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15 methodology. Typically, solid phase assays comprise either the immobilisation of the
agent to be assayed on a solid, or at least semi-solid, surface or the immobilisation of
agents used to assay a biological agent. The results derived from such assays have
greatly assisted clinicians in their diagnosis of various human disorders. They have
also enabled environmental authorities to monitor the presence of environmental
20 pollutants and the presence of various infectious agents that may be present in our

environment and/or food. Assays of this type are often laborious and time

consuming. It is important that assays are sensitive and reliable.

Genomics analysis involves the analysis of sequence information (DNA, RNA or
25  protein) typically generated from genome sequencing projects. Typically
biomolecules immobilised for this purpose are referred to as microarrays. An array is
a two-dimensional sheet to which is applied different biomolecules at different sites
on the sheet. This facilitates the screening of the biomolecules in parallel and on a
much smaller scale than conventional solid phase assays. Typically biomolecules are
30 immobilised by chemical coupling or adsorption. Currently arrays of biomolecules

are made by depositing aliquots of sample under conditions which allow the
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15  Similarly the recent genomics projects have generated a substantial amount of protein

sequence information. This has greatly facilitated structure/function analysis of
proteins to assist in the assigning of function to novel protein sequences. Typically

this sort of analysis is referred to as proteomics.

20 Microarray substrates are typically manufactured from glass, plastics (e.g.
polyethylene terephthalate, high density polyethylene, low density polyethylene,
polyvinyl chloride, polypropylene or polystyrene); nitrocellulose, nylon.

Typically, solid phase assays are conducted in assay dishes containing multiple wells
25  that are coated with the molecule of interest. These multi-well application dishes are
normally manufactured either from glass or plastics that may have variable affinity
for the molecule(s) of interest. Plastics used in the manufacture of assay products
include polyethylene terephthalate, high density polyethylene, low density
polyethylene, polyvinyl chloride, polypropylene or polystyrene.
30
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di mensions of the device are such that the surface tension forces dom nate
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coating of solid phase assay surfaces with polyethyleneimine. The treated surfaces
15  show low levels of non-specific adsorption and a high concentration of binding of the

target molecule.

Microfluidic systems are scaled-down fluid flow devices, in which the dimensions of
the device are such that the surface tension forces dominate that of gravity. As a
20 result of this, the properties of the internal surfaces of the device have a massive
influence on the efficacy of the device. Typically a microfluidic device is constructed

from a polymer, such as polycarbonate, or from silicon.

Also, a “lab on a chip” is a scaled down laboratory experiment, or series of

25  experiments which allows conventional techniques to be applied on a small scale.
In WO01/31339 we disclose the treatment of products by plasma polymerisation.
Plasma polymerisation is a technique which allows an ultra-thin ( eg ca.200nm) cross

30 linked polymeric film to be deposited on substrates of complex geometry and with

controllable chemical functionality. As a consequence, the surface chemistry of
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subst r at egiepodieispfienesrred tsad Vemmaf pod@mer”. The advantages of such a mode of
15 polymerisation potentially include: ultra-thin pin-hole free film deposition; plasma
polymers can be deposited onto a wide range of substrates; the process is solvent free
and the plasma polymer is free of contamination. Under conditions of low power,
typically 107 W/em?, plasma polymer films can be prepared which retain a
substantial degree of the chemistry of the original monomer. For example, plasma
20  polymerised films of acrylic acid contain the carboxyl group (Haddow et al.,
Langmuir, Vol 16: 5654-60, 2000). The low power regime may be achieved either by

lowering the continuous wave power, or by pulsing the power on and off.

Co-polymerisation of one or more compounds having functional groups with a
25 hydrocarbon allows a degree of control over surface functional group
concentrations in the resultant plasma copolymer (PCP) (Beck et al., Polymer 37:
5537-5539, 1996). Suitably, the monomers are ethylenically unsaturated. Thus
the functional group compound maybe unsaturated carboxylic acid, alcohol or
amine, for example, whilst the hydrocarbon is suitably an alkene. By plasma
30  polymerisation, it is also possible to deposit ethylene oxide-type molecules (eg.

tetraethyleneglycol monoallyl ether) to form ‘non-fouling’ surfaces (Beyer et al.,
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The technique disclosed in WOO01/31339, although effective with respect to
15  providing uniform plasma polymerised surfaces to which biomolecules bind with
specificity and affinity, is not sufficiently versatile to provide a surface which has

diverse chemical or physical properties.

The method herein disclosed allows the provision of surfaces that are non-uniform
20 and define local surface regions that have different chemical and/or physical
properties. We refer to these surfaces as “patterned” in both chemistry and
topography. The effect is achieved by drawing off a proportion of the plasma
through a micrometre scale orifice(s) which is translated across the surfaces to be
patterned. Alternatively, a plasma may be excited at the tip, or within a
25  microcapilliary which can then be used to “write” the molecular architecture and
chemistry onto the surface. Chemistry and molecular architecture maybe varied
vertically (Z-direction) and/or laterally (X-Y plane) by changing the key plasma
parameters (power, flow rate, pulse duty cycle or monomer composition), or by
altering the portion of the plasma ‘drawn off’ by physical, electrical or magnetic
30 means during writing. These surfaces allow the immobilisation of different molecules

and concentrations of molecules at a micron scale. Similarly, this technique may be
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15  different architectures created on a single surface as part of the same process.

According to an aspect of the invention there is provided a method to deposit a non-

uniform plasma polymerised surface to a substrate.

20  Non-uniform refers to surfaces which have a heterogeneous chemical and/or physical

structure.

According to a further aspect of the invention there is provided a method to prepare
at least part of at least one surface of a substrate comprising; depositing on said
25  surface at least one plasma monomer wherein during deposition of said monomer,
means are provided which move the monomer source across a surface to be treated to

manufacture a non-uniform polymer surface.

In a yet further aspect there is provided a method to prepare at least part of at least
30 one surface of a substrate comprising: depositing on said substrate surface at least

one plasma monomer wherein during deposition of said monomer, means are



that are characterised by chem cal and structural mcropatterns or
gradients extending, typically into three dinensions, wherein the X-Y
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The invention herein disclosed enables the deposition of plasma polymers with
15  different chemistries and molecular architecture in a spatially restricted pattern,
optionally at varying concentration, and at a micrometer resolution. This allows the
production of products with highly defined chemical and physical surface properties
which advantageously; facilitates the binding and/or separation of different biological
molecules and different concentrations of biological molecules followed by their
20  detection and analysis; locally modifies the surface characteristics such as wettability,
friction and wear, and adhesion; and fabricates structures which through a
combination of chemistry and structure act as switches, valves or pumps (upon

receipt of an appropriate stimulus).

25  In apreferred method of the invention there is provided a surface comprising two or
more plasma polymers formed from at least two monomers, preferably a plurality of

plasma polymers formed from a plurality of monomers.

In a further preferred method of the invention said surface comprises at least one
30 plasma polymer of at least one monomer wherein the concentration of said plasma

polymer is non-uniform across said surface, or part thereof.
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wherei n t He2 @6%:&meﬁwloéﬁledm%twnéa@tmwerw 2¥platls VJASATOPR: non- uni f or m
across said surface, or part thereof.

In a yet further preferred method of the invention said monomer is a volatile

15  fluorocarbon.

In a still further preferred method of the invention said monomer is an ethyleneoxide-

type molecule.
20  In a further preferred method of the invention said monomer is a volatile siloxane.

In yet still a further preferred method of the invention said monomer is at least one of
selected from the group consisting of: allyl alcohol; acrylic acid; octa-1,7-diene; allyl
amine; perfluorohexane; tetraecthyleneglycol monoallyl ether; or hexamethyl

25  disiloxane (HMDSO).

In a further preferred method of the invention said polymer consists of a single

monomer.

30  Preferably the monomer consists essentially of an ethylenically unsaturated organic

compound.



5 1n a further preferred nethod of the invention said nonomer is a volatile
al cohol. In an alternative nethod of the invention said nononer pattern is
a vol ati lwoagsiosk483 10 I n a still further alternative nethodCTaRb3M0IOMEr | S
a volatile amne. In a further nmethod of the invention said nononer is a
vol atil e hydrocarbon. In a yet further preferred method of the invention
said nononer is a volatile 15 fluorocarbon. In a still further preferred
nmet hod of the invention said nononer is an ethyl eneoxi de- type nol ecule. 20
In a furt E’wfelpbbff‘@nmmmmmmmsisié of kssentialbnof @ singk ethytemicathr unisstuzated| at i | e
si | oxane. YEt still a further preferred nmethod of the invention said
monormer §rgﬂ1q°é)§§1°u8ﬂe of selected fromthe group consisting of. allyl

al cohol ; acrylic acid; octa-1,7-diene; allyl am ne; perfluorohexane;
tetraet hyl enegl ycol nonoallyl ether; or hexanethyl 25 disiloxane (HVDSO).

