1 Analyte sensor and fabrication thereof FIELD OF INVENTION 5The invention relates generally to an
analyte sensor. BACKGROUND Microelectroge technology is predominantly used in sensor work
and is 10advantageous over conventional electrode sensors for several key reasons: 1. Capable of
functioning in highly resistive environments and is more sensitive in detecting trace amounts of analyte;
2. Possess very little capacitance afAB3pIBI86ASYsIARY iEfdetstNe®ding to higher mass transport rates;
153.When fashioned into an array assembly, the effect is an amplification of the current which further
enhances the linits g gﬁt%(i/%rhﬂoﬂt has been found that incorporating graphene into the design of
microelectrodes can potentially enhance the performance of the microelectrode. This is due to several
properties that graphene possess: 20A wide electrochemical window Strong affinity to single strand
nucleic acids making itTéne idealtioongiosg@doerbiysersasa@tecsaisal stability Relatively inert
electrochemistry 25Highly tunable to be selective to specific analytes Contains no metallic impurities
Which are common 'rﬂ(&%ggmgnal metallic based microelectodes that can vary from batch to batch
causing detection inconsistencies

Microelectrode technology is predominantly used in sensor work and is
10 advantageous over conventional electrode sensors for several key reasons:

1. Capable of functioning in highly resistive environments and is more

sensitive in detecting trace amounts of analyte;

2. Possess very little capacitance and solution resistance effects, leading

to higher mass transport rates;

15 3. When fashioned into an array assembly, the effect is an amplification
of the current which further enhances the limits of detection.

It has been found that incorporating graphene into the design of
microelectrodes can potentially enhance the performance of the microelectrode. This
is due to several properties that graphene possess:

20 . A wide electrochemical window
. Strong affinity to single strand nucleic acids making it an ideal

composite for biosensors

. Chemical stability
. Relatively inert electrochemistry
25 . Highly tunable to be selective to specific analytes
. Contains no metallic impurities which are common in conventional

metallic based microelectodes that can vary from batch to batch causing
detection inconsistencies
. Flexible, giving the potential to be fabricated on plastic surfaces
30 . Low cost
Creating a single active graphene microelectrode site is relatively simple. For
example, by isolating a single graphene sheet and attaching contact pads one can
readily probe the characteristics of a single sheet and allow it to function as a
microelectrode. However, repeating this process to isolate multiple sheets with the
35 same size and shape, placing them on a substrate at precise distances and

interconnecting these sheets to create an array configuration is a difficult task.



Flexible, giving the potential to be fabricated on plastic surfaces 30Low cost Creating a single active
graphene microelectrode site is relatively simple. For,example, by isolating a single graphene sheet and
attaching contact pads one can readily probe the characteristics of a single sheet and allow it to function
as a microelectrode. However, repeating this process to isolate multiple sheets with the 35same size and
shape, placing them ol Re&ulssthaife anprecie crdiseandbe abry v daRkT i getieseasPRSd to create an
array configuratinsvisgeaaiiiesdicasitie array cdigiedsothus a need to address the above drawbacks to
realise a sensor having a microelectrode array configuration. SUMMARY 5 According to a first aspect
of the invention, there is provided an analyte sensor comprising a passivation layer comprising at least
one nano-sized MM‘%E%zed trench for receiving an analyte; an electrode disposed within the at least
one nano-sized to micro-sized trench of the passivation layer, the electrode comprising 10 atomically thin

electrode materials froﬁb@&)ﬁiﬁ’@%o'érﬂ%‘i%@[)@éﬁ@h%@dtﬂ%ﬁﬂ@ﬁi,v%g ar %‘P&%@d %Wcﬁmytmolybdenum
disulfide or boron nitride; and a conductive substrate I%¥er havi[]?e%hsat Bortlon in contact with at least the

organic/non-metsaefﬁcs:oéIg(éwgﬁsé?%gcooar%slwan o”a{a§858ﬂra’ agsbné’c? oftive TSRS 'S,'%ﬁerté) i@'ﬁ?%vided an

analyte 15 sens6iZ€8iprRIrer dacaiviay on rnabisizA a8 Hinse Uspeges| ¥ethbIbS @ terdipean analyte, the
array comprisinghatvbeleet aslenindesnied treacpassivabassiaain thgee|eciredeteamposipgapmically thin

electrode "igte”é\'érﬁf%@ﬁ‘ﬁ% 8@‘&%@‘%‘%‘%%?%3 SRIAINGS & FLARDSD QeIRIAE gnolybdenum

disulfide or boron nitride; and a conductive substrate layer having a portion in contact with at least the
array of 20nano ¥BRE8 mitRE Sz 9 WBAEUHR sdisulfidg - 05 3R1g 0 WHHFd F¥hett MR NGention, there is
provided a methsubsif dgbiéyatingangaagiytéoseinsoonthe mithaidleash presingdoicmong rastahductive
substrate layer; fspaiggeat least one electrode in contact with a portion of the conductive substrate layer,

the electrode compirisi g any one or more of gra h?nﬁa derivative}s1 of 25 raphene, siliqene, molybdenum
. . - -COr d%to a second aspect of thé myention, there is oV % an. ana%/te s
disulfide or boron nitride; and forming a passivation layer having a nano-Sized to micro-siZzed trench within

which the dtleaSeope SRBAEHISdRsEH NBRAEREDES ORIPFION CFCDYEs RERVEVGS
analyte, the array comprising an electrode indented in a passivation layer, the

electrode comprising atomically thin electrode materials from any one or more of

graphene, derivatives of graphene, silicene, molybdenum disulfide or boron nitride;

and a conductive substrate layer having a portion in contact with at least the array of
20  nano-sized to micro-sized electrodes.

According to a third aspect of the invention, there is provided a method of
fabricating an analyte sensor, the method comprising forming a conductive substrate
layer; forming at least one electrode in contact with a portion of the conductive
substrate layer, the electrode comprising any one or more of graphene, derivatives of

25 graphene, silicene, molybdenum disulfide or boron nitride; and forming a passivation
layer having a nano-sized to micro-sized trench within which the at least one

electrode is disposed.

