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1 A Method of Doping and Apparatus for Doping Technical Field This
invention relates to a method of doping and apparatus for doping and

refers particularly, though not exclusively, to a method of doping at least
one element in an array of elements on a substrate and apparatus for
doping at least one element in an arraylof elements on a substrate.
Background 10Current commercial sensing systems for gases use
micrometer stdfethagstiderintans Ahpsmgenin@etements typically use
ceramic based metal oxides which limit their sensitivity and other
performance characteristics. Sub-micrometer scale materials generally
TRUSKEERigh surface-to-volume ratios. Surface events such as

adsorption of gaseous species can cause a drastic change in electrical
Tedmiuetitidty rdlatse iy affectingBensing dacapadhiitys [KsasHidissigteters
sub-micrometer scale metal oxides such as tin oxide nanotubes and
PREINEReREIEahexkeiebidvus rthedsy dirsoagitilaastonmsiessuich as array
ogg{br%gnrg%rrl]oaxid%sr%s;[\gv%%the rqicr meter scale sensing element. For
Applications i Tood and sharBRRNREL SRS ARG R CaR HERIENHRr A) 2BRY Of
fEhsHIg oL lemente are required to collate data. Each sensing element in
an array should have a unique response and sensitivity to a particular
chemical species such as a gas. Individual sensing elements thus need to
be modified differently, To dope individual elements in a sensor array,
me#?%ombinatorial techniques have to ").5be used where dopants are
i ited into the metal oxides in high vacuum using magnetic

e L Y RIS B R el iR mers
THREEISHRSALALIRENRNY R NaleTialenaivingdiss doSgRIlicant GoRts: Ao
these techniques are usually serial in nature, meaning that dopants can
senbitibityinco pilozatedfintoaoce characteristics. Sub-micrometer scale materials generally

have very high surface-to-volume ratios. Surface events such as adsorption of gaseous
species can cause a drastic change in electrical conductivity, thereby affecting sensing
capability. Use of discrete sub-micrometer scale metal oxides such as tin oxide nanotubes
and nanowires results in a tremendous increase in sensitivity to gases such as carbon

monoxide relative to the micrometer scale sensing element.

For applications in food and environmental monitoring, for example, arrays of sensing
elements are required to collate data. Each sensing element in an array should have a
unique response and sensitivity to a particular chemical species such as a gas. individual

sensing elements thus need to be modified differently.

To dope individual elements in a sensor array, currently, combinatorial techniques have to
be used where dopants are selectively deposited into the metal oxides in high vacuum
using magnetic and or electrical means. Using combinatorial techniques requires highly
specialized equipment and materials, giving rise to significant costs. Also, these techniques

are usually serial in nature, meaning that dopants can only be incorporated into one
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2 element at a time. Doping of an array will therefore take time. For
manufacturing environments, this is not optimal. Summary 5According to
an exemplary aspect there is provided a method of doping at least one
element in an array of elements on a substrate, the method comprising:
providing at least one microfluidic chanfel passing from a first location
external of the at least one element to a second location in fluidic

AR GhitimSn AR e AP 1RERY WHEperiRsptakadimeparismRy aferswine

eﬂulirg)r;tmoqgl%hggeisa%g astone microfluidic channel to the at least one
element fot doping t &al [@ast one element. There may be a first plurality
of elements and a second plurality of microfluidic channels. At least one of
the plurality of microfluidic channels may be for each of the plurality of

SwseiEanents of the plurality of elements. There may be a mask formed on
the substrate. The at least one element may be formed on the substrate or

ArEHAS I FheRRsieMATRE e WRHARE 3mRiede vReng Ritoaee
e@#ﬁéaﬂw%w Bel BhayLREN ﬁ@%r@ﬁé& %éﬁ%%HQétééF&- e method

may further comprise heating the at least one element \/\Mésrllnf)éssing the

dopant fluid $isighdtheeddeass anadnisaeisidimehanrsldedheatrlieastation
one 20element for doping the at least one element. The heating may be

ssipmelcisioatlersanng ernashtferansgid ecatiastiofeidt trrsulsteaienarith the
e mask. 'r[he at least one heating element may be adjacent the at least
IR ST G ay be at least two microfluidic channels for each of

the at least opg gleMERtSFariahibeALIRASE DG %}i‘e‘m%‘?&%@%#&gl%u to the at

may be for supplying a different dopant fluid. The different dopant fluids
isastyobe Absuppliedispngltaneousiyt and/eegensecutively. The at least one

