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SURFACEMOUNT HEATER BACKGROUND 1. Field of Invention
Aspects of the present invention are directed to a

wheasos865and nore particularly to a resistive PERUS2004/037067
that may be nmounted to a surface through which a fluid
is conveyed. 2. Discussion of Related Art In a nunber
of different fluid processing and distribution
systens, it can be inportant to control the
tenperature of the process fluids (liquids, gases,
l i qui ds and gases, SURFACEMOUNT HEATERy used. For
exanple, in the sem conductor industry, cartridge type
heaters are frequently Eﬁiiéiﬁﬁgi@io substrates of a
fluid stick and used to ocess fluids that

1. ar epdrl dpMBvedioh0 a tool. These cartridge type heaters
are generally el ongated cyljndrically sha

r esigtertpet thgipressabinumdion Atdingried fordierice ans H’PEP ngrticylarly o 2
resRlivéfidater 0P8 MY Be huliRd td DsirBSe BrRSh hdldS Alidls Bhrydsed
to convey the fluid to the process tool (s). Commonly
owned U.S. patent application serial number
10 vofh gust 26, 2003, entitled MODULAR
2. b ol Ao O NI POLD, CONNEGT ONS TN A
CO\/IV@\IlLIhIl_WXIEf diffeeaneflvid forasessingtaad dispdmtiomsystems, it can be important
I; .
to R0} GPleridpro P NEbrdcho AR flobiBE AR 1A i sacs lpris, eto)
beingusadi Ehr exenpin duthasesishistucar eslusiny eargidgh tyge beatdrs gre frequently
msgxg pd:“ﬁ B&ra?esroéf s'r%lgl Gdls,l el%sgd noq’iaeStl%f gocgg ?luﬁi? tﬁ%}g 'dglglered toa
to02.0Dhds® cdrtmi@ tﬂ)eﬁieamem alrd genetfallg alengtédodydindyidal ly shapwtmemhtlve-type
ac as.stick.inclu a r.of. cavi.ti.es Q. wi,.thin
hei%ﬂf; gﬁgge d%sreftF H}éoea ‘f O}:]\é(g Qpen qgof{)rr%%ldme SHgsgrag\é\@hap are used to

convd$ eHetfRdd td the lpiiﬁ:ess&@cﬂ(s) oforhinenlg obatd HiSe patbarapplivgtian sgeisl

stic Wl [ties,
nudhesdref oS fee RueGLdb 0P ien S MPBTR A SPRETEaTE GaspanEL
HASNEMANFSTIE dONNEEMONSIN A COM/EO}DBEANEQ@eI’éﬁﬁﬁWﬁle co-
span the |ength, of the gas St'&ﬁﬁrtge car rid
peiing BPYCH |98y Wéuoéays Reteip AREPTRPALTIRYSFASFO R L s ¢ wogfa
sub%HQt% tgﬁsallseﬁl%l inohiSHthe hfd dhiPéubatdtds HaQs SRE afcham f@rmed therein.
thermally conductive materjal, such as stainle

st eAb shoxan arfdin 17 of the sergending qpalicatin.repsodiiced h‘?fﬁ‘iﬂtaf' gy 6, gas
paﬁb@ 3 ChcRildtd &bﬁﬁﬁﬁly biSzal H{HE AYL 48 WalcHeR& ol ¥tidkNcludes a pair of

tol'erances and positions of the heater well openings
cayitieseh00 withi whishy cpetiddertapr egter (et shomaymay he inserfedn. In pe, each of
i 1. G .
950 3t 0K Ty e AIBE S TSR, WSO8 O o
stithrezre elignied; g eartrislge bedter ihsseied inrcanisifeer wedk apsnings500 may Span the
e
lenﬁﬁl ORI o%asr}.?gl& ®fh Ihs C({Agngé% e %}% ck)gxtagére lﬁfl tié%ﬁf ﬁgffgx’?sferﬁ]%heat t)? the
sul&trmags, ovhich are typically formed from a thermally conductive material, such as stainless

steel.

As known to those skilled in the art, cartridge heater efficiency is largely determined by
the tolerances and positions of the heater well openings (i.e., cavities) required for cartridge
insertion. Ifa cartridge has too much clearance between the opening wall and the heater sheath
(i.e., the outer surface of the cartridge heater), heat transfer rates are reduced, heater sheath
temperature increases, and power demands increase. In the semiconductor industry, a major

cause of cartridge heater failure is improper insertion into heater wells or improper well design.
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cause of cartridge heater failure is inproper
insertion into heater wells or inproper well design.-
WQ@2005Q#865% | dge heaters often fail by wel di ng tPEenEsi00€637067
into the well opening when heater sheath tenperature
exceeds the maxi num safe tenperature for that heater.
Thi s causes service nightnmares, as heaters nay need to
be drilled out before they can be replaced, and al so
rai ses nunerous potential safety issues. Cartridge
CaRB@cQicticRRBEATHING WIAREkYisdVe8 &6 thé&¥eyl opbidh when heater sheath
tenperature gradients | n the area of the heater wells,
temperaie cxcepdsehemavimugy saferigmpraatie fordhat heater. (TRIssPYSEHSSPHIGY,
nlgh%égoe@ I%fateﬁsl}ﬁaﬂfe%&l [ BiNISd SIHERPRREPEHLE replddbd aﬁ@kﬂﬁ@ faises
not only thermal stresses across the gas sti ck,
nm@ﬁ@bsmﬁﬁgﬁhﬁﬁmaw@ﬁalIenge in controlling the
bo. T S e ob AT LAY o&B0 Sory iR b R Bl She arca
of (hr: heater wellg, as hlmnleperamer@ theibpateriserfanglisefieat280%orio WHl"e lof the
T f
aod 38 pPEGE BB, OBk T BBl of s g, bl
presmts;pamaﬂaigeyn cletreHimg ltiwdempﬂraulbyn thhdesind z«aiel, sindedlre heater must be

loca‘ﬁ% P%ﬁ;lcaF¥/ sepal%%e I?Cim e%ar zgrlfI g[le htég ;apﬁ%ﬁﬁéxfnrgfi gnefgtl;‘ ?lﬂ)StI‘A% in

whichphaprbeat fuid fflaivkur e, and |n practlce, i mpr oper

i nst.al ten .cann or. n unt|I t he
oot fofline e Bt dofmobR R hoaRRucal Bt Sheslin R F ey igentfatty
detb MM Th 6 b&@lmrlsiallagoﬁ fhethoé thaﬁ bﬁﬂfe heétextdmahtp foe SBten de51gn An

. inve t|o rovi r .co
imeyOB GBS Sragte i oy i of FRior s Rtor g SERBSE: Tmproper
instRBb@nl GHen Rantionee Bstéd Srsberlifi] BB deater heSRIEH, SME it & tho 1a6¢.
el ectrical conductor electrically connected to the
first end of the substantially flat |ayer of
el ectrical resistanqevvpirey oalpnvangeond el ectrica
conductor electrical]y connected to the second end of
t heASepding Hr nglapRect qf :&ﬁ/e nrespaiyinyepties), @ deatgrdnproyided. skhereater
cofIRiRE b %bstaﬂmw&t Fak@t‘%tf 'éle%l:&lYesis%Ué Iﬂﬁtbﬁﬁ hgﬁhgﬁ ERtendanda
surroundi ng t subst anti al flat layer of electrica
seqond ek, & fiess cleetrieal |camduaﬁqdele¢t@@adly p@mettyd foriBefiest end @ thee
suﬁs aﬁﬁéllyeﬂ. hq aglt:r Jﬁ%cﬁﬂgﬁgﬁﬁéﬂcgh}a I'l%ll Qgeclnﬁcy Qlctial c duc or
e ect Pical “resistance material fromthe second
eletﬁﬁeallymgn@mdltatlie)secfolnétnd clytlg subftangiaby flati laysk Ofeé@trmahmr@tance

maWIaF %ri el%(fr?c% 1? ;{}9 ahl?}gelggtg Hrﬂlﬁg {hie sﬁl.tk?antl%l Iy {1 ﬂat layer of

resi
elenmmﬂrrcgdtamamabealamd alwgmdallynnalmleg thedirstiead of the Substantlally flat

a and th i C or d
oy g Sl R s B P e el S B8 o R BT Bt W et
elezmﬂSesﬁmaﬂca chatdriblf, eﬂtoemtildge@bmmhbéjnmt the subdtdntiallyt feet layer of
at.er. The heater unt ed urf ce o
clep F R G ros ey e el K b epenhie Dty Bt i pricen
thickmdssy\bedeRsity e tine edr@erntmencdnﬁg@atlcafm@a&raaﬁe&totﬂa@ﬁde&mhemmmg
di 1;2%1{ E$ Qlﬁ%;é?}}ggllt}g‘;‘:/]g%lg gxaebalggtﬁ]!ﬁ glﬁxu gggtérqgayr{)%tﬁgdn%h to 2tl _purface of a fluid

component and used to heat the fluid component, and where the heater includes an aperture

=

that extends through the electrically insulating material, the heater may be placed between a
fluid component and a fluid substrate and used to heat both the fluid component and the fluid
substrate. According to a further aspect of this embodiment, the first and second electrical

conductors may be formed from the same material as the layer of electrical resistance material.
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fluid conponent and a fluid substrate and used to heat

both the fluid conponent and the fluid substrate.
Waewongieny) to a further aspect of this enbodi neeit/pS10n€037067

first and second el ectrical conductors nmay be forned

fromthe sane material as the layer of electrica

resi stance material.- 3 - According to another aspect

of the present invention, a-gethod is provided

conprising acts of placing a substantially flat heater

bet weefRdidg RPIH-0 z?sPécft 8tt8e gxfeséi‘lt flv&4it#n COARAAER rARRd Bomprising
toE surface of a fluid substrate, and securing the
P

acts pEplacied arpihiantially dlat hsater betyverns hosomgigagiof p flpigeomponent and a.
i t -
top\?\%ﬁ?lﬁ&a&{a Rhid %{1 £l a : %grfng l}fgfftilﬁ@ %ﬁgﬁﬁgntft%) glte%ﬁpsrugﬁﬁfeewlth the

1 one enbodi Ment , ant i t heater may
substrafigithellat hpaienthesébetiosr:t Jni ageqrdanenwitk pes embodingent ke gybstantially
i cal '
rofL L Ak ROPHALINS) O SREURHEIr e s mas
be wirtriettad tasa Qurse ol pover entbthe temiparatire eftheheaten timiteguiot withit + 5°C of

o sFRLeREE Ao (o AP QAL a0t her aspect of

present “rnventio panel is provided. The
f | uAdcquding ko aothpr dspes ofthe bessit invergioh] aufludd parebispatvéled. The

havi b . [ d i first f f
mgEinEorpBiy bt Frdifi el ey B e CeBralfigordifa e
suitgpo e at lehasheMad sibetrdté @t Bhst brafiid onapdnlnt fastaist &) thahtdeast

and. .havi ng a,conponent port disposed in a firs
on HRSEtEE 2 BAE 3 GRPORGH, BT (eI BB SHATaCe of e at least one
flubDdRPRIaEH:, tROsdmpdhert HRrAF tHe@aRhst oRefldill ublﬂ%&ﬁﬂmn@mﬁ fluid
conuul i SR P 8 e OOt S BBl

heﬁéibﬁip@ﬁlidi tRtveen tledtrst Baaice br gk §ﬂ@§s€&1ehﬁiid\%@tra&@ﬁ1df the kst surface
surface of the at | east one fluid substrate and the

of thepat leasf gpg Heid companged. dihe flaidcompensnt may clidapralent filtgpma

reduldtdrda FRBRRRERHUAERY, 4 REYRBS Rn¥dleY &r afly SthdrlitPle ofRuid component
regul ator, a transducer, a purifier, a mass flow

having efrledst e, comporgnypast Hegeondingdo eite dmbordimend tsoieetsr may include a
el B ey R por RO M Pp BT sa

mafy|eithef beiag lirttegralipatt obie heasar, arlaescproatp parbiet ipowaintained in ffxed
osﬁH&fﬁ}r@E? Rart. This seal may either be an integral