BRIEF DESCRIPTION OF THE DRAWINGS
30
Example embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written description, by
way of example only, and in conjunction with the drawings. The drawings are not
necessarily to scale, emphasis instead generally being placed upon illustrating
35 the principles of the invention, in which:



30 Example embodiments of the invention will be better understood and readily apparent to one of
ordinary skill in the art from the following written descyiption, by way of example only, and in conjunction
with the drawings. The drawings are not necessarily to scale, emphasis instead generally being placed
upon illustrating 35the principles of the invention, in which: 3 Figure 1A shows a cross-section
structure of an analyte HEHSOL AWM EPESTTEFEAR GlRIFBERIRhaRtahrive RrePeAtiBPCHtide 1B shows a
cross-section stracilpechéradtasnabigisensor acsaidingida. oregarsbislisnentisos the de\iation. Figure 2

shows cyclic voltamipgLry &) 9§8E%gr°allé%@%ﬁgﬁ@%ﬂ%ﬁ%gﬁj%‘{ﬁ&ﬁ\mntiorf igures 3A and 3B

respectively show the response of a macroelectro a microelectrode array exposed to the same
medium to which the aRighffe <8RQYF GYFRUPLAD RNGAF B HYIHEYRS i fratie e85 ¥sPonse of the
analyte sensor dfifuguité.2. 10 Figure 3D shows a CV comparison for the analyte sensor of Figure 1A and

the microelectrode arrgygyaadsin A:rig@E?r@%egﬂfeglg%ﬁﬁ%é@p@%é@?aﬁ%ﬁd@e&%@bé"éﬁﬁ gepresents a

voltage being swept ir‘ a certain potential ran etermineéi tr)TY the eg]u%tion/Of(idation(potfantial of the
roelectrgge, ar emﬂsed 10 the same medium to wi ﬁ;‘ the anaa/te IS?I’]S [0l
redox analyte. In Figures 3A't0 3D, futhenium hexamine is used as the redox dnalyte, which has a CV

potential range fiigre®BRHABAV, as indicated by the reduction/oxidation peaks that occur in the graphs
of Figures 3A to 3D. Fighigaeshbivsaingd 413 slspunddGFiné breast eanssrotelisutbat were grown on the

surface of tpe analyte %‘?é‘u'?é’%%f gigyee,1éy §%nﬂﬁ?ﬁ§%Hr%r4tﬁe‘?£PJEﬁ§ e Ay I8 RRORr flg1gure 1A under

chronoamperometry. 20Figure 5A shows a SEM (scanning electron microscope€) image of a surface of an
analyte sensor dPEfgiffaeigeirode g gy, saBIR RS 37-AFRN Tauicfoiremibostopeyitage of one
electrode of the axexlytpresergsraofdfagerbelny. swept in a certain potential range determined by the

reduction/oxidation potential of the redox analyte. In Figures 3A to 3D, ruthenium
hexamine is used as the redox analyte, which has a CV potential range from -0.4V to
15 0V, as indicated by the reduction/oxidation peaks that occur in the graphs of Figures
3A to 3D.
Figures 4A and 4B show MCF-7 breast cancer cells that were grown on the
surface of the analyte sensor of Figure 1A.
Figure 4C depicts the analyte sensor of Figure 1A under chronoamperometry.
20 Figure 5A shows a SEM (scanning electron microscope) image of a surface
of an analyte sensor of Figure 1A.
Figure 5B shows an AFM (atomic force microscope) image of one electrode
of the analyte sensor of Figure 1A.
Figure 6A shows a method to fabricate an analyte sensor, according to
25  various embodiments of the invention.
Figures 6B and 6C show further steps of the method shown in Figure 6A.
Figures 7A to 7H each show a stage within an exemplary process, which
implements the method described above with respect to Figures 6A to 6C, to

fabricate the analyte sensor shown in Figure 1A.

30
DEFINITIONS
The following provides sample, but not exhaustive, definitions for expressions
used throughout various embodiments disclosed herein.
35 The term “analyte” may refer to a substance, which may be a constituent of

an electrolyte solution, so that embodiments of the present invention detect the

presence of the substance in the electrolyte solution.



Figure 6A shows a method to fabricate an analyte sensor, according to 25various embodiments of the
invention. Figures 6B and 6C show further steps of the method shown in Figure 6A. Figures 7A to 7H
each show a stage within an exemplary process, which implements the method described above with
respect to Figures 6A to 6C, to fabricate the analyte sensor shown in Figure 1A. 30 DEFINITIONS

The following provides SEMpIe, HianAsizeth i SIEOSERIItBINY fefesxprissrirs ofseg tretiyhout various
embodiments diggliesas draraionzberhe tetmmanalytalemaydirjen tancefiddsianter whichdsey be a

constituent of an glgetiglyte.3ojtion, 5 t@ﬁeﬂ%‘jgb‘&m‘?&étﬂ%ﬂé‘? et YRR ARIGRLhe presence of

the substance in the eIectro?yte solution. e term "nano-S|ze(§e'$'r to "micro-sized” may refer to the

size of the trencH'AFSH K BYHARIAERr toNfRIFSART acalide ReFHFRP AR RILIRGJY R is disposed
inside the trénchrteutivaedimdesmaissudthvesaalidiensete thet srouhd mBmwmetadsitstkness of around 1 atom.

The size of the analytersgnggrdeReadaen hgdrumBper rerd siich glastiadesand canhaysya dimension
that is in the micrometer ?]%?I The term_"passivation IgIY%rlétrrﬂa% refer to a passive, inert or insulating

e.
structure that pres%%tfjsfeefec rBrr?\f_Fon\}\?, ST guvc\:'h R4 I’al]t(_: Hre_prOV|(§esrefc5Jrr%V(')Orlﬁ_%rf1%r\P/ﬂﬁ_‘l%nﬁﬁe conductive
substrate layer ofithie gceensizelesarReiiataderrtm ¢ ViEfbEsasIpBRmarte dRatelyaieteontribute to the
exchange of eleetrpogithati9aoet ek Loaetreing the gieseecptib@ranalyte.occur Trrderm "layer” may

not necessaily r {l{%rcﬁﬂ ﬁ@b@gg%re%tm%t%%l d may take the shape of an earlier layer upon which the
layer is formed. The layer may also not be continuous in that The term "electrode" may mean an electrical

conductor that acts as Sfh& En 15 aAEYWRBTFETRLY SRS QG T & B FIRAT N RIEDBRY €. the
occurrence of oxakatibe shape datheddicwhgn epectrdnshemdabreelectadalTtenaertmal @sethe occurrence
of reduction). ofhedBhrassudmGratact with at least the electrode” may mean that - between the two

structures of the passivation layer and the electrode - portions of the .
P %%e termxelrectrodeh may mean an Blectrlca?conductor that acts as either an

15 anode, when electrons leave the electrical conductor (i.e. the occurrence of
oxidation); or a cathode, when electrons enter the electrical conductor (i.e. the
occurrence of reduction).

The phrase “in contact with at least the electrode” may mean that - between
the two structures of the passivation layer and the electrode - portions of the

20  conductive substrate layer are in contact with at least the electrode, so that it is not
essential that the passivation layer also contacts the conductive substrate layer, for
the micro-sized sensor, according to various embodiments, to detect the presence of

the analyte.
25 DETAILED DESCRIPTION

In the following description, various embodiments are described with
reference to the drawings, where like reference characters generally refer to the
same parts throughout the different views.

30 Figure 1A shows a cross-section structure of an analyte sensor 100
according to a preferred embodiment of the invention.

