1 METHOD AND SYSTEM FOR PRODUCI NG A GAS- SENSI Tl VE SUBSTRATE

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains
priority under 35 U. S. C 119(e) to: U.S. Provisional Patent Application
No. 61/138,414 filed on Decenber 17, 2008; and U.S. Provisional Patent
Application No. 61/138,419 filed on Decenber 17, 2008; both of which are

hereby incorporated by reference. [0002] This application is related to

U.S. Patent Application RMETHEOY 3P FEFTEM FPRoPRARUHNSE, 2008, which is
al so hereby incorporated by fef@SeridadsITEVENISGRSTRAIED [ 0003] This

di sclosure relates generally to gas sensing and nore specifically to a
met hod and system for producing a gas-sensitive substrate. 2 BACKGROUND
[0004] It is often necessary or desirable to nonitor the gases present in

an environment, such agddy-GeireMeNdie TPRIANGD andoicconggnt ration of
toxic gases in a specified area. One manner in which this is typically done

uses paper tap [@VIN . i gas-sensiti eri al
Buring use, gas?ggﬁﬁ_ gg%%lgggﬁégégg?%a%??QESu??ég%EE ogéﬁegrs%pﬁésmiée_nade
to come in centaet(eM tb:a conventional paper tape. If a specified gas is

present, the gas-responsive or gas-sensitive materjal sensitive to that
gas causes a col ol -Eharge ¥ PRCCRE ARt i¢apeon No. 61/138,414

filed on December 17, 2008; and
U.S. Provisional Patent Application No. 61/138,419
filed on December 17, 2008;
both of which are hereby incorporated by reference.
[0002] This application 1is zrelated to U.S. Patent
Application No. 12/058,979 filed on March 31, 2008, which

is also hereby incorporated by reference.

TECHNICAL FIELD

[0003] This disclosure relates generally to gas sensing
and more specifically to a method and system for producing

a gas-sensitive substrate.



The col or change can be detected via any nunber of optical neasurenents,
and the col or change can be calibrated to correspond to a concentration of
t he specified gas. [0005] Conventional processes for producing gas-
sensitive paper tapes often result inrolds of tape with a gas-sensitive
chem cal reagent inpregnated across the entire width of the tape. For
exanpl e, one conventional process involves unwinding a roll of paper tape,
subnerging the tape in a bath of gaBASEREPYNYe dye, drying the tape, and
re-wi nding the roll of tape. However, conventional processes can suffer
from poor vyiel dd00féaniltgishefteni shedssanpesr fdgsinablredo qyallitoy &8sur ance
tests at a high gr oexcessive rate..Mrsoxer. conventional pradualion.
processes doZhot e S|ﬁy]Tena t Fensel' ves 1o nmaki Ng ~substrates sensitive to
mul tiple gasesesdncSUMVARYr[ 86064nThasich sof asat- pfapddles a rpkhodiand
system for producing a gas-sensitive substrate, [0007] In a first
represent at i f&@nbodPRenMargSet HodWhilfBl (A f b? nith§18agds- TS t Hoes

substrate duglpg.a draductinn process, by disnensing ope grolDLfe;cive

gas-sensitiv materitals onto t'h rate -and drying one or nore

gas-sensi ti veaneterilal.s obutrhegsubst r ages THweimet badpakdo is nchpdeslly

adj usting the ﬁao ucbjon gaocess based on gne or nore sensor neasuyenents
§C F&&SH9

associ at ed wPH UGN O o P IERY 1SEh ERPSL & Caf@™ENd TpFOdGELCT o plotess.
[0008] In a seeond:hepneseniall vie,gtbodi Fent o SYStlMgd Hicl ydgsepepduct i on
equi pnment configured to forma gas- sensitive substrate during a production
process. Thethe gas-responsive or gas-sensitive material sensitive to
that gas causes a color change to occur in the paper tape.
The color change can be detected via any number of optical
measurements, and the color change can be calibrated to
correspond to a concentration of the specified gas.
[0005] Conventional  processes for producing gas-
sensitive paper tapes often result in rolls of tape with a
gas-sensitive chemical reagent impregnated across the
entire width of the tape. For example, one conventional
process involves unwinding a roll of paper tape, submerging
the tape in a bath of gas-sensitive dye, drying the tape,
and re-winding the roll of tape. However, conventional
processes can suffer from poor yields, meaning the finished
tapes fail to meet quality assurance tests at a high or
excessive rate. Moreover, conventional production
processes do not easily lend themselves to making

substrates sensitive to multiple gases.



system al so includes at |east one controlled chanber configured to
condition air used during the production process so that the conditioned
air has one or nore specified characteristics. [0009] In a third
representative enbodi nent, an apparatus% ncludes an interface configured to
receive (i) neasurenents of one or nore properties associated with a
gas-sensitive substrate being produced during a production process and/or
(ii) measurenents of one or nore propetMRY associated with the production
process. The apparatus also _.includes a processing device configured to

adj ust the prodB@PPbnThiscedschasEgeorrPHeREadurerBREs anfogYefe he¥

technical fe gy b eadi a one skilled in the art from
the fol | ow ng&??gé%e @ g?%c??%%%%ﬁgg s craPel ™, BRI BF DESOR PTI ON OF

THE DRAW NGS [ 0000pP7Fofna avof ersonpeptreseandet standmbgddinetiti,s a dnschogur e,

reference is.no de to the follow n descr.iption, taken in_conjunction
with the accbﬁﬁiﬁ@?ﬁg f&FH%PﬁgsFilgﬁé%ﬁﬁﬂsﬁ ] BIREREYE | | 1451 7At e? an

exanpl e syst g0kt iBHO B@E@Qsabgaai§%€ﬁgﬁh§eoﬁéb%Er%b%eaQQQLQEHQiEQVéhi5
di scl osure; [0013] FI ES 2 t hrough illustrate exanpl e gas- sensitive
substrat es amedediindst onty stlte sehbstrate[ GOWA]dRriGUREShS am¢ 6°F | hoser at e

exanpl e dispegg[ggn ugk%s.%gregﬁsegn%%ngh as: ensitive te%i k nto.a
substrate acgordlngS RGN T osure; a%d F%ﬁfgf EFGUEE67 F? ﬁgt?a?%s an
exanpl e net hedcflgBes adjusting the production process based on one or
more sensor measurements associated with at least one of
the substrate and the production process.

[0008] In a second representative embodiment, a system
includes production equipment configured to form a gas-
sensitive substrate during a production process. The
system also includes at least one controlled chamber
configured to condition air used during the production
process so that the conditioned air has one or more
specified characteristics.

[0009] In a third representative embodiment, an
apparatus includes an interface configured to receive (i)
measurements of one or more properties associated with a
gas-sensitive substrate being produced during a production
process and/or (ii) measurements of one or more properties
associated with the production process. The apparatus also
includes a processing device configured to adjust the
production process based on the measurements.