I n a f6birt Resfeqpbbfthe nediomet badistf oftah etliybererixideriygamdlepuley(eer Tdglysiedt s of a
single nononer. 30 Preferably the nononer consists essentially of an

et hyl enical |y unsaturated organic conpound. 8 WO 03/082483 PCT/ GB03/01242
Pr ef er abl cally
naat ur at S5 OEpBARE EEEpEaRei ghalSle REYSRihg o B 2 0o RbaREnE I bR 2,

et hyl ene axudlly dpytoel 2ndarissiidtems, (¢ &), aEFarbgmnsea)cld Pespleinipbuyp Imam@mwund is
an al kene (eg containing up to 20 carbon atons _and nore wusually up to 12
carbon at 6AHOXEiC 83d, for exMBPIR\ACTYEC £& igptihacediseacidy py algohdl ( espedalliupht ed

car byl T 6@l hed' MorSiSABPALaARE Y bigkeially TR IRRMLaRLD) : an @l cohol

especially

Preferably the monomer consists of a mixture of two or more ethylenically

unsaturated organic compounds.

15  Preferably the compounds are selected from the group consisting of: an alkene (eg
containing up to 20 carbon atoms and more usually up to 12 carbon atoms, eg 8), a
carboxylic acid ( especially o, - unsaturated carboxylic acid); an alcohol (especially

an unsaturated alcohol); or an amine ( especially an unsaturated amine).

20  “Alkene” refers to linear and branched alkenes, of which linear are preferred,
containing one or more than one C=C double bond eg an octadiene such as octa-1,7-

diene. Dienes form a preferred class of alkenes.

The monomer may consist essentially of a saturated organic compound. The
25 monomer may consist of an aromatic compound, a heterocyclic compound or a

compound containing one or more carbon-carbon triple bonds.

Alternatively said polymer is a co-polymer. Preferably said co-polymer comprises at
least one organic monomer with at least one hydrocarbon. Preferably said

30 hydrocarbon is an alkene, eg a diene such as, for example octa 1,7-diene.



10 unsaturated al cohol); or an amne ( especially an unsaturated am ne).
Preferably the nononmer consists of a mxture of two or nore ethylenically
unsat ur atwo oagpass ¢ conpounds. 15 Preferably the conpoundecarGBosmiaet ed
fromthe group consisting of. an al kene (eg containing up to 20 carbon
atons and nore usually up to 12 carbon atonms, eg 8), a carboxylic acid (

especi al | yTia, fidthodusis@tedt@hpabs@afBoxe! dfComet ddpaihd! ©ORRh fI88RECHR! |y an
unsaturated al cohol); or an ami ne ( especially an unsaturated amne). 20
"Al kene" rexp@ple ardl ppinbwwaymf limiatione ethylagne sheptflamivier mettianetic aside

preferred, i_Di.Ng_one or re. than one C=C doubl e bond eg an octadi ene
such as O&rcé}?%%fheg%ré%%get N ESTOPARPH%f erred cl ass of al kenes. The
nononer may consi st essentially of a saturated organi c conpound. The 25

nononer mz}}/ consi st of an aromatic conpound, a heterocyclic conpound or a
conpourd dapicEibly iy oeroner isemelyzarisahie cmmboer havipg e vapodpresdhfearfraat i vel y

said poly ' £0-pol r. Preferably said co:polyner conprises at

| east oneq%{;slbg' ixgo MMWWI}% ae‘é?é’f’}‘{%ﬂr@s%?folé%gr 13t BPHIAG sai d
30_hydr oc gieh@ally snoduahte Niless Ghalr UafOie fr i

T e e Sl UnGhr eB e dan R R REEREAOY o e

use of ot Heptik®npounds to form plasma, for exanple and not by way of
limtation, ethylam ne; heptylam ne; nethacrylic acid; propanol, hexane,
acetyl ene or diam nopropane. 5 Preferably the nononer is a pol ynerisable

MoNomEn  hay iadNBreferiAPRthoR ¥R idveRfioRbaid! AadmE €@ 10z ited NPNQITRr S W th
a vapour pr esgru_r e of less than 1.63;%0-8121 r%gar ar eéj(ésg%%rdagp?{}teﬁo%?l gagift abl e
unl ess t hebrfaceipopatiplyssparnteddats. be rai sed sufficiently by heating. 10 In
a preferred nethod of the invention said nmononer (s) is/are deposited on
sai d

In a further preferred method of the invention said monomer (s) is/are deposited on

said surface in tracks or lines.

15
In a yet further preferred method of the invention, said dots and/or lines may be of

different polymer chemistry.

In a still further preferred method of the invention, the chemical composition and/or
20 functionality of the line, track or dot may be non-uniform along its length and in

height.

In a yet further preferred method of the invention, the line or track may be in the form
of loops or closed circuits.

25
In a yet further preferred method of the invention regions which do not consist of a
deposited plasma polymer may be comprised of polymerised ethylene-oxide type

monomer providing a non-binding surface.

30 In a preferred method of the invention said plasma is sustained under low power

conditions, from which are obtainable films containing the original monomer

10



surface in spatially separated dots. In a further preferred nmethod of the

i nvention said nononer (s) is/are deposited on said surface in tracks or
i nes. 15wDr3asaes further preferred nmethod of the inventiPom/GBaiotR4eo0t s
and/or lines may be of different polynmer chemistry. In a still further
preferred nmethod of the invention, the chem cal conposition and/or 20

f uncti onal dhishly. THsicAlly)ow pbReKedRitdAS rdfBYtohecdnBRndE WA/PodlePBI16E S | €ngth
and in height, In a yet further preferred method of the invention, the
line or tr‘é(%knrrwﬂmequnvadmtmmwramd pwvgsn the ebostphlsidpdasntas. 25 In a yet
further preferred nmethod of the invention regions which do not consist of a
deposited plasma pol yner nmay be conprised of polynerised ethyl ene-oxide
type nONOAERbrdMi®Wo Ak NiirBeN QBpdet It g FNEARRE the30 1 NpRvRIcE! £TdupdrAEt hod of
the invention said plasma is sustained under Iom1pom%r condi trons, from
whi ch ar e coBwaEisingls surfhcd ohgaivalie Ay Hienpethddamoidmgil thetmvenion. 10 WO 03/ 082483
PCT/ (B03/ 01242 chem stry. Typically, | ow power conditions refer to a

conti nuous wave power of 10.2 WecnB , or the equival ent tinme-averaged
power in tHPrefefadbesatd subidlr [aTa i f s t of the
i nvention thereg?s provi?ggsghgﬁﬁgﬁ?ggégggggﬁg@?%?ﬁgﬁég%%$?%§%§gg ai nabl e
by the metrebgthataer tirapthtatate, hbighndeasity golyekryédne; dowydanitg miyesiylaiee i S

| ected f t i Sti f I . pl i . 0. | yet hyl
Cer epht halPRDR brEh oF BHasIepE PhyobrE T RS hIgep F volomy PRty
pol yviimy! cehhftd, §8art) ebiBs QREHEEErR e RIhYSE HEBE basd) ot LRSS bikpse. or

nyl on, netal,

In a preferred embodiment of the invention said substrate is part of an assay product.

In a further preferred embodiment of the invention said assay product is a microarray.

15
In an alternative preferred embodiment said assay product is microtitre plate.
In an alternative preferred embodiment said product is a probe component for use in
a mass spectrometer.

20

In a further embodiment said surface is part of a product for separating cells and/or

proteins and/or macromolecules. The surface may be part of an affinity purification

matrix.

25 In an alternative preferred embodiment said substrate comprises a microfluidic

device, or a part thereof (e.g. valve, switch, guide channel, binding site, pump).