The analyte sensor 100 includes a passivation layer 102 comprising at least
one nano-sized to micro-sized trench 104 for receiving an analyte (not shown). An
electrode 106 is disposed within the at least one nano-sized to micro-sized trench

35 104 of the passivation layer 102. The electrode comprises atomically thin electrode
materials from any one or more of graphene, derivatives of graphene, silicene,

molybdenum disulfide or boron nitride. Derivatives of graphene may include reduced



20 conductive substrate layer are in contact with at least the electrode, so that it is not essential that the
passivation layer also contacts the conductive substrate layer, for the micro-sized sensor, according to
various embodiments, to detect the presence of the analyte. 25 DETAILED DESCRIPTION In the
following description, various embodiments are described with reference to the drawings, where like
reference chara&f@rhefen e}l AR rHGRARNSaR D artsh N6 LtaRwdiH} cMEQiEWsIdSOFigure 1A shows
a cross-section sthdittiecos 3triiaipie Sensaialiig acsotiding 10 marefaireshebadiraertef the invention.
The analyte sen elrgchHEi%“igg,s a passivation layer 102 comprising at least one nano-sized to
micro-sized trench 104 for receiving an analyte (not shown). An electrode 106 is disposed within the at

least one nano-sized t& MG IS HEIREHSIBIT0F BEERE TR 0A#ER BRIy P! #RCEIBEHode comprises
atomically thin etectiodesizeatérathéohdanyitbreadr mooessigbgtaphieresidetivateied &f graipbene, silicene,

molybdenum disifidgeaf-RierBtEdes DRoWRIME R EIRBRERE SayontldflrAsaeronaErPhene oxide

and graphene o>gr(]j%. Uga analyte sensor JhOO.aIso includes a conducﬁve substrate Ia¥er 108, having a

portion 110 that Is iRCSIAS W hOta?rI]é)\évgl? Y BRL_sae I8N Ii‘:iﬁﬁ'irélv A Sl har R renqctPo-sized sensor

100 has a plurallfyjcei-piaad Eeped heviohtrelesivedririshased heeiyvith ieaednAegiyesirdgttetenicro-sized
trench 104 havingyaniogienies elecidseded ah.dpmmMarRleths Rk eusitedesersaihiéiOneguid still work for an

embodimenb(nogagngéyég p@r}{!qgr g)&ﬂgﬁé\’/%ﬁgglayer with a single nano-sized to micro-sized trench having
ondu

an electrode disposed therein. The c tive substrate layer 108 is also provided on an optional layer of

bulk substrate 112, whitHH /a5 eBraBmRedieaTrdht fONeudivprIRsis, laver fPthE Fefefted
embodiment, theauadueiivehsuirstsateitayieydrOBR atsoveveomaoionitn thedpdissivatrmcHaaser 102.

However, in an%rsﬁm\hpﬂimﬁ% FHChhaR Ralchamib drigee 8 cIalRiv"QEaRiR0RP&Ween the

conductive substrate layer an th?azassivation layer. 15Figure 1B shows a cross-section structure of an

the passivation layer. . . . .
analyte sensor 150 according 10 one eémbodiment of the invention. In one such embodiment, the

electrode 186 may be providetBashkavintarfa@ssrstian fglreeHtaceivian theabihdigesoe 38Bstrate layer
108. The electrogle-tayrigiti@iacenbobimayt bae depiersions/cavities 154 from which the passivation

layer 20 102 extends, lﬁﬁr@aﬁw?ﬁﬁ’m%é% %|§9tr%(agt iﬂgagggoﬁr%i%ggdtg@mﬁ-%%g trenches 104

that extend the entire thickness of the passivation layer 102 to expose portions o é ectrode layer
interface 156. AR PIRATHHE BIRISSaRrRENE(RBPLREIRY fhel 8fectiBa ISR tBMEce may have no
such depressionsfedaite$stvimasebyvth dgpasstivatimagige rlisisimplynalidnte passithtoeldoteode layer

interface. 2f R%Ui“%ﬁ%ﬁ%%&s%wﬁl%@'ﬁ%rof@zL_Q@oi%ﬁ%ﬁﬂén%m\{@tiﬁ%ﬂé%%&oz provides an
array of nano-sized to mICI’O-EIZEd electrodes to re%elve ag ana%gte with }he conductive substrate layer
|

108 having a poftdf 1R°cEHtAcT\GIT A fBa& e Litkes? QA B2l (M ANRYS sIad %Lk es 106. Such
an array configupatisn rhviteslent edthianeemieraprolidrtyAlieinpivriade arethseasihgdiagbilities of an

(not shown) the electrode layer interface may have no such depressions/cavities,
whereby the passivation layer is simply aligned onto the electrode layer interface.

25 Returning to Figure 1A, the electrode 106 indented in the passivation layer
102 provides an array of nano-sized to micro-sized electrodes to receive an analyte,
with the conductive substrate layer 108 having a portion in contact with at least the
array of nano-sized to micro-sized electrodes 106. Such an array configuration
provides an enhancement property that increases the sensing capabilities of an

30 electrode. The array configuration provides multiple active sites so that output from
the analyte sensor 100 is enhanced, which allows for a lower limit of detection and
enables the analyte sensor 100 to detect lower concentrations of analyte. This
output enhancement is elaborated below with reference to Figures 2 and 3A to 3D
below.

35 Figure 2 shows cyclic voltammetry (CV) conducted on the analyte sensor 100
of Figure 1A using 1M KCI (potassium chloride) electrolyte solution with a 2.5mM

Ruthenium Hexamine redox agent (hereafter also referred to as the medium 218). In



30 electrode. The array configuration provides multiple active sites so that output from the analyte sensor
100 is enhanced, which allows for a lower limit of detgction and enables the analyte sensor 100 to detect
lower concentrations of analyte. This output enhancement is elaborated below with reference to Figures 2
and 3A to 3D below. 35Figure 2 shows cyclic voltammetry (CV) conducted on the analyte sensor 100 of
Figure 1A using th#1 ®CYygieth$siurin el orael s cHoniedss iR odtPh 2BRMIRUTRE Nt Hexamine
redox agent (he@@ét&rdals\mmfﬁre@m@ ssdlea medibenelsbtbde to8)ascomsluctethe \biibetgaare three

electrodes reqmé‘?&tr%éfé"bﬁ}{l Qﬁ&ﬂea%%dgom&he'@é%'@é? (%“b‘i’dﬁﬁbrh‘?zwé@ﬁ &lRgtgde 106, is

shown. The other two electrodes W |c are not shown are a counter electrode (a platinum mesh) and a

reference electréHE"ERRHEFEMEHB LY CTRESEWR: eGP Y8 RIFSHORRMERT ﬂ@g‘ﬂ”@ Bshter electrode
and the Ag/€GlI refeveticesBldoireda)dtimvAt/€Irvefarageef dleetCie e xpewirtrenttanthaud pusigned in the

medium 218 a'°8%%ﬂﬁ1éh?a$l@%@%sﬂt@ﬁemmﬁ@m@tﬁmﬁ §I|89§‘§Hmtﬁégé15%t?ocﬁr§9@enﬁ is used for the
electrode 106, w %t uctlve aterlallg such as |nq]um tin OXI ITO) '}% tin E’n or gold. may
)

be used for the (ShGIRRESTH nlgl ePils ar%jaBane '?hyﬁ atlrc]:?y a used for the

passivation IayeﬁQ'WZ'Pt'yﬂ\éﬁﬁﬁ@i%‘l’h/@sdﬂ%@ﬂafm@%hﬁ@bba%ﬁﬁ@!u@l’étt'ﬁéi@é)tm(hr@%vater insoluble,
such as SU-8 (1ndletaexyr hpapanchacaipier@nsyBDNSa(pobydimeatyy ladmeangdte (PMigyre 2 shows a

schematic o chajQg tf@r”ﬁfgrp%gg\%'@o‘%’ir‘fg}él%b@r%%rﬂ?ﬁaﬁ” A &8(;3%‘% {hg,[gdox agent is

reduced. As the ruthenium hexamine 15°comes into contact wit the electrode 106 surface at potentials
where oxidation 'Bf M8 RSB R WAIRAIROGRIDrHAB R SUiPhtVE R P RATChBTREREH whether the
species is reducahdtionil(pelfdiespiadsiiaigndh the case of reduction, there is electron transfer from the

redox species in the mﬁ%l&%@z@%&% theslrace of dhaReiMRRipaHedRRAAPBIES Rigalvie sensor 100.