P part o i

e heater, or a separate part that is
mai Aceordieg td mfuathdriagmedt @l present ibyentibre atpesatsembled device is
Accarding to a furth spec he pr .
e GET BRE pbifkoThy BARGRINELoME sPRGREER g copugpen
having b basesud st leat ene fiiepopir foassidniieddsegle vitcanidlyyilat katr Raving at

fluid c onent having.a base and.at |east one fluid, .
teagtste SpGRIB G Freg Srsautt BEEGHE RS base ) B AR ool prior to
assl&ﬁl‘blyrkgitlttlthb sﬂlb’%&&% mgieccam?& ?/Etﬁ orfle’ﬂdiﬁbl GbodBadhE, tlﬁdlhi:dne st ihﬁl@ing the

t he e er 0] ase 0 e, ul 0 onen rior
hecjosia Qg oL g AR e I BET IR 08 hRh one

e ﬂb%@bcﬂ‘&iﬁ% io Yl BndiRR Bpett®F tHRPrédbri GnviefiRon)) € 8dalls pkdvideB @omprising

base_of the fluid conponent nmay be integrally faorned
a laysr phleqidcst @Pl.stame@at%aﬁgavw 3fupt e a%CE%ﬁec t angen glggirically
insRl88 L MatekiAV@RbhfAhg tRe 8RR of blSctREDYdsHRHCCARBYAL S ThGelectrically

insulating material has an aperture that extends through the electrically insulating material in a

region wherein the layer of electrical resistance material is not present. In accordance with one
embodiment, the first and second ends may be electrically connected to a source of power,

such that the seal may be used to provide heat.
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a layer of electrical resistance material having a
first end and a second end, and an electrically
w0 p@slostesng mat eri al surrounding the |ayer of PCT/US2004/037067

el ectrical resistance material. The electrically
insulating material has an aperture that extends

through the electrically insulating material in a

regi on wherein the | ayer of -électrical resistance

material is not present. In accordance with one

enmbadtsreng to Addehef hspsdt oBthd pER&D ﬁlﬂfeﬁtﬂﬂ% §Rbreiher is provided. The
electrlcally connected to a source of power,_ such that

seglpglaigerqompgites gdaygs el plectical syistarce patg ol haamg a/firgtSpd gk second

enf Oand AR LIRSFicAS ﬁﬁ‘s%tatlﬁé mtaféﬁal%ﬁﬁﬁfdﬁng' th/RBiXr 'oPélectﬁcaﬁ ?é@istance
retainer is provided. The seal retainer conp

mateniad pndoifavie @ pporvag thatexieadsthrousithe @}eptalpallyawu}?gm& nxater@l ina
re &85 whGEin dheIIRFR BFe 18R eal ?e@gtaﬂ& RhEG1 s Iﬁta{nleéén{ N ls8dl kddfiner
material surrounding the layer of electrical
furtless icempriscemagns doti radintainingtaceal n@ a fixedpssitiony withintilg aperture.
A(ﬁéhﬁg%ﬁsl Wﬁ@ﬁ&g{hnh I@@coﬁh gl‘fcfsr ecfr{ﬁl? c%hhé% 4754 %u'rc%l of power,
In a regi’'on whereint ayeér ‘o trlca resi stanc
andrtitessedl a¢taing nprytbepseskte rprqvidEH@atse adlditien taret@ning thetsbalr
conprises nmeans for maintaining a seal in a fixed
position within the aperture Advantageously t he
first and secon@Rk SERIBEHON QE IGS connected to
a squrce and t al retfa ner
to g’?{o %?camp%rgzar{g Jraw %s Oar% noet 1ntFncle§1 é? % ciraxﬂlbto Sﬁ ee glglaﬁ (‘ierawmgs
eaBHdEFﬁcE]EﬁSﬁEdrl?TﬂﬁﬁcmEoﬂﬁék\Ath i ﬂmstmezlompmvps figures is represented

d i t , th
by N 05 Aot T DA ot RUeSy POyt o8 5 D By
driwiag. Inghé drawhigs:at ed in various figures is represented

corBhen RS b beiteng o oh St rouradpenytena iR Prponent and
a AR WbBERE infabardahcé With hd @hRRlierd 88hE pretdndinvéisne
surface nounted between a fluid conponent and a fluid

sub$1G-Z ilustigtepceordestiopalwienofdhehesishali ekt of t he

pr esemts @RS b ABaterthdPmad bk |an‘9¢§:€ B@hﬁte@b&&&?ﬁa RAE L ent and
vi ew of the heater of Fl FI G illustrates a

a fliad pubsptrate iracepaganse wih protlcs ewb%m@ 05 Eevpessent Anvientigng

conmpad anﬁlug'i‘x'& s 8 hEaltfﬁg? sstﬁxl? ff AhFod ﬁhe@%%ﬁtqg&l%@uéﬁ"eieﬁlents ofa

anot her enbodi nent e present Invention;
flyid $tigh tinr @p@réara;e méthtan sgbsgimerimf theanresertyinysatians ed t o h eat

|nd| r

Y% ;guig{l tr%Jaeg g%{b‘ﬁﬁmfgf stt%cllil{e?dé%e n& b|% E@égﬁo fﬁ%ﬁﬁ’c %@%‘életg a base ofa
ﬂuldl tammonatt,@cfaasrmm‘ ifloy osmmlbt Um eccotdance vth abethcrsaadmﬂmnent of
r.to a base of a fluid conponent, such as

thg&%gktﬁ¥$§§§§%%troller i n accordance w th another

emb &ts.reeitibstafes b hmdplaesfbsa‘ate gaseabdl dnt inelndeskehGiiesGvithin which a

R PR AR 02 el P

DETAILED DESCRIPTION

Various embodiments and aspects thereof will now be described in more detail with

reference to the accompanying figures. It is to be appreciated that this invention is not limited
in its application to the details of construction and the arrangement of components set forth in
the following description or illustrated in the drawings. The invention is capable of other

embodiments and of being practiced or of being carried out in various ways. Also, the
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conventional cartridge-type heater may be inserted.
DETAI LED DESCRI PTI ON Vari ous enbodi nents and aspects

W baseedesai | | now be described in nore detail BPET/EHS2004/037067

reference to the acconpanying figures. It is to be
appreciated that this inventionis not limted inits
application to the details of construction and the
arrangenment of conponents set-forth in the follow ng
description or illustrated in the draw ngs. The

phia3¥Eogdyi 208 tdrfnifoRia3 ksl IRkeiRisHer thepiasit OBMséripiad afd sHBIdNt be

racticed. or of being carried out in various ways.
regﬂ @%‘ an ipdings The ysg ofg gﬁf@w aRYMAT SIS nERGES L@@al% e n
“ivRIvird) dn&aRMoRS BRrBf heI618 GE mBhrt %n@&ﬁ?a%f'ﬁﬂé |1t@m§‘ QltePBercafter
regarded as linmting. The use of i nc u I ng,

and 6%}3%1‘?1%% tﬁ@‘e(’fasl’f@%aﬁ@ddﬁl%b‘?ﬂnﬁr ning," "involving, " and
var ipad i G0 astt.RE @%eifaéa%&lh{heaﬂelsacq&aﬁ 16 Bne R Pg%?églrse&%t

items |isted thereafter and equivalents t
inygatipn. oAs Hueiatddotha hedterdfgnclydesn hepting ¢lomentd 0@ ormed fromhan stched

foﬁpégﬁ{an&elﬂgtgxr %Fl?ﬁsddgﬁ}gmglg i%ﬁﬁ %gge%atglflalt%l'gld;% ﬁcﬁghoskins

I nvent i on. rate ater
Miraifaciunigg €lospamt, suré@mflest yea eiqctnmlbn'mmlaﬁng ahatepial 160 such as

Karrpgo%@:]% gﬂl%?de% eg\}aﬁ%lble %1’81%']:-[ laglll gﬁl e:&b&rﬁ anc\ bompany

ce natéria avai
Van ifapiob®y a regisConipemdymark wf Ed. Ldmd{edt dzyN eimom mdtcrd:mhy ¥s a
mat eria

poliEfe T BFsAR G < Feeny S B REt, Bt hemical
resBoarpertiyere Kapb dndwn organit e@b@ts&bﬁﬁe ﬁrnaid’elﬁaérﬁﬁaf tofmeet thelu

Pont de r b ol yj.m de f
reqyRus S PP L AP K Sa15-B0 e e pot mel or burn. 1t has
theliiglper mk@g flaininabAy SHPE RO, Citilﬁp‘tbr@bczlﬁﬁﬁ?@i}ilﬁﬂi@ @a;ted fLEtinuous
are n no vents for e fi it is
opgafie P RC Gt bre Hst G ok hise Biieqinq Ssnath ot sppepimately
70@@%1@fmlﬁ§W@'lﬁg A8 si3Rifican theintal @}Qﬁﬁm&%r JoBirdctioh @%érﬁes, and has
It has the hlghest UL-94 flammability rating: %

no koW RHle gefeVating BEOPETtictn i s rated for conti nuous
opefhbddbé E@%c‘i&&ﬁhg rhaterthR%mer h@n éﬁlQ)ng@ Z&?Kgp)ten@ fh%y Be used,

dielectric strength of approxinmately 7000 volt's/m
as g respii dnvieptias ig nptlingitadito etyenartienlaemplarial.oForgrample, the heating

elenfent TRGhdy U BRRG dnh &7 t?'}?er&ﬁ @1?188@ %HMV@EIE{CJ‘I%' fSF]e)%ample

enerating properties. e appreciate
stafrdgse fteell thatdiah e suffipiant aBionoims kgsisiancen skt when In clegyridabeurrent is

paééé@ﬁlere oJlglﬂehe?{e 1? i%g{bga}técgvlﬁ %Lé %qdﬁnéﬁ?hf 1Jh%] E;'a%e%g mtvgr}tﬁsﬂyth% foil

or exa
resimcmilﬁltebel Hapa nesititahcorh aamxmwﬂy 29320k, laltm‘aigh ynaterlals having a

o RRSRUELL R Bl L B SR i 348 SRR g i
resmamne galucedreatgeiof &iswtaucer\eaﬂues i Burthars #ahouldes qtpk’erciwaghhat the

rems an € ﬂatgﬁglnercgncgg) |e B%cg Flsscet %b érga(rjli Ytg%ll?g(;};ro%gges glay e used to form
therlmamg dlemant 000, Sybras Xdseredueting, Ast@rpiak)Mectiddal DRUGRe Machining

(Eﬁﬁb Jepgsn?onhgt\él ng a

Similarly, although Kapton® and Kapton® MT, and Kapton® MTB are preferred for

use as the electrically insulating material 160, other types of insulating materials, such as any
other suitable polymer, rubber, plastic, or thermoplastic material may be used. Preferably,
these electrically insulating materials are strong, have a high chemical resistance, do not melt

or burn, possess minimal thermal expansion and contraction properties, and remain flexible
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different electrical resistance may be used, as the
present invention is not limted to a particul ar

w0 e®soIsapte val ue or range of resistance val ueBCT/US2004/037067
Further, it should be appreciated that the resistance
material need not be etched, as other manufacturing
processes may be used to formthe heating el enent 100,
such as laser cutting, die sanping, Electrical
D scharge Machining (EDM, deposition, etc. Simlarly,

ovat & WeGbmpatiRnidgh. Bidéhekadt pRfdided Mt thd %ﬁcﬁﬁ%m}gﬁgﬂa}m%%enal

are preferred for use as the electrically insulating
1%%? 3 eflatiygly lowthempal fyprdancss suplthat semiery thedieatrgengrated by the

heat#@elé}ﬁexﬁwo Rl erRddith amo%nmé TG, ! Qg) c%be%%gﬁ%&ht‘éd that not

or thermoplastic material may use
alk qfél?,eée properties way berequiced] el et Cﬁm epluymlesc ar igsulating myterlals may

b RYE '3&&1&19 I?:FEBtpEl@Atloflféhng ﬂl@%ﬁdcegqm é? tg I%Fallg lﬁ{gﬂly

possess ernal expansion an
regtigpesneli aspharradeuticatandy bfoplmtmbﬂeetlcaﬁapphoafcmns anatérels possessing

lo%ﬁ@@%ﬁ:&ﬁeﬁs&% a]ybeldget her it is preferred that the

trical I nsulati ng material 160 have a rel ativel y
| owAstsbowm in Fltp hdhmhﬁatmgelelhem e issipesedfn 4 teepentimt conﬁguratlon

rat Lng_e 0 is transfer
r R P M B RO R o Pt AT BT, & e rosens
inyantiomlsinooimitéiee @ sprpapiae torefRuneyn. bia gessal the donﬁ‘guthhoﬁ faékness

oL Rl (o st et Spf B Gt P

prﬁl’(eml)nmtthcg ere diadckiyn bf JGL Y) df@Rehti, &bkl 1 @Bmay be varled depending
r maceuti cal E@E%Hbl ophar mac ut| cal applicatio

i epaengae e SSFEECRU AT SOV TSRSl it fsed.
THESEquifdtneS RNy lhd]ucE'tl(é wattagé RGuikkiab {pﬂﬂu@é tﬁ%&fre@-%ra‘tlﬁg

di sposed in_a serpentine configuration. It shoul

terabed'flté@p the desiied eat SFH@Pﬂ%pa&em e desired peifgrpity o hatheat.
i titiof Phiddrh, QRS HIRYxaRB18EHowR S HIBE 3 Hnﬁ%@gb}lbéd"ﬁﬁ%%ﬂ Qldther

isnot limted to a serpentine configuration.
belpa dieayidthy densig gtapgand thidmess (it shaven of thie feil resxemcermwem@l may

be%ltlecpt() aElh@veoxlaﬁQlﬁe Qhit- Eérgitleg'm; a%egfar uét eﬁ)e@{tﬂdﬁm 1n?1@91ua1 heater

e., extending pri
or @monﬂs lffryenblﬂeaterﬁe(alhb@len W@}eretheﬂinnﬁferilﬁ(hearray atpecomzecied th the same

P g upon the requirenents of the fluid o
Og)r@o&ggig?ng and/or distribution systemin which it is

useds shigves sherhegfiinigredament QOOriaty a ifirst bnctibattib eleteitallggennected to a first
S g OSSO AT o
lZQnAﬂmnmgegusbf theHmdt aldsetomdi efl&cl:rlclautdndmcp}ahiag b& formtdfrorrée same

mﬁeﬁ*r ‘ﬁé B ﬁ%lgg\,elo’%‘lﬁlg 1&? dWereg séc??rgé gl%ctgﬁag condtuce:ltors 110, 120
ard fa'rmédm ti{ervaine sfaeyinl)as e Hebigngf dDénhenE €80, ﬂig? RS howd Lfréaddr surface
var, e i eve var | e tt-densjtjes
ot 3 S TG0 a8 o P Aot e Pocdpccsnd
coduavgst10d1 10 eayet thidka! @ftsicker Akl ®MENthM®B tHikA8A and/or width of the
di fferent ate rs_are connected to the sane paower

hegtgxﬁﬁfeﬂent 100. Alternatively still, the first and second electrical conductors may be
formed from a more conductive material than the material used to form the heating element
100, such as aluminum, copper, etc.