[0010] Other technical features may be readily apparent

to one gkilled in the art from the following figures,

descriptions, and claims.



produci ng a gas-sensitive substrate according to this disclosure. 5
DETAI LED DESCRI PTI ON [ 0016] FIGURES 1 through 7, discussed below, and the
vari ous enbodi ments used to describe the principles of the present

invention in this patent docunent are by 4ay of illustration only and
shoul d not be construed in any way to |limt the scope of the invention.
Those skilled in the art wll understand that the principles of the

i nvention nmay be inpl en&ARIEF iDEARLIATIEA fF SR ARAWINGAnged devi ce or
system [0017] FIGURE 1 illustrates an exanple system 100 for producing a
gas-sensitive sUB8Ladt Eozaccer dimpye o adnisletd sclrodarst aridimhownt i ntFLGURE 1,
a substrate éoz gs unwound froma fi.rst reel 10%5 qgg one or ng e gas-

sensi tive mat'érfaP§Yare déﬁgfngﬁeonlf%ergﬂ%sf?ﬁie 1 by a 5? %8% ?%g uni t
106. The subgtgat-ept@dnt hedhiedi enis adHyelct iWH twif8, oM cAcdbinpsnihegone or
nmore gas-sensitive materials on the substrate 102. The substrate 102 is
then re-wufAdavangsa sacwhdcheel 110. [0018] The substrate 102 includes any
Sultabe Mt eri 3hoaphakERRs' 000! Ve A0, LELAI na0as aenst Ll VELIBLET | Bl SuCh
as a paper or astic tape. AgasS-Sensitive materra ncl udés any suitable
materi al, suehodscanghes cgds feagent i vé hatuleidratehange oae@lielg Otoot bRL Wi se
provide an indication that one or nore specified gases or gas famlies are
present. A g84SCcdef¥i€iive material typically provides an indication of the

concentration 0&09E§]°%E§§§ESSPSCiéﬁfgugﬁsQﬁ 91 19383 roftdM bh&fp1Lheghgel s 104

and 110 incl ude ‘any Sui
sensitive substrates according to this disclosure;

[0014] FIGURES 5 and 6 illustrate example dispensing
units for dispensing gas-sensitive material onto a
substrate according to this disclosure; and

[0015] FIGURE 7 illustrates an example method for
producing a gas-sensitive substrate according to this

disclosure.



structures around which a substrate can be wound. However, the substrate
102 need not be wound around the reels 104 and 110 and could i nstead be
folded or otherwi se collected in any other suitable manner. The di spensing
unit 106 includes any suitable structure for dispensing one or nore
gas-sensitive materials onto a substrate. The dryer unit 6 108 includes any
suitable structure for drying a substrate. [0019] In this exanple, the
system 100 al so includes one oPERBEEEROREPBRIEBAIONanbers. For exanple, the
di spensing wunit 106 can include a controlled chanber 112, the dryer unit
108 can i ncl ude [§0&8dt FECUBESc hanbBFOWIY, Tandiifreussedohe lowe| arid tbel d

operat e mjthbﬁr@o@%”%&@%@%ﬂe%%%n%%%d %%Gdeg%%gb%ft%%?ﬁ%ﬁ%%ﬁ%g%%gpﬁh?ggers

112-116 can beus rol” one or noré ¢charac i'CS ch as

hum dity, teppesahtr e,nntCiPOosht tdly ysedn dbddesent arpondy oRgy obrt he
system 100. In_this docunent, the term "air" refers to any conbination of
one or nore gaseStrpHHLD] CASYndEEdSEPBYE, NOherRi FINITUSE Wit RIYomeEnEPonal

techni ques far 0 i sggepgiti i - I, i |y not
hi gh-yield prégggsggg F%Og%cgrdgﬁ%ei§f?%@ﬂ§%iss%ﬁégﬁcégﬁ%;e%ﬁﬁg %ﬁ% %?knnre
control | ed chanbensdét@cahdbtbah beeuseihdplond f itdre dinrveusdadn mathbe

production process, .such, as by conditioning the air to a desjred
t enperat ure, lﬁ@ﬁ?@?f??%orl%or%’ésitﬁp@n. Og'hiséﬂc,tzfﬁﬁ%l PrEdnar r‘iﬁ)’e‘-%ﬁi ePds of
the substrat e,L@2mei ng produced in the system 100. [0021] In sone

enbodi nents, at |east one controlled chanber 112-116 can condition air so
the air has one [8017dpfFédGy@ferlal 1 1 s ikent eharncesrimptiliec sy Fmm ekedpler a

producing a gas-sensitive substrate according to this
disclosure. As shown in FIGURE 1, a substrate 102 1is
unwound from a first reel 104, and one or more gas-
sensitive materials are deposited on the substrate 102 by a
dispensing unit 106. The substrate 102 then enters a dryer
unit 108, which dries the one or more gas-gensitive
materials on the substrate 102. The substrate 102 is then
re-wound onto a second reel 110.

[0018] The substrate 102 includes any suitable material
that can receive and retain gas-sensitive material, such as
a paper or plastic tape. A gas-sensitive material includes
any suitable material, such as a chemical reagent, that can
change color or otherwise provide an indication that one or
more specified gases or gas families are present. A gas-
gsensitive material typically provides an indication of the
concentration of one or more specified gases or gas
families. The reels 104 and 110 include any suitable
structures around which a substrate can be wound. However,
the substrate 102 need not be wound around the reels 104
and 110 and could instead be folded or otherwise collected
in any other suitable manner. The dispensing unit 106
includes any suitable structure for dispensing one or more

gas-sensitive materials onto a substrate. The dryer unit



control |l ed chanber could condition air so the air has a 30% relative

hum dity. A controlled chanber could also condition air so the air has a
generally fixed tenperature or any other or additional characteristic(s).
These characteristic(s) could be selectédd to help inprove yields of the
substrate 102 being produced. In these enbodi nents, a controller 118 could
receive tenperature, humdity, or other nmeasurenents fromthe controlled
chanber and 488 thelugeasanr¥nenisakbbe aglf sttt WireriRy chroing ke sgbntreteed

chanmber so that ai i.ng hiio ' [ t | 4l fixed
characteristic(ébe?60£§]Qﬁ%gofﬁgﬁggébogﬁ%e%?%?&ﬁHgﬁ%J%%ﬁ?ﬁg&hﬁgﬁ%egg ure,
conposi ti on, oar motreicccharddierY i Hdnd{e)s .of Hde @kimpes ngtheoddspeasetdgby one
or nore controlled chanbers 112-116 can be_dynami cally adjusted by the

control l er 1¥81tFdP6 Sahpleclife Aororbreldgadt SHPEEGH eht? of tERedEUBEt rat e
102 _can be_measuregh and,Used 401£00t 1k 089 19k D gm0k the ¢ ook obhed

chanbers 112-116. In this exanple, irst sensing unit is positioned
before the disspensi ngelniltl0 k886;1dnuberase ondlsensa ngoohrd112@ rhapbsiti oned

after the dryer unjt 108 he sensi units 120 and 122 peasure the
moi sture contéft ofdte Fu ?eﬁ%?ﬁfé&iﬁék ?ﬁ%i%}%hgl§ncg#h esP&fEm 100.

[0023] Theretal ecdfol aBhd (Ahdmbeasmalay-ticraxpans Vel atiechpd guesako
measure the noisture content of a substrate. For exanple, 0-H stretch
infrared |ighurdddsipt itomperat uner yowekbmrgws ioae hnisqre, inhdiéfeseptbr oad

and, ntense dkabisisd ShOpLE! LonLA uoRd 22iR TRERUIRndle kel colR Sture
“air” refers to any combination of one or more gases.

[0020] As noted above, one difficulty with conventional
techniques for producing gas-sensitive tapes is that they
are typically not high-yield processes. In accordance with
thigs disclosure, the one or more controlled chambers 112-
116 can be used to condition air used in the production
process, such as by conditioning the air to a desired
temperature, humidity, or composition. This can help to
improve yields of the substrate 102 being produced in the
system 100.

