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Met hod of Dopi ng and Apparatus for Dopi ng Technlcammmnw
Field This invention relates to a nmethod of doplng mmw
apparatus for doping and refers 5 particularly, though . .
not exclusively, to a nmethod of doping at |east one
element in an array of elenents on a substrate and
appar at us A Mettibepofibpitig he@Abparatusior BPing N an array
of elenments on a substrate. Background. 10 Current
commercial sensing systens for gases use m croneter
scal e sensing elenents. These sensing el enents
keghnical Figlduse ceranic based netal oxides which limt
their sensitivity and other perfornmance
ThirdPrtien felatesc!s a methodpicdopinstand apparktys fiertdopinglasd refers
ener al | have very high surface-to-volune rati os.
F%UI‘P'&E% ”é\}‘é’ﬂt”gt ElEival. tadléﬁ?tbw eifloping g leastiane eigmast wan array

h I I duct t
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e croneter scale nmetal oxides such as tin
e‘i’é;ﬁéj@ é}na%gl?&brme and nanowires results in a trenendous
increase in sensitivity to gases such as carbon
nonoxi de relative to the mcroneter scale sensing
EdckgRItng FOr applications in food and environmental
nmoni'toring, for exanple, arrays of sensing 20

@rRAEdHnimattial JeRdiHg %@éieﬁm@fo‘ﬁ Shééétl%e %&r@me@?géb@%fng gleméants.

el enment in an array shoul d have a unique respons

THeBs sdnisinigtelerientatypiasilyl usl |cérra nfid 6486 Metf BRIAESRhiSH Gt fSir @

gas. Individual sensing elenments thus need to be

sevsliivity @dd dinef perfonthince charadefistios nSlibviniteithetel RERMAerial generally
sensor array, currently, conbinatorial techniques have

hage very high surface-to-volume ratios. Surface events such as adsorption of gaseous

DI

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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25 be used where dopants are- selectively deposited
into the netal oxides in high vacuum using magnetic
and or electrical neans. Using conbinatori al '
techni ques requires highly specialized equipnment and
materials, giving rise to sighificant costs. Al so,
these techniques are usually serial in nature,
eharaetit aga timat Dehippsfias acrap willithgrefoee iake 0mp Faesufastueingne
X1100210 Errr prrrropprrr 1101ty oy *cooooR* 2
esviggrerentaathigistnotreptinidbpi ng of an array will therefore
take tinme. For manufacturing environnents, this is
not optimal. Summary 5 According to an exenpl ary
aspect there is provided a nethod of doping at |east
aM enent in an array of elenents on a substrate,
t he nmethod conprisin roviding at | east one

/’rﬁce%\gﬁa?a C¥eE a'ﬁ{r?éPg% é‘?'ﬁd"‘?"r‘ ametnpd pf dogingsat lsAst one
t t t t d

TRk i frevdteiedten s OraaieEadi SRR fe%"%ﬁ‘@?"gﬁf "l east

one el ene rowgln a g?ﬁ?gémﬁﬁjﬁgwhel géirgqﬁ'g}f]egig{hocgﬁon

at | east ne m I C Cchanne one

é?ﬁ'é? '3¥ thb Gk leggtmn@galén%t #la $&RRY |o‘3§t?onﬁ‘h ﬁ&&‘%org%ﬁ]ﬁi%&tidﬁ%th the

first plurality of elenents and a secon

Qhéérs@(gﬁeté{erﬁéntnérg of luidic channels. At |east one of
the plurality of mcrofluidic channels nay be for each

of the pl usakingy ddbadtFluidlteraagh et cbbtongImiérafididiy clidnnel to the at
el ements. There may be a mask fornmed on the substrate.

lé4at oad elemeasfor dopingethe aeinsst way eleenehor ned on t he

substrate or the mask. The nmask may be integral wth

the substrate. The at |east one mcrofluidic channel

may be in the mask or the substrate. The nethod may

There mey be arfipitinkialiheeftelamentsand sqcend plufiy of maneflvidicghannels. At

least one of the plurality of microfluidic 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
ieast one element may be formed on the substrate or the mask. The mask may be integral
with the substrate. The at least 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 fluid through the at least one microfluidic channel to the at least one

element for doping the at least one element. The heating may be by at least 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
channels may be for supplying a different dopant fluid. The different dopant fluids may be
supplied simultaneously and/or consecutively. The at least one microfluidic channel 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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passi ng the dopant fluid through the at |east one