It will be apparent that the invention relates to the provision of plasma polymerised
surfaces that are physically non-uniform and which we refer to as “patterned”. The
30  invention relates to the provision of surfaces of more than one single patterned

chemistry (indeed, there is no practical limit on the number) that can be ‘drawn’ with

11



10 ceram cs, quartz, conposite structures (e.g. nmetal filmon glass) or
silicon wafer. In a preferred enbodi nent of the invention said substrate is
part of awoasmsmsproduct. In a further preferred enbodi mPoT/GHO3H0N2

i nvention said assay product is a mcroarray. 15 In an alternative
preferred enbodi nent said assay product is mcrotitre plate. In an

al t er nat i tgicpimedter predlsienb Sacienifaceaicannvt B Whtained 1y leWpshcll UppRACMbLF f or use
in a mass spectroneter. 20 In a further enbodiment said surface is part of

a product RParet s(feirasliofghysiralChemistar B 194 09 ¥i8rxt, 4A%7)orTheanemphelogg of es. The
f t of ffinit i ficati trix,. 25 |
o1t ornat i qhe AsRBE et ABedt Helb Bl ety Ga Hne BRRR B o of 1 ui ai ¢

device, or a part thereof (e.g. valve, switch, guide channel, binding site,
punp). It will be apparent that the invention relates to the provision of
pl asmadpolRaftermissaey cengist oF disnes,heircless doqpisy sirays) by amo gongsi vablengeomebinihi ch we

refer to ag_"patterned".. The 30 innvention.relates to the provision of
sur f aces gﬁéggg}near{yh?ﬁn%dﬂaém& My SCiSt (E?r‘f@&m?%gﬁi cg’t“fny%( f‘liqalé‘gé,n’{%%t}se is no
practi cal THignklu@bs 3-GBndHRBT PatichRtwifRd R SnatHAWdng Whd Naxid %hngBtgéé&82483
PCT/ GB03/ 01242 micronetre precision. Such surfaces cannot be” obtai ned by
t he st enciexhibpprobemicabfand Phiysieal dilffetehoes: sd swh, Physnetat f@tens snayyb8 101:

Fesol ut | oneaY AR RAERR L pises BEeRARAE aghTuney Lot SR o T ol 5,
| oops 1oar r3yisns Sth@ftfe@ncei vabl e geonetric shape in any combination on a
scale fromcentinmetres down to around 5 mcrons. This includes
3-dimensional patterns where the material along the z-axis (height) also
exhi bi ts chemcal, and pyslcaly gLh oL enfesiy, Aniaiiy GAROIELS oSl Ur es My
compounds), provided it can be induced to form a plasma. Typically this means that
the compound must be volatile, although this may be done by heating or by use of a
15  carrier gas, for example monomers having a vapour pressure of at least 6.6x107 mbar
at room temperature. Hence a microdot or array thereof, or a microtrack may be
produced which contains any chemical functional group and there is no limit to the
number of different chemistries that may be deposited onto a single substrate. This is
in contrast to previously disclosed methods of patterning plasma polymers, which are
20  only capable of depositing ‘monotone’ patterns. The written polymer does not
necessarily contain any functional groups at all — a hydrocarbon starting compound
will deposit an essentially functionally blank surface. The provision of functionalised
patterns on a non-fouling surface can be achieved by writing on a surface which has
first been uniformly plasma polymerised by an ethylene oxide type monomer.
25  Currently disclosed methods for patterning of plasma polymers do not allow the
production of surfaces containing more than one chemistry. In addition, using this
method of writing polymer onto a substrate permits formation on surface of closed
loops and circuits — an aspect of surface patterning precluded by use of an overlayed

mask.

30
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“grown' on surfaces which conprise different strata of "chemistry" on
different local 10 regions of the surface. A polyner may be deposited from
vi rtual | ywervg/ogspound (particularly organic conpounds), por@Bodetk4zt can
be induced to forma plasma. Typically this neans that the conpound nust
be vol atile, although this nay be done by heating or by use of a 15 carrier

gas, for &ﬁaﬁ%\?erlgep%ﬁbiﬁﬁwnnae@wﬁﬁp@yfnaﬁrpaﬁ%%f@ﬁe ﬂasﬂlaemn@h@x 10-2

mbar at roomtenperature. Hence a mcrodot or array thereof, or a

m cr ot r acrooesy, Dpattepn omdy be dvritten dhatdes tlwing dts dengtle heaiiad¢ conepatrationd gr oup
and thereis . no limt to the nynber of.different chemstries that may be
deposi t ed*RSAEE (Xf @Fé’obﬁbeétqrd’ﬂ%?m&?h?" °(|g‘sls I}eﬁmg&ﬁ@pg@]tto 9 apr%?f{{gﬁsl y

di scl osed od apt i phiasmaTRe! ¥BhSon Mat&HpAES 40 003y capabl e
of deposi%‘?ﬁ‘gp"n%gaggeé %gét?‘lt)ée}?(ﬁgll}taTheﬂ\}/ri tten Slolyn%?pdoes ngt

necessar i polymerisedi sarfacyythht s tlomgalt lgstoorpsixat (XN Z), typically dlongatsiengtlst art i ng
conpound w Il deposit an essentially funglgi naltg%.bl ank surface. The
provi si on? §Prighle conEARATLAT P13 OF ROLEHFT: L G5 IYRRUeR CREEPESES be

achi eved 1 fa‘g’éé &dn%is% ﬁuﬁﬁ[eﬁﬁ@%’\éﬂgﬂeﬁﬁﬁ%{iﬁeﬁ 3&5 2 BERRIMA ARGl Y pl asma

pol yneris y an ‘et ene-o € nono Currently discl osed
net hods for patterning of plasnma polynmers do not allow the production of
surfaces containing npre than gne chemstry, In ?dgi ti.on, usi this

Pt &

met hod of Tow formng Safighk of ofheBIHrys (1S t FORRRISHIAN £ RlAREG O & face of
| | | E.C Ui - : t i ded b
e’ ofd an®iBnRAbn Wit ey R RRREL o ths i AL AR A e PRI O O,

or in conbirfiabl Sack hecieinst Hn thy doatpopitioat éfotheoplatine mayadaeactieveddyt he

process, a pattern may be witten that has along its Ien,gg1 h a vari abl e
concent r a¢hangings thecicamaeratysy ¢fs thenmeaomer(pndhcrgpsing M RPUalyRISRPsOher ei n

referred %n%u%ﬁ rgti(; gf ﬁ’l%' rﬁ@ﬁomer(s) or carrier gas(es), or by changing the amplitude, or
pulse regime, or frequency of the power input into the system.
15
According to a yet further aspect of the invention there is provided an assay product

according to the invention for use with an array printer.

According to a further aspect of the invention there is provided an assay product

20  according to the invention for use with an array reader.

The invention will now be described by examples only and with reference to the

following figures, materials and methods;
25  Figure 1 is a plasma polymerisation apparatus;

Figure 2 is a photograph image of water vapour condensing on a 500 micron dot of

perfluorohexane plasma polymer;

30  Figure 3 is a photograph image of water vapour condensing on a 100micron wide line

of acrylic acid plasma polymer which contains a 90 degree bend,

13



surface", typically a mcrogradient. The invention enconpasses a plasm 5
pol yneri sed surface that has along at |east one axis (XYZ), typically al ong
its | engtWp 03@8M8% i abl e concentration of plasma or pol ynePCTRiBIBIoe42 t he

i nventi on enconpasses surfaces conprising nultiple plasm polyners
deposited in a controlled manner. To form a gradient of chemstry, the
conposition of the plasma is changed 10 concomtantly with the relative
novenent of the witing elenment with respect to the surface. Such a change

in the corffe¥rtd e sfaphbopingsthe dlenend cgoiposilien, dstermihechby XPS hef a

t enper at ur t NQIE|Y (.S)., ;L Ncreasing th artial pressure or mXxing
ratio of t %(ﬂ%%nogﬁg&ﬁg%ag};ailé’%ﬂ’?ee?ve&g?fs 6350,60 }PW'changi ng the anplitude,
or pulse regine, or frequency of the power input into the system 15
According to a yet further aspect of the invention there is provided an
assay product according to the invention for use with an array printer.
Accor di ng a. furt spect of the invention there is provided an assay
pr oduct 3 2C¢%e invention for use with an array reader. The
invention will now be described by exanples only and with reference to the
following figures, materials and nethods; 25 Figure 1 is a plasm

pol yner i saklicomethogdalogy waf: plEsmga melymdrisatéorp ko disgloagh in AMEO16f33kted ivapour

condensi ng.on a ?gg) m cron dot of. i‘_&gerfl uor ohexane pl asma pol yner; 30
Figure 3 i 8“UPYRS §F§%$mfﬁﬁb@5%F“ ter vapour condensing on a 100m cron
wi de ljipne of acrylic acid plasma pol yner which contains a 90 degree bend;
13 WD 03/082483 PCT/ GB03/01242 Figure 4 is a graph showi ng the el enental
conposi t i obhe sdeaneativi disgtamyof MRSplagtha Swritgngidippaatusfis showvd indigaed 0/ al | yl ami ne

r [ n 11
over a di slth% a(f)garg{us co%ts of two vacuum chambers separated by a Mask Plate, but

sharing a common vacuum system. The topmost chamber has several monomer input
ports and an electrode for exciting a plasma. The lower chamber contains a precision

15 XYZ manipulation stage, upon which is mounted the substrate to be patterned.

The ‘writer’ element consists of a ‘nib’ which contains a small feature which is used
to ‘write’ chemistry onto the surface. Examples of such nibs include single holes,
multiple holes, and single or multiple slots where the dimensions may range from 2

20  microns up to several centimetres, but more typically lie in the range 5-1000 microns.
The nib may be an integral part of the plasma source in (for example) the case of a
microcapilliary. In this case the term ‘nib’ refers to the aperture at the end of the
capilliary.