[0021] In some embodiments, at least one controlled
chamber 112-116 can condition air so the air has one or
more generally fixed characteristics. For example, a
controlled chamber could condition air so the air has a 30%
relative humidity. A controlled chamber could also
condition air so the air has a generally fixed temperature
or any other or additional characteristic(s). These
characteristic(s) could be selected to help improve yields
of the substrate 102 being produced. In these embodiments,
a controller 118 could receive temperature, humidity, or
other measurements from the controlled chamber and use the
measurements to adjust operation of the controlled chamber

so that the air being conditioned maintains the generally



infrared |ight source 124 illum nates the substrate 102 at a

non- per pendi cul ar incident angle, and the incident light interacts with the
substrate 102. Any noisture in the substrate 102 absorbs the characteristic
infrared light and prevents that |ight ffombeing reflected or transmtted,
and the light that is reflected or transmtted can be recorded by a |ight
det ect or 126.‘[0024L Note that various inplenentations could be used wth

t hi s appr oachixrer chageaneaishicdd)l.i ght sources 124 or |ight sources 124

d i - h | . V1 | d
uned L0 2 speciiblea HoP LRSS nche st Alapr 3, oPecl st orcon

be used as the Iig Wi

phot odi ode cetmpdshe ivsed @as dtigeti ghtirdeteet 6tid26) Wdlth tthd used beghy
source 124. In addition, the light source 124 and the 8 1ight detector 126
coul d have aRPrediigpre &Yr AMGeMEniorE CPBt&FCLdRSt heRPesghdfiratés102nand

each ot her (such being_Qr S i trate 102 on
opposite siggs g?ﬁ?ﬁgcgu%girgg u%%%?.a?%oz Eg%ﬁh2§ﬁ§%%§ &%ff 120F§%d 122
i ncl udes any exsupilabl ¢hst medtsiueref dwarreas uciomg emti stfutéec eubentraok a02

substrate. Also, ,other or additional sensing units could be used_in. the
System 100, Soth 4R BeasHsEg A toTetat od COBbRerb ihe i Shae i BRFt 106

and the dryeowiirh11@8 cimambdes, 1any1akher suitable teghphaue £oukdspe used
to neasure the noisture content of a substrate. [0026] in these

enbodi ment s, sevisstgr eligashiCe mehtzo$ oirned edserst nghenft spér6ingdun2R can

be provided the_controller 118.. The contraqll.er 118 can use thes
b ement's 108 adfiet GRECOY ST EShERte dP e Posttithet®artat e

dryer unit 108. The sensing units 120 and 122 measure the
moisture content of the substrate 102 at these positions in
the system 100.

[0023] There are many rapid (and reasonably inexpensive)
techniques to measure the moisture content of a substrate.
For example, O-H stretch infrared light absorption is a
very well-known technique, where very broad and intense
infrared absorption is used as a measure of the total
moisture content of a material. As shown in FIGURE 1, an
infrared light source 124 illuminates the substrate 102 at
a non-perpendicular incident angle, and the incident light
interacts with the substrate 102. Any moisture in the
substrate 102 absorbs the characteristic infrared light and
prevents that light from being reflected or transmitted,
and the light that is reflected or transmitted can be
recorded by a light detector 126.

[0024] Note that wvarious implementations could be used
with this approach. For instance, broad light sources 124
or light sources 124 tuned to a specific O-H stretch could
be used. Also, a spectrometer could be used as the light
detector 126 with a broad light source 124, or a photodiode
could be used as the light detector 126 with a tuned light
source 124. In addition, the light source 124 and the



production process until the noisture content of the substrate 102 has a
desired value or is within a desired range of values. This supports the use
of process neasurenent techniques for real-tinme feedback control during
the production of gas-sensitive substratéds 102. This can help to inprove
production yields and to inprove the resulting precision and accuracy of
the gas-sensitive substrates 102, nmeaning gas concentration neasurenments
taken usi ng thehsudstestes 166 marlse I esany osheaake uarraggABenRtr 4% ons

ror e repr odud B From ey e 2 L6 Ghal a1 o] 6027 TRE ol el | & 118 ca

nore reproduc rom analysis to analysis. | 8 can
use any suit akbliegcont thlke skeehmiigiee offorthadjsudkicng tené oar crobe agppeetseof t he
production process. For exanple, the controller 118 could wuse noisture
neasurenentssﬂﬁﬁﬁlPﬁeté§n§Pg%tﬁﬁFFslf§ ‘and 122 to control how each

control |l ed chanep2532xLl6 9@&@&hb°”§n9€?si£K*Eﬁﬂdeﬂhériﬁﬂcﬁﬂﬁe%hagﬁ?r SO
the air has 9 a desired tenperature, humdity, conposition, and/or other

char act eri st isgispbtllkat strayc twpactfarheméfpished suhisttruatee’ sonsensi tafvi gy to
one or nore gases _qr gas famlies. In the..system 100 shown in FIGURE.1, the
TR T oRtn - VAU ot AT RO h OF R 0XBRer POt He

controll er ‘control’ various va

producti on obet hgegasrseadtsd tdwea SUbsia ateudizas & sgasihguhaicembedtsent s,
t hese variables can include (but are not limted to): the tension of the
substrate 1l0P®etvresudghbvut At feenpibgessit (1 hrd dibg, daifferarif el08nd/ or

conposi tion %%r%h%r, any other suitable technique could be used to
measure the moisture content of a substrate.

[0026] In these embodiments, moisture measurements from
the sensing units 120 and 122 can be provided to the
controller 118. The controller 118 can use these
measurements to adjust one or more aspects of the
production process until the moisture content of the
substrate 102 has a desired value or is within a desired
range of wvalues. This supports the wuse of process
measurement techniques for real-time feedback control
during the production of gas-sensitive substrates 102.
This can help to improve production yields and to improve
the resulting precision and accuracy of the gas-sensitive
substrates 102, meaning gas concentration measurements
taken using the substrates 102 may be closer to the actual
concentrations (compared to measurements taken using
conventional tapes) and may also be more reproducible from
analysis to analysis.

[0027] The controller 118 can use any suitable control
technique for adjusting one or more aspects of the
production process. For example, the controller 118 could
use moisture measurements from the sensing units 120 and
122 to control how each controlled chamber 112-116

conditions outside air entering the chamber so the air has



in the dispensing unit's controlled chanber 112; the humdity, tenperature,
and/ or conposition of air in the dryer unit's controlled chanber 114; and -
the hum dity, tenperature, and/or conposition of air in the controlled
chanber 116 around the second reel 110. %ach controlled chanber's
environmental conditions can be nonitored, recorded, and controlled with
appropriate feedback | oops or other control nechanisns. [00281 Note that

di fferent cont F6Firedi Ecmagrbéugsed NUALddllT ecomposysioms 200/0Knosbae

enbodi nent s, .l . Qi ¢ n y e | LN,
specific syg g%aggg&%g’lt&gt(%?m%rﬁlggpb%%éénglgﬁg tthg §§§?§%8%§Pbé%§%k§nge,
gas-sensiti veenstietivakfs)kocamcherdepasd tethan dheyasubshi bies 1021nhthe
varying the substrate's tension and/or while varying the humdity,

t enper at ur e, SE§AEBsi 1 bnSRBIT oitheF 1EHRF adrertdt i EPEFTPALERe 1or° nbreld
controlled chagbers 112-L16 lyaihis yay, jQneQphor g Jodels: £an be

constructed that identify how one or nore controlled vari a(%)I es (suclﬁeas
t enper at ur e, phrodiudictipn cofpogiltd orgasorsersulisitveat esulegisiaryg affzct t hén

i st t .of .th bstrate 102. Th : | | d t b db
oSt ur e SOMLEMt Blathe A BERIALS 108, Thest. s, caul O ORI e o

sensitive subgstrabes118d+eg0829]: The control l er 118 includes any hardware,
software, firmnare, or conbination thereof for controlling one or nore
characteristics wtHle atepsiem chattipy odubesrate gdd2senshitouahaitbsthat e.
The controll ;ro%%gs ould, for exanple, represent a control conputer or a
per sonal coﬁ'put er ?PC) The controller 118 in these enbodi nents

- the humidity, temperature, and/or composition of air

in the dispensing unit’s controlled chamber 112;

- the humidity, temperature, and/or composition of air
in the dryer unit'’s controlled chamber 114; and

- the humidity, temperature, and/or composition of air
in the controlled chamber 116 around the second reel 110.
Each controlled chamber’s environmental conditions can be
monitored, recorded, and controlled with appropriate
feedback loops or other control mechanisms.