“mecrofluidic channel to the at | east one 20 el enent

for doping the at | east one el enent..The heating may
be by at | east one heating elenent fornmed in at | east
one of the substrate and the dask. The at |east one
heating elenent may be adjacent the at | east one
Asicerdingtto amytbereexamyplatycasaectitieers s proxider appafdtus fdi doping at least one
channel s for each of the at |east one el enents. ‘Each _
e&ﬁm%@ 3t araypf elemgptsianc wbstiatgi the apprsatne emprigindoas Igast one
Pﬁ %; a different dopant fluid. The different
HeigvHice %ﬂ"t?éf"ffﬁ?ﬂ 'Béhezﬂyb%ﬁm the 3t lepshone gn@efugcﬂlyc%ampknassmg
cons east one microfluidic chann

oy Bt ot Bne T b af BEFY <OF S teon grgiopa fudie
5 OB 50 o e o
&Fﬁq:urged 2. p%EQX'dg;%#\t ﬁt’ﬂ@?‘[ é\{g%%hé g{ Iegsq Bl’\g %lt‘%&f{ume% gﬁan{\%ﬁo the at

I'n an array O on a su

|@Jwaﬁ@sua§.em6padpmgnﬂe Sied£88L e@ﬂﬁnﬁqm crofluidic
channel fornmed in"the substrate e at | east one

m crof | uidic channel passing froma first |ocation
external of the at | east one elenment to a second

Hop ¢ret otist exemblabi adpect the apparatus aidy Giirthat Edmprize ableabRBtheating
one elenment; the at | east one m crofluidic channel

dberner formed ri theasebtrate pateing doafigunéd fot heading vecat(dast fiee element
at least one mcrofluidic channel to the at |east one
vdieprpasging the deppitdigiditireugtt the @b ebstane ndtrefieddic chdrmel tbitiee at least
ot her exenpl ary aspect, the apparatus nay further

angarment fogdoping the ab lpastnngtaleroent 10 el enent forned in

the substrate and being configured for heating the at

| east one el enent when passing the dopant fluid

T L T

dj f h
e(:r‘ergem:t‘ in andaé c:oorf e|em%{1 g ?o?u a%%t]grtagxsg%)g ¥or8ﬂés?n0ta§tleas{ one

rovi appar a

é\gmleﬁ’t f6ihedlif fhé sgg?t%lteegﬁc{lﬂeﬁnngg&nﬁgtﬁg@ ﬁ)tr 'ﬁ@gtﬁ'fg tﬂé']St least one

app atus conprising a
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 microfluidic channel passing
from a first location external of the at ieast 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.

For the other and further exemplary aspects, there may be at ieast 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 fiuid. The different dopant fluids may be
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heating el ement fornmed in the substrate and bei ng
configured for heating the at | east one elenent when
dopi ng the at | east one elenent. For the further

exenpl ary aspect the substrate may further conprise at

| east one 20 microfluidic chadnel formed in the
substrate, the at |east one mcrofluidic channe

416 B Hegsupplicarsiraulfanesishy areddriconsesitivelyndhe atfleddi ondéinicrofluidic
| east one elenent to a second location in fluidic

chanmel maydtel tpanohied Fortshephadf the dspanbfied &l reorerthan ¢redo@tion for each
| east one mcrofluidic channel being configured to
pfdbs atdeatd pamelementis dTheme oay beatfiest aturdlityaestelapments and a second
m crofluidic channel to the at |east one elenent for

elufliti §f Miseolluidiq ehagpels fd laasberarnf thexsscprst pluiatity of ﬁéqfofbsiﬂip

further exenp Iar% aspects, there may be at |east two
Sh3PPYIF MAY de o 2R HW@P dirst B'F“'aé'&’d?fl e@f"eﬂﬁéféﬂe Rlgrglly opigments. There

el epents. Each of the at mo m fluidi
E‘ﬁéﬁﬁél”iasﬁg‘ifmﬁg onde %{9515%1 ﬂlf % emsmr@fe@?merﬁbém formed on the
rent

petkTint Phstrelen TS et RO ntes Win DRuBiste o gt one
ﬁéaﬂh? @%h}eﬂfﬁ n])é: 5@2%&? ﬁ"e. et%g%féée A aﬂ@%ﬁ%ﬁ%??ﬂg% XN east
{;r‘ﬂs,r eI@rﬂQJﬂs m%fy bEIEese?Eorl RS bt 1ERE ofd ARRILRNIC cﬂ%ﬁﬁ@ rﬁ%?/)bet?r?th mask.