25 A plasma is initiated of such a composition (of monomer or monomers, or
monomer(s) in conjunction with carriers gas or gases) as would be required to

deposit a uniform film of the desired composition as described in W0O01/31339.
Typically a monomer consists of an organic compound which may be induced to

30  exist in the gas phase either by heating, or spraying, or by the use of a carrier gas, or

by its own vapour pressure at room temperature or below. Pressure within the plasma

14



5 Materials and Met hods The net hodol ogy of plasma pol ynerisation is

di sclosed in WO01/31339 and is incorporated by reference in its entirety.
10 The scweormansmsidi agram of the plasma "witing" apparat uPCrGEROWI2I N
figure 1. The apparatus consists of two vacuum chanbers separated by a
Mask Plate, but sharing a comon vacuum system The topnost chanber has
several MRRAMABEr ik APtally BRuhE 12106" ABak 8¢ hé ety MAthi el rhh g0l (7 Abasma. The

| oner chanber contains a precision 15 XYZ mani pul ati on stage, upon which is
mount ed t Hembarb®farking ptessuyes foaptasmagdlynkmsationrare sormadlydetmtenddiisi sts of a
“nib'" which contajns smal | feature which is used to wite' chemstry
onto the SR Apdamapphericduesspres Aebiths i ncl ude single holes, multiple
hol es, and single or multiple slots where the di nensions nay range from 2
20 mcrons up to several centinetres, but nore typically lie in the range
5- 10005 m €tbersplasnighsysteins, foagxdeplamicndveqyreapulgeant, dof , dthesplieaisya source in
(for exanple) the case of a. microcapilliary. In this case the term nib'
refers to mlﬁ%dgﬁﬁ%rﬁw’é%qcamﬂwemy ¢ Upqgeand %W?ﬁsﬁgﬁaapégig/ih?)? fa is

i ni tiated QEcriHoh tdalfRIBRSe pladha (Qlrcdt? Bg‘ﬁ{ts%{itemﬂﬁgﬂ%ar Rlone ¥RiIRAE! (S) in

conjunction wth carriers gas or gases) as uld be required to eposit a

uni f or m f iih thecfit.t he desired conposition as described in WX01/31339.

Typi cal ly a nonomer consists of an organi c conpound which may be induced to
30 exist in the gas phase either by heating, or spraying, or by the use of

r ool atk e ol et MU XERAS IR SRBYE B BB OMeh SR SR B X PZY", 0! o
typi cal | y neangpuiatod Elfhe2thabanpleasrdhe plasmh syures, tohbothtrhey teamgecdh@lafivebar

to the other. Such movement may be controlled manually, or by the action of

computer controlled motors to describe the desired feature shape onto the surface.
The rate of movement may be easily calculated by knowing the dimensions of the
15  writing element, the deposition rate of the plasma polymer, and the required

thickness of the deposited film.

To form a gradient of chemistry, the composition of the plasma is changed
concomitantly with the relative movement of the writing element with respect to the
20  surface. Such a change in the composition of the plasma may be achieved by
changing the temperature of the monomer(s), increasing the partial pressure or
mixing ratio of the monomer(s) or carrier gas(es), or by changing the amplitude, or
pulse regime, or frequency of the power input into the system. Other means of
altering the plasma composition are known in the art.
25
The sample is raised so as to be extremely close to the Mask Plate (but without
touching). The mask plate consists of a stainless steel plate, with a small aperture
that defines the features to be deposited. The nature of the deposition is such that the
plasma is guided by the aperture and forms a polymeric deposit on the surface

30  beneath it. Note however, that this aperture is used almost as a ‘pen’ to write

15



1 nbar. Working pressures for plasnma polynerisation are normally between
10-5 nbar and atnospheric pressure, or higher. 5 O her plasma systens, for
exanpl e, wDososw@sx, pul sed rf, dc, , atnospheric, m crodiPSThaBIgO]242

m crocapillary, may be used and the neans of adapting the above
description to allow these plasma sources to be integrated will be clear to
one ski Il gfhctibRalisBe pé eng:%a-{é}ﬁd %ﬂotthé‘gu&hﬁt@eﬁ‘st opposéd BNSdiAbRA sRAEOSS the
surface of a sanple unted on an XYZ nanipul ator. Either the sanple, or

t he pl asnto foomrandmage ob dtelsurfage. be noved rel ative to the other. Such
novenent may be controlled manually, or by the action of conputer
controlled notors to describe the desired feature shape onto the surface.
The rate Y. SHhR i ons of
the 15 vvrgro%}{r%ﬁgiﬁée}%re%? erﬁue e%%s tca‘?gn ra%lggaggmtnh E@flg%r?%él%%)l y%?1S and the
requi rgd thbekokssaopumpdacdeddsi 4 edo-tiagenrotdiy fumm Fhedrasepesturobf dleen stry,
the conposition of the pI sma i s changed concomtantly with the relative
movement $holaapPgRatusilhg QI éPREkt with respect to the 20 surface. Such a
change in the conposition of the plasma nay be achi eved by changing the
tenperature of the nononmer(s), increasing the partial pressure or mxing
rati o of mhplasmmmc(tsd irptheaey chaatbegas(@sdns adranby gateaaton (@pakiabPawgl i t ude,

or pul se regl or frequency of the power_input |nt t he systéa Q her
means of SstEwsi HE)+ trd By adisties thsolowitals %fr@ewﬁ%%mq ANQTQgNeET A % The

sanpl e,i s (but wi t hout
t ouc h;f(r)]g) pgﬁﬁﬁﬁ%nﬁseq%%%% %g%fﬁs{lﬁ%)ﬁe%&;ﬁ Sltn%sés&??t gﬂ]l% K %Déae?ég?edw th a small
aperture that defines the features to be deposited. The nature of the
deposition is such that the plasm is guided by the aperture and forms a
pol ymer i ¢ “Maping of glasmagpo eath it. Note however, that this
aperture is used alnpst as a pen' to wite

Allylamine was obtained from Aldrich (UK) and subjected to several freeze-pump-
15 thaw cycles to remove dissolved gases prior to use. Silicon wafer was used as a
substrate and after being cleaned with isopropyl alcohol was attached to the XYZ
stage using double-sided sticky tape. A mask consisting of ~100 micron holes was

attached to the Mask Plate and the substrate was raised to within a few microns of the

Mask Plate.

20
A monomer flow rate of ~5sccm was set in the top chamber using fine-control needle
valves. Subsequently, a plasma was excited in the top chamber and sustained for
around 30 seconds to provide microdots of allylamine plasma polymer on the area of
the substrate immediately beneath the mask plate.

25

Additional dots of carboxylic acid chemical functionality are written alongside the

amine dots by changing the monomer compound from allylamine to acrylic acid.