[0028] Note that different control logic may be used in
different systems 100. In some embodiments, the control
logic implemented by the controller 118 in a specific
system can be determined by testing the system. For
instance, gas-sensitive material (s) can be deposited on the
substrate 102 while varying the substrate’s tension and/or
while varying the humidity, temperature, composition, or
other characteristic(s) in one or more controlled chambers
112-116. In this way, one or more models can be
constructed that identify how one or more controlled
variables (such as temperature, humidity, composition, or
substrate tension) affect the moisture content of the
substrate 102. These models could then be used by the

controller 118 to control the production of additional gas-



could include at |east one processor 128, at |east one nenory 130 storing
instructions and data, and at | east one interface 132 for receiving and/or
transmtting data. Each of the controllgs chanbers 112-116 incl udes any
suitable structure for conditioning air~to have one or nore desired
characteristics. [0030] Various advantages or benefits can be obtai ned
using the system 100 of FI GURE 1 depending on the inplenentation. For
exanpl e, theSEVSLEMVEOGHSEEFSAS 96F depositing nultiple regi ons of
gas-sensitive mgloehisdl AN aosubksiTate 10g, apdithese neteri absagqukd be

sensitive to nultiple gases or gas types. Also, as noted above, one
convent i onal seéthrirgue ffiomwereduoimgogis eénioirt ithenesaderfont apatiravoivegs
subner gi ng t%e paper t ap%hg]@aatgatg chzs as: lsensisti ve d ’%}1 HOV\B\éeI’, t he
submer gi ng bR proVPESs SR ESHTEE o7 S Bt Vot 2vEFOrat i it PP S FEn needs
to be sequegkerednandikandsgeseeL£os di NrHO esyt ronneAt alis pFOiBLL | 88r
regul ati ons, which typically increases the_cost of producing the tape.
Deposi ti ng g&XPEERSIt | FEPTRECEY af( sFoRS rehowACMRUEPGUREY1 8anPREFPNAS

reduce sol'venngyanor aikon andd NELefors Ledyeg ALOAUELIONCRASESmenEUr ther

there are often sections of conventional paper tape that are not use
during gas sensildg.irslade estll tleageposet iptgpdehacdyel? ), t hesel dancat bnas
provi des no val ue and adds cost, to the productjon process. The system 100

may be capaBFEFY dePoSiHI G I LEnG NS fECeFdd s ProhRy dRF2FE one

speci fied portj-@rg 0k @39a§b§eB§EEE_V§n§?Q§&}’@f € AZami CBAY Nhche peeduction

of the substrate 102 can be done w th further reductions 7 n cost.

of the controlled chambers 112-116 includes any suitable
structure for conditioning air to have one or more desired
characteristics.

[0030] Various advantages or benefits can be obtained
using the system 100 of FIGURE 1 depending on the
implementation. For example, the system 100 is capable of
depositing multiple regions of gas-sensitive materials on a
substrate 102, and those materials could be sensitive to
multiple gases or gas types. Also, as noted above, one
conventional technique for producing gas-sensitive paper
tape involves submerging the paper tape in a bath of gas-
sensitive dye. However, the submerging bath provides a
source for solvent evaporation that often needs to be
sequestered and handled according to environmental
protection regulations, which typically increases the cost
of producing the tape. Depositing gas-sensitive
material (s) as shown in FIGURE 1 can help to reduce solvent
evaporation and therefore reduce production costs.
Further, there are often sections of conventional paper
tape that are not used during gas sensing. As a result,
depositing the dye in these locations provides no value and
adds cost to the production process. The system 100 may be

capable of depositing gas-sensitive material(s) only on



[0031] In addition, in sonme enbodi nents, the controller 118 or other
control logic can control the specific anount(s) of gas-sensitive

mat eri al (s) deposited onto the substratﬁ 102. In conventional subnerging
bat hs, there is no nechanismfor adjust'ﬁg t he specific amobunt of gas-
sensitive material inpregnated in a paper tape. Rather, the tape sinply
absorbs the gas-sensitive material, and this absorption is not necessarily

consi stent aFBRGILHETD | BREEROGE t RE t peIaPhEcEYatéNP106U6F L EFPEBREL 22 can

provide for mteg%iageceh%e gepasttion ok 93w sensstiyeemaperiald she gBha the
substrate 102. [0032] Once production of the substrate 102 is conplete, the

substrate 10%itan fvetised reduartyiong tiablcesranner. For  exanpl e, the

substrate 102 c exposed .ta air .fromone .or..more roons or oth ar eas,
and opti cal senggpqur§@tﬁgglt§€ﬁ§oﬁg'ggﬁedgm@ﬂgaﬁﬁéiﬁ’c gﬁgggngﬁoﬁhgr
substrate 103.18l nort hbshwey, cbhersubsisai€ K caprRedisednco dpkegFithe
presence and/or concentration of one or nore gases or gas famlies in one

or nore areadMoER&msl e ofy Faheaihutt ke Myerrirhss )t | dePeubsedaPesO10Rear e
i ded | f t tS | .
provided 1n Fﬁ%ﬁ%%%t% 1@?%URE%E%?%P%9&HEE%1Sstﬁg&gﬂkgt%%F%§,f%E%E§“E

above. [0033 t hough ustrates one exanple systen1%00 for
produci ng a gas-setisatl ye Sobstadiestinagi che sghangesce mayocheatmase askl GURE

1. For exanple, any type(s of poisture sensor(s) and any nunber of

moi sture senSGPSIEYS dAfE e TRPTRRIN_YRE et 160 PRSI0, Edkre: syBRERFT00

coul d i ncl udeEne, 5 L0 g RN 6L, 2 N6 Y e ONLLQLed ssharkersar 41 condhki oni ng
air. In addition, the sensing units 120 and 122 have been descri bed as

measur i ng noitstigr ealoomtenion ofi st heotsuhsteatar 102, came itsfrendconttahd echél18 has

been length of the tape. The system 100 of FIGURE 1 can provide

for the precise deposition of gas-sensitive material (s)
ontc the substrate 102.

[0032] Once production of the substrate 102 is complete,
the substrate 102 can be used in any suitable manner. For
example, the substrate 102 can be exposed to air from one
or more rooms or other areas, and optical sensors or other
sensors can detect color changes in the substrate 102. 1In
this way, the substrate 102 can be used to detect the
presence and/or concentration of one or more gases or gas
families in one or more areas. Example systems that use
gas-sensitive substrates 102 are provided in several of the
patent documents incorporated by reference above.