irst plurality of elenments and a second ity o

ﬂh&éﬁéésw b ﬁeaqlhee@ﬁieﬁt mAY b RAREd PN 1kt éﬂéeofwgtrate and the
plurality of mcrofluidic 5 channels may be for each

piask.he first plurality of elenents of the plurality of

el enents. There my be a mask forned on the

substrate. The at | east one el ement nmay be fornmed on

the mask or the substrate. The mask may be integra
BriehDedvziptiob of thet Rrawiiigs at | east one heating el enent

may be adj acent the at | east one elenment. Each el enent

byf ordérdhatthe ipygntion g1ay belfidiyandersiony and readibepis dito prapiicapgffect there
| east one mcrofluidic channel may be in the mask.

10
sl naw Decdeserinsddy Mo Rep-UNiahun £xareRje BRIY PYRTRariembafiiments, the

| east one of the substrate and the
description being with reference to the accompanylng 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 microfluidic channels

16 formed therein. Alternatively or additionally, the microfluidic channels 16 may be formed



10

15

20

25

mask. Brief Description of the Draw ngs In order that

the invention nmay be fully understood and readily put

into practical effect there 15 shall now be descri bed
by way of non-limtative exanple only exenplary

enbodi nents, the descriptionsbeing with reference to

t he acconpanying illustrative drawings. In the

ifl i uBEIBate frit O ach nh|§roﬂun&|!': Rdnniae{ 65;%%%& W& G iBW 1L 18 external of
above of an exenplary enbodinent; 20 Fig. 2 is a

the i enbordlanaitab te s 6sconaesdaticN2d inviurie cdnitghidaliéh with the
lines and in the direction of arrows 2-2 on Fig. 1;

sendorralegmers 12 sA dorsaph fuiw far mecsleosm-ellmnepit ap cyn Bs\padsell frm a source
enbodi ment of Fig. 1; Fig. 4 is a schematic cl ose-up

il (Potshown) targugh themignofluidic skanmel Hh tp sentwelement 12 foRBoping the
Det ai | ed Descri ptl on of the Exenplary Enbodi ments As
EReQire!e et §s. to 4, there is a mask 10 for doping

sensor el enents 12 in an array of sensor elenments 12

on a substrate 14. The mask 10 has a series of

él”a ro‘w’vfaa%If\%;fw%?ﬁ?%ﬁoaf‘vttwsﬁanaoyg%%qétﬁ%zﬁr%r? e any suitable or
f b 1
LR ok Por ARG AP R oo A e RS v B e o
§st Sh ﬁ{d?&ﬂmq‘?é cha %g@l 1%9# Fé/rﬁrﬁhméﬁ%ﬁ (Merg\l/ ﬁ'{rﬁ%or& atH%P% gopant fluid

second | ocati on IC conmuni cati on w

i§ ?éb%ﬁéd Rk §'ﬂ5§ﬁ|tcu|l|23enebrd9&ﬁéﬂt 10/ L h b 1B o?fri&?é’@ic ofluidic

el enent 12 can be passed from a source

cHaan)3 16d)r1eb et thdt 8enBof Elefkert B 45 hBARA ﬂ?hgé@ 5rﬂ Gﬁ?ﬂé Q’f'ferent
el ement 12 for doping the 5 sensor el enment .

