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and apparatus for doping and refers Sparticul arl .
t hough not exclusively, to gl' met hod of dopi ng- at | ea¥$6!66

, f el t _ bstrate and
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appar at us n j y o
ol elements on @ substrate. Backgroun T
Technical Field o _ *Gooooz2*_

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 ieast one element in an array of

elements on a substrate.

Background

Current commercial sensing systems for gases use micrometer scale sensing elements.
These sensing elements typically use ceramic based metal oxides which limit th_eir
sensitivity and other performance 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 scaie sensing element.

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

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 technigues requires highly
specialized equipment and materials, giving rise to significant costs. Also, these techniques

are usually seriai in nature, meaning that dopants can only be incorporated into one
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10Current comrerci al sensing systens for gases use

m croneter scale sensing elenents. These sensing

el enents typically use ceram c based netal oxides

which limt their sensitivity and other performnce

characteristics. Sub-mcroneter scale materials

generally have very high surface-to-volune rati os.
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can cause a drastic change 1n electrical conduc |€|ty,
enirbRheRy tRE fetdi bpgmaensi ng 15capability. Use of _

di screte sub-m croneter scale netal oxides such as tin

oxi de nanot ubes and nanowires results in a trenendous

increase in sensitivity to gases such as carbon
Summarabyki de rel ative to the mcroneter scal e sensing

el ement. For applications in food and environnent al
Aceopting oranregxemipary aspantphere isaprosidsd o imestenisif dgpiDat |eds nhs

are required to collate data. Each sensing elenent in
eleggntdn pARrreYioieigmeniy en a subrstipie thewpibng eorapritingensi ti vity

to a particul ar chem cal species such as a gas. .

| ndi vi duBIovEEgsat iRgseMeRiptadividis s amed Bassho e ma tist ipeajion

difgerentl¥. To qoge individuql el enments in a sensor .
eXGPLYS N TiTashPIS SICREE? ASEH2THPCANAR M| HilfeonHaNicatign with the
aﬂ7§Q%nUS%d=%E%r§ dopants are selectively deposited into

tRe “Recaleoxides in hi gh vacuum usi ng magnetic and or

electric i , i | &l hni aue

Fequi ros PRTU 3 St AP A RE Rk bnd AN hangel to e a

ool e Merhrd for Boil Gl deRIbn L Olhgn, Al SO, these
techniques are uSually serial in nature, meaning that
dopants can only be incorporated into one elenent at

a time. Doping of an array will therefore take tine.

ThERIMABEYA Act pihialg 0P BEnERS B aSsechrY Surbfty BOhicRRbiiRFBhannels. At
Summary 5According to an exenplary aspect there is

leg3t ond efeitk pluraity o chicoddfludiopihagnelt Mag &8s for@ach e tegrpintalityrofan
array of elenments on a substrate, the nethod
elapmampy ofhengjurality 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 Ieast one microfluidic channel may be in the mask or the
substrate. The method may further comprise heating the at least one element.when
passing the dopant fiuid through the at least one microfluidic channel to the at least one
element for doping the at ieast one element. The heafing 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 isast one elements. Each of the at ieast two microfluidic
channels may be for supplying a different dopant fluid. The different dopant fluids may be
supplied simultaneousiy and/or consecutively. The at ieast one microfluidic channel may be

branched for suppiy of the dopant fluid to more than one location for each-of the at least