[0033] Although FIGURE 1 illustrates one example of a
system 100 for producing a gas-sensitive substrate, various
changes may be made to FIGURE 1. For example, any type(s)
of moisture sensor(s) and any number of moisture sensors
could be used in the system 100. Also, the system 100
could include one, two, three, or more controlled chambers
for conditioning air. In addition, the sensing units 120
and 122 have been described as measuring moisture content

of the substrate 102, and the controller 118 has been



12 described (in sone enbodi nents) as nodi fying the production of the
substrate 102 based on the noisture content neasurenents. In other

enbodi ments, one or nore sensing units could nmeasure any other or

addi tional property or properties of t hé?substrate 102. The sensing units
could also neasure one or nore properties of the production environnent,
such as the humdity within a controlled chanber, Mreover, the controller

118 coul d us@eéﬁﬁiBéﬁeﬁinoﬁoﬁﬁd?WP%ﬁ%Te%?%be?ﬁymﬁir%ﬁﬁﬁkﬁﬁﬁé§m@ﬂuﬁﬁéon

substrate 102 tenadisfypRecer ABLe B3PeqtsSonf the Preduehi-gn poacess-
[0034] FIGURES 2 through 4 illustrate exanple gas- sensitive substrates

102a- 102c accoergiumgmeatishi s Imi sthesueabonmpatsi, c wnar o GURESs2nthngugh 4
illustrate ditferenaﬂﬁgys in which one or nore S5-sensi.tive materials can

be deposited "BAtS £Vt5t FEEEUHG PAY SYstem 160 36F SROEIRE XK 9095] ©f n

FIGURE 2, a gaspeeRsill W& suhstdiada Ad2a 1dncl utles sahipleuhegbonsu?§2- 206,
each with one or nore gas-sensitive materials. These regions 202-206

general |y f@dfPt raRRSUERatoText BRd B EMgPERECIFEAGEh of e sBBSErar&on102a.
Not e t hat th%%%i&%i %%t”aysQSRSQQ§t%%%'f LY 8% ¢ c“%%%ﬁ%ﬁ'%ECEQBEQHQEquOM“

the length of the substrate 102a, an ere nay or nay n reaks in the
tracks. Her ehatibert.egioiso2@2-, 2@hec avnd rod 1esed 1180 cardsiuueeobnydetaet up to

three gases or gas famlies. [0036] In FIGURE 3, a gas-sensjitive substrate
102b i ncl ud®% mACHHeRarle RIGIRETI02-FORTRTH 1T P oneler Sieperate 102

gas-sensi ti ve JTalelirgl $nedeposidred shstanyralhy 3o iy M of the
substrate 102b. The regions 302-306 here have

[0034] FIGURES 2 through 4 illustrate example gas-
sensitive substrates 102a-102c according to this
disclosure. In particular, FIGURES 2 through 4 illustrate
different ways in which one or more gas-sensitive materials
can be deposited onto a substrate by the system 100 of
FIGURE 1.

[0035] In FIGURE 2, a gas-sensitive substrate 102a
includes multiple regions 202-206, each with one or more
gas-sensitive materials. These regions 202-206 generally
form tracks that extend along the length of the substrate
102a. Note that these tracks may be substantially or
completely continuous down the length of the substrate
102a, and there may or may not be breaks in the tracks.
Here, the regions 202-206 could be used to measure or
detect up to three gases or gas families.

[0036] In FIGURE 3, a gas-sensitive substrate 102b
includes multiple regions 302-306, each with one or more
gas-sensitive materials, deposited substantially across the
width of the substrate 102b. The regions 302-306 here have
a repeating pattern along the length of the substrate 102b.
Again, the width-extending regions 302-306 could be used to
measure or detect up to three gases or gas families.

[0037] In FIGURE 4, a gas-sensitive substrate 102c¢c



a repeating pattern along the length of the substrate 102b. Again, the

wi dt h- ext endi ng regi ons 302-306 could be used to neasure or detect up to
three gases or gas famlies. [0037] In FIGURE 4, a gas-sensitive substrate
102c 13 includes nultiple regions 402-488, each with one or nore
gas-sensitive materials, deposited in discrete or non- continuous areas of
the substrate 102c. The _discrete or non-continuous areas could represent
areas havi ngipRéugas- msidpdindioy eramitard at(3)4 9% sgaghewiti rdleor dopse
spots, or agysoLher;et.addiiional; shapes, here, |he fonscqntinyous,, areas
coul d be used to neasure or detect up to fSur gases or gas famlies. [0038]
Any of thesecgasisenskt iaveasulist ridtesscostdabe 1producethausdigpetdies syst em
100 shown in FIGURE 1. However, the_system 100 of FIGURE 1 could be used to
produce any “GPREPTHIEVEEASPEFGE §8bl%[%r AEBTREFPRg2 ARG SniABePIoFRgagas-

sensitive matehtaksveNmaRk-¢anf(kgurat kaNarMr egyeriein gBE@IRESCEst hipugh 4,
gas-sensitive materials are not deposited on the entire surface of the

substrates 162%- otb2e. cHoweldaitiaed syistrsa - 10¢Hafe FlQuURENdncoahtibecused to
conpl etely cqver _a suﬁgt rat e's rface with the,gne or nore as-sensitive

materi al s. [6‘6@3]g APt ough = é“etarﬁudﬁ?gr?ﬁ Cllﬁ T rR et%xg T ed25%F

gas-sensitiversyhst Famesiewari ous changes may be made to FlI GURES 2 through
4. For exanple, each substrate in FIGURES 2 through 4 could include any
sui t abl e number [8P38] edirgnSicortasni ggSgasnsehsvei vebwdiaties (x9ulal ke, any

sui tabl e pat F%Bﬁlégdcﬁg'ﬂ b@h%\sl\ﬁgstt%md%‘asisho%vﬁeiga%'m%ﬁﬁsﬁt.i VEoBLEL! al (s)

on a substrate, and the a?eas re
the system 100 of FIGURE 1 could be used to produce any
other gas-sensitive substrate having any number of gas-
sensitive materials in any configuration. Moreover, in
FIGURES 2 through 4, gas-sensitive materials are not
deposited on the entire surface of the substrates 102a-
102c. However, the system 100 of FIGURE 1 could be used to
completely cover a substrate’s surface with the one or more
gas-sensitive materials.

[0039] Although FIGURES 2 through 4 illustrate examples
of gas-sensitive substrates, various changes may be made to
FIGURES 2 through 4. For example, each substrate in
FIGURES 2 through 4 could include any suitable number of
regions containing gas-sensitive material (s). Also, any
suitable pattern(s) could be used to deposit the gas-
sensitive material(s) on a substrate, and the areas where
the gas-sensitive material (s) are deposited can have any
shape and size. Further, gas-sensitive material (s) on each
substrate could be used to sense a single gas or gas
family, or gas-sensitive materials on each substrate could
be used to sense multiple gases or gas families.

[0040] FIGURES 5 and 6 illustrate example dispensing
units 106 for dispensing material onto a gas-sensitive

substrate according to this disclosure. In general, any



the gas-sensitive material (s) are deposited can have any shape and si ze.
Further, gas-sensitive material (s) on each substrate could be used to sense
a single gas or gas famly, or gas-sensitive materials on each substrate
could be used to sense multiple gases ot¢gas families. [0040] FI GURES 5 and
6 illustrate exanple dispensing ,units 106 for dispensing material onto a
gas-sensitive substrate according to this disclosure. In general, any 14
sui t abl e t ecfiRi§BRl8oGFPEPe AiSe U3 d&sostaehd s@%@%%@egaﬁafﬁ%?ﬁ;hﬂ‘é? ont o

one or mul t'ﬂ'a@ei’?Q!LQF? 8ht8 gﬂ@%&a 1¢f8941) QEOEEGU? 3 Eug BrgLeltor e

gas-sensitive nmateria are deposi te on a su trate I Spensi ng
unit 106. In thbs4dkampl EIGURE di,spaasongmunet gééesem'snamtfs theersabstrat e
102, such as froma raqll,. and nove a di rectﬁ51 ast a deposition