microfluidic channel may be
There may be a first plurality of elements and a second plurality of microfluidic. channeis. At
least one of the plurality of microfiuidic channels may be for each of the plurality of
elements of the plurality of elements. There may be a mask formed on the substrate. The at
least one element may be formed on the substrate or the mask. The mask may be integral
with the substrate. The at least one microfiuidic channel may be in the mask or the
substrate. The method may further comprise heating the at least one element when
passing the dopant fluid through the at least one microfluidic channe! to the at least one
element for doping the at least one element. The heating may be by at ieast one heating
element formed in at least one of the substrate and the mask. The at least one heating
element may be adjacent the at least one element. There may be at least two microfluidic
channels for each of the at least one elements. Each of the at least two microfluidic
channeis may be for supplying a different dopant fluid. The different dopant fluids may be
supplied simultaneously and/or consecutively. The at least one microfluidic channe! may be
branched for supply of the dopant fluid to more than one location for each of the at least

one elements.
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branched for supply of the dopant fluid to more than one location for each
of the at least one elements. 3 According to another exemplary aspect
there is provided apparatus for doping at least one element in an array of
elements on a substrate, the apparatus comprising at least one
microfluidic channel formed in the substrate, the at least one microfluidic
channel passing from a first location external of the at least one element

|
A B R i3 AR e R B RS R R RERYF RrtARrRI 2t sR5 fipigg at least one
clElRERRM IS 2L I AS AR I Qfgﬂjg&rggaﬂ%eégﬂ@ugowﬁgﬂ %q&%ﬂggét Ane

dopant fluid through the at least one microfluidic channe e at least

manefleleimentriosl dopiag iththatieastenenelamenst brer He atiarcaxamppdssing
aspect, the apparatus may further comprise at least one heating 10
freme st RARYED PriaTRas ahE® Adea% P RE e durct tont deantigrtie faddic
C(I)(ranarrslaoggig;]em%%gvhﬁnﬁg?gsingl the dggranttfuid through the at least one
Microftidie Chahig 36 The St Tea s SHA Sr%eﬁf‘%éPa%B%H@O{Wéd&?Ba@e%r‘?@'”g
cSHRGRREH 1A\ s ARG SR U RGLESS TRIAN-asPER REFSHRPEALGH o the at
apparatus for doping at least one 15element in an array of elements on a
legabeteatistientdppdraingstoemipesshgrat daseane heating element formed
in the substrate and being configured for heating the at least one element
when doping the at least one element. For the further exemplary aspect
r [ prise at least ope 20microfluidic channel .
e T R R T R 88 omine
elrfiEst leAEEMaxtes DB Rt enateRs RBRIRI RNHE: A-SaRE M IIOGRURR Hement
fluidic communication with the at least one element; the at least one
whitrofierie tbralenehbiiithtivonfigthechtdepstsma ohapaihtiiaidhtmoeigh tieaateast
least one microfluidic channel to the at least one eiement for doping the at

oq@agtegﬁgtépéﬁ%cmg the at ieast one element.

According to a further exemplary aspect there is provided apparatus for doping at least one
element in an array of elements on a substrate, the apparatus comprising at least one
heating element formed in the substrate and being configured for heating the at least one

element when doping the at least one element.

For the further exemplary aspect the substrate may further comprise at least one
microfluidic channel formed in the substrate, the at least one microfiuidic channel passing
from a first location external of the at least one element to a second location in fluidic
communication with the at least one element; the at least one microfluidic channel being
configured to pass a dopant fiuid through the at least one microfluidic channel to the at

least one element for doping the at least one element.

For the other and further exemplary aspects, there may be at least two microfiuidic
channels for each of the at least one elements. Each of the at least two microfluidic

channels may be for supplying a different dopant fluid. The different dopant fluids may be
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25 For the other and further exemplary aspects, there may be at least two
microfluidic channels for each of the at least one elements. Each of the at
least two microfluidic channels may be for supplying a different dopant
fluid. The different dopant fluids may be 4 able to be supplied
simultaneously and/or consecutively. The at least one microfluidic channel