16



15 WO 03/082483 PCT/ GB03/01242 functionalised polyneric material onto the
substrate, as opposed to a sinple “stencil' to forman imge on the
surface. \Botob/ogtasirbers are evacuated using a conmon vacuumPCTHGR0a101242
consisting of a 5 turbonol ecul ar punp backed by a two-stage rotary punp.
The base pressure of the whole apparatus is - 10-5 nbar. A plasma is
excited in the top chanber, by nmeans of an rf generator (Coaxial Power
Systens, UK), and by adjusting the flow rate of the nononer/nononers and
the 10 power and pul se regine of the plasma the desired plasnma conposition
is selected. "Witing" of plasma polynmers as m crodots Allylam ne was
obtained fromAldrich (UK) and subjected to several freeze-punp- 15 thaw
cycl es to“ﬁl@ﬁlgf §_{,§b %g#& i o use. Silicon wafer was used as a
substrate™an ofe g#%g C egﬁihﬁé}géﬁ%sopropyl al cohol was attached to

t he XYZ stage usi ng doubl e-si ded sticky tape. A mask consisting of -100

[®]

m cron hoI S ached to th Pl at and t he substrate was rai sed
to within efr% e;srbiﬁg leﬁg tp iat cf%@r/% Euaapée AS%ﬁlaﬁ@floﬁsi &Qv demesat of

- Sscem wa él%ftra&l& tﬂ‘ﬂse 19 G %{Cﬂ%gﬁl HSik rk% {1l ’tﬂée th@f‘s‘i\glbfe isVRabV&E -
Subsequent Ty fas was ex in t e to er and sustal ned for

around 30 b@ﬁe:admmsrmask[pnmleﬁecmewmmeptasmhltyrmeheh@ﬁmn@ﬁdanm on the
area of the substrate immediately beneath the mask plate. 25 Additional
dots of c&PdRGPYRStEl: d chemical functionality are witten al ongside the
am negots by changi ng the nononer conpound fromallylanmine to acrylic
acid. 16

“Writing” of Plasma Gradients

A functionality gradient was deposited by using two different monomer compounds.
Allylamine and acrylic acid were obtained from Aldrich (UK) and subjected to
15  several freeze-pump-thaw cycles to remove dissolved gases. A mask consisting of a
single ~100 micron hole was attached to the mask plate, and a piece of silicon wafer
as substrate was raised as close as possible to the mask without touching (as
described above). Initially, a plasma was excited using only the acrylic acid monomer
feed. The mixture of monomer gases was then varied concomitantly with the linear
20 movement of the sample beneath the mask. Hence the initial deposition was
comprised wholly of acrylic acid plasma polymer, while later deposition consisted of
a mixture of allylamine and acrylic acid, and the final portion of the deposition
consisted wholly of allylamine. Thus over the range of motion of the sample during
the experiment, the surface composition changed smoothly from one dominated by

25  carboxylic acid groups, to one in which amine groups dominated.

Microgradients are not simply limited to bi-functional gradients, any number of
monomers could be used to produce continuously varying surface features. Similarly,
gradients of other properties can be envisaged; gradients of wettability (from ultra-
30  hydrophobic through to hydrophilic), gradients of crosslink density, adhesivity and

variations of thickness. A gradient can be formed which comprises a chemically
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WO 03/082483 PCT/ GB03/01242 "Witing" of Plasma Polyners as Mcrotracks 5
The nmethod is identical to that described above for plasma mcrodots. To
deposit WwWDoBO828x ks, the plasma conposition is kept the PamgGBoant4ehe
sanple is noved beneath the nmask plate, effectively using the plasma to
"wite' the tracks and features onto the substrate. 10 "Witing" of Plasma

G adi ent s cdnfinuvuk iregiah icbindetingiagftweas HeR IRk Wit ajfferdtWRogtiridser ent
nmononer compounds. Allylam ne and acrylic acid were obtained TromAldrich

(UK) and duBsnseivepiivwhat imse properties irighize. Aupolindraan by sbersast@cuming/z

di ssol ved es. sk _consisting of a sipgle =100 m cron hole S

att ached tp%ﬂf[hlzl aln@snk%gllea?lgl}ﬁawﬂa%&ﬁ'@@ge of &’g’fel ?N&lirf‘? .SeLe % H%tiz"’ttla]? ate was
rai sed as whoan 6% RASE fifs! GHdE dBakpshddiowr Haualthaiddfy dPSAeT Ded
above). Initially, a plasnma was excited using only the acrylrc acid nononer
feed. ¥he neramaigrspete. nononer gases was then varied conconitantly with the

| i near 20 novenent of the sanple beneath the nask. Hence the initial
deposition was conprised wholly of acrylic acid plasma pol yner, while

| at er depoietdx@mpls Bsdcsibedlaive ule HireHiE Soddd OPAIBMA@MU‘&@%&)@%Q&%% aci d,

and the final portion of the deposition consisted who am ne.
Thus over thhde ges. dh pretticenit ohighhbe saqyited that sudaces ee @apanedrenta t he

surface caonposition changed snoothly from qne dom nated by . 25 carboxylic
acid gr ou&n@u{l%treo?kcein n‘ﬁﬂiecqﬁaﬁﬁf A8 P%lffgmg%ﬁ Hg]gn PWIM | 3RicroRi ks are not
si mpl yol i igottgkh dn@ bi - functional gradients, any nunber of nononers could be
used to produce continuously varying surface features. Simlarly,
gradients of other properties can be envisaged; gradients of wettability
fromultra 30 hydrophobjc through to hydrophilic), gradients of crosslink
((j ensity, Eesz?r\g%@i;atgwa tﬂlat could begmaée to %e p?:gsma syszem o control the plasma
writing process. Plasma may be excited using DC, radiofrequency (pulsed or
continuous wave) or microwave radiation, or it may be excited within, or at the tip of
15 a micrometre scale capillary. There may be carrier gases involved for some less-
volatile monomers. The processes may benefit from a simple computer system to
manage the plasma parameters and position of the XYZ stage for improved accuracy
and automation of the writing process. Further, although the experiments described
the plasma as being in a top chamber, and the sample in a lower chamber, the pattern
20  formation requires only that the sample be isolated from the plasma by the mask

plate, irrespective of orientation of the components of the system.

It is possible to change the plasma composition in the region of the mask by means of
applied electric and magnetic fields. These might be used as ‘lenses’ to further focus
25  the plasma. They may also be used to increase or decrease the relative contributions
of the ionic and radical components of the plasma — in extremis reducing the species
arriving at the substrate to a collimated beam of radical species, or low energy beam

of ions.

30  In addition to directly depositing onto the substrate material, pretreatments may be

employed to clean the surface, or to etch topographic features into the substrate prior
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vari ations of thickness. A gradient can be fornmed which conprises a
chemcally 17 WO 03/082483 PCT/ GB03/ 01242 continuous regi on connecting
any two owormeg4gdl ynmers with different properties, irre®p@aiBoseiat what
those properties mght be. A polyner can be seen as occupying a point in
an n-di mensi onal paraneter-space - there will always be a direct path

bet ween twWowsiiab. PRk Afisws WRicehRsthuRtibR gL PRARHER o] filbBorfilisRNGheRRéd &y of the
5 paraneter spacCe. The exanpl es descri bed above use a feature scal e of

around 106unfaass dfes, exampld 4 (sencht witht dveine damtionelegroupndegpoaided along tthevi ght be
required gh&t zurfacels are patterned on a mllinetre or centinetre scale
as an upp@P BBUHEAFYSCPIYRES down to 1 nmicron at the 10 bottom end. There
are variations that could be nade to the plasna systemto control the
plasma witing process. Plasnma may be excited using DC, radiofrequency
(pul sefl ofTherccm¢ & numbsr same)s iorwintle thesaplesmademtitehpatternsi thighble bedexci t ed

within, or at the tip ., of 15 a m cronetre scal e, capillar Ther e be
carrier géée@®m¢/@&rqa&aY§%heé§s- a@&l%ﬁ?@lﬁ%ﬁ%ﬁ&@éyf%wg@w@@ ses may
benef it T bRBhEmRLIBMECOMRULET oMTHET (RnoliRIAMA LBAI Rr BRTAVRL €r s and

position XYZ stage for Inproved accuracy and automation of the
writing prpoaessics,Fudtimarunodiaginstigh Thk eleposited ifirenibsal gesups ineythe ushé tpl asna as
being in a top,.chanber, and t S le in a | ower chanber, the pattern 20
f or mat i on PEQRIISE LOGHPS Stqhats Bﬁ%‘\gﬁﬁf STejEns sBRkilsy ROBIFPHfRS: Elsggffh by the
mask gl a ' ' ' at.l Qf: . ystem
It is gos??%F%gl¥%ﬁ§ﬁ%%1%0\él??1%{eeS’S#%Cgérgtaﬂg%cr?glggllflﬁlgﬁldigﬁq? e rg}g}}gfrt]hegpﬁ %Bae mask
by means att asapqtioadited foc tubsequentderbgtisdtion blyichédival thease m ght be used as

"lenses' to further focus 25 the plasma. They may al so be used to increase
or decrease the relative contributions of the ionic and radi cal conponents

of the pl a§8ext iléqze?ﬁf) "R SnibRAYE! 29 IEIR?OE&B.?Q L& generate micropatterns of

single functionalities. Stripes, tracks and more complex shapes may be deposited
15  using different functional groups on the same substrate, allowing functional patterns
containing different chemistries to exist on the same substrate and also allowing the
formation of loops and circuits. These features might be used in microfluidics for
transport of tiny volumes of liquid, as ‘microvalves’, adsorption of tiny quantities of
reagent and to control adhesion properties.
20
Microgradients could be used to separate mixtures of biomolecules on the basis of
difference in physical or chemical properties. (for example, mass, charge, size,
hydrophobicity). This is analogous to gel electrophoresis, and gel permeation
chromatography. Gradients could be used to separate out identical mixtures by

25  different properties (charge, size, etc.).