| ocati on 5043TRt FERESIE&SH<FH i Bn S @z}trla&‘? 5% Bhet B ndittfve

materials canpbe appligdstOxihs1 SUbShE &l fspklds iug) Rhi TRl 'e%ltrBEQg‘QH@ or
nore reservoirs 506a-506d. The one or nbre gas-sensitive materials can be

sel ectively depesrebd Id2 ¢t héU§bb§tSr afneomoz bsokl di §pénsﬁ1QT§PSmGIQI €1508.
[0042] In thij _ergég.gBke ﬁg)ngtag%nt O@J_%?%RSIP f@%OB d?%om tg t he
S o in

one or nore gas sensitive eria e su ormof

spaced- apart depoptthoausllycaexicendi g f r acks 5St@a- 5ﬂdlda Thest @k st bida- S10d
could be sensitive to the sane gas or_gas famly, or different tracks
S10a- 510d colfr8Sbé2d&nsFeilvePt o WP FErenttyasds opubghgafani LPés. UNbRS t hat

t he nunber o e, Pf Ci n the
tracks are f@?{:ég%zsﬁg@i ;é)lhéon? moﬁfg%%%ﬁgé% %iahngstd?v%ase&g%t Bﬁ%)’\ﬁ’g

more gas-sensitive materlals can be selectively deposited
on the substrate 102 by a dispensing module 508.

[0042] In this example embodiment, the dispensing module
508 deposits the one or more gas-sensitive materials onto
the substrate 102 in the form of spaced-apart, continuously
extending tracks 510a-510d. The tracks 510a-510d could be
sensitive to the same gas or gas family, or different
tracks 510a-510d could be sensitive to different gases or
gas families. Note that the number of tracks, the size of
each track, and the spacings between the tracks are for
illustration only. Also note that lengthwise-extending
tracks need not be used here. As described above, other
patterns could be formed on the substrate 102. These other
patterns could include regions extending across the width
of the substrate 102 or discontinuous series of spaced-
apart areas that may extend in the lengthwise direction. A
combination of patterns (such as continuous tracks and non-
continuous dots or other areas) could also be used.

[0043] In FIGURE 5, the dispensing module 508 represents
a module that can receive material(s) from one or multiple
reservoirs and that can deposit the material (s) as multiple
tracks onto the substrate 102. The deposition by the

dispensing module 508 could be done in any suitable manner,



tracks need not be used here. As described above, other patterns could be
formed on the substrate 102. These other patterns could include regions
extending across the width of the substrate 102 or discontinuous series of
spaced- apart areas that may extend in the lengthwise direction. A

conbi nati on of patterns (such as continuous tracks and non- continuous dots
or other areas) could also be used. [0043] In FIGURE 5, the dispensing
nmodul e 508 r EPFBsert sbYa Wothd e SPHAYSESn r EeR veerRs bF 1 29 ( S VHce® oner or

nul tiple Tesgryairs Andntial ¢andepgsit the:materialdsh as.mmidd pl

tracks onto e substrate 102. T eposition by t spensi ng nnd%?e 508
coul d be donelen hayusedtabdl éepasierindbridudh asadie usi rghepr ayeas, of

dr op- depositing devices, or punps. FIGJRE 6 illustrates that indiyidual
devi ces can 9ag§8e8§15%¥8 PGEEEPEi ()i P8 A IS t3cks of ot hBF1%E %%fof

gas-sensi tivgefatesi akhhs)i N s Wsdy aldosie A M duad selevi gesa$ans
i ncl ude drop-depositing devices 602, sprayers 604, or punp outputs 606.
Agai n, whil e6Péngt hwi seumext@pdbhies t ridcks ar Agshown WhiEpGURENGLhot ber

patterns coul far n a_substrate..[0 articular_e | es, the
drop-deposit%ﬁgeggé3§cg§g cgﬁgdsﬁﬁgﬁhdégngéﬁ%gﬁgl hofﬁﬁ5% v%%?égg%fet
printers, orcpugdopkecbiimed agouskubsteatthermal val ves. The sprayers 604
coul d include aerosol or spray-based dispensing heads, and a liquid punp

coul d be used td008&1li fer PRETGad Sensi i ifdteridhg s) ArpPdésPeedtiThe punp

ouLPuLS 00, GRULL DTN EoRL BN heedl, KAES, LSTLTLCI Tl vikyges of

peristaltic, pgynterge, @r capetdategctric, acoustic, or thermal valves.
The sprayers 604 could include aerosol or spray-based
dispensing heads, and a 1liquid pump could be used to
deliver the gas-sensitive material (s) if desired. The pump
outputs 606 could represent orifices or tubes from which
small volumes of gas-sensitive material (s) are pumped. An
applied force (such as peristaltic, syringe, or capillary
forces) «could be used to deliver the gas-sensitive
material (s) .

[0045] Although FIGURES 5 and 6 illustrate examples of
dispensing units 106 for dispensing gas-sensitive material
onto a substrate, various changes may be made to FIGURES 5
and 6. For example, any other or additional type(s) of
deposition unit (s) could also be used.

[0046] FIGURE 7 illustrates an example method 700 for
producing a gas-sensitive substrate according to this
disclosure. For ease of explanation, the method 700 is
described with respect to the system 100 of FIGURE 1.
However, the method 700 could be used with any suitable
gsystem.

[0047] A substrate is unwound from a first reel at step
702. This could include, for example, a transport

mechanism or other structure causing a paper or plastic



forces) could be used to deliver the gas-sensitive material(s). [0045]

Al though FIGURES 5 and 6 illustrate exanples of dispensing units 106 for

di spensi ng gas-sensitive nmaterial onto ﬁ substrate, various changes nay be
made to FIGURES 5 and 6. For exanple, a 9 ot her or additional type(s) of
deposition unit(s) could also be used. 0046 FIGURE 7 illustrates an exanple
met hod 700 f

r _producin as-sensitive substrate_according.to this
di scl osure. ggpeeﬁgé %%qﬁé%ﬁﬁ?%ﬁ? %Q%aﬁﬁHWR%F%%Of¥%m B@@c?ﬁﬁﬁa WEEh
respect to theasystemdOGndfsdd@REchtendongyerotihde Ptdid-tA90 goutdebe

used with any suitable system [0047] A substrate is unwound froma first
reel at stepsurﬁzra?ﬁl§NtonrﬁdpﬁéﬂaﬁeSYE@ﬁWexahpm@aSHr?daﬁ§p0$¢epnﬁ@ﬁanlsn1

or ot her sprg%;gre Pélqgmﬁiﬁﬁperf§84gg$%§£nn|s%%etaggng gt u?gbrate

102 to unwi n rom fiTst redl t'lre con or o hér

property of tResusubst talee nyipraticidrrersyssenthe sebsureteatost epings.
This could include, for exanple, the sensing unit 120 neasuring the
noi st ure conpeﬁiSGFeFﬁ@-§Gb§FP§FéSPG?aG§@n§ CHNAiEr-et ch or other suitable

techni que. _[0048[]00'@'8T]O[Z§ircci@,d'cldn(ﬁ'1%qofn%rd %046%0%1' ?o%rltl'l%'n u@ltltsggpsté 6.

This coul d include r exanple, the control hanber 112 conditi oni ng
air to a f|x€@6hun1dﬂu¥s cpehﬁeerQ&mﬂexn'f@mnp@sampba, THies couokdoallsd

i ncl ude the roIIe chanber, 112 condltlonln air to.a hu

temperature, S §ﬁf%onC%§d§B%%??P%d Byt hé coﬁirof}ﬁ?d nkgm%éthh coul d

vary over ti%%hpeﬁ@%ﬁﬁ@}'B%*%dﬁ5681tlon. This could also include the
controlled chamber 112 conditioning air to a humidity,
temperature, or composition as specified by the controller
118 (which could wvary over time). One or more gas-
sensitive materials are deposited on the substrate by the
deposition unit at step 708. This could include, for
example, the deposition unit 106 depositing the gas-
sensitive material(s) in tracks or other patterns.