Increasing the numper o actlve 20 sites provides for ag reater amoupnt of electron movement. The
electrons then fIGW e IleCC{ro g 1%é)|n R IHYESNaL 99/%egubs?ra% rlﬁtygp 'f%qexgrg'o%tput from the
analyte sedSor MIUJGFHét@Ié@T!F@ﬁ oy tieeditieirrde dietest IfrFRgirecterdipls/whasg gk Riation of the
redox agent occryguclibe @eam@néaé@foﬂwarwiw&:s;@ﬂ@af i QPeafddiisRdin SbawRdhérigwe 3C at

different scan ra&%?cﬁ’ésl% 7R ]oqoo% ?écﬁ%?{)"v 7 3hd k%?éaQPF%‘B‘?%Qt%RO%QFée fthe discussion

below in respect of Figures 3A and 3B ectively show responses of a macroelectrode and a
microelectrode eﬁlf%?)[f‘&ﬁégéf&rtér ?Hb@ﬁﬁ%j%e%ﬂﬁﬂ?%i%@ﬁdﬂﬁpiw dopthe surfaceiglifRe3A, the
macroelectrode asee @ettshies1peanprsasaiytel SEngonictiwve ssstgatee layerprafidedven a glass bulk

substrate (ﬁénfe&ig@;ﬁﬂﬂl)@? fotth Bé@’r %%mt%iﬂé\[e%t%, et the Passivalienday alehlipind the

electrode 106 ongltte mllar to ure nter electrode (a platinum mesh) afmd a reference

electrode (a Ag/ 8| @tr%ﬁ% Oglee ﬂ8r§ ecﬁﬂ tﬂ’l@ﬁk' RIS %?Péogé?u?%ﬁwm éoﬁ"épﬁm Ruthenium
Hexamine redoxeaakist Sﬂ?@ﬁ@fsk@thé hﬂé&?@@%bﬂ@ﬁé"WH@EM@E@XHH&!&JEﬁa?wd%fgvﬁfa@@oelectrode CV

behavior. 35Figuire3Bahaivs thentesppRsR&ftadbicsoetnstiagR say: (hetshareganibr aggructure similar
to that of the a”%gﬁ‘?ﬂ%enfﬁ 09 PHL] gﬂ‘rté'%% hegsrods 108, Silar 9 Eipyis 24 oynter electrode

(a platinum mes a reference ele
25 0mV/s and is elaborated upon after the discussion below in respect of Figures 3A

and 3B, which respectively show responses of a macroelectrode and a
microelectrode array exposed to the same medium 218 shown in Figure 2.
In Figure 3A, the macroelectrode used (not shown) comprises an ITO
conductive substrate layer provided on a glass bulk substrate (confer the analyte
30 sensor 100 of Figure 1A, with the passivation layer 102 and the electrode 106
omitted). Similar to Figure 2, a counter electrode (a platinum mesh) and a reference
electrode (a Ag/Cl electrode) are positioned in the 1M KCI electrolyte solution with a
2.5mM Ruthenium Hexamine redox agent alongside the macroelectrode. The CV
302 exhibits standard macroelectrode CV behavior.
35 Figure 3B shows the response of a microelectrode array (not shown) with a
structure similar to that of the analyte sensor 100, but omitting the electrode 106.

Similar to Figure 2, a counter electrode (a platinum mesh) and a reference electrode



7 (a Ag/ClI electrode) are positioned in the 1M KCI electrolyte solution with a 2.5mM Ruthenium Hexamine
redox agent alongside the microelectrode array. Figuye 3B shows a CV 304 displaying sigmoidal like
behavior for different scan rates of 10, 25, 50, 100, 250 and 500mV/s, where each has a relatively smaller
redox peak than that 5 of CV 302 of Figure 3A. This is because the hole-to-hole separation is not large
enough to compl@tés/¢sSiges eHe) clecfRsdiamerhisphe b\l lifh § s oRaziugeany 8ot gatial overlapping
occurs and causesisdighindapiatiomneofetrloxgspe aiesgsaeishegnadiseR dtda gty Figigiee3@Bshows the CV

306 of the a“a'yéfggﬁﬁ%\}g&?i?d%fﬁg%iﬁﬁi@@aﬁ%'b%'ﬂ %BPfé%FFP@r Sl 106s A pall scan rates

there is sigmoida avior, and as scan rates increase the redox peaks become more[grc’)minent. This is

due to the fact tPd A%0:@3A RO ShiRrBdIRT & SelB Al A RSViRHAS REAKiNIAY BRblanar and
radial diffusion atftlady Rid/ef StigsregBANg TdipaalheThiséstizdsbofattitrbole riepaceidbisthet facgehat the
dominant active giiggRre CQYRHRERY ithrkagr Rlanadaritrisda arRhtgenibeidaindarng charge
transfer and caugin aP%re ter amount of depletion, which res Its in fietlarge¥ drgp in current. However the

sigmoidal shapescihgt B4l s?f’r%rn%%ggm?g?oaeac?r(jo&é‘uasrer‘céysb% Ee?ﬁ?ng'%rlllo(\)/verg or ahincrease in output
enhancement ofc@Hailge deaedliowrgure 3D shows the response for H202 sensing capability for a scan

rate of 50mV/s, as graphgine sTkamus thdewn gumdiaatabint 2ehperavtlaseriguaire didghows a CV
comparison for the %'é/%r%ﬁé‘%?efgf@&’eofo%!gm%r%élg &Qémé’f%% é\;é%él&%mé‘ﬁ%‘?ﬁ%ﬁ%%de array used

in Figure 3B (the graph 308). The devices were tested in a 20mM of H202 in 1mM Phosphate buffer

saline solution. PREGNAIHIES JBHERPLHS HRYPrNRASHRERNBE B VieHAGHE eSS AL (9902 as
compared to thefmichaetscirad eatesaycradse, theicualieot gieneirbiad thyandsthenigdgxf prair H202 was

significantly high&fdf%diﬁﬁdﬂﬂﬁliﬁ?a?%@%tmosw%‘?giﬁﬁﬂ‘&%@éﬁ.torﬂ?é? i@%@%‘ﬁﬁ@@@rﬁﬁ@ﬂ used in Figure
3B. It was algo Iﬁg?dcthgg ﬁ@g& a&oehlyte sensor 100 can also used n’hghg sepswgeoffotrrr}]e é?resence of