one eiements.
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providing at |east one mcrofluidic channel passing
froma first location external of the at |east one
el enent to a second location in fluidic comunication
with the at | east one elenent; and 10passing a dopant
fluid through the at |east gne microfluidic channel to
the at | east one elenent for doping the at |east one
AccBtdEd tlanothBredxempryy @#{be@t tfnéﬂ'e_ﬁ& p@vidé@bbda‘x‘at@é o4 |d6ﬁﬁ@%§least one
and a second plurality of mcrofluidic channels. At _
elethertst a0 aayodf etdreensl an abutsyraed, tHel apbaratudicdinrish@BNeks one
may be for each of the plurality of 15el enments of the
micpifluidad dhagnad forpedimging subsTatr, ¢henatyeasteore makuitiaromeched passing
the substrate. The at | east one el enent may be forned
fromp g firsiéocaiignsasanal obine ehleasawie. eldhent s keavay Idsatiomindigidl
W th the substrate. The at |east one microfluidic
corFRAMPRAICN MY theeat {93t e HrBRNtoiheahisas!ipps MiigrpRuidigglannel being
met hod may further conprise heating the at |east one
corfipiRg it PRRH érﬁoaaﬁ*ﬁﬁdhrgﬁ%h HispAd frast 9 eCToRY iBig ghatnsé todhe at
|eaI east onetgiﬁrofl %i d'{c cthann§l to the at |east one
?(?Qﬁﬂﬁgnrﬁn b Op&?pﬁ ?18 PAY U YYBFYE one el enent. The
heating may be by at |east one heating el enent forned
in at | east one of the substrate and the mask. The at

For tﬁégfhep%n%wrgg&c@{h%ra'ﬂagrdmsvrlngﬁuﬂﬂérac%ﬁﬁ]}%ér %tquﬁ%t alweigﬁégting

one el enent. There may be at |east two
st%%@iéiement

cicFRANBAhS ih o RBSHtOENd B@ngl_&oﬂ_\f@i@iéd gﬂgﬁﬁ@ggﬂ@ ”EE/ ﬁege e

of the at |east two mcrofi ui

whén! pdsitige Bopinf fived ®rdugt e Bt ieddt dhdlmictdm@idd dHaRh&Rd the at least
dopant fluids may be 75supplied sinultaneously and/ or

on€oipseaiiot doping.thel litdeit oheaigmepnie m crof l ui cii c channel
may be branched for supply of the dopant fluid to nore
than one |l ocation for each of the at |east one
el enents. 3 According to another exenplary aspect
Acediding ta & fynthendxdegiaapaspealttosrefio prodidgd agpasdtus agopioget least one
element in an array of elenments on a substrate, the
elegipain AN s aY OhP TSN thgn atSuPeiEaie. tomernaratyosdmArging at leaatmae
formed in the substrate, the at | east one mcrofluidic

hegingrRiRme SE0ER B 1% Srhsiate 376 angcopiigredtier beatinp th atienst one

[ in fluidi
elear%enlt \%ﬁg% dc?pri]r% tﬁ(le gﬂggstt o%ge%rﬁc’e% 'ond location in uidic

For the further exemplary aspect the substrate may further comprise at ieast one
microfiuidic channel formed in the substrate, the at Ileast one microfiuidic channel passing
from a first location external of the at least one element to a second location in fiuidic
communication with the at least one element; the at least one microfiuidic channel being

configured to pass a dopant fluid through the at ieast one microfiuidic channel to the at

least one element for doping the at ieast 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

channeis may be for supplying a different dopant fluid. The different dopant fiuids may be
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5conmmuni cation with the at | east one elenent; the at
| east one mcrofiuidic channel being configured to
pass a dopant fluid through the at |east one

m crofluidic channel to the at | east one el enent for
dopi ng the at |east one elegent. For the other

exenpl ary aspect, the apparatus may further conprise

abldfo ﬂ:e i€y ﬁl%ﬂéb&% élr% cg'c%??t-:g,h?\;ew Ffﬁg a{ I@aétl?ﬁe mlcroﬂu1d|c

subs e and being con I gu or heating t

chdnﬁ@ﬁﬁaﬁféﬂ:rﬁrﬂ&@@ Rir USRI oAS Sbpsht HiRE tSRBANhah bh’é Qcatlon for each

through the at | east one mcrofiuidic channel to the
of tAé al I8@8 bn®BemeheMeidre fral bdeiretDidriiRy ateibBast afdE second
el ement. According to a further exenplary aspect there
plutaity[nf evdrefitiicaghaanat Ust |d=nt otkogr thgsadont! @asdlityodtenicrofividic
15el enment in an array of elenents on a substrate, the
chappamatys ferargph iof thediralbluFaigsdf etemeenireaittha gluediiyrof aiements. There
fornmed in the substrate and being configured for
maki datai mepktieraed onitexgebsyale. Eheatdenst ameeietepi may bhiormed on the
| east one elenent. For the further exenplary aspect