The chemistry of the written features may range from non-functional hydrocarbon
surfaces (deposited from alkane, alkene, aromatic type compounds) to any other
conceivable chemical group. For example, amines, acids, alcohols, ethers, esters,
30 imines, amides, keytones, aldehydes, anhydrides, halogens, thiols, carbonyls,

silicones, fluorocarbons. Additionally, plasma polymers which are -electrically
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arriving at the substrate to a collimted beam of radical species, or |ow
energy beam of ions. 30 In addition to directly depositing onto the
subst r at ewoaB@es1483 , pretreahnents may be enployed to cl ezoTidB®3®W4Race, or
to etch topographic features into the substrate prior 18 WD 03/082483

PCT/ GB03/ 01242 to witing. This allows the construction of 3-di nensional
functi onabhiR@tisg mAGbeeSoNRd. By JnRERRithhi Gl oL HRMRh&@ioRalitl 18ddebratéll i1 am ne
functional groups deposited along tthe bottom) in a single process. 5 There
are a nunitet thefe muesbexistra siriiog compemdphatssaamdlros teing mducedrtnsxist ght be

used. Mcrodots and.microarrays e used as, m crascopi ¢, tl.est tubes'
for cheni &4l 83§ P05 dﬁe‘?ﬁ"@%o ?ﬁ?aéglgi?ti A PIESHE @Q]%Vﬁp"?lz) irﬁba&ﬁ%ﬁr@g{ and
rapid scr EaTatila)} oatr=To e} i dj t osited
Funct i onal o s e D L O B0 el o
prot ei fis, gpseptThtes gages mayeaidol mased td gelm wturdQinfir the svlgdtnatcansl] acparbohydr at es,
nucl eoti des, oligonucleotides. Alternatively, they nmay act as reaction
sites for ﬂﬁ?&%éﬁ%‘fﬁss-derivati sation by chem cal neans. The next |evel up
frommcrodots and microarrays is to generate mcropatterns of single
functionalities. Stripes, tracks and nore conpl ex shapes may be deposited
15 usi ng ®afiéras andy banmbdared! thgr oogisinoa rhixéurs asfeaisuhsmbat ef thé labwwerg
functional patterns.containing.different chemstries \%%r exi st .on the sane
subst r at e TifHoRIEISS &1 PRYVFARPINFHON O GHARISOUH BF tHecBRS SHPRYAS Paifitls . These
featurgs mght be used in mcrofluidics for transport of tiny volunmes of
i qui é as mcrovalves', adsorption of tiny quantities of reagent and to
control adhefacesnthpr egedin i gesdie?® oMfinrctignaiy ent 6 saabu bfl corgimedes) dowrs gpar at e

m xtures of bionol ecul es on fhe basis of difference in physical or
chemi cal Brwe lpimaisrons s Pessibif, eradigalds adpgipy af ctingous change between

two different chemistries. A gradient can always be constructed between any two

regions of different chemistry, in the same way that a straight line can always be

15  drawn through two points in space.

The polymer micropatterns, microarrays, microgradients and microtracks may be
written onto any substrate material. For example, glasses, ceramics, metals,
semiconductors, and polymers including (but not limited to) polycarbonate (PC),

20 polystyrene (PS), polyethyleneterephthalate (PET), polymethylmethacrylate
(PMMA), polyvinylchloride (PVC), polytetrafluoroethylene (PTFE).

EXAMPLES
25

Example 1

Perflurohexane was obtained from Aldrich (UK) and used as received, save for
several freeze-pump-thaw cycles to remove dissolved gases prior to use. A single
30 13mm glass coverslip was used as a substrate, and cleaned with acetone and

isopropyl alcohol before being placed on the XYZ manipulator and pumped down to

20



hydr ophobicity). This is anal ogous to gel electrophoresis, and gel

permeati on chromatography. G adients could be used to separate out

i denti calwoiosisa4es by 25 different properties (charge, sPE®E/GBIBO1M2 The
chem stry of the witten features may range from non-functional hydrocarbon
surfaces (deposited from al kane, al kene, aromatic type conpounds) to any

other congekrssalor BageliREIsaR! (<00 &ubar). 20501 @irc@éﬁo?&b@se@tﬁndﬁit_ir%l cohol s,
ethers, esters, 30 imnes, am des, keytones, al dehydes, anhydri des,

hal ogens, @pmentavas placedhgiveen the gxciieivashambers pak theisample sacfaée Adthaw | v,

| | i | ectricall 19 WO 03/082483 .PCT/.GB03/ 01242
(F:) ogz E’gt ng%%{’%ﬁgmﬁag g%’?eee\?ﬁpg%éf%%ﬁ@%@qnﬁi 45 A6 ReYet DRUSIRE A BRS-onal i ty

i ncor por at @troBneetiRAMaliThR JAVS b ré8loS prefuid afz.hﬂg)'mﬁwﬁgtd'aﬁésiﬁqi capabl e
of being induced to exist in the gas phase (wWth or w thout heating) at
| ow pr @ssub@lasmisoves exditedsat pizandinudds ffage pover FHONY Sarra pesiodwy tvad so be f or ned

using reactiyv N2, .02 . H20 or _non-react.ive (Ar) .5 ses. These gases may
al so be us@@ufeg%ﬁactﬁe Fggp@r%égn?nﬁ{%n@%g §@'§g?%§¥°&g}§lufl&’§éie}3%ﬁtﬂow the sane
process. Raiveas Qs ] emomﬁmeﬁﬁ‘%. contain a m xture of any nunber of

the above functionalities in any conbination or arrangenment on the sane
substrate material. 10 Surfaces that contain gradients of functionality on

a scale of_centipetres, do to round 10 mic¢crons.are .possiple. A gradient
s ot agi JHGPoRB PRt obRe e D SO Te PR SRE CHO RS 1 o5 A
gradi ent Cs%Bst?dté"@)f@laﬁ@el?99@30%&@1%%%%@ Pnéi ap¥H ugi %ﬁfeﬁltion% fferent
chem stry, in the sane way that a straight [ihe can a ys be drawn

t hr ough t wighpoiierbscope, witlacendeiided vpasbryvapourshowipadréasrofi sontrdsting edmtay s,
rricrogradienis crotracks be. witten onto any substrate material.

For exanpl &8 eng Jgg%g?}o Hewe ,2% élpfge,rent wettagl ity ofQ the plasma po{ymer

compared to the background material causes the water droplets to have different

shapes.
15

Example 2

Acrylic acid and octa-1,7-diene monomers were obtained from Aldrich (UK) and
used as received save for several freeze-pump-thaw cycles to remove dissolved gases

20 prior to use. Initially, a homogenous layer of octadiene plasma polymer was
deposited onto a single 13mm glass coverslip using a flow rate of 2<:m3stpmin'1 and
10W continuous wave power to provide a hydrophobic background surface upon
which to write hydrophilic (carboxylic acid) chemistry. The octadiene coated glass
coverslip was placed on the XYZ manipulator and the system was pumped down to

25  the reactor base pressure (<10 mbar). A 100 micron writing element was placed
between the excitation chamber and the sample surface. A flow rate of acrylic acid of
4cm3stpmin'1 was set using a fine control needle valve (this gives a reactor pressure of
2.2x10 mbar). A plasma was then excited at a pressure of 1.8x10-2 mbar and
continuous wave power of SW for a period of 2 minutes, during which time the

30  writing element was translated across the surface first in the X-direction (at

0.5mm/min) for 1 min, then in the Y-direction (at 0.5mm/min) for 1 min.
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sem conductors, and polyners including (but not limted to) polycarbonate
(PC), 20 polystyrene (PS), polyethyleneterephthal ate (PET),

pol yrmet hywowtihsaasyl ate (PMVR), pol yvinylchloride (PVC, PCT/GB03/01242

pol ytetrafl uoroet hyl ene (PTFE). EXAMPLES 25 Exanple 1 Perfl urohexane was
obtained fromAldrich (UK) and used as received, save for several
freeze-punp-thaw cycles to renmpve dissolved gases prior to use. A single

30 13mm gl ass_coverslip was used as a substrate, and cleaned with acetone
and i sopr obiya deapsitsd grryie fagidechbaistity ipimaicle thoomhydnephilithan thehackgronndind punped