. t e 1 five sites are covered asal
cancer cells. Flgl)fes 4A7an HOW MCF 27 W Fe 8% AR &P EEHS thal ietd grgwn on the surface of the

analyte sedSor 108PFERErbbItheL MiaHmg 1harge Jeatee EPNARVHRY rfeotedient@TfeoRition medium
with the MCF-7 gapiegssallsionrtragnaliteisensaiplidGiadriggaidhevielarssdn stz 2niigure 4C depicts

the analyte sensgr, 10, Qﬂ%ﬁﬁ'ﬂEOM%%Q%‘S{r%q%WayTékﬁgﬂhss?gﬁﬁgﬁ %F%ﬂn%?é’%e%eoﬂ'fcﬁﬁrs atwhich PMA

was injected into t%‘ne solution triggering the release o Ing an immediate increase in current.
This H202 was tﬁ@ﬁ%&&%@bofﬁﬁhﬂ?ggﬂe&ﬁ%cfé%@ 3 FhsibRiERATER{OUhffe 87115'e detection of
peroxidase excretpddiinyME fa-ZcBreast @a0oer/sells gsaphemmnistkeoanalyte segeut d@6lyainbe tailored to

detect Pth%@”%i%.@%@f@%wwm%@&{ ﬂﬂfﬂﬁé‘gnaﬁne seﬁ&ﬁ"&%@&ﬁi’&}{’@ a SEM
(scanning electron mlcrosc%g %e@aﬁgtof a_suréjce of an anal%tﬁ sensor 1300 %f Figure 1A, where each of
the electrodes 108 i{'8i4ER a% MY R L E'GRRTHOSE S RoURRY ThUS S0 Br0RE AN 278y of 10um disc
shaped graphenghsigeyicehaisrgrigptedne as20pdtiqor1Aeie belfdtiwatiBiepiierstlineisolBtint essential that
the electrode 106Hs eesliictasioraphens deiadipeiecttageaiimpyhetisedinrstead,dahicated from any
one or more of th ials; itri d isulfi [ n j 0 as to exhibit
semiconductor c%%ﬁ%géigﬁggﬁﬁ%gli%%%gnde 2%%%%%&%@%@‘?&%&%%%%@ &%émgiﬁogigure 5A, the

electrodes 306 &HeNASEFANNIEN SIS C%btﬁﬁ&@%tfe%faﬂ%ﬁdf@sv%%é?ﬁ“pf@ﬂwg’ pa%sivation layer
102. Figure 5B showslestréde\drtagarsed fofiguneiGBscope) image of one electrode 106. The inset picture

522 of Figure 5B showg g{rars-RemHORA ¥EW-Ri e &IeIraste-ARB ke 1ANL:1ae ling 6rA, which

shows that the passivation layer 102 has a thickness of a:oun%é?Onm, which is sufficient to passivate the

underlying cond &P SEI&AEAR 08 oM ESrtnthERSIRY M5 60 BIReSIgiACsF ffSanalyte sensor
100. The raised lesfeveetheyassivaticHriasgeepilhe anatygivessordieetidtihed théZmeyisstie 196 from physical

damage suslh asaseratciing) washigatie Hifishansrtnethed eORite iabreate anreabde sansor, according
to various embogiments, of e INYBHYS YigHar MRSk CUMRIs e G LN GRS analyte
sensor 100 under chronoamperometry. The spikes in the graph show the times at
which PMA was injected into the solution triggering the release of H,0,, signifying an
immediate increase in current. This H,O, was then oxidised resulting in an increase
35 in cathodic current. While only the detection of peroxidase excreted by MCF-7
Breast Cancer cells is shown, the analyte sensor 100 can be tailored to detect other

analytes due to the highly tunable nature of graphene.



In step 602, a conductive substrate layer is formed. In step 604, at least one 20 electrode in contact with
a portion of the conductive substrate layer is formed.dn step 606, a passivation layer having a nano-sized
to micro-sized trench within which the at least one electrode is disposed is formed. With reference to step
606, the conductive substrate layer is preferably also in contact with the passivation layer. The formation
of the at least one elechiedie &ActwpasIRMHEFRRHRT BRSHOFISTITE0ZBAUIBRGe ARG AWIRE? comprise the
steps shown in foigaieafByte sdnRssten6Q3, AGualeTArogralayesds tarmediovesdbe tomauaiive substrate

layer. In step 610, barliong 9fl0¢, lBRHoLe AU Ate {Sﬁﬂf"t%dp‘.%\%@%e 4hg,condyGHyesubstrate layer.

The remaining portions of the electrode layer form the at least one electrode of step 604. In step 612, the

passivation layeP HRSG 80T EfGar A W aB0eRs e G SVr the HeTHade JAE RYEe LIk the
conductive substcitedssrgiallthatepetdldctpuitidds of tleetiiassitatcapiayer td/foatictheciandessized to

micro-sized trenﬁlﬁb%&’ﬁﬁ%ﬁ&%&i@&g@%m any oh2 BHABRGIAHO S aiERISBEMA Mtrfaigure 6B, the
a

formation of the t one and the gasswatﬁ)% 8¥er of steps 66)%1 and 606 may also further
comprise 35the g}eﬁﬂ own'in |gur L 2 fRatk Fa{(yér' isSfOPmed 848t the electrode

layer after the fo‘Fh@é@Fﬁﬁf @F'ﬁé@l@éﬂ'é@@Iﬁ&/@fﬂ%@@@ﬁm"lﬁpﬁt%%)l%w@wask Fagiee i8/patterned to
retain the remaimigeRettioRs ebthareiasiirdanaygr waheripedtionaicbtbr«aciiones | ayrieare removed to

expose the 60”1H8tW§s§UQt%ﬁa§y@y?62Th§ SShAlnR,IRYe AE’FR/PEQ 3P Sjjrgg r?jﬂflge@% yer the

patterned mask layer, from step 618, in addition to the at least one e ectro con uctive substrate

layer. The patter‘ﬂ?@‘?rf?is?{‘%)‘?é‘?cgf’g?eEJO§18T§eré?ﬁ8R/88tWﬁe??%>$d:§%etﬁ(§ 18D ATIStep 614.
Figures 7A to 7Hestichashizw afstegelenithie dateiaeTpoypiioeéss Aviichhicipioventsathtenethod 600

described above,udth sesRasidp MiaurRs 6A HRcRfeslo ol QiGRTIC38 RS ANANIgSeDsRIADGShown in Figure
1A. One advant%ge thatt e me 4”|Od 600 d(?scrlbed above |th re ? ct to Fi igures 6A to 6C provides is

that it allows theMAbHEatioNcot At eHﬂB%n%}b{h.HCé [Sctiod (terar‘hea fials orﬁogrﬂa% err'l%magnvahves of graphene