ddpamrfluids nfdycbe slipbitel smaltaBe Ousiyaridve? cEestRativeR emsnt s 12.
There may be any suitable or required nunber of

sensor elenents 12 in the array. Each sensor el enent

12 will have at

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 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

microfluidic channels 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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| east one mcrofluidic channel 16 in conmunication

therewith. If nore than one dopant fluid 10 is

required for a particular sensor elenent 12, there nay

be two or nore microfluidic channels 16a, 16b for

that sensor element 12 as shoén in Figs. 2 and 3. The

different dopant fluids nay be supplied

Bienudskafenioshyd amtheaubstaits 4. Tthie\sabstratddppradraly &ﬁndnb@s an

material of the sensor element 12 and/or the required

lwaﬂlog reyacts, ag Shawmindig. @r Akkdrhativelyf the Inesk 60 sy belirtagrakwith the
the mcrofluidic channel 16 may be branched

%}Hfté?é% ihé. Theseswi siemestscizanay heformegpmthiedrask e od tieaubstrate 14.
uid to nore than one |ocation of the sensor el enent

Tff Suagtfaé% mvav ﬁe Pngsu't@b'eme cQBYLANg BaiRTRE seigh 89 glap silicon, and

f‘s gfor ele in the array may vary for

CAGISA 08/ f 6‘?6‘85&1%‘?‘“ Q%ﬁ%’B‘Pd@Vé%WtCéOf‘laEh'”m teghwique, for

n1crof ui dic 16 may be supplied,
SRRl o5 T eBhiP e o SHiBORRCIIMAS ALl it Aifeging or
The width of the mcrofluidic channels 16

Sw% htﬁ&g rom about 500 m crometers to 5

nlcroneters Del i very rates depend on the type of

dopants and concentrations used. Dopants may be any

ehe? R Delhdaiing dIEHhERS 82 fRRed B8R el dubkttafe 14, Gfrhe%ambl dlements 22

europi um tin, 25 calcium Dopant concentration-

rhaibeciatatyd inhd inSuldtirlgliaydeh 8.bf the sObstfali™Y. 3he hé‘é/t%b%iements 22 are
depending on the anount of dopant to be incorporated

fodheating the tsansor eendaer2dehen passihd theaidpant fiiditBugtbthe Mi&ofluidic
mask 10 is formed on the substrate 14. The substrate
chanmeiseftetodin sersonglemem s 2dor dopinguhesensor dieients 12, Heating assists
shown in Fig. 2. Alternatively, the mask 10 may be
thendenirgaction ehiwehas detediion ohcteniidals Jirangsensoopehtiore Ths heating
12 may be fornmed on the mask 10 or the substrate 14.
eﬂﬁﬁ%ﬂ%%%@fﬁé@@%@%héyn%@éelawném anghave gutacnebenitast pady 24 for
mat erial such %hass silicon, and 5 flexible

e;'ﬁﬁrﬂ?ﬁje?o”f“?cft'ﬁﬁsm'ﬁh FRER SEDSRiR2De formed by any

m cromachi ni ng t echni que, for exanpl e, | aser
m cromachi ni ng or build-up techni ques such as

Hse%'tiﬁgcfsip\‘eefeljag@%ronfmegttc? éécrﬂgse%or element 12. The heating elements 22 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 microfluidic 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.



stereo |lithography. There may be heating el enments 22
formed on the substrate 14. The heating el enents 22

10 may be located in the insulating |layer 15 of the

. substrate 14. The heating elements 22 are for heating
the sensor elenents 12 when pdssing the dopant fluid
through the mcrofluidic channels 16 to the sensor
Whisstrthere Ha3 Heen ddspibag in the feegumy deatription egerplary eeoldingents, it will
assists the doping action as well as detection of
kenendietsiaos kydhosegkiethiodhe tgsbneledymencerhed thatahamygvariations in details
el ements 22 are bel ow each sensor el enent 12 and have
of desiphgonstpistieandir@seration gay bg made withou departingem ithersesent
to the hgﬁting el enments 22. Heating is preferably
IBYTEIPH a%ideTined Ry Hedalipuine deigYent 12, The heating

el ements 22 are preferably nade of materials anenabl e
to resistive heating, such as tungsten or silicides.
Preferably, the heating elenents 22 and heati ng
contact pads 24 are placed as close as 20 possible 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 m crofluidic channels 16. Each
sensor elenent 12 may be nade of at |east one

