APP ORATI NG LOW THERVAL MASS, THERVALLY CONDUCTI VE BAKEPLATE
FIE ENTI ON The present invention relates to sysjf grﬁ?uﬁqgofret hods
for pr oce@@?"ng a wor kpi ece through a tenperature profile prefe

involving at | east one heating step and/or at |east one cooling step Mor e

particularly, the to present ke/ chi I | appar at us
that processes a Wo mﬂgaw gw?% I |y

i nvol vi ng hol di ng t | um
tenmperatures with rMASSr dHERMALEY CONBUC(III&’EBAKEBLAFBEme
equilibriumtenperature to another, as desired. is BACKGROUND OF THE

| NVENTI ON The manuf acture of many products requires precise control over
tenperature and tenperature ch OFdHE IN IONe manufacture of

m croel ectroni c devices,,_ such as inte ted circuits, flat panel displays,
thin filmheads, and thelleRigsent I’?VB‘It\Pgs‘a]ékFﬁlt?/ﬂfﬂfmé Q"thwqgrorre mat eri al ,

such as a 20 p I ShorkBRES d &S a
sem conduct or 5:%%95&{%'%” t eBiclgste}{ro hfﬁee rgathg g?f?écl ?Y?g&P otoresists, in
particul ar, nukhstioae bedteng stapcharkifoziat tehstidne dodlngssep. dﬂohapadmmlasbrl thet ed

portions of the phot oresi st duri ng)a‘%r’ ﬁssr n The baking and chilling

steps nust 1he Present yueptiensielatestp @ hligre gE’P B PragR3ses aPeFkPI€Snst rai nt s
to ensure that set

w th good reso hh{)lif‘ggﬁ% hereg‘%giédgqulgﬂ lgfoolglggtshgrs&?ﬂn@gvé r‘%é%%gﬁlng

t enper at ure coasmore predsd eqilliltnmedipedtures adtheamd mdomwdfms!mperamrwdr ng
drug preparation nstrumen sterilization, and bi oen i neering; accelerated
life testing netRdTEMAYEsu! IbHPE’ctFI“BFFaH'B?GH?'I@ s; piezoel ectric
devi ces; photographic film processing; materi al deposr tion 30 processes
such as sputtering and pl atr ng processes m cromachr ne manufacture; ink jet
printing; fisel injection,; 4 3 ENTION)? Baki ng and

chilling operations for r oel t ro |c devi / | ca I i nvoI ve cycling a
wor kpi ece through a desrﬂe Cé?'&t%mr%?‘f"r é'F%PWﬁPE‘I‘f Se e R ece i s

mai ntained at gayRkAYRlAd t&ﬁparbth&rdhuﬂgésem%ﬁ&wre théMahbBhutebra rel atively

cool equilibriumtenperature, and/or Subjected to 5 tenperature ranps of
varying rates (nwroelectrmu@de\@s;sdobas\mcgrgtqdmimbtsr ﬂahpaedphspéﬁya,rtbm filiro

acconpl i sh baki an | i eviously kn bake/ | I, operations have
i ncl lrjrgerj separ %I?%i tﬁi%etﬁ%h%e'c'ﬁrg?llv ?pzi’llh@’lsjg ?%’zXF OB IRY T ’za‘ﬁ'c? useI of a '
wor kpi ece fpan ?&P?esﬁ@%%ﬁhf Qﬁx‘fa&e%ﬂ%ﬁb%ﬁﬁ%&& ﬁaﬂl dethiddnlihctdfdafer gt er the

wor kpi ece itse romone plate to the i's approach presents a
case of integrated circuits). Photoresists, in particular, must be baked and then
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chilled to set or harden selected portions of the photoresist during processing.
The baking and chilling steps must be precisely controlled within exacting
temperature constraints to ensure that the selected portions of the photoresist

25 properly set with good resolution. Other products and processes involving
exacting temperature constraints include medical products and processes
including drug preparation, instrument sterilization, and bioengineering,
accelerated life testing methodologies; injection molding operations;
piezoelectric devices; photographic film processing, material deposition

30  processes such as sputtering and plating processes, micromachine manufacture;

ink jet printing; fuel injection; and the like.
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to nunmber of drawbacks. First, workpiece tenperature is not controlled
during transfer between bake and chill plates. Second, the overall tine
required to conplete the bake%ill process cannot be precisehygcQnbpp! | ed,
because of the variable time required to nove the workpiece to and fromthe
respective plates, Third, the required novenent takes tinme and thus reduces
t he t hroughput of the ~5 manufacturing process. Fourth, the cost of

equi prent i s hi gher tharBakimgeaslahyilibg operatiortsifer mppeel edtropicrdeyices es extra
conmponents to handl e the workpi ece duri transport. fromplate to plate.
Fifth, the mecHBiG? mm&yséycr'wam\mr&wceﬁgws&taeg siie t?mpeéaét?rmofﬂsgy bility
of contam natifg;.Af j ece. . L DE | to be able
to acconpli sh ﬁgltcﬁ t}tl)%a :Srnkg?é;cégﬁ @%ﬁfﬁl%?\%’% B%yh%ﬁﬁéaﬁgénﬁ%ﬁg%i cally lift
and transport tHiledwordielativelyicbsiadghilibriom tampeadaapé,ahd/opweljedied 8 Separ at e
chill plate and vice versa. Baking typically invalves heatjng a workpiece
up to a speti flemperabygeamps gEnnngratastin termpeeflaiis) detrrenteqBidREMNt aj ni ng t he

kpi - i | ' ] g t
0P 200 21 L oAb SHb BleoRRLS LA SIRSE Al 8ol Pl Rl BUSARH PELT 00,
at which the wopétmions bavainchided eparse biketand ichifl sapes thabhidve iequirepeiisat ur e.

Sl ower tenperature ranp rates require longer tinmes to reach the equilibrium
t enper at ure an¥setdf@wetkpiece anspert mechaniam imandgr eabypiraly lifhansd isanster

Simlarly, chilli v DJ ' ' : j a
relatively hi gﬂ"et\@r}r% l%ég% I?Jsr%!afﬂ omn%h%/gﬁ%cirgéﬂ}éa%}??/rtéh&'%\ﬁ?ﬂgﬁﬁ)ﬁééﬁg‘equi l'ibrium
t enper at ur @0 Agwhber ofldeawebiack$i Fikst,ngorkpices tetip@tatiire is wotgentrélicdriuring 21
August 2002 conpﬁlltﬁt chill iagg anck_t hfref qre rﬁ!laso cause. | ower, nanuf act uri ng
t hroughput Acch erfgaeweanb ¢ aed child platesy Sgeo _ ﬁl?foé'éfaﬂllrtl%reﬂlﬂ\'ﬁ'%@hput it
can be_ changed ety BRteRAEpioRE Bt Bl ISR, o I B e
blrouggt fj 05 thfﬁdb@ﬁ'xilr;egecf;liretttd xhbvethuiv&drllapibwtaﬁdmhal hﬂxurrmeéta&tpw_es. Iht woul d
al so be desiraple . to be able to accyrately control the rate at iC

wor kpi ece t enp%haé,dhfequy"e%awg@aefaékeﬁgmﬁ#ﬁ@%ﬁ@%ﬁmtﬁmshwgﬁther t he
bake and chil || t i ] i essary
o acourataly Eonyfadlufipe PRickss Foin, BE LR E o S e R he
bake/ chil| probemasd the apparatas regquirbadxttabvempoaerits tochandlethe aforkpiece during
specifications for rkpi ece produgction are satisfied, For exanmple, if
chilling and/ oF’%R%”EHla&’st%’éat?-aé'ﬂha&‘ei“@gm?% “?RYG/CI.E",’“ B(a\‘-ﬁt@ fy 5C/s to
15C's, were t0amduégq?%gé;@m%gggwedntanmse@%&m@woﬂ%&d Tthgs,t?f\y@ﬂhlb‘é enough

to be able to contro I ece tenperature co nsurately wth such
rapi d tenper at desirable tobambleso addomptish bethttiakimgland ehilling withort daeihgso current |y

used for heater, control nerally lack the reqguisite agjlity to be able to
keep up w A aphﬁk“@j%ﬁ‘ﬁﬂ%ﬁﬂaﬁfw A XPr e?d@ﬁlgggﬁhﬁgﬁegla&‘?‘yeﬂ\ﬂ% respect to
the manuf act ur gefabat@tRiINIGRAIEBR] GRS Gerd@Vi Ces, current practice also involves
using a relatively massive bakepl ate. Massive 20 bakepl ates typically

require relatively | ong Bekingtipitly irvokves beajing aproikpitse upta @s@0ifiti nutes, in
order to change, from one, tenperature and cone.to equjlibriumat a new
Cenper atur . ACSHA Y 1orog par e ST s SRR PIngdns YRHRRIERER oo o

baki ng t enper abihRulaf e GRARGH tentperatBraifoPs 8&finedebd 8P titnBY ThiRghpR 0PI

mul ti pl e bakeplates set at different equilibriumtenperatures, a workpiece
handl er to 235 theamadhdactwingpioeese ss dffestaddryshdedtes| veiich the wdrkpinestan bend
fixed, slow, t%ngte at&; ranﬁ r.at es. SUMVA 4 OF THE | NVENTI ON, The present
invention provid&s®8p @’ﬁ’b’qﬁ B"H’Et‘ﬂﬂﬂ%‘aﬁ"ﬁ‘?at ﬂ’é’ﬁ'étef‘tp"%aﬂ"ﬁm B to rapidly
cycle a workpi e&fifeo s Rnes tERRA Mk hEAbHIR tehPdrhtufe Mé&herdfore result in
lower manufacturing throughput. Similarly, chilling typical involves cooling the
workpiece from a relatively high temperature down to a relatively low, chill

30  equilibrium temperature. Again, slower chilling rates require longer times to
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21 August 2002 wi de tenperature range, e.g., 0C to 350C, w thout having to
lift and transfer the workpi ece between separate baking and chilling
nmechani sns. The systens and methods of the present inventignaapesti2eeful for
processing m croel ectroni c devices such as flat panel displays, thin film
heads for conputer disk drives, and sem conductor devices; nedical products

and processes incl udi .dru reparation, instrunment sterilization, and
bi oengi neer | ng?°r&?£lE@I°BﬁB‘E?eﬂ% t?‘Frép‘f%é ?ﬁ@‘fsei'%‘rg&'f’ﬁ%‘%ﬁ t:'?_b"”@g@‘r‘tati ons;
pi ezoel ectric ﬂ%ydrﬁﬁgpf g’ru HB%ﬁ:ﬁ{%o%frdénﬂ’fa‘a{&&g%ﬁﬂoﬂghpde &hlRlbedeposi tion

processes such as sp ng a plati ng procésses; mcronmachi ne
manuf act ure; i désifable tpincrdasathe rite et whitheald workpieza derhpeeature danlbe. Pr ef er abl vy,

the systenms and nmet hqQds of the present inventjion are used for ocessi ng
ni cr oel ect r oni Eh%%‘? wing bakingand/qr chdhing S%‘i‘ﬁ‘o‘h? H@ﬁf@e‘iﬁca{‘ rt?é%b‘?”@éﬁ?t
invention ipt : f rolel pantd li,as a
conponent t 5(; b@%i}%%@p%rcgﬁ gﬁﬁ{lﬁ{}g}r}f h%*%&fﬁ&f gs%r.c ?cov}’ ?Lﬁﬁ %‘3? g% ﬁgﬁﬁ)}&g '? er 15
manuf act ur ed bye Bk td adcarately cormtml thel rae. at whicheksrkpldea repspetature Thehan@ed\RI S

m crolithography.cluster is a . tool cluster conprising a plurality of
wor kst at i ons fé\‘"‘?ﬁa‘i’?&‘?%‘lﬂ&’rqhﬁb“&nt egrated circuits fornmed on sem conduct or

waf er substrates. The f r f AR ] it B ter are
doscribed 1n the * POLARIG S 1ERF sk SRR rRelharcty e IALARNiL S0l