2483 PCT/ GB03/,01242 th tor base pressure
(210 e R R GO AR SR e RS BE R e
pl aced betayagensidyeyA¥CIdpdl Slo BlRARPEBEes, RBA viehgnsSHER! cﬁre%ﬁ{z&?ﬁ%gi Aflow rate

of perfluorohexane vapour of 2.4cnBst, mn 1 was achieve ) ng a fine
cont r oP newaventipaghlight mi¢resappe Figuresic tRigurp Bsbsws e pail: oBstéaidifilidesriar duri ng

deposition. ..5 A pla S excited at conti nuouys ve power of 1 OWfor
a Beri od ol?ghtt\%gleﬁ?r‘lvﬂﬁ?@y etvﬁiqu}geﬁwmtiﬂ&@agﬁﬁvﬁf 'ilqrg@ibmt St i onary
t hr oughoutméthed depasdd deRet © | eave a "dot' of perfluorohexane chemistry.
Fl uor ocar bon plasma pol yners are by their nature hydrophobic, while the
gl ass 10 substrate is relatively hydrophilic. The dot was photographed
using a C£venéi i?nal l'ight mcroscope, with condensed water vapour show ng
areas of ing contact angle. This is shown in Figure 2. The
diffenent wettability of the plasma polymer conpared to the background
mat eri al causes the water droplets to have different shapes. 15

Acrylic acid and allylamine monomers were obtained from Aldrich (UK) and used as

received, save for several freeze-pump-thaw cycles to remove dissolved gases prior
to use. A 13 mm glass coverslip was used as a substrate material and was attached to
the XYZ sample stage and pumped down to the system base pressure (<10°mbar). A

15 lcm writing element was used and was initially placed so that the whole sample
surface was exposed to the plasma. A plasma consisting of 4cn13stpmin'1 of allylamine
was excited in the plasma chamber at a continuous wave power of 5W and a reactor
pressure of 1.9x10% mbar. The writing element was moved across the surface at a
rate of 1mm/min for a period of 13 minutes. Simultaneously, the flow rate of

20 allylamine was reduced by slowly adjusting the needle valve, and replaced by a flow
of acrylic acid vapour such that after 12 minutes, the monomer flow consisted of only
acrylic acid at a flowrate of 4cm’yymin and a pressure of ~2x10 mbar. At all times
the total monomer flow rate was maintained at 4 cm3stpmin-1. (The ratio of the two
monomer flow rates in em’y,min™ is equivalent to their molar ratio assuming ideal

25  behaviour).

In order to analyse the gradual change of chemistry along the sample surface, it was
analysed using X-Ray photoelectron spectroscopy at 500 micron intervals across the
cover slip. The elemental composition at each point is shown in Figure 4 as a ratio of

30  oxygen/carbon and nitrogen/carbon.
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Exanple 2 Acrylic acid and octa-1, 7-di ene nononers were obtained from
Aldrich (UK) and used as received save for several freeze-punp-thaw cycles
to renovewoios®gd4srd gases 20 prior to use. Initially, a romgpIaows2| ayer
of octadi ene plasma pol yner was deposited onto a single 13nm gl ass
coverslip using a flowrate of 2cnBt mn 1 and 10W continuous wave power
to provi deFiguiRVhowb alptlidin 6K 6% e Und HitfoBGE chERaBy mcﬁ%s%hmdgehe
hydrophilic (carboxylic acid) chem stry. The octadi ene coated gl ass

cover sl i p sR@sopitalyagvidnthe meotiovp f igmviting elomentrftorn heompesition v $0@anped down
to 25 the NoJ e, Pressur. <10- ar). A_100 mcron w,iting el enent
was pl aceaar 16’%%‘%18 teoﬁﬂ{?)t{%g%%e@? ?%&Ft((ﬁcoéﬁ?fﬁg%?&eéﬁé Sgy\g%n(g]%}?ﬁl"%rn%?f‘fﬁ@ . A flow
rate of achykdrfiplaedistivefito CWREngbIRmEnMEIS|. Gifby/HZ N a fine control needle
valve (this gives a reactor pressure of 2.2x10-2 nbar). A plasnma was then
excited at a pressure of 1.8x10-2 nbar and conti nuous wave power of 5Wfor
a period of 2 mnutes, during which tine the 30 witing el enent was
transl ated across the surface first in the X-direction (at 0.5mmn) for
1 mn, then in the Y-direction (at 0.5mmmn) for 1 mn. 21 WO 03/082483
PCT/ GB03/ 01242 The deposited acrylic acid chem stry is much nore
hydrophilic than the background octadi ene surface, hence the contrast

bet ween these two areas was visualised by condensing water vapour onto the
surfaces, then viewing themdirectly using a 5 conventional |ight

m croscope (Figure 3). Figure 3 shows a pair of straight lines at right
angles witten by the witing elenent. The i mage was forned by the sane
nmet hod descri bed above. Exanple 3 10 Acrylic acid and allyl am ne nononers
were obtained fromAl drich (UK and used as
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recei ved, save for several freeze-punp-thaw cycles to renove dissol ved
gases prior to use. A 13 mmglass coverslip was used as a substrate

mat eri al wod3msEsatt ached to the XYZ sanpl e stage and pumrpadBRiemmR42o t he
system base pressure (<10-3 nbar). A 15 1 cmwiting el enent was used and
was initially placed so that the whole sanple surface was exposed to the
plasma. A@l @ consisting of 4cnBst,mn 1 of allylamne was excited in

t he pl asma chanber at a conti nuous wave power of 5Wand a reactor pressure
of 1.9x10-2 nbar. The witing el enment was noved across the surface at a

rate of | mn for_a period of 13 mnutes. Sinultanequsl the flow rate
o 20°al I yran s TES5H BaEERTD FShIPgHach o RPgOTh AR & IPYES and

repl aced %n@ri%ing‘,"’de&%itiﬁ oMl saftl @ffalle YPRAY 'ons PeRnthRinddldr S hetdn AuAKE €S, the
nononer flow conSisted of only acrylic acid at a flowate of 4cnBf mn 1

and a pr eskpostiaf o2 x40 hbnoher, médnsalrt ptavidesl whick nioteathe momoner sblrosy r at e
was mai ntained at 4 cnBstpmn-1. (The ratio of .the two nonmer_flow rates
in cnBst rMCFPssasurfanp Pafrested fumandpsiuses nan-ynifory PlasmpRokynerReERce 5
behaviour). In order to anal yse the gradual change of chem stry along the
sanple surface, it was analysed using X-Ray photoel ectron spectroscopy at
500 mi cror.i nt ek \nadtBodhas olamédhén claow dr whkiepn saitheneahe meoviealsaidosupsisdte i on at
each point is shown in Figure 4 as a ratio of 30 oxygen/carbon and

ni t r ogen/ dEREBHIC 30 MPNQMFTEEYIE3 PCT/ GBO3/ 01242 Figure 4 shows a gradi ent
of oxygen and nitrogen chem stry which was changed conconmitantly with the
notion of the witing elenent froma conposition of 100% allylamne to
100% acryl3.c acA dnethodacclasiicainin ¢ainer Wwherbl saidingamOenentaid aichoafert he

sanple relative to the witi n? element of 1.Ommmn. 5 23
source relative to said substraie.

4, A method as claimed in any of claims 1 to 3 wherein the surface comprises at
15  least one plasma polymer of at least one monomer wherein the concentration of said

plasma polymer is non-uniform across said surface, or part thereof.

5. A method as claimed in any preceding claim wherein there is provided a
surface comprising two or more plasma polymers formed from at least two

20 monomers.

6. A method as claimed in any of claims 5 wherein the concentration of at least

one plasma polymer is non-uniform across said surface, or part thereof.

25 7. A method as claimed in any preceding claim wherein the monomer is a

volatile alcohol.

8. A method as claimed in any of claims 1 to 6 wherein said monomer is a
volatile acid.

30
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WO 03/ 082483 PCT/ GB03/ 01242 CLAIM5S 1. A nethod to prepare at |east part of
at | east one surface of a substrate conprising; depositing on said surface
at | east woe3p8a83ra nononmer wherein during 5 deposition eCTgsodomaaoner,
means are provi ded which nove the nononmer source across a surface to be
treated to manufacture a non-uniform plasma pol yner surface. 2. A nethod
as clai ned.in cAahemhdd WhelLmed Sy 'BFadlSin{0Y 88 6 Mherefit BRt fdhSmer R At Ve to
sai d nononer source. 10 3. A nethod as clained in claim1l wherein said
nmeans nove®ldde duisnoner source relative to said substrate. 4. A method as
claimed in any of clains 1 to 3 wherein the surface conprises at 15 | east
one plasma polyner of at | east one nononer wherein the concentration of
said plasima pok yiEhod s REAMBMIH ALY FCHARS B G SHEAE te RlonHALL ist per eof .