Electrically connected to the ends of the first and second electrical conductors 110, 120
is a connector 150 that may be used to connect and/or disconnect the first and second electrical

conductors to/from a source of AC or DC power. In one embodiment, the connector 150 is an
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As shown, the heating elenment 100 has a first end that

is electrically connected to a first electrica
w@ondinetsss 110 and a second end that is conneck@€USIOH037067

second el ectrical conductor 120. Advantageously, the

first and second electrical conductors may be forned

fromthe sane naterial as the heating el enent 100.

Where the first and second el7ectrical conductors 110,

120 are fornmed fromthe sane material as the heating

Frel @ﬁ@éﬁnn&@or atvﬁ%%ldwn Mi)‘l/ﬁ (&rﬂdr@tﬁineﬁvhi‘éh' Férﬁﬁrt@ o BRadilfdéplace the

t he, he el enen shown in
heafeg Edjhfg{" ry IttslllféﬁC% ‘P%@Preaﬁtfdélyé %dpr%ﬁwémﬂnés nej limjted to any

pafieYilaP&/pt BF €dh86otorQds atn b&ﬁﬁétloﬁﬁﬂaﬂﬁ &Qpibld &%@m& tﬂ@ed to electrlcally
t hi ckness and/or wid heat | ng el enent

COAP%% &st 9 secand; qlqc‘mC@}f@nﬁW@ﬁ 1Hh é2%@ca@ﬁ@rc@pfemwer way be used

ing&aductors may be formed froma nore conductive
material than the material used to formthe heating

el edthe ihpbated gbrdigerd PRI Unthe bessgd P includes a plurality of apertures
folnh c%ocﬁééélﬁ Ak }ﬁaf ng? ‘é %ﬁ)ges'é Auldte fg%ge}ﬁlgtg ipéﬁ Zheféég%xﬁﬁe%l}a gitrgr example,

secon electr nduct ors
tha E@ter h@inclndys four apsares B3 0ohisposcitat thedburcomers obthe dedtertiiehrough

wl&%l{ﬁ%:tgr?eo%n%gﬁﬁg%d%ﬁg b gdr?a%%: F]ecgc; ncﬁeu & r@%nisu%%%aﬁ 6P ﬁ%ld component to

a ndingeutfae (&50thp @paaurfack) of d:ﬁﬁstta]@ €A capaime e am/(amhg,bhag/ be
place&) P%l %/12 dista ea tOél? 0&16101‘6 o%&%sé%ggr glre%a]nf ng ﬁ%%]ngrggo&e%er with the

ﬂtmpq:nnqmnatt,esﬁclt that thé fleidpompaht anﬁ\ﬂﬁa"ﬁrie@ﬂmbfb fasdénelsi Iﬁaytbédnstalled
as al nnecti on

art i.cul.ar_type. of .conn
orgitad e o E et PP ngs) S 050 v it el 1o P D e
bottbi@ sfirifacs bf e @aﬁz&if aiedluid @Sigoh&R] sucloiheiiae fMI& cdnlﬁbneﬂtzﬁ?ﬁe héater,
urce of r, may be used, i nstead. th
onf e 5 Qe B G ARTALRE ST &P it A PRGN sheslgihe
apBniésAl 30ty Ve dRREsIoHEES thRLHEE: hbi@lethe tishabrs HRY batHrQted
th%%gcess fluid or a fastener to pass therethrough. For

ghoto bofrefauheheates on thedwttery spriags of the bess of the fluid component
and kosaﬂ@ﬁ@ﬁmaéacﬁ PSteh@ WithGOs18dpecit apfirdh\GahEfuil B&Q{S&@m In this

whi ch fasteners may pass toO secure a surface .
manker, the tscorhasaparaie efaipgr mey e aveidedo asidhe fieid p@nppmm thn feater, and

thSHASEREEMAyPalObe indthifedP Penfdx’zécﬁ Qscaes)mggé substrate. A

retai ner,” such as a Cring, "aced on the
di stAs usechierein, thatsrm fluidmompotient tmeluﬂ@ssammng passive dlui qomponents

su@lﬂ& vfal@ﬁst ?%‘ﬁfaf‘oag ggﬁﬁé}g ranéﬂ%e?b &Frﬁsdﬁéew ﬁlte%) %Rogvﬁ‘gihe ?a%ltgned

orient ”and RS
dimetly the substratal ¢r@daCdnpd toemywing flaggeshat gsl tbemfastd:ned Thectly to a

' r et ai e he r on
suf bR, AR bs MRS BaP RS il Rl SR bl 10 D, o
hemimg thettérat substentef 1haludbs Gatiyidut niodulhrhmbhmﬁ% drat ﬂadd cohrect palrs of
I in I em)ve
a8} A0S PRenflts il AR Bots e Oludiy Ssedt p3mes peiile”
comiporents] sooleas descritiedin @nrendily sied 108, Rakedt Nos 5 Q0B a63, 6RE3,155,
t h to thrtajnthe he ter on

6 5 a0 P00 Bl BRI sohsR S aorion, Yineh P AteHent
incorporated by reference in their entirety.

The heater 10 also includes one or more apertures 140 through which a process fluid
may flow. In the illustrated embodiment, the heater 10 includes three apertures 140, and may
be used with a three port component, such as a valve. Although the embodiment illustrated in

FIG. 1 is specifically adapted for use with the K18 line of process fluid systems from Celerity
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and to also retain each fastener within its respective

aperture of the fluid conponent. In this manner, the
WQIs@®50§86585 separate retai ner may be avoi ded, anBCT/ki82004/037067

fluid conponent, the heater, and the fasteners may al

be installed or renoved as a single unit. As used

herein, the termfluid conponent includes active and

passive fluid conponents suclg-as val ves, regul ators,

purifiers, analyzers, transducers, filters, etc.

Glb\dﬁﬁlﬁd] of SidsCRALCaIFbHRCHE Yositndsisd) Bkt AuditRr o%eﬁhésaféﬂﬁai in the
that is then fastened directly to

ting flange
heateé ﬁb@fw § E)ﬂge %&Pg upen thereAwieamsnts of thetfluidioesysing adépr
didtFiemon @ﬁst&f# bEidhﬂJl@s of ﬂuﬁ"iﬁ&c@%ﬁng aﬁg/oy&%b!&ﬁfn%&ﬂem§ W&h which

term substrate includes individual nodular Substrates
embedimenfs,Af heypresshfrigventipmnpisbegsedimicidethoserdeggriped in commonly

ov&ifam %ﬁeﬁe N§§ 5\&% '3,5535 959!1‘63f ghes 1# 8bot b1, Gk, ?4’1” @%% 859,
a nunber of fluid onént’$, such’as deséri bed

6, B rangl tl@ﬁmmnmnsapM@@m asNgrdl as Burdige mpe e, fludd 128@351155 and/or
o 0 1553 ool ST I

Inweﬂumemdéﬂwﬂonweﬂmnsmﬂpﬂemy The heater 10 al so

i ncl S e 140 Qu

S EES O YREKS R DR Ul o e
compendmew}e be mecddrabbvﬁdhshetater @ Aknsﬁnzttwelssthd flGid camﬂom&aywblethe

T AT T T Ny

subgatel flihe duidcompapinethay then bSscived to thé@ubkirate 1ni tlikﬁm@tfner illustrated

By S NS, SRED e B S0P i s o

maiwlnerg aCSfealﬁﬁeli held @ForhRbRBIktd] Beal, REVNRAL £C-BBYa BSeMAE WESkal, or
endi t he reqU|renents of the flujd
Oﬂtﬁr g@&%@ﬁ“ S%@JS SHElY BPOETIF PhtlRstuRerisyeals fic. imadhipd aesitim within the

hehtetli 0 THIPGESS hidY nﬂﬂﬂﬁle Qlcir6linstbichidii ol RVe BYREERS sYMe{NQII of an
whi ch enbodj ments of the present invention may be used

aperige LHEHG oD dhrgughovhiglthe pWGeSé Rridanay fiamn e plualisy offinesysithat

pr%tﬁ%g ﬁ%ﬁ@ mge'avgall of ’tl9e9d%eﬁl§§ '14(5 ogﬁﬁl %1%3 sttrl%éugg ga gﬂe'lg 8f malntamlng

thexspl in e dipdpositing vm@lm thabeaéfw rlﬂa@ee prcsimple dflsudhor peans &x siaigaining
a s@ﬂ% R 'ﬁx«gd %Jsftfoﬁ ?&E}%{%ﬁtﬁ E@%EJ)&Y@ 1ak! & l e{ndqg]o?ﬁrse?étgnt No.

such nmpan ncor porate
6,20/B1 Q:o@ﬁh@r %ﬁamwﬁs Oﬁmdanstfmnasntalnmg lass@l i hfixddgmsiion m@ludeghose
de?ﬁib&i 98 ﬁp%a%%ﬁy{)ﬁg y%g E% (ﬁ%’&%gl%SVJlth?l]}éHﬁ&%{ilg%g& ematgd that
othgy tneamanaml uged, pibthe Eypee df mems cﬁnemmmwnmg thetveallieatieed posmon

' 0] c
o i) AL AT SR B P 5y o
thie tmmsn;at}nn ta Yedtéreld, the usaf usquirdtschhetaiiebsiby B &oidedt he

er illu Ira . 27..0f U S Patent .

6. 25sons O Tieah i peletios siefig v atEhned § A aftauset da i
emnseamnf e hammplam 0@ Gs@b@lainesthaihodds the 80 LaRbk lﬁih place
- Z-Seal , a V-Sea

between J[he s&bstrate an c?v% %lompc%el%s S’?l?e heat%r may be the same thickness as
converntional C-seal retainers (e.g., approximately 5 mils; 0.13 mm nominal) and because of
the physical stability and uniformity of Kapton® material, the heaters perform as well as or
better than a conventional C-seal retainer. It should be appreciated that thickness of the heater

may vary dependent upon desired operating temperature of the heater, and/or the thickness of

the sealing gasket used in its compressed (i.e., sealing) state. In general, where the heater is



10

15

20

25

30

ot her types of seals, such as polyneric or elastoneric

seals, etc. in a fixed position within the heater 10.
wabios/omesshs may i nclude a circunferential grooReT/Dsr00E37067

in a sidewall of an aperture 140 (FIG 1) through

whi ch the process fluid may flow, a plurality of

fingers that protrude fromthe sidewall of the

aperture 140, or any other spructure capabl e of

mai ntaining the seal in a fixed position within the

usmtr%lnh%eal%@th@kﬂé'@ bethehefierGhodd BEAFSCiéRly 188 tHAh #ehiBkhess of
seal in a fixed position is described with respect

th? %ahﬁg@s of 30 iy rampressed sigtedo apnid amt lepgge of haid 3 . O her

ex a@ﬁ&lﬁﬁasﬁfonﬂg BSvebs 118 'c&hﬁéﬂ%h%d% sﬁ@sﬁlate aﬁoy@s fhi Ké%ger to be in
position include those describ U S. Patent

dingctghermal @ﬁ@ctgmﬂgt@e Hajge, Ngtf(f,mg@pr ﬁll.tld eotopangntipedies and places the
hthEpﬁlﬁ)cthéﬁﬁﬁilet Satle t%pﬁ{ea%ﬂﬂg 45 a&f ¥e B&d lf‘l%@/g)'athz E}ﬂle} ﬁl?tn E’a)f Q&Iay ina

means for mal ntdainin in a
hehﬁalywvlh r4s depdiadithig pka'gﬁmnt, itlee targpicrons regehmb the sieﬂired telrnperature more

un%ﬁlth% ‘?ﬁ% RPa Gl Pﬂ%@nﬁ#@tﬁ@geg@? heint %Ea{t{}%e&mq? bE'H&RR to

ara
wallgbavaniers.78¢% bceSQi%abm@I) the destmbtempbt@duremnmh & dvevdnGamadr

caﬂﬁ%%%?%ﬁea&?l ’L}}fs g gu%extmr systerd eg AN agxrg 8(g}tro} %{]cg%rﬁigrlgd to
cohveationmb Hebigns hﬁng}astﬁdge lm&kqeh\mldsrth@ﬁﬁ(béa bephivestempdigture control

. trat | t .be the .
R ST e T o e
targﬂmfomdmﬁ%ﬂ Statlbe $¥isley, tefdpruienva’ @adiNakjoniplishddeciap sieh Gbaters

t he i C sta ility and uniformty of Kapton(r)
(“ﬁﬁﬁﬂﬁggﬁ HEMEr s  perform as well as or better

t hamn & 1RM4EN dnfiddimdat, a§aHtioh &F Ble Meiter 10tmSERWssH é@% seal. That is,

ec ated that thi ckness of the heater may . va
ratggﬁéfﬁd@ hrtsateHbtopaintaig @rserardigsaabingdiad npsions th@ B@l may be

fordRaAtiREgra@etiPthe hbfert IFbPé’:dﬁﬁx%& Rhert Iﬂfé onfef Edrﬁgeﬁﬁ%%ater 10 are

used in its _conpressed e., sealing) state. In
forgned diom a chgasally g mpda fmh s Kepton®,$¢h 3 salmayzgvan he used with

hi @%a}eactfvg %chEHs Glkiae %&@ﬁtldngﬁy ﬁ’:’%éﬁ knﬁ&ﬂﬂ%c@mkﬁ@anufae urln

ficiently I'ess than the th ness t he sea
ap@&@k@ts iThe heaging:elptpentd §@ thay pamey ncﬁ exignd titathy rdgwaloége hedter

vl PUERBPRL, POLIR RSLHEERSR Ll COBRGR Al
usgsiastageal, thittplartion avil a¢ngeally Ve @ fficientdst ﬂh@kerﬁhem thle mmapmrgqmmons of

théjffégfeﬁl% 5[’189, foJ %&g?'e(s&&?oﬂﬁ?%e%ﬁ?é &E‘@m% a{}ﬁ s ??]a)%o %Huld tight

feat zon oW pa
saﬂhan far away in a heater well. As a result of this

pl ag he tar BlicZQ ch e desire .