‘mapker g Bgti%raFeTh%\V‘aﬁ'&F‘?h 8¢ '%@ﬂ‘?ﬁ'r"i"@éh%ﬁuqséﬁ?t bhat Ieast one

20m crof | ui di ¢ channel in the substrate, at
he?"é‘&ﬂe"beﬁ‘émﬁ‘/ EF gRRGPHINE "éﬁ %”e ‘ii%@%ﬁ“nﬁa?’} %Jﬁ‘?‘%”tfoif F‘§t‘:‘t st
ocati on external east ene
ong BBt AP oRC 1T, PR B! OB AP R CPTREL oY Fr dpe mask
Th° glié%setl%rr]]%etlg l enrgrge(@etn nnﬂ'ﬁw%g%‘étf%r%%égré gtgg é Bg?]?; tP sut:as?rate and the
mg Qrough the at least one microfluidic channel to the
| east one el enment for doping the at | east one
eI ement. 75 For the other and further. exenplary
aspects. there may be at |least two mcrofluidic
Bﬁmmg@,llﬁ.gnwftﬁaghawﬂ,gghe at | east one el enents. Each
of the at least two mcrofluidic channels may be for
in Stuép{hyat g invemtionireserd futlopaderstdddudnd.reddig pdt hfoarediital efiect there
mt fluids may be 4 able to be supplied
shall banmuséqbﬁwaly offnondinstativet éxamipie. onhexeatpidre ambodiments, the
mi crof | ui di ¢ channel may be branched for supply of the
degdonpding béihgividh tefengpesetotthemaccompanyingitiisiativodrasgh. of t he
at | east one elenents. There may be a first plurality
of elenments and a second plurality of mcrofluidic
channels. At | east one of the second plurality of
In i&cd8ving$'di ¢ 5channel s may be for each of the first
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Flg ezals a s%ﬂemaenc%onzontga dosg%agt%rnglev%wo&rﬁong Fﬁe 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 1o 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 channeis 16 may be formed
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mask or the substrate. The mask may be integral wth
the substrate. The at |east one heating el enent may be
adj acent the at | east one el enent. Each el enent of the
at | east one elenents may be a sensor. The at | east
one mcrofluidic channel may. be in the mask. 10The at

| east one heating elenent nmay be forned in at | east

. { trate. th K. i ef De i pti
i ke, AR PR ST EEA
f ' ' nractical effect
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description being wth reference t e acconpanyl ng

of Adid Bt ErRlinY BrrSURWhE Bitorofhuldiid EHanAEIAW 1B 98nsoFbi@mert 12%0foping the
front perspective view from above of an exenplary

seygbedimar2. 20Fig. 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
schemati c cl ose-up plan view of the enbodi nent of Fig.

AsBhowi . Figl 1 them ase belpiwa senebogiements PR afheve may oé aaynsuitable or
alternative exenplary enbodi nent. Detail ed Description

reqyfred REMEXTPEREOY SEMSDEi TRdhine anmy shasirsenporiiagent 12 wil have at
there is _a mask 10 for doping sensor elenents 12 in an

leagt pngymisiofldigithAnes! drirronmynicaion therysiny mere than pedopant fluid
. mask &O has . a seriesF%%%niiiofluidic channels 16
'S EEHROT HBRUPHE SRIPL SRR & PP TRIGIE WS RAMPTP, Mickeguidic
i i i h ls 16 be f in.t o
eyl ies 168 fr SRS pParBr T e R RHars 2o s SR erg
il td on. 1.8 f. th I t
B s T et A

communi cation with the sensor elenent 12. A dopant
fluid for the sensor elenent 12 can be passed froma