(such as reducedugpaighenit Oilttcannbitg rapRentIpxibky raitied yehebipp depsivatidiRiafieel82 boron nitride.
Conventional malsseResgrsaesontb vbigbctandabosaia pligskadeenugingubnaiedalsae) as gold and

platinum, cannot be usg @ﬁfﬁ%%“ﬁl%t oty tinsleciode-materials, accf; f%gxore Uae

f t
conductive substrate la %r 10 comgrlsm or example, ITO) on aabm% substrate 11 mprising, for
example, glass é’&B%H%?@)quﬂF@Waé’ th?H'éVEBVRiUch%@E@Qﬂé@”ﬂﬂlﬁsi@%fgﬂwmsﬁﬂﬁ substrate 112
stack is cleaned. 20 Am etegtsodealayrdenprisingicalyexanmgite@rapRensios, @toamat\uaea chemical

vapourde%ltlo&e&g@lﬂrggngwﬂﬁ g]ll % Q %)Iwgwee7 sm? % pp (ar7 6 (which is later

processed, see Figure 7E, to form ctrode 1 en transferred onto the IT and glass substrate

structure of FiguFe R0y Famniireiause '&yﬂ%ﬁf\?@%ﬁﬁgﬁé‘i&%?'i@é”%‘m WiGi&7eN a mask layer
716 (comprisingtheraeisasiptes 86twde Balipposdd is formed. With reference to step 606, the

conductive substrate layer is preferably also in contact with the passivation layer.
The formation of the at least one electrode and the passivation layer of steps
25 604 and 606 may further comprise the steps shown in Figure 6B.
In step 608, an electrode layer is formed over the conductive substrate layer.
In step 610, portions of the electrode layer are removed to expose the conductive
substrate layer. The remaining portions of the electrode layer form the at least one
electrode of step 604. In step 612, the passivation layer of step 606 of Figure 6A is
30 formed over the at least one electrode and the conductive substrate layer. In step
614, portions of the passivation layer to form the nano-sized to micro-sized trenches
that expose the electrode.
In addition to the steps shown in Figure 6B, the formation of the at least one
electrode and the passivation layer of steps 604 and 606 may also further comprise

35 the steps shown in Figure 6C.



alcohol (PVA) solution) is spincoated onto the graphene, ITO and glass substrate stack of Figure 7B by
forming the mask layer 716 over the electrode layer £06. In Figure 7D, the mask layer 716 is
imprinted, using for example a nanoimprint lithograph (NIL) technique, over a two-step process to pattern
the mask 30 layer 716. The first step is performed at 50 bars at 27C for 3 minutes and the second step is
performed at 50 bars a136C f3B1@ rMiAteSYThe ingpTAtng feshRs I H pattdnmeid 3fielsikayer 718.

Upon demoldingothefuatiginedliavhskidaygsr 61 St sud en gisigLdanexaspleydcagire i etching), as

shown in F'guretZEetB(?nt'tﬁlg%ﬁ{anﬁﬁp'&‘?g +Pﬁné’§ Hemad TN ﬁﬁéﬁé&%%l%} Gr&lgetrode layer

706. The etch removes portions of the un ing electrode exposes the conductive

substrate layer i‘%er'ﬂrr% rﬁB}‘t’Yﬁﬁjstﬁtet’f‘Pé’%QéEf’rﬁﬂgdféﬁ;@F 'f%sttﬁ%t? H@M?ém@r%‘tﬁ?ﬁ?b%@r@d by the residual
10 protectivé layevnoithe Gldtierivadan askr|theepat®drethe agntmieinfjopostemE 18t theddiderlping electrode

layer 706 form t%%@@&@ﬂ&%@@ctrode UhiT 9 SohfuchRASSHSEHRN er 02 dsrEnriisingsdor example, a

lum thick layer ?g{z met%ISrlr%ertehacrgdate] PMMA brs%tjl]gréit%rrrgg fog example, 5 spincoating) over
a

the patterned m & erlaytsatre‘? it addiion 10 the lge |%onéuctrve substrate layer 108. A

subsequent etch is carfigdreit/ AdsRbnareh F@W@?@%MN@%Q@WQWI&%P%E Whigdr controlled
timing to removerﬁoramtﬁaterth@mﬁmmbﬂmq@@@&b@timtayami@é’stecequsgutbe pattereedinask layer 718

In Figure dTb th‘?a% E‘&Péetﬂg%ﬁ% acgi%erdfdengﬁ%stm MAIRL Bath ‘E‘in@ogdv%r dgareerrﬂtqhthgndef gentle

stirring to solve e patterne m layer 718, thereby exposi g the electrode 106. Accordingly, in
Figures 7G and mﬁthﬁgrﬁ?%|9§8°f&??ﬁ|&1%9‘é?z%rtrr§ﬁ€?%§‘arzé%ﬁ§r & it? e PARURRSE AV Er 102 to expose
the electrodes laiwshenebjalmifatinmingfthaseicalo-gire ctectnideo-siatedaie ricive s gthphpagterned mask

layer 718 is remgughiited e grghads giemndnEddeegsreRCornd dAdiQibhersilife method to

fabricate a graphene base croele tr arral}/ ccorddng t8 various embo iments of the
1IC enum dl’Oﬂ nit nventional mat I’esp{ﬁCESSES
invention. Graphene ase eroeiRétrodes have more favourabieharaciofstic an microelectrodes

without gra}fhené/mqb(ﬁawﬁfe'aﬁt%ﬂ%@ir@é?ﬁlgﬁlfmmﬁtwmﬂ@Wetﬁtﬁelgﬁﬁp't@@@mﬁéqﬂer?@ﬂﬁ*ﬁﬁﬂ@e of graphene
based eIectrodeaseaQoaa]ﬁa@I&eg@nr&cJ@ﬁie@tmm@@wbasamh}gat been fuIIy realised. Thus, the various

e o e WS RlRRe Bt fhONe G & o R HGsSsllulheisals 2 oraphene
based microelectrode array, being an improvement over’single ne e ectro s that éexist.
on a bulk substrate 112 (comprlsmg, for example, glass substrate) is prowded The

conductive substrate layer 108 and the bulk substrate 112 stack is cleaned.

20 An electrode layer (comprising, for example, graphene) is grown via a
chemical vapour deposition (CVD) onto copper foil (not shown). In Figure 7B, the
electrode layer 706 (which is later processed, see Figure 7E, to form the electrode
106) is then transferred onto the ITO and glass substrate structure of Figure 7A by
forming over the conductive substrate layer 108.

25 In Figure 7C, a mask layer 716 (comprising, for example, 10% w/w Polyvinyl
alcohol (PVA) solution) is spincoated onto the graphene, ITO and glass substrate
stack of Figure 7B by forming the mask layer 716 over the electrode layer 706.

In Figure 7D, the mask layer 716 is imprinted, using for example a
nanoimprint lithograph (NIL) technique, over a two-step process to pattern the mask

30 layer 716. The first step is performed at 50 bars at 27°C for 3 minutes and the
second step is performed at 50 bars at 110°C for 10 minutes. The imprinting results
in a patterned mask layer 718.