Cemp aotp gnere e 3PP bR TR, o alE Bpsn> 2 i FrG. 1.
Asohmdtm’led,qhe heare 1(helaludés, a ﬁﬁdaydﬂ ef ¢leaticilly n&&ﬂtlﬁ@olﬁ&rlc material

ated t e. O%t ove) the
3 Pl Taipet iR b e D B LR s s o

eleeﬁkﬁlrresisgﬁrcé yaRriflleRdt €rms Ehhe thpHemfin oSl Ehdne | (D(D(ﬁmtss}fiﬁ\h@)rﬁr the first

% nB gt control ﬁﬁ ared to conveptional
andyse P deqtisah gpnduntars ((he e tiesed befygsmdte freandsecopd layers 1604,
1668 ﬂﬂﬂéﬁtﬁcaﬂl? iR Ele i U oBy et @drial.i TieWirkt and B&koRd RYérs Sﬁel&trlcally

eat er degree %f accuracy in tenperature de3|§

lns%ﬂp%%lﬂaergz materfal may be formed from the same polymeric material, or from
different materials. In accordance with one embodiment of the present invention, the layer of
electrical resistance material may be formed by etching the electrical resistance material in a

conventional manner. Other processes that may be used to form the layer of electrical
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target of 40 C 5 C stable systemtenperature was
easi |y acconplished using such heaters (see exanple
W@l 2108/0§8663 her below). In an alternative enbodi PENUS2084/037067
portion of the heater 10 may be used as a seal. That
is, rather than using the heater to maintain a
separate seal in a fixed position, the seal may be
fornmed integrally with the he@ater. For exanple, where
the outer surfaces of the heater are forned froma

reﬁikt@l’iﬂe @aktdridl lBEhEluiBiasdr lcﬁﬁlng,liﬁé?st&ﬁpﬂ‘@ BOM,(depositfo#C bte.2as the
even be used with hig %%?reactlve rocess

PP BT R bt Hoies ipy Paistlar Hoed gidoing the electrical esistance
mﬁf@i""dl 36t Wend bBRRY ieahrep E‘l?rfaca_s}"tff tﬁbee?éctrﬁgll}efnmﬂfg g:l;%enc

or may not extend into the re}gFlon of

mefeial may bf 6?%‘?daW1lﬂé@kadﬂ1P~°gYﬁ 179 egech ag As”ﬁ@ﬂm@ @ed the entire assembly
vidRREZEF nalReted PRls, WREEa ﬁeaﬁ’éﬂ' Yab@in fesst 5 Qq'ge a ¥egfa§edlé§ﬁ%glbly It

as a seal, that portion Wil general Iclen
shopld &k é}?Pr%q*?é‘?d fhﬁe)theé rgthernef rwrufacbmn@f alternativeinbevsed,ais the

pr?éehﬂi%efnﬁ&n £ 6P thBQn}anhrﬁmarzF&uﬁng portion and the

ormation o 1G 2 is a
cr od9G skitlvsteatesla hpatenthatfmayrhe Shlef@cleatoumfed bét@eenla fleilk eomponent and

rated. t.he heater.
a %g FLQ)& ééstggl gora% CP w}:th?hcg%er e’ﬁ’ﬁ) éhmec q & the pr?fgnt inyen %n Ad in the
engh@ldymt descritet] @relvmlmljz@\@th respeg e BIGS. I alydel thaf heater 30 includes a

| b L I t 160 nd a
he AR 10 PR P A P el e hu Ot Ben
el@cmdakby 1n151ha1dgeﬂa‘t¢rh’g 160. enenieatildQldneat 1(E)hM)ﬁr§trenﬂ k8t is again

con 110,

ctrical cto 0)
Bl B AT RO FeF SN L B rlgihad g connected t
a S']Fﬁﬁla e%trﬁhl&:@hddcﬁﬁﬂliz% Jlmﬁ'ith &iellifi’@ucllﬁ@ﬂy)i%hbﬁ dﬁﬂioﬂfrﬂlel%lt tthe first and
t a seco ayers of electrically insulatin
sersi e R4l cRMgiTal 10nkd) T becbireed TRblge cafee Sataial 2 the hosting
eld@@dny DOW’ | ¢ 3B @Ffbraht mAEridld, aK0 ©é (ARE eEknlRL SR sSrfack Brea of the
accgrdance with one enbodi ment of the_&resen

firstape pepirheleqirical sondagtorsil 1@ 128 may vay frogsthe widthdhiglneas pug/or
suffBé aRQ Jf BleMRAerRY foRh fldl (NOhdafife QLEEGH 16 aleArsr iR e ?gmly described

material in a conventional manner. SSes
enbrgimeph § coymesiaitf Otrpayf keredgotrically ggy@qzcte@fto me@@ds( ¢fdkd firstia@d second

elcrcﬁﬁhlséoﬁm&)rm()e ﬁi@ﬂo é:URﬁ/ect afoy qﬁcdn‘ﬁéc? Eheqygttah(ﬁ] &cond ele{ctrlcal

di e- st anpi ng, eposi tion, the presen
CODW@&@@@M%SWWWMquP@N% part| cuI ar met hod of

f or '}Ethg Pﬁlbﬁ&lﬁ‘lgﬁtr&f %‘ﬁl} r 'h%&t@@q{lﬂm Fgfﬁ%arll Cafiee‘plertu@sewo

e | nner suf aces
dlﬂpn@dlaaﬂlﬁ fyr p@hmf the hmi@réﬁlthbug}awhlbiefasiamrﬂdaw\petshthmugh to

' PEA ti
Se%gggﬁ%t?éﬁl f?c ani z e |0r117f1 B RE -e[a aP 6‘5%&3 OP% e F\tmg% egw hdter 30 also
indhetet et oraoue apepnees $40 theough minichra pirsesghuid mdy fow e Mdoytrast to the

o R B BRI LA B P AR L) o o

usédwiting tvmpolrt&ompbndn't, Fudhedd atvalvaywrepildtbr, 6 lted, a pdis@ﬁle S&hnector
bl%k,bﬁ]ﬁ g%.sl ‘lﬁ{éli'l E,?Fa?tvg)%f ?{1} %da Ler %E géﬁt%gn%?eeanscf'l num er of apertures

formed in the heater 30 may be varied depending upon the requirements of the fluid processing

and/or distribution system and the type of fluid component (and/or substrate) with which the
heater 30 is used.
Although the heating element 100 is again disposed in a serpentine configuration in a

manner similar to that of the embodiment shown in FIG. 1, rather than having a substantially
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a fluid substrate in accordance w th anot her

enbodi nent of the present invention. As in the
wepdvsmissent descri bed previously with respect POI/BS1884/037067

1 and 2, the heater includes a heating el enent 100

formed froman etched foil resistance nateri al

surrounded by an electrically insulating nmaterial 160.

The heating el enent 100" haslle- first end that is again

electrically connected to a first electrical conductor

unlfbfin wadiel the WRIBOAA RAdty it hbaﬁmg @Iaaﬁ@ﬁtt B HifeR fRAFORDegion to
el ectfl cal conductor 120. h the previously

angthet r fnRegticulap b vrisk andtdﬁ%sﬂf/ iof @F hsawggl,ea@ﬁfdl 9f @df@m%tawreate
zoREWIES BB %a&li@nsxt%%@ffémﬂo@ €hat OF dﬁ?e‘ii zbited nF&l‘@(aﬁﬁEem the illustrated

mat eri al as eating elenent 100", or fro

enghodfpsnb e Flgad.dhe bgater 1%91 dnofudles fppgizanes 103 Wﬁ@glsng apeidires 140
windlé {h@%ﬁ-@l@@%ffﬂfem%at&fgre%heﬁpﬁosﬁ 9&?%5@& 1_%151{1# ©3ther zones 104.
0, 120 w dt h,

conductors , 4 y vary fromt 1
Thinineterre 4 the avagttdsnsityundydeackieved bynaking theawidth efithe patingwjement

h ' ' .
mgeg?;{h%ggdéﬂgﬁg gg%?l%rpogr (():% sﬁz)eﬁt etttlﬂ?%% fn%ﬁée% area. An increase
in gheawatt-depsityl mpayadsmiscachidvaddyttakingribsthokndskh ef the hetting aldment
thi?lﬁ%l?&q) c%ﬁltbrr{aﬁ&{x f ﬁ%nfg‘#éghn s, ]I%'ghoul‘]dzbe &%greglg{c]fi ﬁa%g?lthough each of

scon and  secon
the fmdzreot @ it sibfilaoim cansmumcmetheﬁ)reéﬁt rtveiMonfioweIso lifsted. Nin this
i n¢l ud

the embodi nent. of FIG 1, t r S .
ol RB SRt s el e P Gt Pk Sent vate densi.
Mm@bvae,rmsh@ﬁldtbh apprecihted thalthé Eb’nﬁg@’ﬁh@ﬂ'bf@lib Heatt €00 hecd Y be

ss t hr t cure omsurface of a fluid
s¢ naesr?%’e'? r%fogf‘@gogstﬂl?y 64 ingfeady st rate. The heat er
30 aolss;ﬁthl m@bw@sslpﬂ@cﬂfedmbschﬁaeﬁrdfmceq HireGreditbr UGSy include
h a, process f| ui rc{a low, .In contrast to the
g)a MRERining p seal fng pﬁsrgiqrgwtlmn thefhgatpi30r Jhhisgpeans may include
a dlf&ﬁﬂnih@&ﬁa@?bd’vet%e@&% Elﬁév@cf-ﬂ oF4R apcMist 1R BEHFEEh e bfbcess
port con‘glonent such as a valve, a reqgulator, "a

ﬂtflql WiéﬂOWeﬁ Wultnal Tagsmbat rsptryste ok the sidewsikofihe apertyre, or any
otlRr SRS ce?pﬁplg d ﬂﬁ%ﬁ‘ﬁaxmﬁé‘ﬁe BQPintd fﬁ{éd r;:ﬁélﬁ@ wiif tl{éggggﬂ'BOOf

apertures formed i n the heater e varile

Algpapsdiviely oatmpftﬂmahqa@q%ﬂ mésntmltssd @ﬁa aehle such ihag the seal is formed
mt@glfaﬁﬁﬁh Y NS/ qfor ﬁ‘%’? o de O%Yes?glﬁ'?% g@&hﬁ&g@ {eﬁ B arRformed

ur'd conmponent strate
frqmeat:l@nm@diyu@rﬁm@drlalﬁmm Bgpton®ssubleasdahgaptembnusciogith highly
l.on
reécﬁv@%r@&ésg? fr#l ﬂg ?&%Q’gmhgg?f l%gci ?ﬁgﬁﬂec nﬁdu&%ﬂﬁ g%ﬁhrln apﬁﬁcﬁ?ig}s
1, F&E.Heitlugthagn alphuralitg obhestelss asvbidahdeywithl ariougiaspéaty ofithe present

. W t w d of the heati el.ement
ln\g_gagé)%fttfr{f gfrbe écg %%ontgu(ég sﬁglscl g%ﬂltlld PLOCESSINE rand/n %dlsmgutlon system to
copmlttlhectadnm‘ratutel'tﬁ praceldsHluids GiSfﬁﬂ&hB‘blhy Aefillustigted) @lad plunglity of heaters

S..var at e s . where the .