Speci fi cati on, sflbb&AéRE%aryId hcRaratelyAsonixolMiheiaiipetaturkdifdhe wotkpiedescl osur e of
whi ch is incorporated herejin reference. The present invention allows

b
preci se, fll@xi Hiraughoutihe ibéjé‘i/?}ﬁﬁ Prficessdprakgsuredhalthe practing PRKETRE | i bri um
t enper at ur es, €Nl R oY t U |8 b n the
systom i 5 bt neuLiatipls SO MRARTRE AR, FOF SBHATE £t
semn conduct or ‘aad/6er bakid}siates tag fsthsS P O7efocd0°EH, prefdiable SPCAs0 d5°GIsweronduct or
devi ce"), across-the- workpiece tenperature uniformty can be controlled to

within 0.2C at tebriprserdpthe gantrol Rapreeet warldased i beegilesnpushtoheablefs be
controlled to wf.hi LB, i LoDl e

whil e provi di n\g%ﬂstl%gtt'egvr‘{?ﬁkgﬁ"?ﬁ‘?@@%ﬁ@ﬁfqﬁ(ﬁ”ﬁg’%{e@%#ﬁ fﬁ‘%‘;‘%@??‘?‘i‘?‘%ﬁnd 30
performancas cRanglsiglisd caReiobabecqntiel apptroachesairrently usedfos behtenctoptrtok  upon

t he concept of usi a |l ow thermal , mass, thermally caonductive,pakeplate to
support a wor kﬁf’é“d@,y ’éﬁl‘&ﬁ‘eﬁq‘ﬁs‘?@ﬁl%m@gﬁ’ togg:@pyg,m P‘?‘kjygg‘ﬂ[)ﬁa i ng and

chilling opera l . orting the workpiece on one surface, the
ot her surface %?Q?Eguﬁ%ég?lgﬁ%pcan 5 be brought into and out of thernal

contact with a rel ati vel Withhespaet foythermasufactucdiofl rhicpdeddcerohio deased,y swi t ch
bet ween baki ng and chil]ing operatiaons. sinple nmechanismis all that is
required to ei CHEFNtRTRScE alsp y1vokyss Maipg atrQéﬂfféwaf%Yeebeiﬁeia@hi’\ﬁwwﬁat eto
acconpl i sh johe latb$Rbidal L rel ' S ofRmida0 L S PeridlisQips 3bhe
bakepl at e air(l)d (P% Iapﬁ?@t’eaw g‘?z‘gﬁpﬁlvseﬁht éebérﬂygt o apitéij %FHHIEI i r?gIp This to
appr oach conpl ebightgs,eh orden &t emngéfromaee téroperefuye ansloconze taeqiilibous dhandl i ng

mechanismin order to lift and transfer sem conduct qr device from a
bakeol ate to o neasmaemEhe; Apcrdiaals toayotd Bayeia orRcodB B b h

chilling and bafif : i i FAy tor
device. In pref errgé&gﬁﬁg%}gnlgfﬁ{@{,&?he egﬁ%%ﬁgbteﬁeg\gft‘{sﬁ%ﬁ%?o q@?%ﬁe chill
15 pl ate duri nghaképlates s at différennequilibriumi tengferdtines,e workpeoehasllérsor ai sed or
| onered, as the cage y.be, .to separate them during _baking. The switch
bet ween bak#ng e&momflﬁ(nuﬁgs fromy s hekenlgfado @ﬁm%aa@ézsﬁﬁbs{éghéﬂn%wyre
quickly, e.g., @s qw‘e%kly as a fraction of a second up to a couple of
seconds at most . The akepl ate preferably is in the formof a relatively
thin, sheet 20 shaped heati ng nenber havi ng opposed maj or surfaces and
whose heat output is controllable. The | ow thernal r’r%ss of this kind of
bakepl ate provi des advant age THEINVENTION: | 1ing. During
chilling, when the bakepl | C L A chill
pl ate, the cooling effect@gg{éstgwghgﬁhnﬁﬁ?bmqégggsﬁégﬁ%w o F@S?sﬁ%ﬁ@%ﬁf\?o t he
semi conduct sy dsossible twirapidly cycle a workpiece through a temperature/time profile over a

eI W atluc Na h
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25 conduction through the bakeplate. Thus, the workpiece is chilled right
t hrough the bakepl ate w thout ever having to physically renove the

wor kpi ece fromthe bakeplate and transfer it over to the chijl{ygpl@tod2
During baking, the low thermal mass also allows heating rates as fast as 1
Cs to 50C s, preferably 5C/s to 15C/s, to be achieved. Not only is the
tenperature response this fast, but the 3o thermal profile during baking
can al so be shapdatemperatuanrangesi.g.c@f Giord$8PC olvithowp having teshift aadtranséstper at ur e
steps and tenperature r s for ex tonal, flexibility an recision. In
preferred enmboll*n¥ B’Fcaﬁwﬁ?%ie%ﬁa&i%ﬁar"gﬁ%ﬂgﬁmﬁw 'fhgﬁﬁkms boost "
approach i n or ged mefhot @bt b Breshitlihvention 8RtustALFOMPr IRl imiPodfronicdesi 1 ed
chill or bake equilibriumtenperature. According to one particularl

pref erred nodedeficgsrsach asclat gandidisphaye nthindiimrheadsifoe computerdish dedves| aridng, t he
"chill boost" approagh inval ves stopping furifher chilling and maintaining
t he wor kpi ete amla%cg@tqrgawe%fameﬁw RIS %TPEﬁsées\AN]Hd‘B&gEiﬁti onal ease

and precision §j ﬁ‘qﬂi LlS) o : : ile
keepi ng t he baa}e gytl gt‘)’?{rrll t eerlag%#mzioaﬁ? %%gvmﬁlﬁgﬁﬁ%%%?ﬁe%g?gaﬁ%%fdi ng to
one parti cul ar injeqivaineidiag opardtomt pietedédtds deyvidesphomgeaphiofilnm connect i on

w th baking, the "chill bo,oié‘;' approach i nvol ves stoppin urt her baki ng
and mmai nt ai ni n§rYCRNEe MelFTIsL RePopitign PERSEFSSS SUAR RS FPYteringap P&ture with
exceptional ea e ST RR o S x i o) of the
bakepl ate whi | Fﬁcﬁ%gsigﬁ'giabt'e;gp"ﬁ‘gf ?a{ﬁg{ﬁ%&%{’ﬁ%@%ﬁ'@g’rﬁ’ g%t] RfffFion Htidle . D

pl ate. Duriimg &ikelling or baking, as the case may be, the workpiece

tenperature is dynamcal]y itored so that additional chilling or heating
can be stopped when the %&@%ﬂ%iﬁﬂ%@%%@ thepresepnyeticR&EE  The
chill boost ap Y : I | : 33% as
conpar ed to comuarer pRGssffl el RIMEGRCRICASRS Th s et BALBERBHERERR 100
preci sel y knowprdsentprveation m thélferm ofbake/chillrsysteme atequitiontrly, usefobasmkepl at e

may incorporate a frane nenber, e.g., .an |.ar-shaped frane in the case
of seni conduct SPMRRRAER U5y ERrBeAeiRg niotht P@%@ﬁdgwf Erogbrnbyicliter dur i ng
baki ng and yghi ldanQfhctul ey FTRtePRABRAL QO NBfYesORNGhe POLARISE | Y, the

wor kpi ece fits into the 25 interior space of the frame menber, and this
hel ps t o ensur enigobithegrapbyclusteaisiadnohlstertchmpuisidg eipjirality lo€ sorlstatioon e

rovided in the bakeplate. Mre ipportaptly, however, the fra nber
i gni 11 cant |y CHITARBEHiS ipieeretsd reyith Prokl on SeRIsodces veter S Ried or
chilled. For ifnHta0kGes YREPOIARSE fr?bmolﬁﬁ%a@'fﬁ SitRer Rk GRLABE ih3nd ar ge

enough to underlie both the franme nenber and e wor kpi ece, 30 the frane
Kenbe: ggggshdl“BOhAM_ ARIE® ﬁ?@ﬂ%ﬁ%ﬁcﬁdﬁ@d@dp&pfﬁumr@ddms&imt ':)tr;],h outk 21
ugus eat.i ripatio ,otherwi se occur, a e wor kpi ece
edge. In pdfti ghﬁ@‘%'e{@n@e%&a%‘?@gﬁﬁ ﬂlgggi’ﬁh%‘gﬁ‘%W&Vé‘ﬁﬁahfsend to occur
around the out @fcoRsratBd Rérkiny fePerice@® nMenber rather than at the edge of

the workpi ece, as would be the case if the frame nenber were to be absent.
The frane nember 5 al so Hb¢ presensshmeatiomallayescpredisen Bexiblsfspeaificasioniofe heat

| f t he ed f ot kD .The th | .of the. f nb
b So° T eduoes. + TERRRTAT BB etk BB SrbPrpes, SR el YL e To-
occur W th var itghpéitards FePélas, Svitnah@bydtem bemiivséd RHREREE inkdyasd age,

the frame nenber may be configured to so that the tenperatures of the top
surfaces of25t heirbvitaformeshérea semigondustoxoyafer subgratefalsoseferred tochareivlas ot her 1 n

a predictable nanner over the jull r e of bake/chill operat.ions
Consequent | y, tﬁgmlcgwﬁ’@%étdﬁ?"ge of ac{??égﬁgawi(%ﬁ%rﬁpp@?ﬂ’rﬁgg &Rl as an

| ndirect, conveBh@filed 10withiy 025 Al ehibifin, 'sAd B NhoBIekP|iiferdsPEr AL UT €.
15 The present i1 nvention also relates to a control system Tt I ncor por at es
a nunber of i nan bt cortrdlied tainithit hial°ower tige. [Thecysem iv@iatkablndimple over

t he baking and chilling process, In particular, the control systemuses a
pul se wi dt h modvhilersevidmewybsanial snpravespent in bakehill eapabilities andount of DC
electric engr gé)ehgn;?&cguppl ied to the bakeplate. In preferred enbodi nents,
this 20 involves converting 60 Hz AC power received froma utility into a
DC vol t age 4




that is nodul ated using a 20,000 Hz PWM control signal in which the duty
cycle of each control signal pulse is controllably varied to adjust the
anount of DC power that reaches the heater. In a particul aph wugpgfeozed
enbodi ment, the electrical voltage supplied to the bakeplate (the bakeplate
voltage) is 25 proportional to the duty cycle of the PW control signal,

d the heat output of the bakeplate. i tional th f th
bakepl at o vol tage. Thus, |TFPERE: BEeisar Sredat pif heer &8 38508 Bleha « he

duty cycle of Wtb@%l%&,&ﬁém@ilg@@J\ddcﬁvébalég%e foh@ppit 4 3@eKkEdeOsiRht he
bakepl ate woul d be 150 volts (i.e., 50% of 300 volts). A correspondi ng heat

out put woul d t hensdmeiceuludtor de'ope during batht balnguaod whillitpopsiasions. Whaleheat

out put of the bakepl ate is easil 21 Augyst 2002 . ncr.ease r. decreased
Ter bl'y by ad) uSTPRTEES HEGIES oheng Surthis: Bt AUTee o B kR hues. o
proportionak-i B gEudht ARy dndaut XPtl(eP:hQDcdﬁ?%ft (th a%l%tii?élﬂfﬁhﬁ??;b’mﬁﬂllje' ed to

control the bakepl ate tenperature during baking and/or chilling. Because
t he i nnovat i vecluplateto sagdy swmtdhsbetwednalsdkirgnahdprhdbing eperétiomsc dngimple syst em
practically elimnpates.the "saw tpo t enper at yre profilg;ka sociated with

h" .
the slower, noPEcRANRY} tbﬁri?F‘iS‘P‘%%E?r%ﬁ’éﬁ@'%)’SE Y sepatate the ¥GA¥usl y used
to control hea gl Sui tabl e for
massi ve bakepl gtme@l%J'?ﬁ&l%g@ggmﬁﬁe%égﬁgltda%ggﬁggﬁE‘%}r@b%}(}%‘ eés?ﬁ"lnt§ igbl e for 1o
use in the preadpinsitie/eakeplate and chill plhtettb ecdonipdish dteemost mepid olmilingnThiss so

small. In one aspect, th resent invention relates to a cqnbination baking
2nd chi |1 1D aBRupaRH RoraRipby Shamasss thg Bredi] rey WBPR Bt ieqs BOEN
tenperature prgfechidi iPéids! 0%ifPind tt@sfer A13EmRBKANGrdetRe Hdth Abalepfid One
chilling step. The apparatus conprises a |low thernmal mass) thernally
conductive, 15thakepaiase ehillplateagThis spyypacht dlsugal bwsftattechiliagtapd béking support i ng

t he workpl ace in t?ermal cont ??E#o w,th the R‘gcl%e ate such that heat energy

from the bakepP&€ 't a flire t'_Pa %t the geipop dt®RPface during baking. The
apparatus al so includes ﬁaﬁ}bﬂ'&ea Qﬁbﬁ@iheﬂ?s?&e%kéﬂlbt@gesmb;ofmechﬁppar atus
operatively supports the bakeplate and the chilling nenber in at |east a
first confiigur plateoduring chiling, anden@ or béthlof thege cempenentsgs raisetllve lovedred;ont act

ith the bakepl ate. | th t, th ' t tes t
heat i ng. dovi e o B TR0 harasc et GfaboGe, e Mieh heyepEbE uoes o
heating menber oadehiflig AABgERHSIR! call bR WbslihbIRReAvery GhRES, OF., bHGuibea ks Ng

menber. The frane nenber has an interior space adapted'to receive the
wor kpl ace. 25 lafrastion hba sexopdup to 2 bauphe efSsenondsavmost on rel ates to a system

for controlling the tenperagyre of a ject. The systemincludes at |east
one tenperature sensor cih%f’éﬁppge Qrﬁéré\%lsém}?ergggnﬁ)égi"feii“bvﬁ?ye#"f"eglﬁe je to
generate OuhPUshiRAMRARghEMBerHARNg dppeicdahij¥esupfacdd indiveibas hadtoufueis t he
object. A source of a pulse w dth nodulated (P control signal having a

control | abl y vaehiatllableadThedoy thermabmass ofithis kindcofubakeplate prowides st em  wherei n
the PWM control_,signal .is ust ,2002 detived,f.r.om i,nfqrmation
conprising the aldé %greéfiﬂlf“ég E&é#ﬁﬁ*ﬁgg&"ﬁgg‘ﬂf%%&ﬁh“h?& ‘Wéeng{)%t em conpri ses
a surface for waRgateidsladedantdthd@fial SaHthdd Yvithaat chid plalél ehdesvlingeffemgber has
a controll abl e heat Qutgut that can be established at an output |evel

cor respondi ng tof theehilliplate asg quicklyfimphrtedtpihe semicendusiogdevice via anot her

aspect, the present .inyention relates a et hod. of . i,n wor kpi ece to
2 bool ed 1 dperanatetop fipuenbe bR, TRy turRaises BN lsdriepr eeial °
supported in thgg Hﬁéep&%ﬁﬁ&ut%érhm@inh%?hfk‘?&a‘ﬂ?kerﬁ&%&he Workpidde!onsiaduct i ve
support, wherein the workpiece is at a tenperature above Tc. The | ow

thermal mass sihapeplateiagd prasfesdt over ¢o theshithplateo Ruaing baking, the dw thermgl menber
lo maintained at_a tenperature bel ow Jc s t hat . Lhe wor kpi i S

subj ected To-cqbFP Ao AEVAbEmESHaT Bt ook SR Peprelthy £ e
tenperature of SR chiel i i gmﬁ@ i ighde 1 S St opped
when t he supporltShie/ss’ at ac%lglvng%pfg?tuétgi Eﬁggﬁﬁr# Ia Igégggﬁee@ég%%%eo Tc. In
anot her aspsct ,thermal profiedirinigrhaking can atsel betshapedowith aryadesiradhmmmbbr of

