 121 wherein the biopolyners are at | east
substantially wunfolded in the channels. 25 127. The method of claim 114

wher ei n t N9y CORGERleltdl 0P Blafi 1mehmrtmbﬁa%a5is aflehdi®ne bF Ui Protsn,al | east
0

one attogramper milliliter. 128. The nmethod of claim 114 wherein the
concent$atnob’ﬂ?emdeataﬁéar’iﬁ@\%‘&ﬁﬁﬁecul es inthe fluid is at |east one fentogram
per mlliliter. 30 129. The rret hod of claim 114 wherein the concentration

of the macronol ecules in the uid is at |east one pico

er
millili ter121v\oTbsmtbeQséclperl/lusd*zrezs@muclﬂza%ée D%éﬂ%]@%stacts sighaly m 114

wher ei n t he, CRRGRAS fHeib@d pafr stfiendtREsAdDNacuUl es in the fluid is [ess than
5 mcrograns per milliliter. 131. The nethod of claim 114 wherein the

concentration of the nmacronoblecules in the 5 fluid is less than 0.5

m cr Ogrﬁmﬁz er 'nle'trlohto?rclauﬁ?m W-Fn@ﬁlﬂ@hﬂ%t}ﬂf)f ﬁk&tdﬁs%ﬂmbﬁmt}t be

macr onol ecu ave an el ongated | engt t he channel s of greater than
150 nanonen@rfsnolq@le%@to Ph elusdith off élranml&uﬁei 1deteriiiniigeithe daethiaeh %ol ecul es

have an el gngat qd. l.ength in

123. The method of claim 119 wherein more than one of the macromolecules enters a

15 single channel.
124. The method of claim 119 wherein the macromolecules are biopolymers.

125. The method of claim 121 wherein the biopolymers are proteins, polypeptides,
20 DNA or RNA.

126. The method of claim 121 wherein the biopolymers are at least substantially

unfolded in the channels.

25 127. The method of claim 114 wherein the concentration of the macromolecules in the

fluid is at least one attogram per milliliter.

128. The method of claim 114 wherein the concentration of the macromolecules in the
fluid is at least one femtogram per milliliter.

30
129. The method of claim 114 wherein the concentration of the macromolecules in the

fluid is at least one picogram per milliliter.



t he channel s of greater than 500 nanoneters. 134. The nethod of claim 114
wherei n the nmacronol ecul es have an elongated |length in the channels of
greater twersdiomBeron. 15 135. The nmethod of claim 114 wheCa&iusor/ks10
macr onol ecul es have an elongated length in the channels of greater than 10
m crons. 136. The nethod of claim 1144herein the macronol ecul es are DNA
havi ng greater 20 than 10 base pairs. 137. The nethod of claim 114 wherein
t he macronol ecul es are DNA having greater than 100 base pairs. 25 138. The

met hod of ghai %}%%%gﬁ%_'{i_%ﬁa'if@wﬁ@&ﬁmoﬁ%{r%n%ﬁh%rm&wﬁks%%t er than

1, 000 base pairs. he nethod of claim 114 wherein the macronol ecul es
are DNA hdfluichig lggs han & micrograms per,mdlditdsase pairs. 30 140. The method of claim
114 wherein the macronol ecul es are DNA having greater than 20,000 base
pairs. WO 03/010289 PCT/ US02/ 23610 43 141. The nethod of claim 114 wherein
t he macr onidlt ec Themethod obrlainh 414 vrherejn dhet eoncentration ofCheomacrpmelecylesiinghe 142, The

nethodoggdghggq&gﬁénwgqﬁgﬁg?hgﬁmqgmhﬁgplecules are DNA having greater 5

than 8 ase palrs. e nmethod of claim 114 wherein the
nanochannel array has at |east 96 sanple sinultaneously reservoirs for

anal yzi ng 3. : gﬁ%ﬁ%gg gl; 9% ﬁﬁfewﬂasge%f LM 1 a8 @@p%a%@-sle%gwmlévl- The

nmet hod of elnt east one nmacronol ec restriction
fragnent |teegjtanngbodf\gnaatep kiag A$0 nateme®ise net hod of claim 114 wherein the at
| east one macronol ecule is a chronosone. 15 146. The nethod of claim 142
wherein the at | east one chronosone is analyzed to

10 133. The method of claim 114 wherein the macromolecules have an elongated length in

the channels of greater than 500 nanometers.

134. The method of claim 114 wherein the macromolecules have an elongated length in
the channels of greater than 1 micron.

15 )
135. The method of claim 114 wherein the macromolecules have an elongated length in

the channels of greater than 10 microns.

136. The method of claim 114 wherein the macromolecules are DNA having greater

20 than 10 base pairs.

137. The method of claim 114 wherein the macromolecules are DNA having greater

than 100 base pairs.

25 138. The method of claim 114 wherein the macromolecules are DNA having greater

than 1,000 base pairs.

139. The method of claim 114 wherein the macromolecules are DNA having greater

than 10,000 base pairs.

140. The method of claim 114 wherein the macromolecules are DNA having greater
than 20,000 base pairs.



determ ne the presence of at

| east one single nucleotide pol ynorphism 147.
A cartridge conprising at | east one nanofluidic chip, said cartridge

capabl e oWo 03014264 ng i nserted and renoved from a system f ®CTA®02/yd6mg out
macronol ecul ar analysis, said at |east one nanofluidic chip conprising at
| east one nanonanochannel array, said,,nanonanochannel array conprising a

surface having a plurality of channels”in the nmateri al

channel s

43

trench depth of Iess t.h nan neters; | eas h I
bei ng sur mfint dde BYe afn‘il?dmnle{%e"f e ¢ 'P%“t’i‘ﬁfg‘?le‘i“?eéﬁre b&ﬁ%‘%‘g i ?egsfmne >
subst anti athgry4@auglb@&qﬁlrs,

10

15

20

25

142. The method of claim 114 wherein the macromolecules are DNA having greater

than 80,000 base pairs.

143. The method of claim 114 wherein the nanochannel array has at least 96 sample

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

144. The method of claim 114 wherein the at least one macromolecule is a restriction

fragment length polymorphism.

145. The method of claim 114 wherein the at least one macromolecule is a

chromosome.

146. The method of claim 142 wherein the at least one chromosome is analyzed to

determine the presence of at least one single nucleotide polymorphism.

147. 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 sich

channels at least substantially enclosed.

of the surface,
having a trench width of |less than about 150 nanoneters and a

sai d