ébe branched for supply of the dopant fluid to more than one location
alp é@nsﬁf’ﬂﬂ%da?‘qé‘é&atr&‘?é%)ré’m@ﬁfswﬁﬁ%?éﬁﬁ%\w Béea%‘ir‘§?ﬁq19ﬁ9|®‘%ﬁﬂu'd'c

emgnt a seco gplural roqu ((];tgannels At Iea
c anne ﬁ/js rﬁ 0 Jy ore than ?ﬁa nfor each
e seco Iora ity o microfiidic cha neIs may e for eac Irst

opih'éadttbéégt%I@Té@él%%ﬁ@‘sth&\éﬂélPﬁHWUéf@%ﬁ@ﬁ!&%nﬂ}@@éﬁ@%t@%@d@@%&nd

formed on the substrate. The at least one element may be formed on the
plwadly of thierslihidiv atmrmats.Makieshayee theesgrad i thiutwits b strerd|uide
at least one heating element may be adjacent the at least one element.

cRERF B IRRIERR Br FreRCIAE BHE WTahents RRs R Briiur e’ slamagts. There
nf ebmgcrggglm% Q%'E'ﬂ Pﬁé”%ﬁs %‘%%‘ét %%TQ%%R%%??BS #Bﬁf‘é'@gn the
g € mas

ment may orme |n at east one of the substrate and

nBrbbRswiptentef the Rsawingsbe integeandnatibeunyeatiomipay bestuhs
understood and readily put into practical effect there 15shall now be

heetiegibletnbyt Wway be adisdenitheel pashipie daryeekdrashpeamancdimreptsast
the descrlptlon belng with reference to the accompanying ill ustratlve

BT SR G AWRIGS! Fig° FHSaSH BT PUrSPeiGE AaRPHERAY SpdvE B Mask.
THE SXRAWIANY FIRAANANL, ZAEIS, LAt emalE: *&9@78%@ substrate and the

cross-sectional view along the lines and in the direction of
mask.

Brief Description of the Drawings
in order that the invention may be fully understood and readily put into practical effect there
shall now be described by way of non-limitative example only exemplary embodiments, the

description being with reference to the accompanying illustrative drawings.

in the drawings:

Fig. 1 is a front perspective view from above of an exemplary embodiment;

Fig. 2 is a schematic horizontal cross-sectional view along the lines and in the direction of
arrows 2-2 on Fig. 1; and

Fig. 3 is a schematic close-up plan view of the embodiment of Fig. 1;

Fig. 4 is a schematic close-up plan view of an alternative exemplary embodiment.

Detailed Description of the Exemplary Embodiments
As shown in Figs. 1 to 4, there is a mask 10 for doping sensor elements 12 in an array of
sensor elements 12 on a substrate 14. The mask 10 has a series of microfiuidic channels

16 formed therein. Alternatively or additionally, the microfluidic channels 16 may be formed
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arrows 2-2 on Fig. 1; and Fig. 3 is a schematic close-up plan view of the

embodiment of Fig. 1; Fig. 4 is a schematic close-up plan view of an

alternative exemplary embodiment. 75Detailed Description of the

Exemplary Embodiments As shown in Figs. 1 to 4, there is a mask 10 for

doping sensor elements 12 in an array 6f sensor elements 12 on a

substrate 14. The mask 10 has a series of microfiuidic channels 16
ifdnenevbatiereid AlramativoRuvicadditiosizl b pHseanitooflaitist dratine s k6ternal of
tmagébe formed 5 in the substrate 14. Each m crofluidic channel 16

QR TIETBERIOh 2 SREARFAIBPING POy HEFRIBMEdARBR wBh the
s&&§8%%!Q%%0&89nﬂrﬂw%? tﬁQ"QEﬂEQ,‘%ﬁ‘&%@% '{9 Eg% Be”%‘s’ée‘%}‘?@n‘%@ source

12. A dopant fluid for the sensor element 12 can be passeg from a Source

oofifiidichtnenshayn)dingpughrineomirielirgie shaneldf 4o Sensar £185aBbing the
12 for doping the 5sensor element 12. As shown in Fig. 1 there are only
SRRBCSEIEREIdMents 12, There may be any suitable or required number of
sensor elements 12 in the array. Each sensor element 12 will have at

least one microfluidic channel 16 in communication therewith. If more than

g dapantfuidid0is reauiied fosararisuylarRensorRlement 12 here b or

may be two or more microfluidic channels 16a, 16b for that sensor
redeiventuias stransoireleigen anth3nd beaiffesentsdapantiduisia n2ayibgave at
supplied simultaneously and/or consecutively. Depending on the material
‘%ﬁ%%@ﬁ%@ﬂéi@m@m@‘aﬂﬁdm?%@%ﬁﬁﬁﬁéﬂ herrRyiatdeore than one dopant fluid
i Sl?)ech%acﬁgrriasti%s ig& Itr}es gnens%rleer#%me&t %hzérthe microfluidic channel ]QG_ :
ma(g/ube rancﬁe?if ad?acen%%e Sensor élemgnrpi)étfg B\ﬁ%ﬁh‘&%?e”a%rﬁ He'e
dhaishinsmeserbiarnenadosatinnriba senaaRiRMANdL. AsShoWRIRfilen:
4. The dopant supplied to the sensor elements 12 in the array may vary
dawandivids i apibg rewpdiaf sgeusoreelenyenty/d 2 dhsheusiamne, the

microfluidic channels 16 may be supplied from a common source, through
common feed 20channels (not shown).