5



1s lam nated, |low thermal mass, thermally conductive heating nmenber for
heating a workpi ece. The heating nenber includes first and second opposed
maj or surfaces corresponding to a workpiece supporting surbaaggaidoe2

wor kpi ece chilling surface, respectively, wherein a workpiece positioned on
t he supporting surface can be chilled when the chilling surface is placed
into thermal contact 20 with a heat sink. In another aspect, the present
invention rel atepspetdurdiitepd BAd thiperdtere reaps fob kkdepbondl Bekibilipgamt ure of a
wor kpi ece. The apparatus includes a sheetshaped heating nmenber conprising
first and secopwcsmposed maj or surfaces corresponding to a workpi ece

supporting surface and wor kpi ece, chilljng 25 sur.fac respectively. The
appar atus al so incl udes %ﬁéﬁ?‘?ﬁ@bﬂ‘gmﬁh g?ﬁéess'ﬁd%aﬁeg "ffﬁ@r‘&?ﬁ}@ y
supports the hegiijl Beodea}bachnfl ofdee t¢fipldly 11l BPAER Ehe Workplebé ffthe
configuration in which the heating nmenber” and the chilling nenber are

subj ected t® adesined chithetibale equiliotium térepanasniep Aecnrdingitd bigparticularice i nt o
thermal contact with the chillin nber. The a rat u l.so operatively
supports the- aBreferie gt sesiclalE o eeson fRg LR e e cBE g
configuration kghimab6dr hpfRoachddvdasdppR0RrtRbachillifg W@ﬁﬁ&%ﬂiﬁ?%et he

wor kpi ece chilling surface and the chi'lli'ng nenber are thermal Ty decoupl ed.
| n anot her asp&aworkpitdeat prdesmdiequilibeinm temperaiuat with tewceptionalleest amd baki ng and

chilling a workpiece. .The workpi ece is at ed jle the rkpi ece is
supported uponP cgwmgﬁﬁ «ftﬁlﬁﬁ"&d‘ﬁ% f8° at toég%?lﬁegfaﬁgwwer %4;395‘153}1% econd
opposed MRYQr BhkdpRAE M thdintal bbaitadt iR BE cRUIMPIAE AR {oSoreiRrtiAlyi ece. The
second mayor surface of the bakeplate is placed into thermal contact with a

chi | 1'i ng menbeprefetted moddef pragising the jroenten inaoanestion mathdaking) shes“chil i n

thermal contact{ wth the,chilling nmenber, the. heat output of the heating

menber s 1 o BT BB NNV e e d SRS Mon ¢ he 11 1ot

maj or surface '\xﬁ)rl&hééelaQQ-de&indaéaQilMihnﬁ‘é&%E{?tqrébﬁthfé&é‘eiﬁi%al'e@ye%id' on relates
p

to a nmethod of baking a workpiece. The workpiece is heated while the
wor kpi ece is sopssiaresimplydry radudingthe phwseoutputafithechakdplateswhilethe nenber

am nat ed 5 1 Kot sl SrtRE bR ER L D BndinktSkind. 6,

control | abl e hewi ke A Be, the waAglieRterApiBGTe isdiRanPiEdBARbnitdMERS than T el at es
to a nethod of chilli g a wor kpi ece. A workpiece is su upon a

| o . upport ed
sheet - shaped hadditineal ehillieg orcheating ks stoppse whed tlseed,qgmfeqml@hmm maj or

o S ace bt B LB R R
chi I'ling menbeimeMyl dstnidhas 389DE bR 15 WWohAhtionl abf@adlibh it #ee 1S I N

thermal contact with the chilling nmepber, the heat output of the heating
nenber is @8nt Morkrigessalehendsap at peragiselyinawa terapgsatiteed upon the first ngjor
surface is chilled. 25 | h ) [ i ' el ates to
a nmet hod of mai ntaini ng %l%ﬁ%ﬁ%régf%ﬁg%dﬁméﬁgﬁtﬁ? E@%ﬁ%ﬁ@%’g@%@%?&éA

wor kpl ace is sy medbedeg., an ahadir-shapeifiatie if the gasenflsehicondaetdrsi ng first
and second opposed maj or ;surfaces. The first, major surface supports the
wor kpl ace. The dswice REpcresing: that purgauads therwrrkpigredurngdaking sind cbidhingafe t her mal

contact i th a gig,ChLLLLAGoHRER Rk Wohdefs 'HRuF ROV o] dge of the

bakeplate is in
25  interior space of the frame member, and this helps to ensure proper registration

with the underlying heating zone provided in the bakeplate. More importantly,
however, the frame member significantly enhances the uniformity by which the
workpiece is baked or chilled. For instance, when the heating zone of the
bakeplate is large enough to underlie both the frame member and the workpiece,

30  the frame member helps distribute heat from the bakeplate and helps smooth out

6



21 August 2002 contact with the chilling nenber, the heat output of the
heating nmenber is controlled such that the workpiece is nmaintained at said
equi li briumtenperature. In another aspect, the present inwg ']t%%% @Pat es
to a tool cluster for 5 manufacturing mcroelectric devices. e to
cluster includes a |low thermal mass, thermally conductive) heating nenber
having a surf ag&ting IDGERGnE Gat ﬁﬁ'@ﬁ%ﬁﬁe‘rﬂﬁeb@&r%ﬂ%ﬂb&ﬁﬁwb@e&é&e'Iﬁrm cont act
with the heating nenber such that heat energy fromthe heating nenber can
be transf err edpartcila anmondpingommitiss m@latmglwmhlltemda@socem arpundtheenteer i s

| | uded. Th t t t he heat b d
the chi L1 i ng. rESTIEED) gl s b Seribet ratfertussrat AR oD he WowRREh e chi | | ng
nenber is in t%ﬁravdetﬁeeésawmwme%@nmwr@% beEadeh:: TRBIAEM ek PTI ON OF

THE DRAW NGS 15 The above nentioned and ot her advantages of the present
i nventi on, #fndalstbelparedece the oatureennesnef doheentivehedt ldsseofrem e edgapptreent and

the invention itself | be better understood by reference to the

fol | owi ng descPpt a'%fﬁ% thegmahmestion i arps merbef HoR FickieR theeanitam

conj unction wi 9(9%@ a
schematic repr Ie‘%é‘h? %{f?ﬁtﬁﬂ%?@v‘éﬁ{%tﬂlémi tglg%tﬁaarlgg?t\ghg%’ a%ﬂle)ﬁ%)?-‘e‘gérk?lélc%ventl on

shown in side diamstdérn a "ready" configuration; Fig, Ibis a schematic

representation of a bake/chl{l a‘}fg{)arat us of the present [ entl on ghovvn in
side viewin a "baking" b Pdypantagegthe frame raemberpgyhg Gopfigure
represent atj O”s&{ha?thQ@é?ﬁé&Me's oft é‘EM?ac% o?t'ie'f&ﬁnel%é‘rﬁﬁ’é}tanh Ryention shown
in side viewin a "chil con ation; dis atop view of a
bakepl at e of th@rlmle}s@ntrespwém ean:h atlhdruusarpe&duatgalamannéreweeﬁleimli sngenent of

waf er - supportin r erances 2a 1§ a Cross s nal VI W of a
bakepl at e enbo&?h%"r?cthgpmq‘i@mﬂf eQQH%qP?R}BnaTedtW“E?{BW‘?ﬁ&g Tl ami nat e
construction; L, pe mdni %m?ﬁﬁ% n%@mbx%t ﬂlghf?/pac&h%t@ Wi n%%?r ply
incorporated into the bakeplate o I's a ross sect i onal

vi ew of an al t ewrigiiécederapdrairerent of a bakepl ate of the present invention
show ng another | am nate_construction; cross sectional view

of an altertfative embodi MEHRTEHNt IV %&@%(S?Stf’ﬁé"ﬁﬁ’%]s%!ﬁ?m th&¥¥ent i on
Showi ng_2not hefndoRRhal #nA6S U Ebfres Fa P RAPFEIRE S Briof O One

enbodi ment of ar tensi oni ng apparatus suitable Tor ra
t ensi oni ng bak epérahebakaigs sndxthalting prdacess. dngesitulamthatendrol system usesa

pulse width modulated (PWM) control signal to modulate the amount of DC

electric energy to be supplied to the bakeplate. In preferred embodiments, this
20  1nvolves converting 60 Hz AC power received from a utility into a DC voltage
that 1s modulated using a 20,000 Hz PWM control signal in which the duty cycle
of each control signal pulse is controllably varied to adjust the amount of DC
power that reaches the heater. In a particularly preferred embodiment, the
electrical voltage supplied to the bakeplate (the bakeplate voltage) is
25  proportional to the duty cycle of the PWM control signal, and the heat output of
the bakeplate is proportional to the square of the bakeplate voltage.
Thus, if the DC power is supplied at 300 volts and the duty cycle
of the PWM control signal is at 50%, the voltage across the bakeplate would be
150 volts (i.e., 50% of 300 volts). A corresponding heat output would then be
30 developed. Advantageously, therefore, the heat output of the bakeplate is easily
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lo Fig. Sb is a side view, in cross-section, of the radial tensioning
apparatus of Fig. Sa; Fig. Sc is a top view of a substrate of the present
i nvention having peripheral cuts to facilitate placenent onjthigusiiadoal
tensi oni ng apparatus of Fig. Sa; 15 Fig. 6 is a tenperature profile of a
sem conductor device that is being chilled with a chill plate that is

mai ntai ned at the sanme tenperature as the desired final chill dwell

o bl g chi 1 1 et S Sech BRI, B Rting el R A T P Shatsiay or e
bel ow the 2o fispahl dl%%hﬁiqdescéﬁﬂrdér&%ﬁal-irhéérﬂlnaérﬁﬁﬂ?@%’w}éb'nu%il fire 8 is a

tenperatue profile of a sem conductor device being heated to an equilibrium

t enper at ure wi tphefertably aphli¢d tolpoontsol: thé-bakeplitd temperaturp duningleakmpdrid/ar of a
sem conduct or dgi\g’.ce bei ng heated to an equilibriumtenperature with a
chill boost; M 10 is a schematic diagramof a preferred control

system of the present ingeRfusOhefitova®id Edtlol §StehR sb 8t artbipridkike, e 8
heater; Fig. 1 1 is a top view of a preferred enbodi nent of a bake/chill

station of the conteclestempranticaltyrelintingtes th2 “sav toolidttemperatuee\profildse bake/ chi | |
station of Fig. 1 |; 13 is a perspective view of the bake/chill

station of Fig .aéwa’teflgvgiﬂf'&%smgrporz BN gontiol approachiss AL PEXGPEP ¢ he
ool o L) 51 ol B ol TS Sl gl |
11; suitable for massive bakeplates with large time constants, but are not suitable for

10 use in the present invention in which the bakeplate time constant is so small.

In one aspect, the present invention relates to a combination
baking and chilling apparatus suitable for cycling a workpiece through a
temperature profile comprising at least one baking step and at least one chilling
step. The apparatus comprises a low thermal mass, thermally conductive,

15  bakeplate having a supporting surface adapted for supporting the workpiece in
thermal contact with the bakeplate such that heat energy from the bakeplate can
be transferred to the workpiece during baking. The apparatus also includes a
high thermal mass chilling member. The apparatus operatively supports the
bakeplate and the chilling member in at least a first configuration in which the

20  chilling member is in thermal contact with the bakeplate.