i e Bt R TP e 8 B 5Bt e thre
poﬁx,amﬂi #,valves, hlheateﬂ Jousshtet i@duselﬁmcﬂdi@éﬁmpﬁnerﬁ& Kavirg, twb Berts, such

100’ des_four zones 102 surro
o5 A G RES A FP R o TG 00 T PSR 0RHRP Y Py a
sirlegoBtompOEnt, isGchl BAPRASLEriRihdet. VA allditiol RermRBER 0 W lensioned
to receive a fastener and one or more apertures 140 through which a process fluid may flow
(see FIGS. 1 and 3), each of heaters 10, 20, and 30 also includes one or more apertures 135
which may be used to detect a leak. The plurality of heaters also includes a heater 40 in

accordance with another embodiment of the present invention. As many of the details of the
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This increase in the watt-density nmay be achi eved by
meki ng the width of the heating elenent 100' snmaller

wa@pasisssseasi ng t he nunber of serpentine tur nSPOHUS20041037067

a given area. An increase in the watt-density may al so
be achi eved by making the thickness of the heating

el ement thinner, or by a conbination of such

techni ques. It should be appteci ated that although
each of the four zones 102 is simlar in construction,

coh!i‘tﬂmﬁd&rﬁ&ﬁﬁé hdafty @0 hrle @il a8 tobse H0sdribBd f)l@ﬁiiouﬂ}nwftlli‘fe‘épect to the
g rd, %% E(gnber of d%;tfer ent zones. nmay rovid
PnentsRFFHES, d-3adcipifsribgt atern Gommonywith ﬂtefmb%m@at& of FIqSt 1-3 are
deg(mwh dnlp%n@ﬂ}jpﬁ@gh ated that the configuration of the
heater 100' need not be serpentine, as other

confAsgnihgerbrdimeats dessribedktevionsiyewigh reppeciiiotHGS He3, the heater 40
1n61{1@e\é 'a%!ﬁn% e%%ﬁf (nBER oG APORH LB f e®hed foil re lsfsﬁﬁce

5 i nCl ude neans for mai ntalni Nng a Sea |n.a
Suﬁ@'éﬂdﬁ by ampledirienlly irsuleding wptedd . 16GhTke mﬁgwamﬂmmswed/or

withd FHGUER G feéﬁxh?ll(t) 1&18?1 Bo VﬁleE ! %@ﬂ:vg Bisfbrehk ?cﬁ]@@}gj helt ng?iP%endmg

aperture 1 process
upan Bleuequitemynteff theispigiern én whigh it iy wed, e describeth prdfmus]ydﬂﬂvabépect to

ri6f 3L AE matﬂgélre%ﬁﬁs end, dﬁiQ%tsoIhP%Eatlzl%%}é%} s %%{%‘ cﬁth'f%ﬁ%electrlcally

R e Seal pos I On “W
coheeatedrto 8 @rst gle¢tacal adriduetby andea oord end tlodt ist doendoed tees sedéhd
h.that the seal is forned .

el RIS o 8 et i el ER anBresBr e withth

prmndms renﬂbudlﬁﬂme,sth@éonhhﬁoxhﬁ@tkﬁrusaf 18 comieormhdfor @¥dcAnect the first and

oGl iRy hobdiSlte R aReriE Q6T HehetTve. process

f | uillsontasttee Ieﬁhﬁaddnynt‘da@drﬂbdd ﬁ%t@@ﬁ@ﬂﬂ%ﬁfect to FIGS. 1-3, the
| ustrates a

cturin ti FI G
‘tbalﬁr‘itvteéflg ﬁggf‘& %daapﬁg Spcleonentddo fp pRerSiFtags e a fluid
coﬂx?&%ﬁf satfr thd@efveds & Ahid oMBBhcnPIhdld WabstiRY Hafe ﬁ%ﬂ: inthé@
uid stick of a fluid processing and/or distribution

enbodimer @Id 1€ chithedieaiendd s edapisdde be Bouniedionchody of 4 fipid somponent,
sublsBG hite NeWRontflef, |ahd1§)tr frad ﬁgsont&@d H&tqﬁé}ﬁdeta}{y glg Tftgf%‘é‘tl@(f &FIGS.

includes a first pl urality of heaters adapte r use
1, 3 thrpugh whigh @ prasesdhidmpwiowmg Wharedke passtilow eonieplleais configured

su%ﬁ@ setfsof) %@1&1%‘1 aﬁ&) VQQ@]SHTE&S afllex tﬁﬁ@ fr¥fntolle Fdrﬂkgg g., the top

ngonents havi ig two ports, such as a va
Suré @fi}h@mﬁ%,sélﬂwa@mmllea bfﬂiiM, therheatert 40 mayalbermeuntsidhie the foetadne surface

of 4R nRRERbLK %ﬁtﬂ)rllerubcb?lé/\cl}ﬁrtt@ el?neiS él@gédl dfa?eogftth%: &gﬁ%%ncohtrcﬁféﬁg?fly. If

as a pressure tran ertures
deglredpepiratadicaters 49 meog by moanttdi®tnzore thaavde smnh surfacm)fﬁhe body of the

OGESOHEL MR PSR A
coafoswtd anyldasled shape, wdinglohaten pﬁy bel l[lﬂ; hli\'z?lﬁg Wal?grsls’fmééltm is
o e B B LRSS e

desirel oehi aatetitionad hedtéraimpil Sretdnstruremio tﬁ@emw&mﬂamymeitrateh% FIGS. 1-3
stru

detail s the- 12 - ¢ [ the heater 40 are
e s e R e Gl P o rIow SuEPYSr i e PeBialdre oiss fow
coﬂithﬁleﬁ %Q@umﬂj&taﬁpr@&a@& fBat the dimeslSiba df3hd Mater 20’ Ray Be varied to
thee rrents of FIGS. 1-3 are

accommo ate a nge variety o components as the present invention is not limited to any
particular type of fluid component, such as a mass flow controller.
Various means may be used to mount the heater 40 to the body of the fluid component.

For example, thermally conductive adhesives or adhesive tapes, such as Thermally Conductive
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described only briefly herein. As in the enbodi nents

descri bed previously with respect to FIGS. 1-3, the
wheatns8680 i ncl udes a heating el ement (not shoR€l/US2004/037067

formed froman etched foil resistance materia

surrounded by an electrically insulating material 160.

The configuration, thickness, and/or width of the

heating el enent may be variet3to achieve different

zones of heating dependi ng upon the requirenent of the

A&%Sﬁ/éﬂtdnﬁfem;fémws saoums sm aﬁmwﬂaﬁﬂsmwp&uﬁnymay be
t he previ

W.th res
usghipgBeTHE ﬁregieatﬁrrf’é) A Q&tﬁ% 0%‘#1% ﬂﬁlﬁtwlﬁa@eat fAltegltatlwé% rgthethan
adhésr@llyeﬁbﬁﬂtﬁ'@ kil yheGRPASI lﬁﬂy toPth@il ﬂmdrc%ﬁl SR tarn'lcﬁlﬁ‘ﬂmg structure such
conductor, and a second enhd t S connecte
asdhst depicted BAHIG) & HﬁYE%Wﬁdctor Mﬁth each end belng
el eqye §ﬁtutwat&%%§@@c@toﬁ£ VRYCTUERLR 40 & fg on'¥i 2 éithSSS -5 attached

previ ous enbodi ments, the connector ma e us
to @grmating drvgiues thefiaydervsed totplase # heatar lrathdm@é caontagt with a surface of a

bo%g BFd ﬁh}?%hmg%gy&g%ﬁlgtt(ﬁéger gm'?eg %ﬁﬁe d;grgseﬁq \%gtl% In broad
power . ntrast t enbodi nen
oviervasy, thediegtendQ sitsatep plaecmounting IstGSturd_wBl,ch tdsdichisatrees thdtop surface
of‘él{lje{ }Eé?tteé %Sr ?xqgéigtr)agllolg‘wljtﬁ ltlt:le o%gr%ggrnaé:ﬁ to glluﬁp %pr{pﬁrgen]t 8109 srfqown)
Alteuglete nmuhtmg' dructoregtserated amEI(h 5sudvapteditoamounoa heater, such as
e enmbo t of FIG 4, the heater 40 is
neAE TR s G o eEa ArBBambeit piel R B bl
sheuid be appreciavabthatfit @iy Bowbd ®ith @ther @ped of AtidicbinPorie@RIBMin other
g not include any apertures 140 (FIGS. 1, 3)

‘”Fﬂ? h which a process fluid may flow. Wiere the mass

f | owsahow Bl thesmbalirsain tibgeie e FGCT) thetRhtet 45is ﬁﬁ)ﬁﬁt@dl to a plate

ontrol, _.and alve portions a extend fraom on
S194page adhgsiye (nof howp, Jnoge F@E@mw A hg-sidsd adliepiygfilm or tape is

usé® Altlicsh Qﬂleblﬂgﬂ’mdstrﬁ'@ A Akl 6b WEBY. 1RR eRBME, %@caﬁ& th@ﬁ‘eater 40 is

bott om surface of the mass flow controller

meyniadde thejtepsusiaes efthe plnte SHY apdiths plateoinpressse wbwrét/v asemgﬁ the
botthmd8Fhde the%ﬁ%o%{p%naﬁ aa‘h? "f&rmAJf‘ n{@){tlr@frﬁmgéj al Qo Ral of

t han one such surface of

strgrip Sriehrequirgdite held thekshipr 4%@@4&99 en the@lateeltle dn d@ emtbodiment of
thé Eﬂe&h’c Xr%rﬁmﬁ ltﬁé(%lgte%l@ﬁl‘ay BEYorf8S b a ‘ﬂﬁlfnﬁﬁ ?tﬁ&\gﬁ grgfy relatively

desire ape, si ng heat er nay e uUse
rigi¢l mptkralgpayde uséta includingmuatals ¢lasticst ¢ie bot tom and both

si d %sssgchin?g E@nt&ta ﬂtcgg BP%H %o [ n{;] teﬁ |to uﬁ%g{g&?aﬁ y E)f the plate 510

VWhere desir I Ona
in e arst thatisirgassedwithie tierndiadi atbotgh thd ﬂlats heedtnedinbludd:sluGﬁSa recess.

S ed.be en e valve of the mass fl ow
In BTG A ERAREF GRS VEFA 52 et 1o3e bl R R ok suh
as Hysd®oaitidufeothgiyms ofadhdsivdsat otﬂlbtetypﬁsmiﬁmhmh@ (@E., §dndws, rivets,
eat er 40 be, vari e 0 pdat.e e
crgy it (8 TRt s B S bR RS & iR vl A that
idéritlﬁira]i whkntthe Ayl cfﬁ.ﬁpdneﬁﬂtb &mwllh}tﬁkehe@fer (] islnfbuﬁtéﬂ'ﬁw‘remhed a
S as nass w control] er i ous ns nay
preficierm e RoRBEY & 46 r'aowsemww%wbﬁmw on the
fluedEandaett to which the heater 40 is mounted, and the signal from that thermocouple may

be provided to the thermally activated switch on the printed circuit board 520. Upon an
indication that the fluid component has reached a desired temperature, the thermally activated
switch may send an appropriate signal to a controller indicating that the desired temperature

has been attained, and that fluid flow may be initiated. Alternatively, the thermocouple or an
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For exanple, thermally conductive adhesives or

adhesi ve tapes, such as Thernmally Conductive- 13 -
wWe\dwemissss Tr ansf er Tapes 8805, 8810, 8815, 882BCT/US2004/037067

avai |l abl e from 3M Cor porati on, nmay be used to nount

the heater 40 to the body of the fluid conponent.