Depending on the material of the sensor element 12 and/or the required performance
characteristics of the sensor element 12, the microfluidic channel 16 may be branched
adjacent the sensor element 12 to provide the dopant fiuid to more than one location of the
sensor element 12, as shown in Fig. 4. The dopant supplied o the sensor elements 12 in
the array may vary for individual, or groups of, sensor elements 12. If the same, the
microfluidic channeils 16 may be supplied from a common source, through common feed

channels (not shown).

The width of the microfluidic channels 16 may range from about 500 micrometers to 5
micrometers, Delivery rates depend on the type of dopants and concentrations used.
Dopants may be any elements that increase gas sensitivity, for example, europium, tin,
calcium. Dopant concentration is typically in the millimolar to micromolar levels, depending

on the amount of dopant to be incorporated which in turn is dependent on the application.
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The width of the microfluidic channels 16 may range from about 500
micrometers to 5 micrometers. Delivery rates depend on the type of
dopants and concentrations used Dopants may be any elements that
increase gas sensitivity, for example, europium, tin, 'Dscalcium. Dopant
concentration is typically in the millimolér to rnicromolar levels, depending
on the amount of dopant to be incorporated which in turn is dependent on

THSE58IitA IR ™E S AR thFati3trte ftimts SHbgEsL s Rigferakly Teenprises an
. , eferably comprises an insulating layer 15, as shown in Fig.
A R M DL R o v

e mas e Integr &'su

sSARAE alemeatsddomahhetormet pdheMask B ORI sRstASddbtrate 14.

The substrate 14 may be any suitable non-conducting material such as
Totasghsiiliton4 amy Hdlexibieipolymen-tongudtng maskid Gunaygbeldesmsiicddy and

any mic,romachinin technique, for example, laser micromachining or
ﬂﬁ?ﬂ%@-ﬁﬁhﬂﬂmfaﬁe BRsls'danaine faEBrEManM G b SraiiRadaraphye. for

- g 0 nthe substrate 14. The . .

R B S AR A agero o
sEdsirae; kphy he heating elements 22 are for heating the sensor

elements 12 when passing the dopant fluid through the microfluidic

channels 16 to the sensor element 12 for doping the sensor elements 12.

Heating%?ssists the do%ggﬁacti n as well as detection of chemicals durin

RSP DT AT R RN o CBRRED S5 SHP A SalFe Qsidgp Slements 22
n‘?el?@@%&%@M@M@&ﬁﬁéﬁ%&%%ﬂ%@ﬁb%ﬁéfér APSREHICAGON0REHIRANS, ore

to'the heating elements 22. Heating is preferably confined to each sensor
felasating 1 Ihedeatingreternenisn?zasshgratedablymadervbigaterdalscrofiuidic
amenable to resistive heating, such as tungsten or silicides. Preferably,

chiranriatAdodfssensonsamrrhEaiiglesnmierais @ #lsreeptaddd et essists

ossible to red;gce real estaté(; and thereby cost. The power required

R S RS L AR et 2 SRS BISPI AHRE SRARR! BREER Bopampeating
eiseehasvellasdbe 88&?@5\%2@?%%%@9%%qi§§8@ﬁ9rﬂu%|%§%%%§§%%r

through the microfluidic channels 16. Each sensor element 12 ma
cleadea0tatreasirane semeandustimgmeral oxide, such 25as, for example,
TiO2 or other suitable metal oxides. The sensor elements 12 are
preferably three-dimensionally interconnected nanostructures or three

Hime0sionally NanoRarous Materials sUch a8, 1on SXATRIS, NANISPANTCS) are
preferably made of materials amenable to resistive heating, such as tungsten or silicides.
Preferably, the heating elements 22 and heating contact pads 24 are placed as close as
possible to reduce real estate and thereby cost. The power required as well as the heating
temperature are dependent on the type of dopant used as well as the concentration of

dopants dissolved in the fluid passing through the microfiuidic channels 16.