In another aspect, the present invention relates to a heating device
for heating a microelectronic device. The device includes a heating member and
a frame member provided on a surface of the heating member. The frame
member has an interior space adapt:ed to receive the workpiece.

25 In another aspect, the present invention relates to a system for
controlling the temperature of an object. The system includes at least one
temperature sensor coupled to the system in a position effective to generate
output temperature signals indicative of the temperature of the object. A source

of a pulse width modulated (PWM) contro! signal having a controllably variable

30  duty cycle is also included in the system, wherein the PWM control signal is

8



Fig. 16 is a cross-sectional side view of the bake/chill station of 5 Fig.
11 taken along line 16-16 of Fig. 11; Fig. 17 is a close-up side view, in
cross-section, of a portion of the apparatus of Fig. 11 shgyviArﬁ?uth@ogres of
t he bakepl ate subassenbly in nore detail; Fig. 18 is a perspective view of
t he bakepl ate subassenbly to incorporated into the apparatus of Fig. 1 I;
Fig. 19 is an | I kep y of
Fig. 18; Fig. c%’%(gg‘gglslln e 5?‘%’%,\,&% prﬁ@%gfﬁ%'{‘%?%@%o e |g.§ }%%Rxﬁ@%ﬁ;g |Lrn a

| oadi ng/ unl oadifilie 9erhi Gimigiseon sinfide FEOMPpEItIATEITY Sbjéct doNREihéatinfeTher show
15 this confiquration, Fig. 21 is a side view of the apparatus of Fig. 11
shown in a chiheptingmembes basecaantallahile heas ontputthaheantbs qsg daten better show
this configuration;..a Fig. 22 is,a.side.vi e aratus of Fig. 11
shown in a 20 %Jé?(‘fqul%veg‘go ‘?sgﬁiﬂdi?ﬁ %ﬁhﬁnd't"i’f cgcgﬁgﬁﬁ%e?r%h’?go’\%g’%%ﬁ to better
show this configurati onin BithéddsheRRECR B AVefod HiutERESFNFhod RREFERRED
EMBODI MENTS 2s The enbodi nents of the present invention described below are
not intended teobag axaskpiesate amooled temperaturendc). nfenerdingitorthe migthods thei se

forns disclosed in the follow.ng detailed descriptjon.  Rather t

enbodi ment s ar‘goré(ﬁbeg%'rfSgﬁﬁo'ﬁeysle%Waﬁgo&%%gft?‘&lﬂ@rtée@?} maﬁsdﬁ]eﬁm%]ﬁ'e art may
appr eci at e andedaddevelsapsbri, BeheRdin el WbrkpieSos a@é@&ﬁdp&ﬁﬁre%o{'émq. Priesent

i nvention. 13 21 August 2002 Figs. 1 a, 1 b, and Ic schematically
represent t hr elewdthermalmass suppert ig plegasiintothenynal eontact yithf seghillig erepdwt nent  of

a conbi nat i on baking and.chillin at us her.el. natter. a referred
to as " bak«L,OI chﬁ“F‘l“_‘aé‘%Saﬁ’ gtt%pemwsegtg%@?jgF\éc'lletgét%é/gﬂ%e.cg lilxiﬂlhfﬁ*eég% such as
semsconduct or gRVihg dialhtat ddNdaskEh Brough 8ABRNFE0H. ETHY tembédtus@BMhe Si Ng at

| east one baking step and at |east one chilling ste Bake/ chi || appar at us

10 i ncl udes howpper isimonitaredhduring caphingo Ghilleg imstﬂveﬁg whemthe suppertiswbr 18.
Bot t om housi ng r. .16 .and. 1t cover 18 be separated from each ot her
as shown in Fi %E%%%gat‘gr%s%?s&ﬁ'ﬁﬁyf%%%ﬁ?ﬁ% m%lgoég"hom in Figs. 1 b (baking
configuration) and 1 ¢ (lﬁhhbmemﬁsa,%egwsah!i@mtibmaatdﬂo dshedihagydeat edl y
open and cl ose housing 14. Wen housing 14 is open, sem conductor device 12

may be i ns&F t elaminates, Fovhengalmassnhepnalycondvntive beatinganember Sriseting pi ns 19
In preparation, tv%kat??ciél e %Qgin(\g%ér“)&"%cludes first and second opposed major

surfaces corresponding to a workpiece supporting surface and a workpiece

chilling surface, respectively, wherein a workpiece positioned on the supporting
surface can be chilled when the chilling surface is placed into thermal contact
20 with a heat sink.

In another aspect, the present invention relates to an apparatus for
controlling the temperature of a workpiece. The apparatus includes a sheet-
shaped heating member comprising first and second opposed major surfaces
corresponding to a workpiece supporting surface and a workpiece chilling

25  surface, respectively. The apparatus also includes a chilling member. The
apparatus operatively supports the heating member and the chilling member in a
first configuration in which the heating member and the chilling member are
subjected to a bias tending to pull the workpiece chilling surface into thermal
contact with the chilling member. The apparatus also operatively supports the

30  heating member and the chilling member in a second configuration in which the

9



After the wafer 12 is inserted into housing 14, housing 14 can be cl osed as
shown in Figs. 1 b and 1 ¢c in order to provide a closed, environnentally 1s
seal ed processing chanber having a volume that is sufficienflagas@ioo2t o
substantially avoid thermal convection currents that m ght otherw se arise
during baking and chilling. Environnental sealing also protects the
processi ng chanber and its contents from contam nants and all ows the
processi ng chay e L AvE j ot . if. it is
desired to carE’tég[)suottvgﬁzrgglgé@émeg&&ggﬁeﬁggﬂlﬁg'gé{’ %?&’a r?otg?o e'g@;'éér%bee\'/'fceuat ed
(if it is desi{nefmdly dedbupleddut processing in a vacuumor a partial vacuum,
as desired. Housing 14 contains a relatively |low thermal mass, thernmally
conductive heating nenbdh anptheraspedssthe presentinyentiorredgestot methed ef i vel y hi gh

t hermal mass hgat. sink.,.n the for.m of.,Cc0o0ljng ne r,26. used. her ei n,
“Tow 25 ¢ her mopaipE e Shifind SSeafhifiel TSR Seds Haey Shite MRRIRREE 26 15,
at nost, abgut istshppdRdRipBh qféhedﬂ-fshzfﬁégmbﬁt%%bér%n'?nhﬁhgﬂirst%ﬂ%‘dohﬂ of the
wor kpi ece being processed. Preferably, the ratio of the thermal capacity of
bakepl at e 20 t opndsed marok girdases.i The first major surdacefsnppartsiibeiworkpisge. The about

5:1, f bly 1:10 t t 2 1. d her.ei "high t nal "
meansp'[ ﬁa’? r ? hexetcﬂa‘%ﬂjﬁiocr)ég %cg:iqfsh%l@kg}‘;‘la%?}gﬂaﬁ%fﬁg%@n%go?tgc :V{"g]a%ag? SZbout
an order of naammgd@exﬁf(@.mnemadecsm?jei suirﬁace oPtheVdRapidte £08Zheébaher

bakepl ate 20 or the workpiece. Preferably, the ratio of the thernal
capaci ty of coetriteny witthechill@gineembens the heasioutput ofthk bpatinganaobernsl/ or t he

wor kpi ece is at least 10: d re preferahbly i 1 to 1D0: 1, nore
preferably ‘éo: 'io'ftfﬁ)?lgé?“lc?' ﬁ%aftﬂ{é]? i\ péea?géﬁ?ﬂoflteg?'g?’é%]fgg PHEr fls of energy
required to raggfled he tenperature of a body by 1 C For exanple, thernal
capacity, Q for solid bodies such as wafer 12, bakeplate 20, and cooling
menber 26 may be repr esdntaagtheyasppet, the prasent inyesting pelathetod methpd of t he mass
of the body in and 1S e aver.age heat . capagit o (J/kg-C). qf the
body over 1 he BRSPS Eiertnik, TS BVELRHGs KRR BPER G or Bebelssipachefy o1

surface 22 f or uperppsheei-stapsd Nrfipaed Ceafing Méimber dompsribidy 4 Sibstahigdly ener gy
from bakepl ate 20 can be transferred to sem conductor device 12 during

baki ng. BaRk&pl plasarxgbgirateplymod adestesply daminated by the subsiiate ply Fhe hepteran be
placed into th Ont i.th | er 26. "Thernmal contact”
means t hat bakgﬁﬁgb‘@?@% ag?\éc?s%%ongﬁohfgdﬁ%g%}é%%%ggér?e in sufficiently close
proximty such that coolinngofief &pest, he peasent intentiti betited o £MmBthee of Nparted to
sem conductor device 12 through bakeplate 20. The nmpst rapid cooling occurs
when second nafbitlinga warkpiepa 4 workpiepeizsuppprigduran & theat-shepedheating ool i ng
menber 26 as s ' ok L I st ll
ocour even wheh e ibet Boribking fce g JURY Ghocall nEEH iifuckS MdBeERBEE 15
in preferred eshdibenapicts thewotkpiechalhpbsrbrd 7jorvarfaceafitnobakeplatris 26.

Bakepl ate 20 includes heating zone 25 that preferably is in the formof a
resistive heat Plgedingnibgrmgl cantagtowith 8 phillingymembainyVhile thesecerdimajon whi ch z5
t he amount of rieGal I |

el ectrical conﬁéé%?cs ogg?ei bsaﬁg}gn@e{sr ﬁ\é{ﬁgx{:ﬂrﬁ goég%é\pﬁ]etgggﬁfyp’%grﬁgﬂgﬁﬁeggatt her mal
ener gy. Becauseutpakefthaheating nesber 63 introléd such\thdt ey wadkpives suppotled S
thermal |y conductive, heat energy, released in bakeplate 20 is quickly
transferred toveentedisgunsiersuiecs sehiled. 15 21 August 2002 1n terns of
surface area, heating zo i r : i ctor

dovi o 12 25 ensar e that IpEater SsBEE WRFRRCK, inéCh rhBRR\CE AR 0T |

al so ext ends beysmdin@ggewdkpizke wednesquilbriamn teripkratiré. Aorikpiecedone 25 were to
be small er than sem conductor device 12, nonuniform heating of wafer 5 12
coul d |ikely r&upported yperea shest-shapsd peating raembsaicamptising firs gpd seeond 10

including a fr a |_ar er heat i ng .zone- 25
desi r abl 3 is | %Fg%ﬁgﬁggrhﬁﬁg&ﬁbtﬁh g?’l%; "ﬁa{’lﬁgﬁﬂ?%e s\k’/ﬁg%ﬁ;s %E WO S s&'eat | east
the substanti alseedinigbrysubfac@bfithé Bﬁkejﬂﬁ@ﬁ?lé_l:@d int6\tHeRhal dbmtact Rithkemel y

uni form heating of sem conductor device 12 is achieved. For exanple, as
shown in Fi¥s. chilling member. While the second major surface of the bakeplate is in thermal

10



10 1 a, 1 b, and 1 c, the surface area of heating zone 25 is substantially
the sane size as the conbi ned surface area of both wafer 12 and annul ar
nmenber 40. Cooling menber 26 has relatively high thermal nppaygsstooopared
to sem conductor device 12 and bakepl ate 20. Cool i ng menber 26 thus serves
as a thermally massi ve heat sink and can be naintained at any desired

| 15 4 ff.ecti i hi | L L0, . J15C 23C
berng Cypi cal - v B e fs ik ket fhorihe et Sufell of b8 eatfigHhemtE St er 12,
are rapidly chidnt@tedb\RR thRHROWBEGieLE id Maidtadthtisai@qbiiBAig@l contact with

cool i ng nmenber 26. Cooling nmenber 26 includes cooling channels 28 which
pass through ttemperatusei or of cooling nenber 26. This allows cooling nenber

26 to be nmintained at the 20 desired cooling t erature b ircy ating
chi |1 ed ool 1 ng media, dBgnOBRLGRetce pHa=p DR FHAHOGOP AP B e <
28. The chidlingniRdian crbélE&tHE’ﬁeﬁ@esamHeQQ(Sllrc'hﬁké?ri‘r%@l%@tdléﬁttfk’iﬂ@lr to

protect cooling nenber 26 against corrosion. In preferred enbodi nents,

cool i ng nenbermas, therrhaiyneohdfictore heatiog mesten hawsg s isenfidce atifysedifdr| y
conductive netal,. such as al um nu st.ai n| ess. teel , copper,