Alternatively, rather than adhesively nounting the

heater to the body of the flLwyid conmponent, a nounti ng

structure such as that depicted in FIG 5 may be used.

infelofatederhpdrittielsBishfk chchit AP bSAGHIEIR thY p@eEirduliBoard 520,
heater 40 taken along lines 5-5 attached to a nountin

ng
pagtiquiarlyyhers thatherragrowle pisssasingCifsiil demetinirsidp 8 thermally conductive

suk36¢, BRdh a§%t@ﬁgm%lrfd@e@f’§lgbfa?ecﬁ00f a body of a fluid
conponent accor |n§)to one enbodi nent of the present

i nv efﬁ%qcbw tothe mate Al 169 ehwalinof resilientiy diased tmdgiffsS30 thepattach
thb Bﬁate'mg% é BQse %h?, YeHidhrie oﬁ@érﬁl;bdfrﬁéllt IaGBL b ¥add ogﬁﬁu Za?oc%s%ﬁlg

surface of eater 40 In registration wt
angéar distribytion %@Hufan@lh Eaeh ofithi reejhenslydinsed stond-ffs$a jncludes a stand-

off‘%ﬁf dgﬁ] ?as{méfn)'%h rllgd ats%xjtﬂ%%%e Iﬂ %Ae%?x{bﬁgxgx}%gt 'tl%dFakx&og%% may

to nount
be42)n Off theahéjbmrrdmfﬁ laudhals e PEMT& HI’¢SGHF(1 stwodpiiaeailablesironPam

. | i I ' h
s SR S, e SR S Bl
apprgrriptelycided lapcmu'reelnt}wtp'lﬂﬂ 51 0 Asd ooty ithreddaé toeietedel andretided end

o%lefggé'}eg %bclzhuag fﬁs ngths 3§d H'E%F etgﬁeter:.?a# 9@4*/3{&%9:%9%% quithreaded fastener,

suelrbodlicrev) tand May WOmsdrida thta tHaestemeallyf ﬂhfeﬁ’d@lrstdnd%?f 533 ﬂd}ﬁﬁlﬂe«low the

al thou ot her, t hod alternatjvel
ool SHEATE R e e pan e 7 MM DS SR8 ARG the gl ens of
thé sthiB6fE 597 arddBe Rkl 534 OTheatidalleh@ o th@btgnd-SF Bgﬁﬁgﬁ&tend through
upwar dl gﬂsagal nst the bottom surface of the f

2 bsrPoherse Sahyughdhanthsrplate ot mwgbe'rmwescsowéaw bgge 340, but when
thgfRéd is @&ﬁive@ﬂh&ﬁlﬁt@@mﬁukg%dﬁl wtﬁ@f&r&%fﬂwc@llkmg 536. In

heater, 40 in place on the I'n one enbodi ment

ongfemPRENSRiERf & inysilierh tVpidable lﬁv@h ﬁ?ﬁ%& g i may tseisddge aehdeve a
efsﬁémﬁe?éhu QHJU&IbIe @ﬁetsawh 1S Motep hdhhi! drfidegi d materi al

may used, I ncluding netals, plastics, etc. As shown
a prIt ﬁ*ilpélé be ieprretiatedybatrambediments ofitherpresenttieyentien offer a number of

advRH&Tes St c@l%n@cfnat]ﬁﬁnp%eaté/ﬁe ﬁ‘%‘%ﬁ B0 ﬁ@xaﬁ{é)?éa rsﬁa? Alach ﬁald somponent

recessed wthint e nee
injaripid dstribution aad/pleme@ssmg sysomenanizdatee n1d1v1duaﬁy,phﬁfmmd

tex‘ﬁBér&tld%e 23089%59 b %f%llg’ ?rfﬁ?&’ Q»Jhlgﬁnﬁlg \81‘(1%9 tpﬁxlg?&l? fﬂﬁc‘l Q&?&)nent or among
ditfetheidlnideongoneatth dt shoyldds ap;brea:mtad]thlamyls(ablhgy t;o 1ﬁ;dw16uﬂly heat
dlécé%f‘:ﬁ;ltﬂz% gg&néaolmenqa%r ? ﬁfg{elnte zoggs( YV%};{E rg 8Q1t§§?dr}e§t>1 of ,gf%:rel?t temgeratures
ma}dlmprb‘hdaﬂ?wdmemoltlﬁﬁorfeldn hid)re}:@ﬂ’tmwﬁlﬁt, tHickneds] lefigth, R@nfiguration, and
T T R T Y G
conRyttddeo theaamel sdi)chetoh poxi/éru Tde ﬁ@ﬂmﬁﬂl 8fdach GorMtineAt rhadiebe calculated,

ﬂpﬁbﬁt’ er .40 | S rmucrln ed, and thﬁ gnal from t hat
a de BEREG ed to accomplish the target operating temperature for that

component may be used. For example, the amount of power provided by the source of power
may be selected to be equal to the amount of power dissipated as heat by the heater at the
target operating temperature plus the amount of power sunk by (i.e., the heat capacity of) the

fluid component or fluid component/fluid substrate combination.
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be provided to the thermally activated switch on the
printed circuit board 520. Upon an indication that the
w0 bwsd4ssehponent has reached a desired tenper apCir/8S20041637067

thermally activated switch may send an appropriate

signal to a controller indicating that the desired
tenperature has been attained, and that fluid fl ow may

be initiated. Alternatively;1ihe thernocouple or an-

14 - integrated tenperature sensing circuit may be

nmourkie dar@eﬁ opdi&tingltbip&stusei the tethebeds dedhiafld tdPafaln rﬁagl &rdny value
e thernncou |.e or S nS|ng circuit is nount

wh
uR &99* ﬁaﬁ PRERNE rangsQf heimaterali Usst B thesgpapfrugtion Wéh%laﬁatebéﬁg up

tof‘a&éﬁxfoﬁﬁﬁte%f 40foh @ Bt Kﬁ}ﬁo@)o Fuﬁﬁéraﬁiﬁ;ﬁiiaﬁtﬁ’h;lv@ Soudl @l8 usﬁﬂ%
plurality of resil |ent6§i@gl ased stand-offs 530 t

CO&F?%@WIPMC%?S&p guipr eteh th iaglugsistapfic amptarigl, hepters that prov1de a
%@g&fékdﬁﬁ fenipBMREWRRiR %St@lex‘aﬁce@aﬁéeLUf d 5?3@ 9&%@&1‘11? Qc}ﬁa)@é Qhd that

tribution system panel. Each of the resil
thisjugh the use efilighis? desigolcianess.raast caoe@tlamnmﬁmtumluea Within a

toI n@@&ﬂ%éﬂslto@r}ﬁ{,e@% pr&rﬁﬁéga spring 536. In one

t he stan 32 may be an of f-the-shelf
st arfclheater beromes sel i inylRt esthe Fleetriel estitanéefmaterial heats up,

it X@Halﬁ%@taﬁce? ‘3&%{1@9 l‘s@ﬁqfr%\%g th%%u@%@%?arv% ata Pfefhcfaﬁl o

ennsyl vani a and press
temperaifumanp wilhgeing heitaretiug perd isne need ﬁnhee(tthadxtemp&hﬁ;re emttollers.

' hr d t t ded d of .
S|SB ERLARY b P RU A B 7 Y5 R BP 30T B%uShoripgpa i
prbe:sangmdm distrrbn‘adm stybtlematd éelindadduatie heatesluchbt@sssa)lswiﬂew

into,the .nternally threade
coR T PSS VR R e MBI 1P AL GOyl 1 Ay components
oflarftudd ithg Wlmrado@quﬁltl&ﬁii carbloiéigh-t}tpb Qﬁﬁ@{ bﬂ&g@3§$1cgléy2plck and choose
gSurrounding the ends of the st 0 and
g GPBE WHNER O S, GrrsiB Rpe LRI and S bil g 1 soBigse a
paificyi 1@ Yol €0 Bpekr AHing teihhp efat i@ isquitd 1ikd#8d DG &l HEbausUichtets tA@(Iordmg to
the pl ate 510 q?gnbe nmoved toward the base 540, but

thiyBEPET FECTEER g Pt deatone pprgersugiaes aren thangegventional

cabtBWed- @bé/ headérs, BRI SiRE By HayttlR 1404 In (BPMIAR o7 BR intbAlel @a?get heat
embodi ment of the inveéntion, variable | ength fixed

Zog%éhf‘diwmerwt paclylosgr @L@faa@:ﬁm@eretuépsdl@@u? eagsibleivgthicarridge
heﬁ@%&p |Il?p§rﬁﬁll§?a\§1?erc,5ﬁg hEé%ex"’lg]@ta&%rbe Qﬁ]ﬁlﬂﬂﬁ ?fﬁ?ﬁrﬁﬁ?andl tﬂLIld

shoul d be appreci ated t enbo I ments o e present
subwiptsn thp gamnstatuse that the heater indesiggediiotatigio may\beithe same as the target

opg&m{%{%gfgc i #’ et 95868 9 glsg %E?fn%re ch @Jler{? ﬁﬁgﬁ ga’rtrldge heaters,

SI nc u i d conp onent I n 1 ONn
angd heiAloystem pewspnﬁgmwsm srivwey Werdtbaheders alst mpldceedohyqntlonal C-

' d .
se%oé{oﬁqrgf@ém étﬁgﬁ%’cﬁh&g {xgnglgsth %QI 1?Fnt ?SfecJ 1¥toctﬁe %ﬁg%eé/ eliminate

N a part]c onent
notl pifilfy éreenst of bartrxdgc bwpmmmmaso tHetcostiod Eépﬁrahﬂeaipﬁtamens ahdok seals.

t ha i.t di v I e di.f ferent f
t ooouhdd ot ibofodednat 68 Sl oo be igse SRRl o
rectiifef aclreetat, andigaersih uc@sdaney/witethp Ipﬁ%érﬂ &dzelhtjoneﬁuytﬁe@étwﬂagd to
t hi ckn

. ft i d
ox g R PRicroofis ot $isbbion sy Ftito nof Afkady yaye pavitis to
reGefvel ‘ﬁﬁﬁdgéaym%fsefbrmeﬁ\tﬁﬂﬂelﬁ hBuger, eictieatefs of iR pR@adtedvention may

tr
be msta(ﬂeg %rom a%ove Xnd therefore do not require as much working space as a conventional
cartridge type heater. It should be appreciated that in a conventional cartridge-type heater, a
significant amount of space must be provided so that the cartridge heater may be inserted

and/or removed from the cavity within which it is received.
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connected to the sanme source of power. The heat |oad

of each conponent may be cal cul ated, and the precise
wowrdosagessheeded to acconplish the target oper aCnysS2004/037067

tenperature for that conponent may be used. For

exanpl e, the anount of power provided by the source of

power nmay be selected to be equal to the anmount of

power dissipated as heat by-tdhe heater at the target

operating tenperature plus the amount of power sunk by

( I EIt shoﬁlﬁfbe RfRtcisaPmeal dithoiead T thd NelafdrCRENDBEMreifllis a
conponent/fluid substrate conbination. -

15 - The
SuP%Wrg@{ly Hpfestrystinggthe SRSt HIveRtiondinet sq Hiteds Jn dhis fegard, heaters of the
préiRa iFN@dod e %lﬁtﬁ/‘ep BRI SnPRYs M%l é{ﬁfdilﬁ’l thQ V%Ih&y Bf"sthg]qes
operating range of the naterials used in
Mergsaeary it @W@rbe@pprpﬂéteﬁ that dyring ghegyulcanjgation pagrpssote heatesimay be
méiggd {5 abQne }ﬁ@m}pz{h@rd)eglred Sk pp% h&Eh thRPhb§ @Qﬁlﬁld@@%efo{{lq o Eﬂmdrlcal
usi ng coriventional processes to cut or t he
StféP‘@@s # frogip-comiedl streptre et eri al , heaters that provide a
target operating tenperature Mﬁthin a tol erance range
of 5C are readily achieved, and that through the use

of tighter design tolerancéagmmtgag operating
al er

hi n nce ran
ave paih &l el Mo B b bR tn we s om o
K1$flaith amckasvailhiﬁe ﬁbm(ﬁeﬂemﬁ(}rdup,sl’n&tthm treluded e maahal Dealyalve, a

by b Pt b P KA E MG (s Contoller

THiefiyie siedkuves fimfta ¥6-btick@geihfigiention bidEincluliddusheateh £ €ach®f R six

ed for external rature controller ch. .
S B FE S r GeMGn LiA e PSP 8 OF Famiting t keep the
BOSRRALNem AR O MPS ecrsece TROfidate@NSer® bormeétbdliotn 18 AWG wire
processi ng and/or distripution systemto be

harnesg thatavas |rqt§:/d #299°E(Tedoy, Wulﬁ@g@, edepiesspvese configured such that the

firGIARNe ﬂhﬂdQeaFo&afstvvéréia%eltlasaad BRALBhd ik e inssehé/so ’w?tﬁ kleMwo
commpn to all the fluid flow conponents of

groyps ek thragibeingdn pasaled with ey Fe alhe hegises wrp eowad bsr 2 %HBC
poXdsduppyPi cal |y pick and choose from anbng a varlety of
standard cartridge-type heaters, and thus, the ability

t 0 B btkevaa phaéd in(hlﬂlé'&ﬁc bed ©QimuPASH 36k Hoﬁ@?l%@ttc%ﬁguratlon Air was
quite limted, Further, because heaters accordin

dr%n &hﬁwgb thedemtid pithe h% gowe Birpugh dherstighand quhdirqugha 4t  exhaust hole under

th@plet. ik ﬁ/ﬁg%wﬁ HrbRHEh B XAt b RALO00 CEM. | ’ﬁ{é"’lhlet holes in the box were
cartrid type heaters, and since they ace

adwﬁteti fe2 e@@w diffgrontipleprespure ingidel thedoy ef 0. ﬁ% mcgqsdi?@ t hey
operate at mnuch | ower surface tenperatures than
pos§<r PeihFFncoRRlps Werg a@cwelafea%%raﬂqmwﬁmch emhaﬁuld\m@p@nents

anll R sPQah @herbiSePhrdif et 28t mesﬂ%)}ﬁy fraph b GQRPQRERL wefdal&n with a

fluid substrate, the tenperature that the heater is
califragied ke tn@d%lﬂp dppd-halg thsénqrwéers@#élo gxtepnabtempergiare controller was
us@perating tenperature. Power utilization is also nuch

nore efficient than in cartridge heaters, and total

system power consunption iResulisser. \Were the heaters

al sQ en ?ﬁﬁﬁggﬂ&ﬁﬁggb o&seal or other type of sea

retainers, ere the seal is integrated into the
heaQperatinhByltagei HiVIRAE e

Total Heater Resistance: 21 Ohms
Exhaust flow rate: 120 CFM
Differential pressure: 0.4 in H20
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not only the cost of cartridge heaters but also the

cost of separate seal retainers and/or seals. Oher
w@edowanisages i ncl ude that the substrates need nPCT/D82004/037067

uni quely manufactured to receive a heater, and heaters

in accordance with the present invention may be

retrofitted to existing fluid processing and/or

di stribution systens that dojpot al ready have cavities

to receive cartridge-type heaters forned therein.