DepRHEIRE 0P thef thitbRal ORBle sSRQMBIerTdAl P1IGHH/SNRe ot ddiofthsnce
channel 16 to sensor elenent 12 for doping the

characteristics of the sensor element 12, the microfiuidic channel 16 may be branched

adjacent the sensor element 12 to provide the dopant fluid to more than one location of the

sensor element 12, as shown in Fig. 4. The dopant supplied to the sensor elements 12 in

the array may vary for individual, or groups of. sensor elements 12. If the same, the

microfiuidic channels 16 may be suppiied 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 concenirations used.
Dopants may be any elements that increase gas sensitivity, for example, europium, tin,

calcium. Dopant concentration is typically in the miliimolar to micromolar levels, depending

on the amount of dopant to be incorporated which in furn is dependent on the application.
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5sensor elenent 12. As shown in Fig. 1 there are only
two sensor elenents 12 There nay be any suitable or
requi red nunber of sensor elenents 12 in the array.
Each sensor element 12 will have at |east one

m crof luidic channel 16 in gomunication therewth. If
nore than one dopant fluid 10is required for a

I 0t 41
ALY, O S0 SO0 LBSER, TR Bl

insuktingSayeh 98\Whsi sAolrh @SFig 2. ARErmatively %éjl'héézkelroqﬂéy sloRRIEal with the
fluids may be supplied sinultaneously and

subshaeedUTievedngor dRapeiidli NEhag betitrenddrinard mbskofo dritRe 5@RTBIE 14.
el ement 12 and/or the required performance

Thel Sdistiatadt enaydiel a0y soitatidreorseorsinctingl resredd sdch, astdiss, silicon, and
m crofiuidic channel 16 nay be branched adjacent the

flexgienpelymed féme nithe heask 4 0 prag\aedferraérebydanyamicrofmiachining techoines, for
than one | ocation of the sensor elenent 12, as shown

eXﬁ"FPIGFi'i?er wicrarRChset PUdd pp kgcaiaues suse as epledive ddsensintesng or
12 in the array may vary for individual, or groups of.

steede @ enent s 12. If the sane, the nicrofluidic
channel s 16 may be supplied froma comobn source,
t hrough common feed 70channels (not shown). The mﬁdth

ol o6 PSR AR, 1 40 TRl 08 L B2 2
ma%%@%k%tegqn qungu\/é?lﬁg yerd%O@fr{B§ @&.‘?raféolac?ﬁg fqe%ttlhg Q%mliﬁgdzz are

t's may be any el enments TRat rhcreas

for%@é‘tﬁ’igtthé/ tdnsor £i8he®X AP When p@é’s{lﬁ)ﬂhg'@opér{t bid aﬁﬁ]@hoth%‘mlcroﬂwdw
pant concentration is typ| ca

chaHn@[sOMRb #le deA¥& fomdhe L RAIdBBINg thd Jb%s@rmpéﬁﬁgmso{z %@ﬁﬁﬂ assists
to be incorporated which in turn is dependent on the

theaiplrigeRtibrogs welbasldttedias bf dHenisald Qe demor bhRatidhd$he AéLing
14. The substrate 14 preferably conprises an

eleimeEsitd Z&t ara@geloaysatch $ensoasie®BOWD ardl ifavg extérnal contact pads 24 for
Alternatively, the mask 10 may be integral with the

elestrioslitaoanertidds toThehsating elemeinen@dnt s 12 may be forned on
the mask 10 or the substrate 14. The substrate 14 nay
be any suitabl e non-conducting nmaterial such as gl ass,
silicon, and 5 flexible polyner films. The mask 10 nay

Hegling @rnﬁeé%raagv uaﬂrwemt%?mﬁmﬂeﬂﬁjnqréé?mTha@@amﬁ*emnnts 227are

pr@‘%,r@g@ggadgéqf g@{qr@ qunggxggle Igp Ifﬁns%n?‘rq@ebagulpglg gyéf %{)tiﬁé‘s%n o sSmCIst

l.ithogra There b atin és 2
Pk Dol RS NS 2 A R A e ime bars Slaced o8 ciose as
possibie 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 exampie, 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.