Upon demolding, the patterned mask layer 718 is etched (using, for example,
reactive ion etching), as shown in Figure 7E, to transfer the shape of the patterned

35 mask layer 716 onto the electrode layer 706. The etch removes portions of the
underlying electrode layer 706 and exposes the conductive substrate layer 108. The

portions of the electrode layer 706 that remain are those covered by the residual



The various embodiments of the invention address the challenge of making 25 graphene active sites with
the same dimensions throughout an array and being, gble to place them on a conductive substrate in a
manner that only the graphene is exposed to the environment, with the rest of the conductive substrate
being protected by an insulating layer. An existing method deposits graphene on a conductive layer.
However once tiOENRACh &S hieePPERESEIMBaIsSAYAIG 8he ISdERATINEoPRItiefiveBtayer becomes a
problem. Curieatyiaghyndtiese ngketdm 6aoaio mMiydsolaitiag @ographene layer and then attaching

electrode contacts ontqntlafgt%@y;Egg%ggﬁidﬂﬁ%\(eﬁ@EJ&@&%Q Q;(%?p?é, Q%iﬂqﬂﬁjirst isolate a

single graphene sheet andthen manipulating the process to deposit the contacts in exact positions. Other

limitations are tHaYe35°5rBBMe A Bk RSB R RaftVAKY ouPih ultiBRY $Pe dMd SRPRSINless they have
undergone pre-fapricetog) dves the pegainedgechk faferiniBioviaditowardbagesshedessdiesomdarrays. 11

Various embodimpgrisral,theeriasankdUeationsoVRraIBethaieRlam ahifdsicatsg araphene

microelectrode agralé b éllowinﬁ: i)A%r.a henfe she(f(t)%o be tailored ip aize and shaé)e to form the active
- 19 HYF on_ the fha ivation layer .. under C8 trolle -tll’]’llng to_remove a . . .
area of the device? 5h)Tailoring of thiS"active area can be scaled to multiple sheets per imprint, increasing

the number of aétilfigiapenerism widhgaiass valipfataye HII il Axpepedharetiesignesl kydid FBVIMA) with
differing soluble propertigsgakorminehpassipativroat theceanauelibvressulipifataandast thesgamne time,

allowing the rapEne ACN "G Eﬁrg é%‘%‘s&%lyéetﬁé‘ saEmentA9and Ly) PRIl ligapyent of the areas

r

that need to be gISSOE]/ed to exgoset e ﬁ)&ene and passivation of underlying conductive layer.

With reference t8XBRANE? &'85Ade AQRoMpPIHNERHAGIYIFR (GsBC L 18RS ARIBIMFRNnd relative ease
of patterning a |aiged areaghes acti@ sie snithepassiatin. (S TR torgpns e diterlrcaniedsdBe easily

controlled depe%@ﬂe&?il?hﬁ)mmg red- RMAISdl %b%%@H@t&%ﬂ@j%@ﬁﬁ&éh@dﬂh@#ow patterning
of the graphenelshge}igMMA is then employed to insulate the conductive ITO layer. The PMMA

interfaces well with tHe PEtETEG PVA so that upon dissolution of the PVA, only graphene is exposed to

the environkaent. ChardéearaadkgstabenrcoUTgwesei? e ardgheiae’H describe a method to

fabricate a graphene based microelectrode array, according to various embodiments
of the invention. Graphene based microelectrodes have more favourable
characteristics than microelectrodes without graphene. Also, while an array
configuration would further improve the performance of graphene based electrodes,

20 a graphene microelectrode array has not yet been fully realised. Thus, the various
embodiments of the invention described above provide a method to successfully
fabricate a graphene based microelectrode array, being an improvement over single
graphene electrodes that exist.

The various embodiments of the invention address the challenge of making

25 graphene active sites with the same dimensions throughout an array and being able
to place them on a conductive substrate in a manner that only the graphene is
exposed to the environment, with the rest of the conductive substrate being protected
by an insulating layer. An existing method deposits graphene on a conductive layer.
However once the graphene has been shaped, passivating the underlying conductive

30 layer becomes a problem.

Current techniques include randomly isolating a graphene layer and then
attaching electrode contacts onto the graphene sheet. However this is a tedious
process, having to first isolate a single graphene sheet and then manipulating the
process to deposit the contacts in exact positions. Other limitations are that

35 graphene sheets do not naturally occur in uniform size and shape unless they have
undergone pre-fabrication. This poses a large hurdle in moving towards graphene

Sensor arrays.



20interface and the underlying ITO layer that can be attached to a potentiostat to gather signal data.
Various embodiments of the present invention providg the following advantages: a) pattern and
isolate graphene sheets on a conductive substrate. This 25allows for enhancement in sensor field due to
the characteristics of graphene. b) self alignment process through the use of PVA and PMMA at different
fabrication stages, thatValiWs ARPRPIESHESR SHEsHGIREFARREEY BeRNSe HSo PEIRIGING an array
characteristic witheridafinghegraphetahabgrmserniaiapay bhisiovatigguishes graphene active areas that are

required to be 30exposed ang %?%%ﬁgv&é&%t@%%?@dsi”@&@%_ﬁg 59%% p(f‘t%srmq%da gvr(pat charge

transfer occurs solely through graphene active sites. ¢) hanoimprint technology that allows a tunable
resolution of the active®fR28SEREUERNg the pattern and shape of the graphene active areas. The size,
shape and geriodicity @ the dctiversites tan hctive anen pacten eaklyte Ibskidetistisetsd péabrication on a
variety of substrates, e;gngHhass:rahiGRg (AL BticH RIMSING, MaRKkRAssilg.applications for the
sensor. 12 e) the possibility of using materials ather rap or the active site material, i.e. a
different electrode mat'é#ial, stgt'gzsafg tal grt e %eéﬁé%r(gvaél%'ca (%ﬁgré tvgir?fa@tﬁees”.n?) f)?lt%es a high yield
fabrication process to Géaestigeaplerbg BrsAteM obthihePReidshecetparis RMa RigiayaBafiguration. This
provides higher sensitivity aadwilgwes deiecsiandimit alewingpselgoien of aratyiesnvhene they occur in
lower conc%(?trations, e84 glucose detection in tears/saliva instead of pinprick blood samples for
diabetics. This facilitates detection of deadly bacteria/diseases before reaching harmful levels. 101t will be

appreciated by a persdh skille§irPHEFPHPAMATBRS UBAI AIF5HOALE TSP MG i E2RBHs Wfay be made to
the present invention ag &ttewes andipessivisodinienteryitigoedndepiauwtirydrom a spirit or scope of the

invention as broadly deggrihge-chBeEMERAUIRNS AieniNSERIRIR derRBIcRsiIdsEgdR @lkrespects to be

illustrative and nﬁ)t r.ggrictive. _ _ S .
exibility and relative ease of patterning a large array of active sites in one imprint.

15 This imprint pattern can also be easily controlled depending on the mold used. PVA
is first used as the sacrificial layer that will allow patterning of the graphene sheet.
PMMA is then employed to insulate the conductive ITO layer. The PMMA interfaces
well with the Patterned PVA so that upon dissolution of the PVA, only graphene is
exposed to the environment. Charge transfer then occurs between the graphene

20 interface and the underlying ITO layer that can be attached to a potentiostat to gather
signal data.