i nst al

heat er.
conventi onal

ed from above,
much wor ki ng space as a conventi onal
It should be appreciated that
cartridge-type heater,
anount of space nust be provided so that the cartridge

Fur tgget tdnf}iRraff@40¢ 8 1@f5oiche present invention may be

and therefore do not require as

cartridge type

in a

a significant

heat ks . e .cavity

o t et Rad B! £ (00 KBRS AR iR

ppCéakat pdMnhat al t hough each |of thejheaterns

desdliimbed| Malwei hRegulaosuld&tiamt i alHijerf | aMFEt rfuMEC e,| Ambient
t he(hpuwssenttempmventtemom i|s moip. SO ltémp.t ecbmpl b |ttmp. 2 | temp.
r egandes)heaf°€y s| of (°Che pr g8ént || nPe€nt i ot@re (°C) (°C)
rel asiogel y 2d.@xi bl ®.8 and tdess nay2aonf opergt 0 a6var i ets.8
of @bapes, Morepver, it{should jbe appfeciat ﬁd t hat
durisg) the vul cani zation procesjs, the|heater may b¢

npl dedot o] assgune nearly| angsdesi rgd shapg, Suchgthat 27
| [ M8ysbe] nygded Ta7f orm azgyl i ndipcal SiF Ugt URs, 27
fruggQoconi Ggi stTagUUTE, gEC. [EX@gpl € Ot a |FHegpers 1445
aLTYRRFCE Wit T oTTggembod gt —of 3kte T present ¢ 276
i pvephhonrwese testedomaxik-Sftapd—stigk—Tavagtait

f ogﬂ?%glc .vfgys Gugg Hres t3.at in??ud‘d a—frafta—2 w%'“
val ve, a regulator, a transducer, a filter, two

p E e um?ltabcve\/tadt beeﬁlts saowel ]El&ﬂleﬁﬁ@v\(eh@ﬂ:ﬁe ﬂEHﬁin ]@&n;tygtah kw9l wiéhin the
This fl ui t.] s froma 16-stick copfjgyration a o
tasef Fgrethd GO RILTEP" TP COPRY Eresre e SO et 3°C

andREitiE) MEG @miyE:@ture g Wishiid 87 &F tiveéte THRPefoMthntOfaP&c&&k the best
keep the fluid stick at. a tenperature of

limting.to . Sti § .
ObgVEIe BRHOTRRSS A BRLard Eriice hFadise ol RABICHAT, MREATE fo setup with
stdhbidQaArid feeatd@ Sould h&ithrik tRMFEC tdndRtdt@8 td boWé 8doCOsd)here was a

The heaters were configured such that the first three
myqh highes sttt difiirenes Grrredmpely hifd apees dedbideopmprsats
foWRInE tHeltiSle Wiffidnly¥nk Roth e hiVBa st OMRSAIRE) stdbiBSRAIHABME Bo° + 5°

arallel with the MFC." The heaters wer'e powered by a
togmnmnépvﬁw heaigyp fnyaccardence uithithasigsept iavandion weg ajsp abletbring
. 0 | .

RSP B Sl SHS b FET E  gl rie
typhiresieesh ancheonsunedieppriovinttely bk theigbwer of staedendienstridgrolype heaters
e PR ol AR T S 0 bofbranc
cogbingd tvath thepradittedloager lidé, sifer denigh adreqterdespargure nsifatmity he

elf?rﬁf‘faﬁ%% 09 sé&?rekari]n%g?ﬁetéélrzl%wer utilization, and lower total cost of ownership make

such a heater solution a winner for the manufacturer, the OEM equipment supplier and for the

end user.
It should be appreciated that although the present invention has been described
primarily with respect to fluid processing and/or distribution systems used in the

semiconductor industry, the present invention is not so limited. For example, embodiments of
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K-type thernocouples were placed in registration with
each of the fluid conponents, and the system energi zed
wo c@aigsss 24V DC suppl y. Tenperat ure readi ngs MET/ES2004/037067

taken with a calibrated Fl uke nodel 70 hand-held
thernoneter, and no external tenperature controller
was used. Results: Anbient tenperature at start: 26.8
C Operating Voltage: 24VDC Tagal Heater Resistance: 21
Ohns Exhaust flow rate: 120 CFM Differenti al pressure:
the péesérnt iv2fdionInfay-be k3édi@itany eppdicstivh wWikte th&e (s ateed &r c@sue for

eratur readln s for this illustratjve Exanp
B e O R DAP P wlw%ﬁwlaapahcaxome@ﬁess chemical
arkd ﬂetr@éheMﬁﬁl ApGicAishi, et FuRRriBe i@ Ray B@I’ﬁlﬂd &15%B),- orﬁ%gﬁ%blnatlon

é 1 tenp.. 2 tenp. n1nutes) O (0O (O (9
11%)d a(nd@?s Ppslpies cMgresgergthe pregenbigvention ngedg@t be ysgd gyith face seals,
e kA MoSBn I M My BB el

37 Jdevig thes deycribed yevapl aspecpolzglegs opgemepdimgeng offthis invention, it is
toa&‘i%ﬁre&%@ va{rﬁﬁé‘ Llﬁe?atﬁﬁg%&ﬁﬁzahﬁﬁt ﬁﬁ%m%@&né}ﬁé \@1(]:11 g cﬂ% iogcg)r to

?/stem o wel |nthetarget range an
tf@ﬁeﬁ\ké ed Teihp at. aSWltél@h@isSmedtﬁganansr, erbintpnevefenls dregttemded to be

PN LG, P81 fbdeh e oM 6 TRBE BEAE iy iRBa e Dlingty,
‘mgﬁyeﬂmabksxmﬁpm@mhhw&mgmmthys@ﬁnﬂ@mmpbambr|dge
heaters. In particular, the sane test setup with
standard cartridge heaters could not bring the MC
tenperature to above 29 C, and there was a nuch hi gher
tenperature difference (approximtely 8 C) anong the
fluid conponents
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formng the stick, with only one conponent reading
(the filter) stabilizing within the 40 5 tolerance
wha0vd/04868® heaters in accordance with the presp/US2004/037067
invention were also able to bring the fluid conponents
to the desired target tenperature faster than with the
standard cartridgetype heaters, and consuned
approxi mately half the poweri%f standard
cartridge-type heaters while requiring no externa
tenperature control or regqugaM®Pn. This better initia
performance conbined with the predicted Ionger life,
saf dr dedihgafer, GYTBRHSEIS t enperat ure unifornity,
el i Hishgtan@A1yfat fa@@ﬂ of! %@E@bﬂ@éﬁtan@@frb@halﬁﬁmﬁ a first end and a second
utilization,” and | ower total cost of ownership nmake
endych a heater solution a winner for the manufacturer,
t he a%E&Y’ibﬂ%uct%l"@l@éﬂl@dily%%eﬁt% ot tﬁﬁ fifsh gncﬂﬁqﬁe suf;gtantlally flat
shoul d be appreciated that although e present
layenolaleciringl feaistansarptetiaber i bed prlnarlly with respect to
[ b dehOCRIFEN Do lodiah) ERHLLONNELEHR b
t he sem con qustr resent 1nven
submntlsldy flat yeeof, eldétrmaleﬁastmce ma@mbb diadvents of - 18 - the

Preag Ql%cthpa}fﬁqggﬁgflggétseﬁgl esﬂffglgldklg at?c?n %BQIQIR a'llﬂ ?la% layer %eel‘ec?rlcal

t her
qmdhanm@uall and leleetpipd]lyondulabing thelfirg phdofithe athstamdlly flat layer of

SR bR B AR SREM S o RERAGRELS e

redistang@mateditil. a conbi nation of |iquid and gas, or
slurries. Mreover, the present invention need not be
used with face seals, but nmay be applied to
conyentitﬁﬁﬂamﬁEKmﬁnﬁuﬁﬁm%mttings or threaded coupling
typ aIs Havi ng thus descri bed several aspects of
15t oo P HEH EoRtcORaoh hye A fnd, apseqoad prg, i 2
1m@gpre0|ated various alterations, nodifications, and

i nprovenents wll readily occur to those skllled in
t hethgfirst eng efthe firskelagtyienh Sondueien if Flegtirdllysconnggted to the first end of

thd dﬁ%&ﬁ{ﬁﬂ?ﬂ&ﬁaﬁ 6f dIGAfRGsthiceRRu@BLt Of this
di sclosure, and are intended to be within the scope of

t hetheriyssnd efihe seemst di¢origalcongptorfipeleeiteatly cae@@ﬁed prthesecond
enaafithg E&Waﬂt@a‘ﬂyé}fa@la % opBctAfal ?eggstsﬂ!;@m&e{ %a d CLAI M5

eater, “conpfising: a substantia | ayer of
eI elwlfnieméhe elecsiieptly nr@elam mpteridl firthei sngroands thefirstend andithe length
of ﬁeé@%& (ra?(g sei%F'ﬁjd eé%c}]l]%deag(?(}él Att(%g %u?]d é’igc!tr ﬁ? %gltaf% tl}e first end and the
lereﬂtﬂtﬂmﬁmtadlebcyndal a@ndictordronothe Erse ed anddke leagh of thaeeond electrical
colRLRE ial; a second electrical conductor electrically
connected to the second end of the substantially fl at
| ayer of electrical resistance material; and

3. The heater of claim 2, wherein the electrically insulating material further
insulates the second end of the first electrical conductor from the second end of the second

electrical conductor.

4. The heater of any of claims 1-3, wherein the first and second electrical
conductors are formed from a same material as the substantially flat layer of electrical

resistance material, and wherein at least one of a width and thickness of the first and second
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an electrically insulating material surrounding the
substantially flat |ayer of electrical resistance
woreaosnisabs and el ectrically insulating the firspCEIS2004/037067

the substantially flat |ayer of electrical resistance
material fromthe second end of the substantially fl at

| ayer of electrical resistance material. 2. The heater

of claiml1, wherein: the fi+r®t- and second el ectri cal
conductors each have a first end, a second end, and a

eldc@iegl ddndichs fsighdater €A ablbast i dfitkSwide 8@ iHiéle@ds of the substantially
ﬂag*%nduct or is electrically connected to the first end

YeUpL elettrisa! spristance paterial; reppegiiyelivt el ectri cal
resi stance material; the first end of the second

el ectrical conductor is electrically connected to the
second ehip kspter picany ob slaimt -4 Wherein the sybsipatiallyfilat layer of electrical

et hl it 34 IBhf wherein the
reﬁglt%ct ?liaf:églall 15%?%%&?2%% ﬁfgmﬁtg{egrg #%%@%?t her surrounds the

first end and the length of the first and second

elegtric r e J: [F
P2 Lo e 0PSB L SAAAL bl Tl Bt
extsodidg thrawch treglectrivelly inselatingratented, adhyged tomgitdwihi a péreformed in a
suﬁc‘é%@%@{sﬁ&&é 5% uidcé%%ﬁﬁén%nd Snuid isiigat er of clain2,
erern e el ectrica y Insu alflng A

Yerial further
i nsul ates the second endof the first electrical

conduct hefro tpc(? .se({’:gﬂr}{;gl end of. the second el ectrical
conduct of 2 BFACTRECTRRL 8 458 cl ai ns 1-3, wherein
t he ndebisSor etathiseceabwelie teapaalre.conduct ors are forned

froma sane materialas the substantially flat |ayeorf
el ectrical resistance material, and whereinat | east

onedf a ThedichteRftI4ifi 7 kitesimpris@gf i rst and second- 20
- el ecﬁri cal Q]%nd ctors is greater than at | east one
of BAR ShcHicA ™Ry PhmeRisdudeginmngibe €abst antial Iy f1 at

| ayer of electrical resistance material, respectively.
5. The heater of any of clains 1-4, wherein the

sub8t ant The hepter pfplaim gy whergin the keater father indudes p serbdormed

intSBhIBS Wl the he R ﬁﬁaﬁe%&nhﬁa@uﬁa?%&%ﬂér& BEthE pMriugir ation. 6.
e heater of any of clains 1-5, Wwherein the heater

includes an aperture, extending through the _

el egg.r i ofld ReadePStind ok AGindSRLE WiRlei tﬁggl%'itﬁg it prg%q%pwe} dhd

a port forrrealnasur ace of atqeas one of a ui d
whetsirpibe beater dthea intludpsch Rulebityrodsesondrapemtivgs, lestanding thfough the
elegiéig%)lw V\illﬁ%l.‘%:litfrlil'é:n%gérigg%ﬁﬁﬁpé%eﬁgiboﬁ%%@ﬁpﬂew of thd l?e'af%h anp?ed to receive

a corresponding plurality of fasteners to fasten the heater to the surface of at least one of the

fluid component and the fluid substrate.