5. A nethod as clainmed in any preceding claimwherein there is provided a
surfacé comwpatilehydyoeamboror nore pl asma pol yners formed fromat |east two 20
nononers. 6. A nethod as clainmed in any of clains 5 wherein the
concentration of at |east one plasma polyner is non-uniform across said
surface, or, pard h&BsEeE cldBed in AnYRIFNQASnRST & & WﬁéreLﬂ"gé”MloH Geedl pg claim
wherein the nmononer is a volatile alcohol. 8 A nethod as clained in any
of cl ai s vblatide Bugyoearbdm sai d nononmer is a volatile acid. 30 24 WO
03/082483 PCT/ GB03/ 01242

10 12. A method as claimed in any of claims 1 to 6 wherein the monomer is an

ethyleneoxide-type molecule.

13. A method as claimed in any of claims 1 to 6 wherein the monomer is a

volatile siloxane.

15
14. A method as claimed in any of claims 1 to 6 wherein said monomer is at least
one selected from the group consisting of: allyl alcohol, acrylic acid, octa-1,7,-diene,
allyl ~amine, perfluorohexane, tetracthyleneglycol monoallyl ecther or
hexamethyldisiloxane (HMDSO).

20

15. A method as claimed in any of claims 4 to 14 wherein said polymer consists

of a single monomer.

16. A method as claimed in claim 15 wherein said monomer consists essentially

25  of an ethylenically unsaturated organic compound.

17. A method as claimed in claim 16 wherein the monomer consists essentially of

a single ethylenically unsaturated organic compound.

30 18. A method as claimed in claim 17 wherein the monomer consists of an

ethylene oxide type molecule.

25



9. Anethod as clainmed in any of clains 1 to 6 wherein the nononer is a

vol atile amne. 10. A nethod as clainmed in any of clains 1 to 6 wherein the
nononer iwWOa3/0848dl ati|l e hydrocarbon. 11. A nethod as cl aiPe@dBoR/083y of
clainms 1 to 6 wherein the nononer is a volatile fluorocarbon. 10 12. A

met hod as clainmed in any of clains 1 to 6 wherein the nononmer is an

et hyl eneoxi de-type nol ecule. 13. A nethod as clained in any of clains 1 to
6 wherein the nononer is a volatile siloxane. 15 14. A nethod as cl ai ned
in any of 1& ai nd methesd & clpimediimclein d6wpAdvererdis thet conpmand isomealsadecat ed from
the group nsisting of .. allyl alcohol, acrylic acid, octa-1,7,-diene,

allyl am ncéfoo%é’ﬁ? F‘E}g’r%%%og‘ﬂ&e%{r PEATHEL hyl enegl ycol nonoal |yl ether or

hexanet hyl di si | oxane (HVDSO) . 20 15. A nethod as clained in any of clains 4
to 14 wherein said polymer consists of a single nonomer. 16. A nethod as
cl ai mred i 0| ai Anmiethachasr daimed & dlainp i 6 verergin tiss mbsorrerensisalolf y mizfref an

et hyl eni calJy unsat ur at ed. ani ¢ coppound. 17. met hod as clainmed in
claim 16 v%‘g%(' 8i°ﬁrl}oﬁ%etﬁﬁﬁﬂﬁgﬁﬁ%ﬁ@f@?gg@%@@ﬁP’inBPYI@Sof a single
et hyl enical ly unsaturated organi c conpound. 30 18. A nmethod as clained in

claim 17 wherein the nononer consists of an ethylene oxide type nolecule.
25 WD 03/ 342483 pEThasBas¢lginRdln claim 20 wherein the compounds are selected from

the group consisting of: an alkene, a carboxylic acid, an alcohol, or an amine.
10

22, A method as claimed in claim 15 wherein the monomer consists essentially of

a saturated organic compound.

23. A method as claimed in claim 15 wherein the monomer consists essentially of

15 an aromatic compound or a heterocyclic compound.

24. A method as claimed in any preceding claim wherein the monomer has a

vapour pressure of at least 6.6x10™ mbar.

20 25. A method as claimed in any of claims 4 to 14 wherein the polymer is a co-

polymer.

26. A method as claimed in claim 25 wherein the co-polymer comprises at least
one organic monomer with at least one hydrocarbon.

25

27. A method as claimed in claim 26 wherein the hydrocarbon is an alkene.

28. A method as claimed in any preceding claim wherein the monomer (s) is/are
deposited on said surface in spatially separated dots.
30

26



19. A nmethod as clained in claim16 or 17 wherein the conpound is an

al kene, a carboxylic acid, an alcohol or an amne. 5 20. A nethod as

cl ai mred iwooB@as28i5 wherein the nononer consists of a m XPOT&BGH1I2M4A0 OF
nore ethylenically unsaturated organic conmpounds. 21. A nethod as clai ned
in claim20 wherein the conpounds are selected from the group consisting

of . an al kene, AnfRidiosyldimed®i shy FtlalBahel27 Wherda tﬁéﬂn@ﬁom&oﬁs)'z%/ar@\ met hod
as clainmed in claim215 wherein the nononer consists essenti al

sat ur at ed depesaies onseidpouiae: in2eckyontinehod as clained in claim 15 wherein the
nononer consists essentially of 15 an aromatic conmpound or a heterocyclic
conpound. 24. A nethod as clained in any preceding claimwherein the

nononer hap, a A JRIEd B 88sisdan Haidt 2d 6259 wWhefohd theld i M d/orlfhed2ure 6f et hOd
as claimed in any of clains 4 to 14 wherein the polynmer Is a co- pol yner.

26. A fet soderast polghersbemistiyl ai m 25 wherein the co-pol yner conprises at
| east one organic nononer with at | east one hydrocarbon. 25 27. A nethod
as clainmed in claim26 wherein the hydrocarbon is an al kene. 28. A nethod

as clai med1i n a0mdRKLeAEREnG @i dainh e JDRNONE kSibA", eposi ted
on said surface in spatially separlat eg%ﬂc%{éslﬁ?%o 26 V\%‘%g%pggl%g&thg

PCT/ GB03/ Gihg4tzackzg doismenhimdfors aloingiitsdehgtnaraim hefghtl ai ms 1 to 27 wherein
t he nononer (s) is/are deposited on said surface in tracks or |ines.

10 32. A substrate comprising a surface obtainable by the method claimed in any of

claims 1 to 31.
33. A substrate as claimed in claim 32 selected from the group consisting of:
glass; plastics (e.g. polyethylene terephthalate, high density polyethylene, low density
15 polyethylene, polyvinyl chloride, polypropylene or polystyrene); nitrocellulose, or
nylon, metal, ceramics, quartz , metal films or silicon wafer.
34, An assay product comprising the substrate of claim 32 or 33.
20 35, An assay product as claimed in claim 34 that is a microarray.

36.  Anassay product as claimed in claim 35 that is a microtitre plate.

37. A product for separating cells and/or proteins and/or macromolecules

25  comprising the substrate of claim 32 or 33.

38. A substrate as claimed in claim 32 or 33 further comprising a microfluidic

device, or a part thereof (e.g. valve, switch, guide channel, binding site, pump).

30 39. An assay product as claimed in claim 34, 35 or 36 for use with an array

printer.
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30. A nethod as clained in claim28 or 29 wherein the dots and/or lines are
of 5 different polyner chemstry. 31. A nethod as clained in claim 30
wherei n twe osloga¥sxal conposition of the Iline, track or decTiGBoom4ani f orm
along its length and in height. 10 32. A substrate conprising a surface
obtai nable by the method claimed in any of clainms 1 to 31. 33. A substrate
as clainmed in claim 32 selected fromthe group consisting of: glass;

pl astics (e.g. polyethylene terephthal ate, high density pol yethyl ene, |ow
density 19. polAtebspy aneduchab yldimyd in telaimi 34, 35 ot Bpriopykendthoan array
polystyrqu%k nitrocel lul ose, or nylon, netal, ceramcs, quartz, netal
films or sriiton wafer. 34. An assay product conprising the substrate of
claim32 or 33. 20 35. An assay product as clainmed in claim34 that is a
m croarray. 36. An assay product as clained in claim35 that is a
mcrotitre plate. 37. A product for separating cells and/or proteins and/or
macr onol ecul es 25 conprising the substrate of claim32 or 33. 38. A
substrate as clainmed in claim32 or 33 further conprising a mcrofluidic
device, or a part thereof (e.g. valve, switch, guide channel, binding site,
punp). 30 39. An assay product as clained in claim34, 35 or 36 for use
with an array printer. 27 WO 03/082483 PCT/ GB03/01242 40. An assay
product as claimed in claim34, 35 or 36 for use with an array reader. 28
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