[0049] Air is conditioned for a dryer unit at step 710.
This could include, for example, the controlled chamber 114
conditioning air to a fixed humidity, temperature, or
composition. This could also include the controlled
chamber 114 conditioning air to a humidity, temperature, or
composition as specified by the controller 118 (which could
vary over time). The substrate is dried by the dryer unit
at step 712. This could include, for example, the dryer
unit 108 drying the gas-sensitive material (s) deposited on
the substrate 102. The moisture content or other property
of the substrate or production system is measured at step
714. This could include, for example, the sensing unit 122
measuring the moisture content of the substrate 102 using
O-H stretch or other suitable technique.

[0050] Air is conditioned for a second reel (or other

location where the dried substrate is collected) at ster



sensitive materials are deposited on the substrate by the deposition unit
at step 708. This could include, for exanple, the deposition unit 106
depositing the gas- sensitive material (S,)J. in tracks or other patterns.
[0049] Air is conditioned for a dryer unit? at step 710. This could include,
for exanple, the controlled chanber 114 conditioning air to a fixed

hum di ty, terrﬁer ature, or conposition. This could_also include the
controlled Cch&mbefti34 €OnEft i OMFHiRi r &5 acHampdiery, thenpepattpeleer

conposi tion 2s.5pe¢i fiad bycémgpsﬁ{rgél eni 118 Ewhich eould  NMahyqover
time). The substrate is dried by the dryer unit at step 712. This could

i ncl ude, for texarpbéurehe cdr yempagittiol08 dityisngeaked gabssenscliude the
material (s) d d .on e substrate noi,stur e cong ent ot her

i t 02. Th
property of Cfejﬁgsrlgﬁlggfir B hr gaéct?%%&%%?réh’&?s IeasbPed a u@%éSEWM.

Thi's coul d i Relgdeatliee, examebapdshe 19eNsisngperiitt 1342 bymeasutbRgrbheer
moi sture content of the substrate 102 using O-H stretch or other suitable
t echni que. [ 8850](Whilch $adedivadheVstort dnseconthe egtbgio¥abbehef wpegedti on

where the drijad gubstra %egr%e(io'o'regt%%g%es BR1LL A10 E*Eie%a%i‘é'.d i ncl ude,

for exanple, the contro chanb conditfioning air to i Xed
hum dity, tenpdoasalepner conposet caaratbegiseotibd alfsochactudéithened
controll ed chanber 116 conditioning air to a humdity, erature

ty, te or
conposi ti on &8TspéciFife®@IRA e ConthHiaeroan 18° (I CHEROURE TaPY 698r
time). The substratghsiaound,on Lhecseeoad raels or .ghher wise 5ol | egted at

step 718. [0051] One or nore characteristics of the conditione air or the

producti on systesreanrige adnistied,atrstteppp20tion of air in any of the
controlled chambers 112-116 in an attempt to bring the
moisture content or other property of the substrate 102 to
a specific wvalue or within a specific range. The
controller 118 could also adjust the tension of the
substrate 102 or take any other or additional action(s)
based on the moisture content or other property of the
substrate 102. The controller 118 could further adjust one
or more characteristics of the system based on temperature,
humidity, or other measurements from one or more controlled
chambers.

[0052] Although FIGURE 7 illustrates one example of a
method 700 for producing a gas-sensitive substrate, various
changes may be made to FIGURE 7. For example, air could be
conditioned at any number of locations in the production
process, so the method 700 could involve the use of less
than three or more than three controlled chambers. Also,
moisture content or other property/properties could be
measured at any number of locations in the production
process, so the method 700 could involve the use of less
than two or more than two sensors. In addition, while
shown as a series of steps, various steps in FIGURE 7 could

overlap, occur in parallel, occur in a different order, or



For exanple, the controller 118 could alter the tenperature, humdity, or
conposition of air in any of the <controlled chanbers 112-116 in an attenpt
to bring the npisture content or other groperty of the substrate 102 to a
specific value or within a specific rangé® The controller 118 could al so
adjust the tension of the substrate 102 or take any other or additional
action(s) based on the noisture content or other property of the substrate
102. The conPFEFFefuitdPdsultd st hdioadjtstamife ekl 20 chariét eEFstics of

the system baged_on1teRpegratur hygidity, or other nmeasurenents from one
or nore controlggg chanbérs.SF88§2] Al though FIGURE 7 illustrates one

exanpl e of a nd0R&A]700 Bomepreotodiingnasgasasépsist ifvacsubsakr deecrvhedous

changes may b% made to Fl GURE 7.(§or exangle it could be conditioned at
any nunber ofPP¥Eatitdnst Tir F e Produtt PER OﬁFSge Y, %&CPRRY et hBECF50 coul d

i nvol ve the Wsgt0f sl @8smelih@RohNE8BpQF e FOFEad BN thHFRE-LONMIR! Led ehapbers.
Al so, noisture content or other property/properties could be neasured at

any number ofts| cuehedied | ANt e peoRUEEY orcagiebdessiedbunhe rhonhr8eecoul d
i nvol ve the u | ess e nt rs._In_addition,
whi | e %gmgtlte% re£$§}§%%\£§?rog\ﬁaf% c%ﬁ% XQC?‘E‘?%%RE&IHIY t%ipg 89

shown a Series o rrous steps’in co verl ap,
occur in parabheuteaccasde n dndilffdarent sontes, c@del8 obgevt raddd,pl endli mes.
For instance, step 720 could occur in parallel with steps 702-718. [0053]
In some enbo8FREHEELIEarGHR: f uidlsS oPRT ¥R cr FREBULSBoEE A t SiplefeHied or

supported by iﬁcgﬂ'&@‘ét ShyPLOPeA W tRAL uhS LREIEL LEOMGAIPULeE skeRIRY! &
program code and that
computer, such as read only memory (ROM), random access
memory (RAM), a hard disk drive, a compact disc (CD), a
digital video disc (DVD), or any other type of memory.
[0054] It may be advantageous to set forth definitions
of certain words and phrases used throughout this patent
document. The terms “include” and “comprise,” as well as
derivatives thereof, mean inclusion without limitation.
The term “or” is inclusive, meaning and/or. The phrases
“associated with” and “associated therewith,” as well as
derivatives thereof, may mean to include, be included
within, interconnect with, contain, be contained within,
connect to or with, couple to or with, be communicable
with, cooperate with, interleave, juxtapose, be proximate
to, be bound to or with, have, have a property of, or the
like. The term “controller” means any device, system, or
part thereof that controls at least one operation. A
controller may be implemented in hardware, firmware,
software, or some combination of at least two of the same.
The functionality associated with any particular controller
may be centralized or distributed, whether locally or
remotely.
[0055] While this disclosure has described certain

embodiments and generally associated methods, alterations



is enbodied in a conputer readable nmedium The phrase "conputer readable
program code" includes any type of conputer code, including source code,
obj ect code, and executable code. The phrase "conputer readabl e nedi unt