11.  The heater of any of claims 1-5, wherein the heater includes a plurality of
apertures, extending through the electrically insulating material, adapted to mate with a
corresponding plurality of ports formed in a surface of at least one of a fluid component and a

fluid substrate.

12.  The heater of claim 11, further comprising:

means for retaining a seal within each of the plurality of apertures.
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8. The heater of claim7, further conprising: a sea

secured within the neans for retaining the seal. 9.
wab@sheaser of claim6, wherein the heater furPdEUS2004/037067

i ncludesa seal, formed integrally with the heater,

t hat extends abouta peripheryof the aperture. 10. The

heater of any of clains 6-9, wherein the apertureis a

first aperture, and whereinZihe heater further

i ncludes a pluralityof second apertures, extending

thragh tThehhteest diimabl firthétdmptising material and
di sposed, about a peri pheryof the heater, adaptedto

r ec &iplusality ebyenls sesyred iginRach of the pluralityefiegeBiSt o f ast en
the heaterto the surfaceof at |east oneof the fluid
component and the fluid substrate. . The heater of an

of éftai nEhethegter pfdsimi 1, whesein dhethepter fuetherdeadudgs pplwradity efiseals,
forfledHREEALIN #Rh HORERNI R KIRE AR B }v\fo‘% SdncR i lurali
OL%esu a%r%% mat eihl al, a gpt eg toa%rgal?pe% 'ttﬁ a Oplurality of
apgggresespondi ng plurality of ports fornmed in a surface

of at least one of a fluid conponent and a fluid

substrate. 12. The heater of claim 11, further

conpbi si “ﬂlgp heateantcldimr 4y ehaeinithegplarakie af apeirtites ks agfrstplwhlity of
opgt i Ml e BB PRy i0e8? sona PaYS oF Ml extending
thieegiuthe dievtritdliyrinmiatihg mbitetifiend dispaskd dhyouoi paiphery wf de hedtér,

The, heater of cl ai wher ei he heater further
sl G52 o3prraPhdie piEiGr Belents B FT e By pspfpce ofa
ledshanelof diedluid édiglonax uihtle Abidytibsarageer | phery of each of

the plurality of apertures. 15. The heater of claim

14, wherein the plurality of apertures is a first

pl unal i t yheHeaRP6f dnytlo€8lain@Ndi SVARhet doniphiginpeat er further

i ncludes a second plurality of apertures, extendin

| y 2
t hr BGgeEtAE clerictlpy commacipdiig i st prebserendelselicakogductors, to
reiflbBBSREn R heAerREs hPAGSYppYf. t he heater, adapted to
receive a corresponding plurality of fasteners to
fasten the heater to the surface of at |east one of
the 1%] ui g CRARPPERY oRBGintsNE1 & Wbt‘éin&h@ﬁlﬁogt%tﬁlly ﬂat-ﬁgfer of
heater of any of clainms 1-15, further conprising:” a
clegtrisplaetiviance glagasinl inglpdes ¢ fiet AprecAnd @ seapnd penef andswheggiithe first zone
A b
P R G o o SO ShS0 e e RERE ot AR o
seqind ielestrigal tondugtoey as¢ eonnéntedsabsaranpavedr isypply.at | ayer of
el ectrical resistance material includes a first zone
and a second zone, and wherein the first zone
18.  The heater of claim 17, wherein the substantially flat layer of electrical

resistance material has a width, a thickness, and a density, and wherein at least one of the
width, the thickness, and the density of the substantially flat layer of electrical resistance

material differs in the first zone relative to the second zone.

19.  The heater of any of claims 1-18, wherein the electrical resistance material is an

electrical foil resistance material.

20.  The heater of any of claims 1-19, wherein the electrically insulating material is

an electrically insulating polymeric material.
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provides a different anmount of heat per unit area than
the second zone when the first and second el ectri cal

W@ o0vded66F S are connected to a same power SuppP@T/US20041€37067
heater of claim, wherein the substantially flat |ayer
of electrical resistance material has a wdth, a
t hi ckness, and a density, and wherein at |east one of
the width, the thickness, anghthe density of the
substantially flat |ayer of electrical resistance

mat eni al Tdé ﬁéa% $f elamI I whifefil the OB&riéAl %Ism\éﬁng ﬁbl§/lﬂ§10 material
econd, zgne. he heater of any of "clains 1-

mwﬁéqs& figstilaysr of th%; @lﬁthllw@glagﬂw@mm ragterigl fqr@e@\ﬁn a first side of
the k@&,taﬁﬂwmglﬂaf ﬁyér o&“@l%&n%él RGRtAABL ﬁaﬂeﬁél ad%-se E{a& 18RS %e Of

ai ms” 1-19, wherein the electrica

elf:qﬁrswﬂlatnsnlgtlmoésﬁnwc npaderigh fcesme@ o § s;eapmcg/slder@mewubsﬁ@tlally flat layer
ofRUHITRI b GstiRE flateiht fhe%?cond mdg-B 8ttlferf Qlsige! @ m 20,

wherein the electrrcal I nsul ymarlc mat eri al

includes a first |ayer of t he el ectr| cally insulating

pol ri [

Suberant a1y pEHainEs ERAeRh e hoola oo s i ghesive thar
bamds the ifiesit | aya‘mdf lr&ukiang)miymawemataﬁal tdihe edcond lnya al in;zulatmg

(polymeric material formed on a second side

pooﬂﬁ%kgﬁgst% tantl ally flat |ayer of electrical

resi stance naterial, the second side opposing the

fir Si ter claim erein t
Lo ot b oS RSB 285 SRS o S s o
infulatiip pbmneﬁc wibtetiflind Edatdd@m@@p)ﬂiﬁfré Wltﬁ&fe%ﬁﬁsﬁnuil@ ﬂldﬁ _1yer of

nsu ati ng rrerlc terial.
I LR ptasil (IRper et Bomt T ter EopTB I | st and
second | ayers of insulating poI ynmeric materi aI are
heat d under pressure with the substantially

I ay@r of The heater Pty of sleinag yprcihergin theih Sf}terth%’i* ﬁﬁém&b@bﬁtaﬂtlaﬂy

fldt QurfRE fﬂaﬁﬁcds "Atfﬁﬁrdﬂjectﬁﬁsaﬁﬁ@ lsééon@é‘nd sﬂbﬁan‘ﬁ@lﬂ it sﬁ}ffac@ 4t Bifes a
clainms 1- wherein the heater has a first and

segqdshirggiton éhar {p oppegite herfirafcirestipgy the heates frtifer papmprising:
dir %ﬁ)tldt@!ﬂaﬁﬁ‘gloﬁﬂt@@fb‘%ﬂéjﬁﬁ%d%ups?%ﬁgﬂ}} Rt kpedch efthé H%afte@f:aﬁld

that faces a second direction th I S opposit
f i r $geags, pen@esterhto thelataciar @ﬁlllﬁlltb'tlh@lng thosgrond artdgubsiantlally flat

&t thdhied 18 ﬂggpﬁiﬁxtc% taEtC{m{hhaeﬂeIt éﬁﬁarce pdasy @aa@htgg@'t 'oy

at surface eater; neans, conne
the plate, for resiliently urglng t he -.second and

substant Jl"f’i'é lLe\é%ef #)f‘atl?%lf Ha 1. ?é % {;&]’ﬁé}%lg rtheI sﬂbsttan%flﬂ?geg layer of

contact wt surtace of onen
elephrizalresistance ofateaial/is dimaisahadsto ]sell—ﬁmamhb }ibét;er mimaietenhimed

n f electrical resist
BB AR fr i SREed0 aBbFEIbiT b i B R yotase
predeterm ned tenperature within 5 C when connected
to %_povqmts}tﬂggé(}/mpr}%}/ngngts a.pr edet ermi ned vol t age.

placing a substantially flat heater between a bottom surface of a fluid component and a

top surface of a fluid substrate; and
securing the fluid component to the fluid substrate with the substantially flat heater
therebetween.

27.  The method of claim 26, wherein the substantially flat heater includes a pair of

electrical conductors, the method further comprising acts of:
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26. A nethod conprising acts of: placing a
substantially flat heater between a bottom surface of
wa@2dosnissszonponent and a top surface of a fl ui BICT/US2004/037067
substrate; and securing the fluid conponent to the
fluid substrate with the substantially flat heater
t herebet ween. 27. The nethod of claim 26, wherein the
substantially flat heater iqmdudes a pair of
el ectrical conductors, the nethod further conprising
act gogfecting?Be palpmﬁkalrtgnd@@)rp@arso&%e 6t ekl cal
conductors to a source of power. 28. The nethod of
claim 27, wherein the act of connecting includes an
act oef @H@maﬁabaomaﬁ%t WhGeih R ae%ffcomecﬁﬁgelﬁ&maég% act of
conductors to the source of power e net hod ?
rergpNablyf copnesting the pap gf cleqtricaheandeciorp k4 the pyyreerpfaewerof :
limting a tenperature of the substantially flat
heater to within 5 C of a predetermn ned tenperature.
30. 2%he 'Wet mollod ot aap pf dpims2Z:28sfuptBerzomprising @i avt ohe
bot nent th
sur el *gGalie it hbitoa FEABREEN LS MR oy
prosieterpioed tendpemtigh whi ch 1 ui d may flow, and wherein the
substantially flat heater includes at |east one
aperture, the nethod further conprising an act of:
r et 80.ni nGhamsthad ofxiny bf claitlh @629, Wiasih tlertettap atifate of HF fluid

t he subst iall t ater. . The netho
colp e RETSROl0 e o e oG Sitrsisn Gl e st oo ooty fouen
whidhnfhad enny flawdaridnehciaipths sutisaataliyfflat heatdr ideludleSathek ok eperture
theacfgpégdﬁ%u esat, | east oge port through which fluid may

ShE TSOMPHRBE AL PEnt i al Iy flat heater includesat

| eagdtaifing a 3g kit InGthe AMEAsWINE bfdrfird dTRheAsubsttiai Bbk Heer.

the fluid conponentto the fluid substrate includesan

act of: formng a fluid-tight seal between theat | east

one3por t TRe hbBiBodot 4np 0T Slkifk 2629f whdiéin ftﬂe%aom{m&e %f"fhe fluid
and the at |east one port in t he top surfaceof

compepegt andhs tonswiass pfiha flpid subsyaseaghraclydes st laast p@q poyt through
w}fléhaﬂuuli‘ ﬁﬁﬂr ?IBWt Qﬁére i Lﬂ{er s%%ﬁ?ﬁ}hﬁﬁtheété?qﬁéluéég Gt 1@2&? SeHpiture, and

al ns -
Wf@@mh? 9¢tn>é awua@g the ﬂuldrcemamnhfg thenfuith substeate mthtitﬁsin act of:

oo A ARASRI H1555H B SORRRE o et BRAD O e i
COIME@Heé? 4nd the &ftllfrasit ong pixt inethe foalshngack lofithe Hlait sabs,tratelwmglampdlon of

hSAPRARENY b Rakl Atlquhbital S AROPESH apchlj [ 11

trate 1s a and the pair of
el ectrical conductorsis a first pairof electrical

>

32.  The method of any of claims 26-31, further comprising an act of:

retaining the heater on the bottom surface of the fluid component.

33.  The method of any of claims 26-32, wherein the substantially flat heater is a
first substantially flat heater, the fluid component is a first fluid component, the fluid substrate
is a first fluid substrate, and the pair of electrical conductors is a first pair of electrical
conductors, the method further comprising acts of:

placing a second substantially flat heater between a bottom surface of a second fluid
component and a top surface of a second fluid substrate, the second substantially flat heater

including a second pair of electrical conductors;
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conductors, the nethod further conprising acts of:

pl acing a second substantially flat heater betweena
whoeiosomesur f aceof a second fluid conponent andPEr/US®04/037067

surface of a second fluid substrate, the second

substantially flat heater including a second pair of

el ectrical conductors;- 24 - t securing the second

fluid conponent to the secomd-fluid substrate with the

second substantially flat heater therebetween;
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ane source of power as the first pair of

the s
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mai ntai ni ng a second tenperature of the secon
firs ppis pheleqtrigal condpgdersheat er that is different than the
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26- 32, whefelin the substantia leater 'Is a
f i r swintaing asacpad teppératre dfdlze sepqondishiestantiallyoflat beatay e is different

th#ﬁh@ﬁ{si%ﬁkﬁgﬁ%i d conmponent, the fluid substrate is a

rst substrate, and the pair of electrical
conductors is a first pair of electrical conductors,
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cominotoes; the ngtHod dursiee comtbripigracefof:el ectri cal conductors to
t he same source. of r as the first pair, of )
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coporteheantiiafsdons ABRItsaPsrR] dhy sdcbad subS@ht@ily fiaftéater including a second
tai.ning a second tenperature of the second
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pa%ﬁ%&?‘ﬁ’ﬁ‘iail indyctetsat heater that is different than the
fi r 8énnb@MP et pair of electrical conductors to the same source of power as the

first pair of electrical conductors;
maintaining a first temperature of the first substantially flat heater; and
maintaining a second témperature of the second substantially flat heater that is different

than the first temperature.