Various embodiments of the present invention provide the following
advantages:
a) pattern and isolate graphene sheets on a conductive substrate. This

25 allows for enhancement in sensor field due to the characteristics of graphene.

b) self alignment process through the use of PVA and PMMA at different
fabrication stages, that allows multiple active sites to be fabricated on the
sensor allowing an array characteristic without further manual alignment
steps. This distinguishes graphene active areas that are required to be

30 exposed and conductive substrate areas that need to be passivated so that

charge transfer occurs solely through graphene active sites.

¢) nanoimprint technology that allows a tunable resolution of the active sites
by adjusting the pattern and shape of the graphene active areas. The size,
shape and periodicity of the active sites can have an impact on analyte

35 selectivity.

d) fabrication on a variety of substrates, e.g. glass, silicon, quartz, plastic,

providing many possible applications for the sensor.



15 13 CLAIMS 1. An analyte sensor comprising a passivation layer comprising at least one
nano-sized to micro-sized trench 5for receiving an apalyte; an electrode disposed within the at least
one nano-sized to micro-sized trench of the passivation layer, the electrode comprising atomically thin
electrode materials from any one or more of graphene, derivatives of graphene, silicene, molybdenum
disulfide or boron nitrick®; BACITHEGNALEENE SoRStIRIEe IBpE ARV TgraY tion e ’stiveceifith at least the
organic/non-metallic eleetedde i.e.aldifetditlykasemsaratdrzlaky dswheirinitbehiono aeriact between the
conductive substrate Iq}(ﬁérmd?ﬁa%gssivation layer. 15 3. The analyte sensor of claim 1 wherein the
conductive substrate layer is also In contact with the passivation layer. 4. The analyte sensor of any one

of the preceding claimd) WRYASH IRPOYEILREHGRISIRERSRESI &Y & B mPRRBE S oA dfhore of the
following mdierials indifilm) timiosadiectoggserinplainamayor qofgiuratidin aneligeseyvides dogherising an array
of nano-sized to microgized flestPdester acrivo ARy detection of analytes where
they occur in lower concentrations, e.g. glucose detection in tears/saliva
instead of pinprick blood samples for diabetics. This facilitates detection of
deadly bacteria/diseases before reaching harmful levels.
10 It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the
embodiments without departing from a spirit or scope of the invention as broadly
described. The embodiments are, therefore, to be considered in all respects to be
illustrative and not restrictive.
15



25 array comprising an electrode indented in a passivation layer, the electrode comprising atomically thin
electrode materials from any one or more of grapheng, derivatives of graphene, silicene, molybdenum
disulfide or boron nitride; and a conductive substrate layer having a portion in contact with at least the
array of nano-sized to micro-sized electrodes. 30 6. A method of fabricating an analyte sensor, the
method comprisfrg/ft¥ing a conductive substrate layer; forming at least one electrode in contact
with a portion of the conductive substrate layer and 14 forming a passivation layer having a

nano-sized to m&cro-siat—:-ndatnrqn%hsg\ﬂghirncwhi%}g"t]he at least one electrode is disposed. 7. The method of
claim 6, wherein‘the cONUTICHVE S0BS raf)gﬁ%yerqs also in 5contact with the passivation layer. 8. The

method of claim 7, wher@astheationraatoncoithenat 4 sstsb neeeteotrede didnimeopsizsiviatiarh layer
comprises the stgpgafiingaingnanelectrode layer over the conductive substrate layer; 10removing
portions of the electrode layer to expose the conductive substrate layer, wherein the remaining portions of

the electrode layer forftAEHILREEBAREE YN ROAL IFRILINE BRGITERE ©° MBAIRS e FRssivation layer
over the at leastdnieeglessicdioralagieth ¢hearielictileecsuimsisate dmyacabin thibSrentodie g pertidns of the

passivation layeftpnfary dhe HanereieedipRaiEonsikan e BERRD HaAL cxRask theosissdrade. 9- The
method of claim cﬁé G’l\ﬁh rein the fO{rriHation of the at least one electrode and the passivation layer further

e
) d]g or boron nitride; and
comprises the steps of:
10 a conductive substrate layer having a portion in contact with at least the

organic/non-metallic electrode.

2. The analyte sensor of claim 1 wherein there is no contact between the
conductive substrate layer and the passivation layer.

15
3. The analyte sensor of claim 1 wherein the conductive substrate layer is also

in contact with the passivation layer.

4, The analyte sensor of any one of the preceding claims, wherein the
20  conductive substrate layer comprises any one or more of the following materials

indium tin oxide, copper, platinum or gold.

5. An analyte sensor comprising
an array of nano-sized to micro-sized electrodes to receive an analyte, the
25 array comprising an electrode indented in a passivation layer, the electrode
comprising atomically thin electrode materials from any one or more of graphene,
derivatives of graphene, silicene, molybdenum disulfide or boron nitride; and
a conductive substrate layer having a portion in contact with at least the array
of nano-sized to micro-sized electrodes.
30
6. A method of fabricating an analyte sensor, the method comprising
forming a conductive substrate layer;
forming at least one electrode in contact with a portion of the conductive

substrate layer; and



20forming a mask layer over the electrode layer after the formation of the electrode layer; patterning
the mask layer to retain the remaining portions of thg glectrode layer when portions of the electrode layer
are removed to expose the conductive substrate layer; 25wherein the passivation layer is formed over the
patterned mask layer in addition to the at least one electrode and the conductive substrate layer, and
wherein exposing the dpEEiRS0R PasEiEB aPEsBaviad R DY Fieeh daaniser SRad KN RiyervB0iN0. The method
of claims 6 to 9, whereis dheslectwdetaupiistsasydone or more of atomically thin electrode materials
from graphene, derivatives of graphene, silicene, molybdenum disulfide or boron nitride.

7. The method of claim 6, wherein the conductive substrate layer is also in

5  contact with the passivation layer.

8. The method of claim 7, wherein the formation of the at least one electrode
and the passivation layer comprises the steps of:
forming an electrode layer over the conductive substrate layer;

10 removing portions of the electrode layer to expose the conductive substrate
layer, wherein the remaining portions of the electrode layer form the at least one
organic/non-metallic electrode;

forming the passivation layer over the at least one electrode and the
conductive substrate layer; and

15 removing portions of the passivation layer to form the nano-sized to micro-

sized trenches that expose the electrode.

9. The method of claim 8, wherein the formation of the at least one electrode
and the passivation layer further comprises the steps of:
20 forming a mask layer over the electrode layer after the formation of the
electrode layer;
patterning the mask layer to retain the remaining portions of the electrode
layer when portions of the electrode layer are removed to expose the conductive
substrate layer;
25 wherein the passivation layer is formed over the patterned mask layer in
addition to the at least one electrode and the conductive substrate layer, and
wherein exposing the electrode further comprises removing the patterned

mask layer.

30 10. The method of claims 6 to 9, wherein the electrode comprises any one or
more of atomically thin electrode materials from graphene, derivatives of graphene,

silicene, molybdenum disulfide or boron nitride.