i ncl udes any type of nedi um capabl e of b%?ng accessed by a conputer, such
as read only nenory (ROM , random access nenory (RAM, a hard disk drive,
a conpact disc (CD) , a .digital video disc (DVD), or_any other t fe of
menory. [0052T9| PerEyCBEIQBVantaddeFs CHROS MEgtsh ikt i thions Wbl cRftain
words and phpgsgsetsed d Wiuahoukitheg Rat &He gdpeumeniccothe derps chacl ude”
and "conprise,” as well as derivatives thereof, mean inclusion 'w thout
limitation. abbectdescroption dhcdxmivks emzndimpramd/ oes Tle phfasesor
"associated with"_ and "assocj.ated therew " as well as derivatives
Chereof - rmy RRARTROS RER Bad Shd SR ded i TR o SORREEY St Pe
contain, be gnat ailkedadildtsN ars0ANEst pbes@b1W fil it HeRKP| BedHrOTnM Fhombe
communi cable wth, cooperate with, interleave, juxtapose, be proximte to,
be bound to BREwWFPhRrikaved R&PECacpr 6péet §16Fflcerreheas| FREINTFHeLY eklif
"controlIer"fg§@8§ig§ycggghgq, system or part thereof that controls at

| east one operation. A controller may be inplenented in hardware, firmare,
software, or sone conbination of at |east two of the same. The
functionality associated with any particular controller my be centralized
or distributed, whether locally or renotely. [0055] Wile this disclosure

has described certain enbodi nents and generally associ ated net hods,
alterations 19 and pernutations of these enbodi nents and nethods w il be



apparent to those skilled in the art. Accordingly, the above description of
exanpl e enbodi nents does not define or constrain this disclosure. Oher
changes, substitutions, and alterations_are also possible wthout departing
from the spirit and scope of this di scl 88ure, as defined by the follow ng
claims. 20 WHAT IS CLAIMED IS: 1. A nethod conprising: formng a
gas-sensitive substrate &%02 102a-102c) during a production process by

di spensi ng (VB@? SRe CGAL Peisgas-sensitive materials onto the substrate and
drying (712) thejone @r j@RhLeJdasnpensihbve materials on the substrate; and
adjusting (720) the production process based on one or nore sensor

measur enent s assoépatedow a h gats -lseasti tave ofubsteasabstilrts,e afdathe2c)

duct i .2, T t hod _of d ai , _Wwher ei just i th
br oducti on pPOCESE BoRPTOBE CROERCTOh G C/OEHTRS THS) &FF GFOURES he

substrate sgakhatnbhei¢endhtbongds abhtHashONLut ML SREGEHi8d (712)
characteristics; and adjusting (720) the one or nore specified

characteri st itE§ enet Ig& dwHE tIThePns ¥t Bes ath e tdhks ovle bhe gpbetsahsor
measurements. 3. The nethod of O aim2, wherein adjusting the one or nore
specified characteristics of the conditioned air conprises at |east one of:
adjusting at | eastadjoseiafy 47b0) sthbhuprddtiytsien fprcstiesd énpperdaion encand a
first conposition of air within a first , ,

more sensor measurements associated with at least one of

the substrate and the production process.

2. The method of Claim 1, wherein adjusting the
production process comprises:

conditioning (706, 710, 716) air around the substrate
so that the conditioned air has one or more specified
characteristics; and

adjusting (720) the one or more specified
characteristics of the conditioned air based on the one or

more sensor measurements.

3. The method of Claim 2, wherein adjusting the one
or more specified characteristics of the conditioned air
comprises at least one of:

adjusting at least one of a first humidity, a first
temperature, and a first composition of air within a first
controlled chamber (112) in which the one or more gas-
gensitive materials are dispensed onto the substrate;

adjusting at least one of a second humidity, a second
temperature, and a second composition of air within a
second controlled chamber (114) in which the one or more
gas-gensitive materials are dried; and

adjusting at least one of a third humidity, a third

temperature, and a third composition of air within a third



controlled chanber (112) in which the one or nore gas- sensitive materials
are di spensed onto the substrate; adjusting at |east one of a second

hum dity, a second tenperature, and a sgﬁond conposition of air within a
second control |l ed chanber (114) in which®“he one or nore gas-sensitive
materials are dried; and adjusting at |east one of a third humdity, a third

tenperature, and a_thiyrd conpositipon of ajr within a third 21 controlled
chanmber (116)°°H5T Qi téﬁ? trgyg%is 1ol YiettRd 5%?erSP g4y Pngl®4. The

met hod of O aigmbcrelergiveadjHestdmg e production process conprises
conditioning air around the substrate so that the air has at | east one of a
fixed humdity, a fixed tenperature, and a fixed conposition. 5. The nethod

Cension of the. scbstrate  BocRRE o PGNP c Bl AREES RO SRR ERR "D

one or nore @ashsensid ipeod@ser cahpropes ichedsthsthriaice aONEro8es the
depositing the one or nnreﬁgfs-sensitive materials along multiple tracks

(202-206, 51GRBIOEC eXPerditty HehgPRfi 8 joRh tifesubsbfatd. 7. THF&€Imet hod
of daimli, %ﬂﬂﬂéﬂ' %Oef’(}éié?ﬂ_ttél?@g 1 uly, ME D353 dr s Bt 1 al s onto

the substrate conprises posi t e one or nore gas-sensitive materials
at discrete locations (402-408) of the substrate. 8. A system conpri sing:

product i on equi prent. (106 108),.69nd 8UL8d; L0 O 2, 925 SEp Ll ve aybstrate

production process comprises adjusting a tension of the

substrate.

6. The method of Claim 1, wherein dispensing the one
or more gas-sensitive materials onto the substrate
comprises depositing the one or more gas-sensitive
materials along multiple tracks (202-206, 510a-510d)

extending lengthwise down the substrate.

7. The method of Claim 1, wherein dispensing the one
or more gas-sensitive materials onto the substrate
comprises depositing the one or more gas-sensitive

materials at discrete locations (402-408) of the substrate.

8. A system comprising:

production equipment (106-108) configured to form a
gas-sensitive substrate (102, 102a-102c) during a
production process; and

at least one controlled chamber (112-116) configured
to condition air used during the production process so that
the conditioned air has one or  more specified

" characteristics.



production process; and at |east one controlled chanber (112-116) confi gured
to condition air used during the production process so that the conditioned
air has one or nore specified characteristics. 22 9. The systemof Caim
8, further conprising: at |east one sensgr (120-122) configured to generate
one or nore sensor neasurenents associated with at | east one of the
substrate and the production process; and a caontroller (118) configured to
adj ust operation 6f tHESACY%EER Gné e Fol I RIS ESEI %N t he one or

nore sensor measupenBRsHr he Thensyst em @114 pi 8971 YHLEQ! Bot Benat-akeast
one sensor conprises at |east one noisture sensor configured fo neasure a

moi st ure contoast wf mdree sabsepat eatlreMenagpasstasi admprisimgat aneester f ace

(132) configured Zfo recej ve at | east. one f:
[

: ). t
more propert i8S 84s&&tatdd s WA a?néias-hseel?gqu‘\get)ls?%g%%ﬁegges?;l%f? 1822- %ZC)

bei ng produced duriddhtardarieducti o) pEocessueddl €4iddfeasubpBRAtSonOobrone or
nore properties associated with the production process; and a processing
devi ce (128) t¥¢nfatgut @St oCagj Nt 195t ot tPoh PrEEsShasR Bhct RE

Measur enent s« sensor measurements.

10. The system of Claim 9, wherein the at least one
sensor comprises at least one moisture sensor configured to

measure a moisture content of the substrate.

11. An apparatus comprising:

an interface (132) configured to receive at least one
of: (i) measurements of one or more properties associated
with a gas-sensitive substrate (102, 102a-102c) being
produced during a production process and (ii) measurements
of one or more properties associated with the production
process; and

a processing device (128) configured to adjust the

production process based on the measurements.