Gonbi nat | ons. ofuPPABGE e Nofkplete ik erial SoBBH| Wi A SeHnBEMER AR 4 om
copper, the CORBPEndhPfiBARL Kedtfip!midior 2af B2l errat 16 Bofbbiect L protects
t he copper fromcorraosion and al So prevents copper 1ons from contam nating
wafer 12. |f chighithegmakembssrchiling membereisfalsormelbded. Thepppdnetusabpenativeln can be
passivated with a coating, such as oat.|.ng conpri.si al ym num oxi de 16
b1 August H002S PRI BRARina EROF A Be Pl NEGRYRPeR BB R ite | ke, ¢ hat
protects the aldiHoMoAGR WA tHOERilHRemblr i hEfnal bt iiAdE ment  of
cooling nenber 2671s nerely pref erreg, and ot her kinds of cooling

struct ures andheimgowmbean be used instead. 5 For exanple, instead of using
a liquid cooling nediumsuch as water, chilled gases could be used as the
cooling nmedium The use of a cooling nmedium however, is by no neans a
necessity For exanple, CBRIEFDRSCRIPTIONOF PREDRAMINGSdevice. This kind
of device does not rely Upon a coolrng nedrumto provide cooling, but
rather is d¢dol ed upon aphid abmve srentiéned andtather allvantages pf the prBettepl at e 20 and

Cecond maj or - stiPee: 93 e ARt A niEs e, b Betare s Trae sy

menmber 26 can RRemRRAIRISHIIVe URHOUHTerst ferdndb o thBESIBRingONt act in
order to controllably carry out baking and/or chilling, In order to
acconpl i sh t hedesceptioragh the embpdignents of ¢ inventionttakende epmjend@p With thakepl at e
20 and cooling_nenber .26 may be separated by a suff cient distance so that
second nmj or sﬁ?@%@“’?ﬁgé’?ﬂ%{‘%@ﬁ%’%ce 30 are not in thermal contact (see

Fig. Ib). When bakepl at eFig01 3G seRéhatitOrepREGRAt oA ARk S/ENIA appLatuk Bf t hi S
way, virtually little or substantially no cooling effect of cooling nenber

26 i s inpart edthedresgriisventionzbown i side vismoine ‘seadye gprfiguration) n or der to

achi eve the 20 nost rapig cooling,of sem conductor. deyi 12 ecopd maj or
surface 24 of bakeplate g‘& glggat%sergﬁt?%rgggesggﬁbgn cg‘ggqa)’cgéﬁi%%%r?tuggﬂan be
pl aced into phys gradentibiition showh iff 8B Vit a (taRigcgnfighr@tlonythi | € no
el ectrical energy is being supplied to heating zone 25. Internediate rates
of cooling and/or baki ngFigahc is& ssbermati tepresentasioncafjahake/abyliapparsivaef ng

bet ween coqli ng. nenber. 26 .and.25 bakepl at e. 20, /Qr by varying the heat
out put of ggke&eﬁrgseﬁg{nviswm oﬁl}gwin,\gfl?ﬁgge& ng c?ggﬁ?%bqoé#'g%rﬁ{ié?’at ure profile
for bakeplate 20 can be Bghil@¥aftoBWidWrbNd Bﬂwﬁ% &1iRE PRbert RfVeAtidn bet ween
bakepl ate 20 and cool i ng nenber 26 while both heating and chilling

senm conduct or dbustratengl @ prefermdrasraggenens of waférsupparting pretuberandesed,
si mul t aneous heating and,cogling is rticul arly ,advant ageous for.30
mai nt ai ni ng bakepl at e 20?‘%2&‘5@?{%’ s&gf"é’fafl'f‘,” ofia bgﬂﬁggtfregﬁ°§‘m?f‘??%$f’um m

present invention showing a preferred laminate construction;,

~
f

11



21 August 2002 tenperature (which can be either a baking or chilling

edui libriumtenperature, as desired) mwhich the bakeplate equilibrium
tenperature is controlled to within +/- 0.D1 C. Reciprocal 7§ e @uk802
novenent between bakepl ate 20 and cooling 5 nenber 26 may be achi eved by
usi ng any conveni ent transport mechani smknown in the art. According to one
representative technique as shown in Figs. 1 a, 1 b, and 1 c, bakeplate 20
i s supported upon bakepl j j : in
order to acconplish corf@gggﬁg?&%‘?ﬁﬁgggEE%ﬁﬂnﬁgﬁgﬁgﬁ?ag?&%g%g%FgteeZO, In
a preferred enmbPBigneat, bakepl ate posts 32 are hollow for to housing
electrical wiring 36 that transport electrical energy,to and from heating
zone 25. Advant ageousl| y, Fig| bt sress seqiionphygewof an gliergati vegraRodipent

bakepl at e post 1.S i ' flor. aes [.¢ . pur poses, but
also is well p?’%‘?eécl:i{géééftﬁgweﬁéerﬁ\}é\}eﬂggxg?ﬁ%\gﬁ%%}o% l%g'snt%s ‘Ié’g.%{"‘?‘ﬁgw se,

cool ing nenper 26 is suppigr4 &t dipQseivabl viewsFahalterativesentdsbdihait ofan al so
be raised or lowered in 15 order to achi eve correspondi ng i ndependent

nmovenment of cobrkepdpterehtbe present ipyestien gowing amtherdamipatecopetructioliat ed at t he
sanme time to achieve conger Lon. af . .J.ng menber
26, if desired. Wen supf)1 'r%aglga[pp%{ch)sﬁggwgvfél%?éfgrlnqajrﬁ?&@n&?ggggq%mof bakepl at e
20, sem conduc tensiofiigl apparhflisisitablefor ealidlly tensioningbskdplate subiteassoMmmaber ,
shown in 20 a preferred configuration for sem conductor processing as

annul ar menber pegentipyeaHoR;s preferably fixedly secured in any convenient
manner 1o Tyl st MRy OF - SURA8E a0 Rl viBR ARGk Seafbn, MY kol TR0 Nas an
i nner periphery 42 defini ﬁg an I'nterror space a(fap ed {0 recelve

sem conduct or @ppirgs dPFigNs4 nmanner such that resultant gap 63 between

waf er edge 13 and annul ar, nenber 2s 40 is as snmall as manufacturing and

pl acement tol erances pr aFig eaisiatopviesief asubgtrate obihgpeesent ipyantipp heviag | y, i s
one gap size f | & i 1 t.fJ i waf er s
al | ow waf er di %ﬁ@&e&ﬁtcgﬁ\;g%ﬁl&%&? (l)ac%’n%?t%%%%ag@l @ggﬁmg a%?%a?@%fgr Je enough
to account for Saje thermal expansion of a wafer (typically about 0.3 mm

t hat occurs during baking, Pteferabl¥, outereggri phery 44 of 39 annul ar
menber 40 i1 covered wit Fi& fdgs lempgratyrg grofle ehimsemigo deyjcs tgtiee 18 21
August 2002 hedleirds Q531G D1 Blat IR it BhE EAMBEthd bR RS 3s tre Tl |
area of ftrst nm & Surface . Preterably such 1nsu atIOT?IS made from a

t enper at ur e r eslesitedifinalvetiit dwall tempdratase; pol yi m de, pol yam de, or a ceramc

t hat does not degrade durj n?,baki ng operatij on? Pre,fercﬁ'bly, annyl ar nmenber
40 is formed froma conpB { ibhtempstature RETHR PT 8 perpigandpctay devise Bt 8r i sti cs
are as cl osel y yplsAkaAmnuPLsil Blae i SARIRaRkd LE1ABRILADLULLAR, devi ce 12
bei ng processed. I'n the practice of the present |Invention, thernal

di f f usi vi t y20 a,fimaf desited dyilliequiibriem tempéramrexpr essi on a = k/CPp to wherein k
is the thermnal conductivhg of the bo&cl}.}[/)éU is the sBecif' c.heat capacity
of'the body, and p is defi £y BIemATERLIGRROT e P g femicandugtps deyicertginga

enbodi ment s, Nffedd i efaifilifurh DARRldilngs] A bhiMl iabet e vl er 12 To  ha
of annul ar menber 40 is In the rarige fromO0.8:1 to 1:0.8, nore preferably
about 1:1. An extrenely Fig9as atenyierdsat profite dflecsemieondattodddvicesienigt y of

annul ar nmenber 40 and wafey, 12 i s can be .gchieyed when annul ar nmenmber 40
and wafer 12 arhs® art?ié’ﬂie‘l"l‘ t?ﬁ‘l’ﬂ?%“’l?ivﬁg’ %?h‘ﬁg‘f’gﬁ al as wafer 12. For

i nstance, i{; wafer 12 we 19 1 at

| east 90, rr%)sre pr ef er abl ﬁétlgIléejgg‘{hgggﬁgg%?%g]nﬁéab{’/t%%'iteg%tgm{) sgité‘rh%?mé

seni conduct i ve presepbimiventon feucintrallingithe veah putpet ofenheater; gal | i umar seni de, or

gl ass, or the |ike, then_annul.ar nenber 40 y al s&&oe f or.med fro{p 20 at
eﬁg c

[east 80, preferably at Fi&dd 19PN ofip aredirzgs smbgdimentof a ent by
wei ght of silicgy: EI&EB]S}E . jum ar seni de, or glass, respectively.
However, sem coér?\%'ﬁ)gtg?ve rra%bghng stldgﬂch as these tend to be brittle.

Accordi ngly, where great &lig.ri@hsisbotess view efithebake/dhyll statiordefFigeri, annul ar
menber 40 may be forned froma netal alloy or inter~rr,}etal,lic conposition
25 conprisi My al umi num e léds arersegstreview ofithe bake/cylbgationgf Eagyi ldp an

al um num al l oy and/or a nmagnesium all oy are preferred. One al um num al | oy
found to be suitable for form ng annul ar ¥enber 40 is the type according to
i ndustry specification 7075-T6. This alum numalloy is avail able from many
commerci al sources. 19




21 August 2002 Once an appropriate material, or conmbination of materials)
is selected, the thickness of annul ar nenber 40 preferably is selected so
that the thermal capacities of annular menber 40 and waf er,i3baMeobhe
desired relationship to each other. In preferred enbodi nents, the thernma
capacities of s annular nmenber 40 and wafer 12 are substantially identical

to each other in order t.imze the itformheatij.n aracteristics of
bakepl ate 20. In enbodi ?Fg%ﬁg ‘8?Sk“ﬁé‘ﬁ%@'ﬁ?%@‘ﬁ%ﬁﬁﬁh@%@%ﬁi @énduct or device
12 is based upon a sili qgn wak §%idBREvABIHE BakeTBHTI 8fatidP of BigMPlhoWraM an
alum num al l oy, this objective is achieved when the wafer "has a thickness

of about 0.76 aerosmstction takeruklang heerb®il 5 40Figadla t hi ckness of about 0.66 nm
Even when using bakepl a i n combi nati.on, wi.th nyl ar nber 4Q, the
tenperature of sem cond[ﬁ%é% 38 PTass-sacsiong) side; Yipw °ﬁg’t°%&ge/ﬁg‘ﬁlﬂﬁ“f’&° n as
desired acrpssgbhe akEd A6Rg Rhe Y‘@flﬁrc)fi:’r?%b‘i'l‘;” ng baking andl or chilling.
Specifically, daring a tenperature ra period, portions of wafer 12

proxi mal to is edge 13 thgd7tisa'tlosedd sidetvéew,on cres-sectins, affa poatiarofl2. That

is, during bakjing ranps, .edges (13 tend to be somewhat hotter than interior
portions of wafé Pﬁ%méﬂﬁﬁ'@uﬁ PRPVERE Faatyies ?féhﬁg%laﬁs‘@ﬁﬁﬂ";’b'ﬂpmﬁm edges 13
tend to be so gt cooler. To conpensate for such tenperature edge

effects, bakeplaté 20 advant ageously may incorporate two i ndependent

heati ng zones i ncl udi ng Bg. 1Bas hpaspeaive viest of the bakedpleé¢ subgssembly porti on
underlying at |east the interior porfion of wafer 12 and a second outer,
annul ar sh&ped"RERPTARS ipt1oe geparatholkigel boyi ng at 1east portions of annul ar

menber 40. The boundary ﬁg;mggﬂggﬁg%%)pmwmg@r&? e(ba‘{[ge&%gpl aced under

annul ar nmenber 40, under fer or ‘under gap 63, as sired. 2s Such
first and secosubatsenblynaf Eigrks8; porti ons preferably woul d be i ndependently

contrpllable so that theF.te erature profile acros Ih(ﬁ i amet er of

sem conduct or device 12 & i o P thﬁr‘?’PﬂfF‘HFB Fignlib 4y adjusting
the heat out pUIoa@aBé%ardadﬁ,g%nﬁgdrsﬁwﬂ BbiRe eleﬁmehﬁ_’?&ﬂé@éd%gegggﬁo@f fects
were to be observed, the Second heating zone portion coul e adjusted to

out put a 3a5 | othesconfighiatibr anount of heating energy, as appropriate,
relative to the first 2Q.. ﬁ Augyst. ZOgé‘Fheating Z.gne g rtion in order to
reduce, and preferably ef'®mtndf&“hehe PPt of Higr { Lp ¥eéating zones
may, if desireghiiig oRfdrRlideHith Yo & BRIRhE rR6& to bRl sRbwWThis