sem conducting netal oxide, such 25 as, for exanple,

Ti 02 or other suitable nmetal oxides. The sensor

el ements 12 are preferably three-dinensionally

i nt erconnect ed 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 nmay be nmade w t hout
departing fromthe present invention as defined by
the foll owi ng cl ai s.
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8 The Cainms: 1. A nmethod of doping at |east one
element in an array of elenents on a substrate, the
nmet hod conprising: providing the substrate with the at
| east one -el enent thereon,- there being at 5 |east one
m crof |l uidic channel passing 8roma first |ocation
external of the at |east one elenment to a second
ThecGlaimm in fluidic connunication with the at | east
one el enment; and passing a dopant fluid through the at
1 dergethemhel depine st leabidine &\ an; gyray jeé elgmenisensa supsisate, the
el ement for doping the at |east one elenent. 10 2. A
POEPBRISEGai ned in claim 1, wherein there are a

ﬁn' L?Lf i cireviifa b Sag win e B eceiemeps efopre sfeheing o
st PO i SheBhe <R PSS o AReRIdho i xRt et iepoigpe
&érﬁ % 3 stgganh rfbeca%Nlﬁ\%bid‘tcycommu%lic%m‘ayh%5at f&ﬁst%ng% eme%t' and

n any one 0

corrprl S' ng, SI Egﬁt'ﬁﬁﬂ t%u Mﬂ@ aPiBStdn ?tnﬁﬁroﬁlﬁ]&c @ﬁanngl to the at

| east one e e el ng for on one o

b8 ofidl BRIeAL 8F dopﬁwg tﬁeﬁﬁ%gﬁ?@néélemeﬁ! med in claim 4,

wherein the mask is integral with the substrate. 20 6.

A nmethod as clainmed in any one of clains 1 to 5

further conprising heating the at | east one el enent
hemethad a$ clginteden diajpantwHerain thetdhare agisttphealay of edarséntOael a
m crofluidic channel to the at |east one el enment for
stopndhplutalitg ohmidreflugtic draenags.enent. 25 7. A nmethod as
claimed in any claim®6, wherein the heating is by at

| east one heating elenment forned in at | east one of

the substrate and the mask
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 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 any claim 6, wherein the heating is by at least one heating

element formed in at least one of the substrate and the mask.
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9 8. Anethod as clainmed in claim7, wherein the at

| east one heating elenent is adjacent the at |east
one elenent. 9. A nethod as clained in any one of
claims 1 to 8 wherein there are at least two 5

m crofl uidic channels for each of the at |east one

el ements, each of the at least two mcrofluidic

& hanetbbdGadeaingdfiimclasupmheraig the a idabeorerteatiapelemnertlisiadiacent the
10. A nmethod as clained in claim9, wherein the
atilfabeonerglerderpant f | ui ds are supplied sinultaneously
and/ or consecutively. 10 11. A nethod as clained in
any one of claims 1 to 10, wherein the at |east one

m crofluidic channel is branched for supply of the
%&JH?FPW pyFlained imBPeonaR{fasne 1 tulathessin insre %ﬁ@h'eéﬁ “e"he

t 12, A nethod
raﬁgpﬂwﬁ% 0853%'830%”50% e ] eni Rcflame Geh PR AL o

ha faor n, on t he mask
B P it S o ook dFsfPoaeBieng at | eas:
one elenent in an array of elenents on a substrate,
the apparatus conprising at |east one microfluidic

Wﬁnﬁ@hmd ﬁshﬁalﬁ{ed it @dim @%e@ﬁfh@”nﬁé’ré’dtgo@t ﬁlﬂ@@%lsupphed

passing froma first |ocation external e at | east
SRBitResBANInd/& BnsRufdy. | ocation in fluidic

communi cation with the at | east one elenent; the at

| east one microfluidic channel being configured to

pass a dopant fluid through the at |east one

m. armédthod sk claimedamamey) ortef clhmat td Hashe@irethe belgastioné eticrofluidic
dopi ng the at | east one elenent. 25 14. Apparatus as
cHaanehidbramched dermsupRly biithe ldepard duip te sioregthant oheclasdtioo i@ each of the
heating el enent configured for heating the at | east
riepstomealementben passi ng the dopant fluid through the

at | east one mcrofluidic channel to the at | east one

el enent for doping the at |east one

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. Apparatus for doping at least one element in an array of elements on a substrate, the