10 may be located in the insulating |layer 15 of the
substrate 14. The heating elenents 22 are for heating
the sensor elenments 12 when passing the dopant fluid
t hrough the mcrofluidic channels 16 to the sensor
el enent 12 for doping the sepsor el enents 12. Heating
assists the doping action as mell as detectlon of
eratl The he
WhRERERTLS 5o R RS Bl et vt %mowg\rgts twil
o a ri.cal _connect i
PR R SRk %ﬁ@ﬁ%@&é&"w&%*%é*eﬂﬁ% AR AfR(prS I cetais
of 688144, REsk
B L e P moay M ARl pgesen
inVedtisresd ddfihaebypatdiB@ingSitimsas tungsten or silicides.
Preferably, the heating elenents 22 and heati ng
contact pads 24 are placed as close as 20possible to
reduce real estate and thereby cost. The power
required as well as the heating tenperature are
dependent on the type of dopant used as well as the
concentration of dopants dissolved in the fluid
passi ng through the mcrofluidic channels 16. Each
sensor elenent 12 may be nmade of at | east one
sem conducti ng netal oxide, such 25as, for exanpie.
Ti Q2 or other suitable nmetal oxides. The sensor
el ements 12 are preferably three-di nensionally
i nt erconnected nanostructures or three dinensionally
nanoporous materials such as, for exanple,
nanosponges. 7 Wilst there has been described in the
foregoi ng description exenplary enbodi nents, it wll
be understood by those skilled in the technol ogy
concerned that many variations in details of design,
construction and/ or operation may be made w t hout
departing fromthe present invention as defined by the
following claims. MCSLLP 8 The Cains: 1. A nethod
of doping at |east one elenent in an array of elenents
on a substrate. the nethod conpri sing:
providing the substrate with the at |east one el enent
thereon, there being at | east one mcrofluidic channe
passing froma first |ocation external of the at
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| east one elenent to a second location in fluidic
conmmuni cation with the at | east one el enent; and

passi ng a dopant fluid through the at |east. one MCSLLP

m crofluidic channel to the 10at | east one el enment for
doping the at |east one elen%nt 2. A nethod as
clained in claim3l1, wherein there are a first
B?urallty of elements and a second plurality of
&'BMMSii di ¢ channels. 153. A nmethod as claimed in
claim2, wherein at |east one of the plurality of

cr Ohixi ogIdgplngf%rt]%eq,ﬁgph%&flegéergfglaﬁgadr%yhe l?/r%rsﬁtlg,l %‘?a %Lbstrate._
tmimeﬁ@dkdmmﬁ%ﬁguther conprising a mask fornmed on the
substr at he ast ne el enent bein ornmed on ,
one. Biovidiis Sadierafantnans ablerarie Siemens N ERay Rt bemo
atieacl eamibrofuidicadhandel mrr@' filorh hefirgakication erteegd alf the at
i the su as cl aj '

h trate. ned .
ko SBrIAT® 5 25605 (R R B S0 R raLeT R G Spisest
oA¢ elepdsit; ame el enent when passing the dopant fluid
L0 PR 08 orE b (RSt kel FIEIG i a8 o
aeleemeasﬁe element fof.dobdimetheod |asst @naien@dentnn cl ai m 6,
wherein the heating is by at | east one heating

30el enent fornmed in at | east one of the substrate and
21t Aengthsdk as cBiméd iretibiod 1agheled theck are & fiat piuralitybéelentents

the at t _gne_heatin elenen i s adj acent the at
aP%ﬁssteC%(z pﬁﬁrglﬂﬁr?tf mich LCPCQ?'@ A met hod as claimed in
any one of clainms 1 to 8. wherein there are at | east

t cr of | |d| nnels for. e f th ne
el anBhBe Sestiifgi™ Rlfa H1s2n Fiephoor of 15 plEdt) of
rrﬁd:r@ﬁmdl@of’@mmeg it dor sagdpdfthapluaality fof eteaméntdopant 1 ui d.
510. A nethod as clained in claim9, wherein the

di fferent dopant fluids are supplied sinmultaneously
4anthethod astaineidvielayy 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
microfiuidic 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 ieast one heating

element formed in at ieast 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.
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11. A nmethod as clained in any one of clains 1 to 10,

wherein the at | east one mcrofluidic channel is

branched for supply of the dopant fluid to nore than MCSLLP
one 10l ocation for each of the at | east one el enents.