Alternatively, the“zones nmay share a comon controller that controls the
zones so that ténfiguratiospack i ve heat outputs can be controlled in the 5

desired manner. The wafer.-s ortjin fi.r,st major rf 22 of bakepl ate
20 preferably includes a B ##)glais! ‘8¢W8¥BF§BB?JBW88§B%?f§HWWﬁ m ze the
di rect physp cabala@gzlé&mgu?dti@ﬂmmmlanawwﬁde@mteﬁsw{hYs sized gap 62,
bet ween bakepl ate 20 and semi conductor device 12. In accordance wth
conventional t eordigaeationes, prot uberances 56 are of uniform hei ght and

typically have a height in the range from 10 m croneters to 300
m croneters, preferably 50 mcronmeters to 200 m croneters. Each individual

prot uberance 56 typically nmnngmg DESCRIPEIONORTHROr Kpi ece supporting
area in the range fromO0.01™=n 0 ._Protuberances 56 nay be

formed with a w de vari eERESENOGN IS D EMBODIMENESanpl e, a
| i ndri,cal e wwth a flat

rectilinear,_shape with flat t sur ce,a " S

top surfac a spheri caﬁnberergﬁ’?qz‘i%g'gis8%1&“’?5%@,'}4?%8?FiBW'Pﬁ‘Eﬁa&W &hape in
whi ch the axes ngf inteRBed 161R%xBERHTE BRI MY tHRAARMAGH f4hd prdcBefiigns®! ane of
surface 22 such that only the wall edges of the tubul ar-shaped

prot uber ances ¥&clossit indhe fobloiwing drteiledrdeseription. Rather theiembadinmenss asé t hese, or
the like. 20 Prptuberances,5 for. . from any di nensionally stable,
durabl e materi §F°steﬂ§f‘ggfsé’f‘8?‘gfﬂn§g'u‘g&rs (ﬁ)lélﬂggﬁ‘rtﬁféﬂ'?/%@@?wi‘ﬁeqﬂ r exanpl e,

pr ot uber ances 3déRindhelfimBRiks ohd BrefiVesti i tsenl B Bltignc e ami ¢, or

conbi nati on thereof. Terergglr gitFPurse resi st&gnt pol ysf%lrs su}:o as pol yam de or
polyirnide are presently preferred. Protuberances 56 can be formed using
any 25 suitable technique, including physical placenent, etching, sputter
deposi tion, chem cal vapor deposition, spgaying through an appropriate
mask, screenprinting, and the |ike. Preferably, protuberances 56 are

provided with density distribution characteristics effective to provide a
contact area between

£ s,




30 sem conductor device 12 and bakeplate 20 that is 1% preferably |ess
than 0. 1% 21 21 August 2002 of the area of first mmjor surface 22
under|ying sem conductor device 12 According to one specifpg agyastpbe2of a
pr ot uberance distribution as shown in Fig. 1 d, six tubular protuberances
56 having a height of 150 mcroneters, an outside dianeter of about 1.6 nm
and an inside dianeter of about 0.8 mmare s arranged in two triangul ar
patterns positioned at tmgs dif fi£afdlc schinatiSdlydaste&t fhraaohfigurastser of
bakeplate 20. Wth this approach, the total contact area between

sem conduct or thspéctizelyofantefsnied pinhodin@ot ofsa eronbinatidn bakingan@ ehibingl i gi bl e,

t ' duct ' 12 | 4Q. 1 f )
Sequat el y supporrae | SCemaREAsE L R Pl b o b peBer ances
56 io0 can be fefBdingh @&kﬁfé&@)ﬁumﬂsemgorﬂf]&tiof 8evisl 1BQRodgha €. 9., as a

triangul ar pattern in which adj acent protuberances 56 are about 4 nmto 6
mm apart. |# stenipesaturaprafyle comgrisinglatdeaspone bdlengsterpand® leastorteyabilbag |y 0. 1

mmto 0.5 mm preferahly, about 0, 2. to 0.3 in di aneter.. Bakepl ate 20
Ty opti onal |y 566 BREUHUAPRIEHS MirBidenbisg DU Pe sARTLIUS8 | or der Lo
provide fluid gompdpi€atd faalcleaa 182 RRLHERIL s thdhidr 4 6 284 adptovemcapduct or

device 12. Gap 62 may be filled with a gas such as ordinary air or a nore
conducti ve gas be sepatat¢dsfrore eactecthemasashbran areFighéa dhienongiit togetivmes showtny bet ween

bakepl ate 20 and_sem, conductor. device 1 r..exanmpl e, .hel.iu as is

appr oxi mat el y é‘b@‘@ﬁ'rﬂbl (ﬁ@g%ﬁ?'@ﬁ%ﬁ%’aﬁﬁ@c @ﬁ ling,pqn: 'W‘Fﬁ‘?%dﬂ(?f o a gas
Into gap 63,m at@hl?%PQr?hrpd EI8 U RisinB 8 41 Wﬂ&'}fdﬁsﬁﬁ 18,6;571),5&[1du0t0r devi ce
edge 13 to overheat felative to other portions of “sem conductor device 12.
Al ternati vel y, semicomducioreeene 2 ofay dr insepedmto bousingeldll andqiiased on®eni conduct or

device 12 and bakepl ate 20, . 62 may be wused.to gull..a slight vacuum
e.g., a vacuunt®He %S‘mpﬂgrp‘%fal%gﬁ(?ﬁe : t'fo‘irj?”gW °Ihﬁ ‘nst wafer 12 in
order to help 25 hold wahgkr the waberR934 fnks&ed iE&rh&KiﬁFﬁhﬁao@ﬁg%r&%BE shaped
prot uberance (not shown) could be provided on bakeplate 20 proximal to edge
13 to hel p for elosedés showean Figst 14 and bfigrorderdo providegeclostd senvirommendally 1 c,

the t f 1 conduct devi 2 | i Labl [ d di tl
or 1 nal ety ST SRRkt RO AR E ol RS TREIKEROM he heat
out put of bakegh@ttidlly &@id fRrmal convebtion! Butsénts MAPmEME bihetvwisariss idifing@

suitabl e feedback control nethodol ogy, such as PID control. According to
the direct appbekiopandehilmgi Enviroamentaloealinggen protects theproctssing| e

t enper ature sensor, (not, .sho an be attached, directly to sem copductor
devi e 12, HovdharberAa i COHeY FlechrBRin BT 11 Alays e broshe e ehEE o r oach
i's not s reall Yo pé aotd SdctiOély el Ahh gRTHUS Gedire t6lbdrRCdut pRIZeSAEN
requires the additional processing steps of attaching and detaching

t enper at ur @0sens aspecial gtnzospheriebonryaeuatad (Hfdtisdesicaddto wanry aut progessing in a

sem conductor device is to be inserted.ipnto apparatus 10 for processing.
Addi tionally, \/‘\'/g?ueurgréoé€/5?rglg}l‘fa§uus®gﬁ%§ Sl'rgg'nsi tive conmponentry that could be

adversely affected by coHoasihg M tbntdink &@Elatiwlyloe: thernset ifaes, thefmaiy di ngly, it
is much nore desirable to nonitor the tenperature of sem conductor device

12 indirect!ly wpnductize heatipzanember ipthe foramplhakeplete 20and wrelaiveinhighar nember
40, particul arl e 1 her apaci ty,.of I k40 s mat ched
to that of waf et?'{er\é\@a%sa; 3 |esa§:%@§gl 8 %r&e&ﬁﬂﬁglg%mgﬁ@ﬁr% %?g%gr}r’ﬂe nncg’é'f t he
actual tenpgr atthérthabinatdendafp thiatitheakemal capasityCondkesiae 208y aCRostZabout
substantially corresponds to the tenperature of the top surface of annul ar
menber 40 at suhesame orden of magnltpdm@;fgqmerrngl qepwditypf theawerkpiere beingig, even
during tenperature r .~ ndeed, th i [ference i.n erature between the
top surface of péﬂ%ﬁfegr%sﬁg‘ﬁ%gg"%r thod&tﬁ%ﬁ}e ascﬁp?cétgékgg&?g% &W&B&or
device 12 is 2qysipietentin #elringeoférh abéut 12700 t8abSutH: Efppsfedably 17RO 9i bl e, as
a practical matter. Accordingly, when indirectly nonitoring the tenperature
of the top surfaboutl. Aemsesraeios drighitbemal miass’imeang that thathenmal capacidensor

led to the t f anpul nber , 40, a si npl ion, if
noeded, carh SIARPMAMEBOYS RALEH b LI P PRER G e er b in: | or

the tenperature difference, if any,

14



25 between the top surfaces of sem conductor device 12 and annul ar nenber
40. The tenperature sensor to be used in the present invention may be any
suitabl e tenperature sensor that is capable of sensing tenperagust@€062 rapid
intervals with stability and consistency over lung periods of tine. A
variety of suitable tenperature sensing devices are known of which a

ety of suital i ha
Lypes are avai st KPS Y REURRDicch, TRy b8k or GPUBR P o

sources. As onepgxfnaticdolity Sembabietotthatdf kithenbRidplaens and/ostheonmer ci al |y
avai | abl e under the trade desi Enati on 517422 PDX40A from M nco Products,
Inc., M nneapoWpekpiegniis atieast K& hgod morgprefssabdy 6404 o1 190 lnmaréwretershlvi ng a

di aneter of abgut . 50..m & t encased in a " KAP ' . ol yam de
resin |ayer hgé\#%éo g"-?‘m?ﬁ%@@%’@g’béﬁ erﬁtagheﬂ%&@?%eéﬁﬁag‘.‘?d"t%he encased
wire has an; ov@ilhe Qh\%@ﬁi&é oP_Eb_@&DWI@OFch'eQ&ﬂFBtﬁéﬁﬁal capitRI@) feensor may
be bonded into the desired position using a suitable tenperature resistant
adhesi ve such sdiddbodis pach abevafes] 2 bakepbaié 20,ndeookisg membend maybeleani de
resin, a silicone resip, .an epqxy resin, mcrotextured 1o

pol ytetraf | uor@?f%?‘?‘%‘%&'ﬂ‘@gﬁﬂ?‘ﬁ%ti ons of these, or the like. As an
alternative to buying an RTD terrperatgéez yesor, an RTD tenperature sensor
may be constructed in situ, or construt€ted T'h- house and then subsequently
bonded into pogiti . LOF el St i me: i i

characteristi c%ht%']g% %ﬁ%@;ﬁ%&t@gbﬁg@ 85'?%% ?%dn&'f lg(r:{ﬁéniﬁéet elll\r%%t\t/\%p%l;gt he art
such as a i® sQuig-eC) dfithdibety qvepthesissirddaemperamips Aangé.0 forman R fD sensor

in situ, a layer of a suitable electroresistive nmetal such as plati num may
be deposited at the desiBakeplsiQ hase firsomeipespriace B donsyPpesting an RTD

Pissi b Gascmelnt e ek Ban RT
thesensor  andoangondishHEre® 12 Wi A neRbreB i bR PG 85T PP TR

insul ation maytramsf@fddes samicohdsdtradevied 12Quring Balting. Bhkdphie 2V Blo
conventionally used in the mcroelectronics 1ndustry, including |

pol yt et r af | uor tstusgs essend pwiof shifare 24pwhigh sanee plaesdyinte; themmal aentaddithc on

di oxi de, silicq i tr] (0]722Y | t | i sone
applicati Ol’ll'Lé, 3%01%5%5'@%%&%' lr}g g%a;gﬁﬁgée?’f P‘e%lfsitﬁ%tot{%ﬂgpe{\a/tg(ip ﬁ&élhr%g?qltl Site

agi l'i ty neededniember 2¢ aftdn Seficiend? dlos€ prokinity suich Waik esolingraffecaiofire. 25 In
those situations, a particularly preferred tenperature sensor is a hybrid
sensor syst em PeRIiNgdnermber 2658p bR smpatedde semican cmrépngﬂ%wraw stable first
tenperature segi i I tvely fast
and unat abl ¢ SASARESS, T HBLARA Aol S REUnl R fhrl 21
fast/unst abl e #edieat ph@itabsorisdt math dosling f@mber ZeashotaripFigtiore of wafer 12
with greater speed, while 30 tenperature neasurenents sensed, by the

sl ow st abl @0f i Faweygh e§ectiysvpelinggas il @goyrgven whemtherrsis somophysicat al i brat e

the second Se”ég%r%}btgggg; ig?% L%dR?;a r{na P&?e&é&%ﬁn&o%ﬁnéﬁ%%%e%ﬁ Baktplate

nmeasurenents r e an e over tlne. e concept "of using
t he hybri d tenm2éraat godirpaneamberi26. baked upon the appreciation that

th | [ t t 0PQ to 2000 Hz,
Vet Tend [0 have el at | vBRRGRAE PO {ehisles hEIG 20an2s At BEBHY fyndifer ¢ 1 o
On th th h : 1 l .