Each sensor element 12 may be made of at least one semiconducting metal oxide, such
as, for example, TiO, or other suitable metal oxides. The sensor elements 12 are preferably
three-dimensionally interconnected nanostructures or three dimensionally nanoporous

materials such as, for example, nanosponges.



7 Whilst there has been described in the foregoing description exemplary
embodiments, it will be understood by those skilled in the technology
concerned that many variations in details of design, construction and/or
operation may be made without departing from the present invention as
defined by the following claims. 8Matt The Claims: 1. A method of doping
at least one element in an array of elements on a substrate, the method

WUbiptisisgiassirrndigr e s iibbedassoningriesariation exrmslameambodiments, it wil
thereon,.there being at least gne microfluidic channel passing from a first
e R T S R R e e R oo
SUENIGRAERINEANe Al saekiB AR BENERthout deRARRINELA the present
dopant fluid through the at least one microfluidic channel to the 10at least
iovryideraeaefoedbypihg itiewineastimee element. 2. A method as claimed

in claim 1, wherein there are a first plurality of elements and a second

plurality of microfluidic channels. 153. A method as claimed in claim 2,

wherein at least one of the plurality of microfluidic channels is for each of

the plurality of elements. 4. A method as claimed in any one of claims 1

to 3 further comprising a mask formed on the substrate, the at least one
element being formed on one of the 20mask and the substrate. 5. A

method as claimed in claim 4, wherein the mask is integral with the

substrate.
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6. A method as claimed in any one of claims 1 to 5 further comprising
heating the 25 at least one element when passing the dopant fluid through
the at least one microfluidic channel to the at least one element for doping
the at least one element. 7. A method as claimed in claim 6, wherein
the heating is by at least one heating 38element formed in at least one of
the substrate and the mask. 8. A method as claimed in claim 7, wherein
the S48t one heating element is adjacent the at least one element
N1CSLLP 9 9 A method as claimed in any one of claims 1 to 8, wherein

%er;grrsen{ps each éqtv{\}lseml qué%'g 8@ l?nf%r % %e}aﬁé %Sgﬂrbesubstrate,

t [éast two microfluidic ¢ c elng

té@ﬁpﬁiiﬁ@:ﬁ@ﬁf@f@m@iopant fluid. 510. A method as clalmed in clalm 9,

wherepdbgy M@ﬁ@%@&%&%@ﬁtﬁé&aﬁmi%@ir@x@kﬁ%}ﬂquéheand{@ére being
nsecutlve thod as clalm din a e of claims 1to 1

%ﬁmr n rﬁe af3 8&5%@85%%?8@%5818 aﬁ%néle?r%%l}c c??oeraxsﬁm ! o(f)ltthe at

tdagamélmlemﬁn’tdmawmlQ@%@@umﬁdel@a@n@ﬁm@mmwﬁn@e at least

SlemrMtenid 2 method as claimed in any one of claims 4 to 11, wherein

the at least one microfluidic channel is formed in one of: the mask, and the

substrBAS 1813 R RBFAY APPErHEs S M ePst RS Héﬂ%%ﬁ{“ﬁi“aﬁ' 15 the
&rregsobekmentsrdria swbsiates thic eggdaratus|eomplising at least one
microfluidic channel, the at least one microfluidic channel passing from a

first location external of the at least one element to a second lgcation in

HfdreeBAthASHEIMS IR AR At WRREShEBIEARENE ' o' feady giélements
aniceofeidiacchanaglybeingicarfigiitechtmpaiss a dopant fluid 20through the
at least one microfluidic channel to the at least one element for doping

3. A method as claimed in claim 2, wherein at least one of the plurality of

microfluidic channels is for each of the plurality of elements.

4. A method as claimed in any one of claims 1 to 3 further comprising a mask
formed on the substrate, the at least one element being formed on one of the

mask and the substrate.
5. A method as claimed in claim 4, wherein the mask is integral with the substrate.

6. A method as claimed in any one of claims 1 to 5 further comprising heating the
at least one element when passing the dopant fluid through the at least one
microfluidic channel to the at least one element for doping the at least one

element.

7. A method as claimed in claim 6, wherein the heating is by at least one heating

element formed in at least one of the substrate and the mask.

8. A method as claimed in claim 7, wherein the at least one heating element is

adjacent the at least one element.