12. A nmethod as clained in any one of clains 4 to 11,

wherein the at | east one nicPofluidic channel is

formed in one of: the mask, and the substrate. 1513. A
gdaphetgodppatAinegs ih angdape dicldimasttodheviereimeherd areaat least two

array of elenments on a.su stLake, t he ar

SR P&l o B Re e AL T gt nRRR B By e gt east
e asdrofindicniheanotlsubalhg fatsuppiingadsfengntf dapana fifiidr st

| ocation external of the at | east one elenent to a
second location in fluidic communication with the at

10 eastethoe aelceaimieti:in mma wheasih toe differemtofdpaintlflgids are

hannel. f i t dopant f1uid
sSotip augh e Gl phddt EstiBE PTGre channel 1o the

at | east one el enent for doping the at |east one

S | f
1§ oA bps g R 2R By T e By R hite IR bne
nh@raﬂund@ (tHwnet isleasthearfer suppieot theliepaptiigd hgmohethan one

fl h h th fluidi
Rt ehh R Pa R Aemef et "For doping the at
Ieastfonle eI enent . . 15. Apparatus as cl alt med i n any
cl ai
{078 Bhnch 8 Pk Ao puPOECER | UERE BiGeRlobSgilec e

netreffeidtcschapaechisdbrrodk inaene301: dzesmasioand theofubstradtes
channel s being for supplying a different dopant fl uid.
16. Apparatus as clainmed in claim15, wherein the
18i Afdepert aglepats thldoipdsat dgast abe @leroedian supptaeef elements on a

sﬁb&y%tg,iafrpln%g%%lgatu o Té‘ln:bv\%c Ié‘gst oﬁ@qﬁlcgﬂf#&? l@%hglll I”ﬁ'\@ at least

or cC erein the erent opa
ohk umidflaidic abdmmetl pabsing dippt B digstdosal owritemial of the atgeast one

% rﬁt%} e%%n I ﬂllll ﬂu% o?ﬂﬁ r?f:atgérpwnﬁtrgesattlgas"t one element;
eas

one m Ccro I ¢ channel
tHoe aﬂehsztobrfeomcsmfppdhy cbéan@edIgomTtﬂgﬁraﬂ b passmpdeparidivid
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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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20. Apparatus as clainmed in claim219, wherein at |east
one of the second plurality of mcrofluidic channels
is for each of the first plurality of elenments of the
plurality of elenents. 1521. Apparatus as clained in
any one of clainms 13 to 20, erein a mask is fornmed
on a substrate t he at Ieast one el enent being forned

n one t.he subst
Ropapaites as CBEPTaSRim P HET. e torg et dopant
fluidsegreadblevid be shpplRdscdrsecatively. 23. Appar at us as
clainmed in any one of clains 14 to 22, wherein the at
| east one heating elenment is adjacent the at |east one

1. aippatatusa@ 4lairippar abysnasf claansred to N7 anhereirethef at least one

S B el SR S35 { T Rbal e Hore §RRone

|edrtionner edchcdfahamt Bhst on@4élenvdrgs.ei n t he at Ieast one
m crofluidic channel is in one of: the nmask, and the
substrate. 30 26. Apparatus as clainmed in any one of
1@, Aippsraﬁjs aoclabmediineargi anet dfeclaims| 1Sdst1 Sowheremthieng are a first

pﬁjégﬁ of elgméﬁ]tsaatndl aeeéct,on%rbqur%flit)}cgﬁni%l&ﬁlwi@tcﬁanr?&g. the

MCSLLP

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

23. Apparatus as claimed in any one of claims 14 to 22, wherein the at least one

heating element is adjacent the at least one element.

24. Apparatus as claimed in any one of claims 13 to 23, wherein each element of

the at least one element is a sensor.

25. Apparatus as claimed in any one of claims 21 to 24, wherein the at least one

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

26. Apparatus as claimed in any one of claims 21 to 25, wherein the at least one
heating element is in at least one of the substrate, and the mask.