e other naagh ofk HaRHA By Bichfh RIDETRERAUNGR) SIS Ypdth lich2ve, 2

| ower sensing speed, e.g., rature sersing capa y up to
about 10 Hzs Rth: araanios clgetniesladnksgylsapsicdto del leating zome@Sdiywelestricahsi ng
stability over long periods of time. Thus, by using the RID sensor to
calibrate |o t IFENREEY Iols SOpYeEted it LPITESAONGING IMOMREO! theTmahetsigY sensor

system obt ai ns i f - Ki i I whi | e

el imnating ther)lt Jrag?ér%gilgglé%%%Iza&ég%%yébﬁgﬁﬁﬁée%%g I r?er%td g?gl;pﬁﬁ%llg invention in
which a hybri d cdatigive] ivapérnengaielsag:ddn bakepiae 20/ ¥ qidkly tiarterredhe

t her nocoupl e may be bonded into position using an adhesive as descri bed
above with resﬁé@cofléu@q’[ﬁ%@?s]@rs. 1s When using a hybrid tenperature
sensor, calibration of the

15



t her nocoupl e using signals fromthe RTD sensor preferably is perforned
repeatedly and automatically on an ongoing basis. In this way, the
tenperature data sensed by the thernocouple always will subR$aghit2003
correspond to the nore stable tenperature data sensed by the RTD sensor.
The type of calibration 20 nmethodol ogy used is not critical, and any
conventional calibration nethodol ogy nay be used. Calibration nethodol ogi es

exampie, in U S par nos EoR fifiefbta Rl AR AGERLFeity MERGUAET T
4,480, 312. Fi guemfcohductdridevited2 o ensuedhablidating kond 29 nislohBtundefies &vafer
configurations 25 of apparatus 10 that areggartlcularhéllLlustratlve of how

baki ng and chi 112 big alseyextrade heyond @derit 3 ofwafisr &2 paweholideainmraneds 10 in a
ready” configyralion ér@a%th%ﬁ sgﬁ%%hg‘&t&‘l‘d@bgcﬁgeg nuﬂghxgér%%&isn e@&&@#““ or

device 12 to be'inserte 0 apparatus ace ationary
support ping 192 BakEileh Rswdf) Mdrd preferadly, Yn embédienfs®f beshratus Ub " position
resting atop cooling nenber 26. 25 21 August 2002 Figure 1 b shows a
second conf i guringlkding efframspaembersudlnas apnyler sembse4@diepting 297€128 has been

initiated by lijti bakepl ate, 20 free of . cool | 26, 1n order to
thermal |y deco f‘éa%géﬁgﬁégﬁ%‘f"&%‘g BP{%{‘E%PQ%T@‘? WBQ*E&%F“S‘? gfsﬁﬁp\@?‘%ﬁ?ecool i ng
nenber 26. In t&abﬁaxﬁ&néﬁthafmlart:hanserrm; INHi9Wvag Witremelydiaifofm 5 bakepl at e
20 is lifted at least flush with support pins 19, or perhaps higher if

desired, so thdweatrmeissmicanductoridaviced 219 aphievade &ior prasur)aitasishewn imhEigss|
contact with fiys LQr rfac f ep| . 1 or._ devi ce
12 may be i) d I bR deuREpuBRE e o o iciyR 23 i s aR R e ™l
desired. |In enhgdhe@Hikingf surfage e eNbotwdfer Mhandhanhela imembeod® 25 is
provided by an to electrically resistive heater, heating can be

acconpl i shed by transni t Goaljn@member 26 hasrrelatively hisbh BRFTRS ooBwareds jn a

ranner ef Fect i Vg oL icBh AN SekE 1958A SEE PRSI ICRUANT bl AU, dhrfepSNOVS 2

configuration of "apparatus ctirve*to acconp rapi g. In
thi s confi gur atds@ithergfally ntgsit® & 6inkGnd Sari Bé Malhtaieddtahy désireld 2oblingt her nal
contact with second major surface 24 of bakeplate 20. Cooling effects of

cool i ng nenter te@penature effedtive ta provideshilking, eend$CE do 23y betag typicg]. aVia

conauctl on U Sl BSKERLILE pe R RSB S h PAER ebs,,

| ess drastic t latel0d s PRSEEMtStheal Ren@asthviEly Ssbliny niexite 26 adjouliig Ng t he
heat 20 out put of eatin%vzone 25. The configuration of Fig. 1 ¢ can also
£

be used to achim¢aberddtintludescoslingchamrels@8vdiielpagy thraughethe interiand heat

out put of heati . ta . AN ] er 26 is
over cone suffic#%ﬁ gaﬁgﬁ%%ﬂghzbw%ﬂgwgg@hb@gggg%%ggk?g%gﬁ@ﬁggc ?gegg.

Bakepl at e 260 andestredriteslingerhperatipy/byceirchfating ehitied cbslingahtdia, dag onpteest f rom
cool ing nenber 26 when chilling is 25 conplete. Thermal decoupling is best
acconpl i shed bythsdikerthraugh coeligshaprelo?B. Jhke chilling medignseinchidep achi eve
the configuratign..of. Fi I cool i ng
menber 26 can r%Hnggﬁlsct?&%&eépnﬁﬁrgpg%&%cfg@@él yerg%:ﬁ?%@hgt cégr]p gilggl ent
amount of energy is supplinhgiefe®edi@Abaiimemsccodfing mentbet 26 isdbnhal fiomaf er 12
at the desired chill equilibriumtenperature. 26 21 August 2002 A
particul arly predreasicadeasaudtheanllygondustivsimptal otich 2k alyriaum. Aaigless he
present invepti i i i t inRG

Central 1y pati ¢ PisheShrbdt mblpfo et itine e, JPEERNR Forfthr BLHEEE
and structural gdinsdoppérethe £oppetpreferablydhtlidesasddating) adctogs Ni diut piotetsof

heater ply 72. 5 Protuberances 77 are provided on one_surface 78 of

bakepl at e 70 f othesappastanm gorFRsi sy angial s T ey GOpPEERHEPMSENAPYRALBer ances
77 correspond t [ Qt,u i . :

pr ot uber ances 7%’3%15135?126%’%2&@%5% %teﬁgé E axﬁ%dec%%g’g!suhlﬁ%rﬁ%gP lgﬂtr}ﬁ{“ﬁ%g% 2‘.” ze, and
di stribution ch ?ﬁsﬁ%&ﬂi»ﬁtﬂ & Goatifig [Nuoh UHE cadt@cohprising afinginda oxide
cross-section of bakeplate 70, thicknesses of 10 individual |am nated

| ayers 72, 74, 76, and 77 making up bakeplate 70 are not drawn to scale and
have been exaggerated for purposes of illustration. Actual representative
ranges of suitable thicknesses for these llayers will be described bel ow
The symmetrical, sandw ch structure of bakeplate 70 provides |5 numerous
benefits. Firstly, because the various |ayers 72, 74, and 76 tend to be
formed frommaterials characterized by coefficients of thermal expansion
that are dissimlar to each other over the full tenperature range of

typi cal baking and chilling operations, stresses nmay devel op between | ayers
72, 74, 76, and 77 upon changes in tenperature. Such stresses could cause a
nonsynmetrical |am nated 20 structure to distort. However, because of the

e 1 o, — I



centrally positioned heater ply 72, these stresses are balanced in

bakepl ate 70. As a consequence, the ability of bakeplate 70 to remain flat
during tenperature changes is inproved relative to | am nat2bAnghkspDod e
structures | acking such symetry. As anot her advantage, because structural
substrates 76 are on the 2s outside of bakeplate 70 and heater ply 72 is
wel | -protected on the inside of the structure, bakeplate 70 can be

pl anari zed usi Wepregnateshvita polytetrafleqrpethylenaer the like dhat psateats therlimipp® vari ous

| ayers are | am t her. Because each substrate 76 may | ose 25
m croneters tga%?g?%?%@et ers thickness due to | apping, bakeplate 70 at

the outset could be forneflcdur@mhsddbddinest of Coblaig emBer 2o uidhelgXt r a
t hi ckness to acconmodate such material renoval. 27 21 August 2002

Ref erring col | pisféried) gnd atherilgnds af goaling stmctunessandidepicgs Gan eruspd ingigay.

conpri ses electrically conduct.i ve t h) 6 def.ining,circul ar.heati ng zone
So P L sotr T L Eb @Rimple, S oy Be BRGOW el R BEHILE S80S it ikl 19 2
connects 88. ELgek bl bY uSRiukd S6bliak dedidh €The hsealflalcosRiEiMeliueg pat hway 86

is converted into 5 thermal energy for heating wafer 80. The amount of heat
gener at ed by hbeweves, is byso 8&anes nedessitys Fooexample sookmgpmembe2é mpybe 2i cal

energy supplied t.o heati .Zon . .Geperal |y usin reat er .anpunts of

el ectri cal enepﬁit/‘e'i ‘E%vé“se' ﬁg"sglgﬂgf)g?ee“%‘{l’és H%t#‘yﬁ'é’f’n%ﬁgﬁﬁr@@ﬂ'gﬁ’ ®Qnbodi nent s,
for exanple, tbﬁwt&aaoonh@i,m rétfler REGHoldaipbR RBpIkatibs oPElIeRAELl legfigy. to the
square of such voltage. 1o Electrically conductive pathway 86 traverses

heating zorne 85 with a sBakephite? aphedoling nesber 26 arsretiprogally evgable ply 72
i bl e of unjfornly heati fer .80. | t ual tice, h t f
electfical ly cBHIESP sachoibenahatseqop maien sirifee 4 of Yakplate 20 iR, and
gap 87 betweens@fia30Hf chslingSmerthb&! 28CdahibeabparatedBbtohigt fogetdrvray 86 i s

typically 0.2 nmto 2 mmw de. is In the preferred formas shown in Fig.

2b, el ectri cal thermalmpniact incorderttp wontradiablyscarmy outhaking-andéir chillingidine spiral .
O her configuratjons can sed. . For, exanpl at 6. C traverse

heat ! ng_ zone. 88rieh i asEPfpii e st fobig Sk MR Sen B AN it 8ne 35 can be
formed in asvarbmeépYat@ﬁoW&olmgmrﬁ&dagsmy%%eﬁe@awtaﬁa,sumiﬁneais&ﬁ&e 85 is

formed froman el ectrically conductive 20 materi al at isinitially
present as a c&nthahsesand mayassurfpgesddcand top sure A yre ot in thermalcppachy

preci st on et chi g 915 O YRKSLEHE eoll She1e 69D eBBALeaSh B0 10

t echni que. Sui rirca rve eria rmng heater

zone 85 incl udevasrpﬁemﬁn;sluﬂboamtﬁﬁaﬁﬂry;noacdwiipgkffmlafaédﬂn%%n\lahlb@%sych as the
Ni Cr-Co alloy available under the trade designation "INCONEL" from Inca

Al l oys 25 | nt ermaartesitalbakenlate 20 pr sxmigenductor deviee 1k dpamdenp achie@the| | oy

conbi nat ot of 208! SHAAR R ARBRGuckk AP I SEKTEmalc AT ¢ o o

t hi ckness for aakepiamk 26 ahd pduefate 3E af dovling fiehiber 26 bathd placedlin®d t ype
contenplated by this invention. For exagple, form ng heating zone 85 froma
copper foil hawhyigcal comact with gachether fpe ¥ig- Hrkwhiba ro electuivalengizy ivbring 0. 0007
| nches) commonlyo fElGh helinGoR 25 ket ARBL Lol and AP Bl Ba N O
be suitable. In©One node of practicing the present 1 fivention, heater ply 72

and one of the edesrhpiished by héjusting tHe spmingltetweenedlingmember 26ednd from a
copper clad 5 polyimde comercially available fromE. |. DuPont de Nenours

and Conpany2Sundekenlpte 20aadion hyrraryingithg heat outpyt of hakeplate 30 gkysomeyr m thi s

ol ) Lot nel . ot
Copper Tof | 1 anfiuicBy RAPYERYE RolERRSe ordfik St ARGTnE A Sl b peHiG u™
l'i ght wei ght, capggfairing thetnisl @ontadtbebReddttiakeslatt 201284 BbolRRIBEMBEN26 Ahilenhi | e

t he pol yam de | ayer serves as one 1o dielectic |layer 74. This product can
al so be pur chaswth heatmgend chilliigrenricangueten devidei 1210 seme degroeat the samsy er

sandw ched between uter. foil . lavers., Referring again,primarily to Fig.
2a, dielectri cwﬁg e\tﬂgg 451%%‘&W%‘ﬁ hﬁ%ﬁlgeqndmogﬂnlgzw ipﬁ"q'SP%g]P' aflganéarggglﬁ,ﬁ%&al |y
insul ate hegt ermgihdainirg baleplate 26 lah@h@ifce WbaferV B 8 a &RiredBQliBiuETDEr 82, and
any other elenents of the surrounding 15 environnment. Dielectric |ayers 74
al so function as adhesive |layers |am nati heater ply 72 to substrates 76.
Preferably each layer 74 has a thickness Ii'n the range from 10 m croneters
to 30 mcroneters and may be forned fromany of the dielectric naterials

conventionally used in the mcroelectronics industry. Representative
exanpl es of suitable dielectric materials include inorganic