apparatus comprising 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
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 ane

element.
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element. 10 15. Apparatus for doping at |east one

element in an array of elenents on a substrate, the

apparatus conprising at |east one heating el enent

configured for heating the at | east one elenment when

doping the at | east one elenert. 5 16. Apparatus as

claimed in claim15 further conprising at |east one

15. 8pedrbtub tHr@opinganiehst oné BRnaint ineagirrag 0eelBingkitd bh Wi sdibstrate, the -

channel passing froma first |ocation external of the

appatabsstonpnsing et least vhe heatangssbaaerd cordigarted dor hentirdd the dt least one

communi cation with the at | east one elenent; the at

dleraent whee daping dtel atiegsticoneleiement. bei ng configured to

pass a dopant fluid through the at | east one

m crofluidic channel to the at |east one el enent for

doping the at |least one_elenent. 10 17. Apparatus as

1§ APRargtus 3s &W“%?n‘@ claim dp Hriher gcgnprggmg@,t 'eth O’WE‘@F’@ﬂH'id'C channel,
two m nnel s for

be sl 'ﬁ;e\%?z?fﬁ%rgffu'%ﬁaf;a@r"s'm@ﬁ%@? o e SR o e fpast one
; ff

HhAERo HisEicha GRNGE AL Dffrh HicaBIR P Ik RaSt dridiiint; the at

I@Qﬁr ﬁé ﬂw dﬁrgfﬁj cﬁ ﬁa%ﬁglrbte,ng%ﬁ@uré‘pfé 6{)‘3% 358 aan?'ﬂ d ‘H?o .the at least

SI1 nmul T aneous us as C al ne

ﬁ o:hZIdErchShrﬁe'l {9 tﬂr@ gt MAL %ﬁé @IeH?eﬁt fak dgRient afjlggﬁ'%e element

are e supplied consecutlvely.
paratus as clalned in any one of clains 13, 14 or 16
to 19, wherein the at | east one mcrofluidic channe

15 AbpaatiRed darhesmnppl ¥nobf difilsdapend: el wheteinQhdrafate at least two
than one location for each of the at | east one

®lcesfRiiicschagfelL br edpd tiat atdesss ond elementls | gacabftheaeleast two
clainms 13, 14 or 16 to 20, wherein there are a first
microfluidic channels being for supplying a different dopant fluid.

18. Apparatus as claimed in claim 17, wherein the different dopant fluids are able to be

supplied simultaneously.

19. Apparatus as claimed in claim 17 or claim 18, wherein the different dopant fluids are

able to be supplied consecutively.

20. Apparatus as claimed in any one of claims 13, 14 or 16 to 19, 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.

21. Apparatus as claimed in any one of claims 13, 14 or 16 to 20, wherein there are a first

plurality of elements and a second plurality of microfluidic channels.
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plurality of elenents and a second plurality of

m crofluidic channels. 11 22. Apparatus as clained in

claim 21, wherein at |east one of the second plurality

of mcrofluidic channels is for each of the first

plurality of elenments of the plurality of el enments.

23. Apparatus as clained in any one of clains 13 to -

22 Apphetaias ciim@sk daem 20f weeteiarat Rast ohe S tHealkegond Mgamy of

| east one el enment being forned on one of: the mask and
miveofligdixsthaaneads is f@eachppihe ditsh plueedityadf alemedtsi af thad @umite 3f elements.

wherein the mask is integral with the substrate. 25.

Apparatus as clained in any one of clains 14 to 24,

wherein the at | east one heating 10 el enent is

%%l J@eemuw&'aﬁﬂeq B8y oppef ‘é?'éﬁégtto 22avhergin ameastds fagned on a

one of clains 13 to 25, wherein each

%lrbé il thSFt (BR% oRF elefment pelg, BTaPARAHE §Tsthg mask g0 hegsbtrate.

27. Apparatus as clainmed in any one of clains 23 to

26, wherein the at |least one mcrofluidic channel is

j L hE bstr t.e. ratu

8 PGl peicbindP R 20, W RIRSE S meciopyaPlRe Sifeee

at | east one heatlng elenment is in at |east one of

the substrate, and the mask. 20

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.