MCSLLP
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the at least one element. 14. Apparatus as claimed in claim 13 further

comprising at least one heating element configured for heating the at least

one element when passing the dopant 25fluid through the at least one MCSLLRP
microfluidic channel to the at least one element for doping the at least one
element. 15. Apparatus as claimed in@ny one of claims 13 or 14,

wherein there are at least two microfluidic channels for each of the at least

onk wlelinenss ckaimef tieaay 30leastalatmmitriciBidib errintes Hansgetdeast two

&%@W@fﬂi?fﬁﬁ%ﬁ Q:S?F@smtkﬂlb’f%helﬁ v@gf@@@%u@%@?&@d%@m l@'ﬁiﬁb Ja5|least
wherein the differen nt flujds are able to ied simultaneously
S S e i

the different dopant fluids are able to be supplied consecutively. 18.

fPRaraLig a5 Alaimeddn Ay QReLhaiRis 134 dieravhersin the ableast

one microfiuidic channel is branched for supply of the dopant fluid to more
AR eSO R h AR HPIP AP REHEYENe elements. 19. Apparatus as

claimed in any one of claims 13 to 18, wherein there are a first plurality of

Hew%%h%%d %?é"ﬂﬂé’dﬁw nyméwg luidic ghapnglss 1 8% at least one

Apparatus as ¢ almed in claim 19, wherein at least one of the second
miGFafity G mhaonaideaRsird 5 PR Brarionat Suihia ot e dharmae

ekthe phwialiscpitiementsatbaie Appasatys as claimed in any one of
claims 13 to 20, wherein a mask is formed on a substrate, the at least one

element being formed on one of: the mask and the substrate.
12. A method as claimed in any one of claims 4 to 11, wherein the at least one

microfluidic channel is formed in one of. the mask, and the substrate.

13. A doping apparatus to dope at least one element in an array of elements on a
substrate, the apparatus comprising at least one microfluidic channel, the at least
one microfiuidic channel passing from a first location external of the at least one
element to a second location in fluidic communication with the at least one element;
the at least one microfluidic channel being configured to pass a dopant fluid
through the at least one microfluidic channel to the at least one element for doping

the at least one element.

14. Apparatus as claimed in claim 13 further comprising at least one heating
element configured for heating the at least one element when passing the dopant
fluid through the at least one microfluidic channel to the at least one element for

doping the at least one element.

15. Apparatus as claimed in any one of claims 13 or 14, wherein there are at least
two microfiuidic channels for each of the at least one elements, each of the at

least two microfluidic channels being for supplying a different dopant fluid.

16. Apparatus as claimed in claim 15, wherein the different dopant fluids are able to

be supplied simultaneously.
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22. Apparatus as claimed in claim 21, wherein the mask is integral with

the 20substrate. 25. Apparatus as claimed in any one of claims 14 to 24, MCSLLP

wherein the at least one heating element is adjacent the at least one

element. 2526. Apparatus as claimed in any one of claims 13 to 25,

wherein each element of the at least oné€ element is a sensor. 27.

@pparatus as claimed in any one of claims 23 to 26, wherein the at least
n

RRESAURIRS GRS 18 i+ Tor:0the FHASIE  aMbeise stsstifier e dogant

fAppatatIsIss aavaediplryeneafelaims 23 to 27, wherein the at least
one heating element is in at least one of the substrate, and the mask.

18. Apparatus as claimed in any one of claims 13 to 17, wherein the at least one
microfluidic channel is branched for supply of the dopant fluid to more than one

location for each of the at least one elements.

19. Apparatus as claimed in any one of claims 13 to 18, wherein there are a first

plurality of elements and a second plurality of microfluidic channels.

20. Apparatus as claimed in claim 19, wherein at least one of the second plurality
of microfiuidic channels is for each of the first plurality of elements of the piurality of

elements.

21. Apparatus as claimed in any one of claims 13 to 20, wherein a mask is formed
on a substrate, the at least one element being formed on one of: the mask and the

substrate.

22. Apparatus as claimed in claim 21, wherein the mask is integral with the

substrate.

25. Apparatus as claimed in any one of claims 14 to 24, wherein the at least one

heating element is adjacent the at least one element.

26. Apparatus as claimed in any one of claims 13 to 25, wherein each element of

the at least one element is a sensor.

27. Apparatus as claimed in any one of claims 23 to 26, wherein the at least one

microfluidic channel is in one of: the mask, and the substrate.

28. Apparatus as claimed in any one of claims 23 to 27, wherein the at least one

heating element is in at least one of the substrate, and the mask.