20 dielectrics such as silicon dioxide, silicon nitride, and a
substantially alkaline free vitrified porcelain frit; tenperature resistant
pol ymers such as pol ytetrafl uoroethyl ene, polyan de, polyi pl dagust 2002

pol yam dei mi de; any other electrically insulative material that retains
electrically insulative characteristics over the tenperature ranges

associ ated with baking and chilling; conbinations 25 of these; and the

| i ke. For operatio i Vel yi ng.tenperatures a bout . 300 C el ectrically
i nsul ative mat g‘?"i‘%"?f%“’se ‘%‘s“gg‘ﬁeie_r[g_'ag‘? %Per,cgg?{ﬁ?% g‘&ﬂ%ﬁ} %}f%a‘@rm‘?"fé
substanti al |y akWadileApmfwigieh the Bakediate dqRifibaShakdpdratuteSis ciitrdlle@1o | | ke are
preferred. Polyam de resins are nore preferred materials for formng

di el ectric |ayeyithiff- 030 %5e in operations occun:ing at tenperatures bel ow
about 300 C, however. 29, .21 Au t 2002 Advant ageousl ol yam,de resins
not only generally have 5%%‘81*@&?@&%@83”%”%8%"8I%&‘L&j%"#}i(%zg?’b%%"r%?‘f’%_s) but
al so are al 30 QEHKIDEBhayltR a@ﬁﬁe&édbﬁi%@@)boh@ediéi@ﬂﬁ%&ﬁﬁechﬂhﬂn' am nate

structures Polyam de resins also generally tend to be flexible so that
bakepl ate 70 i koowpan theiany Accotdipptoyaneireiesentative tdchniqueiasishowndn Bigs.

f bility ch istics, if desired. A ifi le of
ol yar de. found (b 659 JedRltPIRG i BPetehie RBRIRGorE SATRRBNEE 1 sheet

formas EKJ polpyadd siqolvBRATRSFder ﬁfﬂl@%ﬁﬁshfJo?x@b;%n@ling%féb@ﬂdéﬁ?nﬂ%ﬂ%&fts & Co.
Each substrate 76 serves as a structural ply to support and protect the

ot her | ayers ofofbakepidtal@ 17G. prédatred embadimeat, hhleplateapists Y2zre holiavh fdrat er al
and to vertjcal, heat conduction h bakeplate 70 to pr.anot ni form
heating of % sé‘r‘?f’f:’%_ﬂ@ﬁ?'(# ‘H’é\?ﬁ(?g%%%%%?@nﬁi?ﬁﬁé?ﬁﬁ%%? %Q?Eoﬂbgﬁﬁf‘%d upon
bakepl ate 70. Agrepsli AdVantagkaGily, Sldeidabiviting36 RABEERSIGEhbNovIBRIRHAd ¥ 1 S
made froma suitable structural material, or conbination of materials, that

can struct ur al Ippstsdgmet enly kchiddendirorh ajeay for gpsthrileyrpuses, bat also amvell as

withstand the te rat up,e chan of .15 i ng.and chil.lin tions
Wt hout i st or traRoed by AR SReRiag Bostf £ " ePian pline fbmBBACT
undesirabl e de%ﬁE@EﬁédQJ’ponB@&i BhBéri posts 34 ARA cBS algd bEPdiRA o IcwdréPin coul d be

used to form each substrate 76 include netal conpositions such as copper,
st ai nl ess st5eelordésitg chievecapmeppandingyindapendent monement of eeelinghember26oy such

as the "I NCONEL, 20 KOVAR' . Ni - Cr - |1 oys,.di scussed above .(the
TRovaAR: al oy ROSROAE 4 g bR sataa b B s RS HARES SRR L 1,
expansi on coe~Ghétn dfttakeplate 201a8d ShélingaherhBert280if dediredi | i con i n the typical

tenperature ranges involved in many baki ng _and chilling operati onig,
al umi num conbi nati ons. oﬁthpmmdmonéherﬁwgmaméwfasega(@fbalsepwfe L the
copper is pref cppbloradliskelad Blied: AahOLl-3es pf8 dehethENSR sbghss 80
rom bei ng cont'am nated w copper 1Tons.”  For 1nstance, ‘a flash coating of

ni ckel havimg aa préfepded @enfigutatidiefof sengiornducttr pRitessitpsdsiaaiBlait MerhBEI0ANgSt I ONB
woul d be suitable for this purpose. O her suitable matcrials for formng

each substrat e Which idirateeabhufirdinsecured in amyr epanenientamannertodirgmedioas singl e

CrYSL 2l O, 2ol YgHiBL 3 bl 20 SRl b SRS, 512>

advant ageousl y definirgchnf in2Riof iape addpted s rédei ! ssmidoatiudsr dbvitelRdn gonposi t es,
a netal -clad polyner, netal-filled ceramcs, ceramc-filled netals,

conbi nati ons of mames suchhet resydtant gap Ghbetipeeasvaler edge 4P ead panlar ambsssi t es
; . ' . . |
by ol yti o 52 el fiell iy itSSn i GRS pIBE ARGl Jerpilfes BHBENE ABSTRE ) | o

metal and/or a gedampienanineneminallgiié ene gaptivedbmad tobeatitatls sBice current

commercially avail abl e under the TC1050 and TC500 trade designations from
Advanced Cer ami wscifisatians der wafers alliowiywafar diameter to asy uptagt 1 mimciisessucheach

R

about 0.3 mm) that occurs during baking. Preferably, outer periphery 44 of

30  annular member 40 is covered with insulation (not shown) in order to reduce

18



heating effects to be rapidly inparted to wafer 80. However, if substrate
76 is too thin, the nmechanical strength and durability of bakeplate 70 may
be poor, resulting in a relatively short service life. Lateraugust2002
conductivity, and hence heating uniformty, also decrease with decreasing
substrate thickness. On the other 1 s hand, a thicker substrate 76 woul d
tend to have better |lateral thernmal conductivity properties and, thus would
tend to provi dbeatdoss and tHeostm pneraotiengiform heatingeaacrass fredll etkamd fivst kregpdrat e 70.
Thi cker substrates ' ~2_are g; SO adva]nt.a eous, in that they have a relatively

| ar ge t her nal ace 22 Frefersblysoeh msplationispade fram A teareratliredssistat annul ar
menber 82 that W I edge 84.
However, if su salttgrr%'? gdc%‘%g\lﬁg}ygﬁ f{&g?;%ogy%ggé'{ﬁ ﬁia%rﬁ%ggga;t ?g?sg{o% gcli[JeI d have nore
t hermal nass, dhong bakispoperstiomsr at e at whi ch wafer 80 coul d be heated and

cool ed. Bal anci ng these concerns, each substrate 76 preferably is provided
with a thicRness in the ?‘&FF@@'Y@BHF‘ZO"\‘?F@%‘?}%FJP%“ rem g eompRsifon

particularly p pavwYelh é&%E' 76 is
formed from al wo%{rhn%ﬂgéi ng é Br ef’%%%?‘?#é&%k?%{cr%%? @?ﬂ%e&;rm egg et%li el ectric
| ayer 74 is fotied of thenepodoyiduatordievivaiRiigimy grbcessade I8 thaf pradaiwe tof H2

m croneters, and heater ply 72 is. an etched copper foil having a thickness
of about 25 ni ®FesARiiayentionthermai diffusivety, 02 bady #raIvengdy the 8¥RICHHPY oach f or
form ng bakeplate 70, the individual |aye o be lam nated together are
regi strably stacked together. Locating pins p%not shown) may be registrably
posi tioned ibhr eghein Rés the digde@e! dondectivity @f el lodgch ie e dpecifie hestl dagavipnt as

the |l ayers are stacked together. The 5 stack of, Ig%xjers is then placed into
a vacuum bag bef thedipdy) and p isdersity of the badyt & pactigyadly prefesred embedinents, c aul

pl ates are pre . @ ) ~ r t he
cl anped assenbﬁ@eel:lggﬁgg%ggéng@ %1%%%%?#%‘%%% tggﬁ%g?%@&t%éﬁaéﬁgurs)
sufficient to &fincaheé rangk froho018:1tthd :0.8\r61e preferablyaboutd:§). Al extremslyan
alternative enbodi nent of a | am nated bakeplate 10 70 of the present

i nvention. Gen %Fmtcmﬁnégethrmskdl ity %mgliahmea&%owﬁw eale 70 of
Fig. 2a, exgept . r Y4 j l hated to
each ot her 1|(§n aca%??%%ﬂrlg%tg @gé%ﬁ%lérmég}b £ ﬁﬁebrjar?db\g gf) %gree ‘3‘6’?%"?"#-’?3?‘&3

i ncludes only aamkkgideofshdteridl ug alafes UBs FoaingtakCe, ifSpafer 12 watd ty belbadtedl at e 70

of Fig. 3 is a Jamnate structure forned from in order, a |am ngted
sequence of | ayfEmatisast 80, nreferablysat least 90.anore preferably @t legst 9F; pereet by ¢ | ayer

74, heat I i e i . R fJ . HAIe]:

77 Gheri be et 85EARGRL BB b0y B Puch s o6 efifididn il BCES
correspondi ng |lageaide, of glagsgor thalikédvandmmgbe aeimber 46 triay alse be dorimegframh i on
shown in Fi)% 3, .substrate 76, whi t%g t ends {egqh?e t he gg)st thermally nassive

conponent bt 3ptls Preferably ableast OO0, marepreierbliont Ieasho%, percentty weiglict ur e.
Thus, substrat W | A Ny! iLng menber 26 (see
Figs. 1 a, 1 b%f%ﬁg?h’aéuepﬁ %b@hﬂﬂﬁﬁﬁ?ﬁ)ﬁgﬁ? lln%l%%sé’ P"%ﬂ%@%‘?bxi mty allows
cool i ng nenber 26 to dr alMdvexer, serhicbndurtise bmteriatsasudibad thededend toche i f

substrate 76 re.to . be at another locatjon in the l.amnate, |n short,
co0! 1 ng of ' bakdbTiLE AT B eNbrE BrSAa bPEHER on SR Vit SSUBLAPENE 75 | 5
25 1n the bol t oEkhBEao Rl BORHed Ergﬁepagmeél alfdyébr ifhetiRc BOHADORIorA L € nal] ve

enbodi nent of a bakeplate ? resent 1'nvention. Gene y, bakepl ate
70 of Fig. 25 i scosmprisingraltminnak empiga¢stundOandforistainles3 steek of phichteatalimipems 72,
74, 76, and 77 Fi 4 are |l.am pated to eagch_ other.in di fferent
sequence. Speci ‘?cﬂ%’ épg/ﬁr 2 FAgEp R @H?baféﬂ’“ﬁf%‘?dc- Ongalyminym g‘é‘iye‘r"%é E?tq?euct ure
formed from i I 1 ] aufell a first 32
21 August 2002nsalﬁ%ﬂgg?rrf?{:&l@g‘yagﬁmgﬂ{n%ﬁggfgﬁ[%ﬁ/tyb%x&awdsﬂé%?ﬁggﬁd{lﬁgl ectric

| ayer 74, st r ucdpecificationdZ75aE6 THis alantindrm alby i apdilibledfesa ntdy cdrhmetdiiler W se,
| ayers 72, 74, 76, and 77 of Fig. 4 are the sane as the corresponding

| ayers of Fig. $PW9eS sonme enbodi nents, any of the substrates of Figs. 2a,
3, and/or s 4 incorporated into any of bakeplates 70 descri bed above nmay
not be inherently self supporting. CGenerally, this tends to be the case
when any such substrate is relatively thin, e.g., characterized by a

thi ckness in the range 2S mcroneters to é%out 0.2 mm Such relatively thin

substrates are desirably radially tensioned beyond yiel ding and then
mai ntai ned in such radial tension when a the |ayers of



to a | am nated bakepl ate incorporating the tensioned sheets) are assenbl ed.
The tension may be maintained by attaching the tensioned sheets) to a
suitable frame nmenber, which may be annul ar nmenber 82, anobha@mughaoposhaped
frame, or the like. Such thinner sheets also are desirably formed froma
material having a su~ciently |low coefficient of thermal expansion within a
typical baking and is chilling tenperature range, e.g. 0C to 350C, so that
an acceptable | evel of t©mean appropriate nditeria] or combinatiombEmateriblerieughout
baki ng and chiIIingﬂo erations. For exanple comercially avail abl e

i

1 h .
Ni - Cr-Co al | oysselegler) i thickneswef annulap ma@eafé%é@%m@blmiﬁsselmﬁhaéﬂw KOVAR
woul d be sul t alh Gl badadfill ”Eaexgmgag%e%kbe%%%h&’ugﬁe{ﬂg%%%f%%%{esiedt he present

invention. Ar y 'T€enst on substirate o resent I nvention

preferably may drtibashiy @nach biem mhReferrs®bmbodifhtsi the dasnaidiblcifiés dfSOt r opi ¢
as possible in ternms of nodulus of elasticity and thickness

char act eri st csannplagmembgr 4&and wafer $2 arel substantially identicaltp ezpbrather inf a radi al
t ensi oni ng appa S .syjtable for .applying. radial .tension.to a
substrate 173 Zégérﬁotoéggf‘@?gée 3’8? slbe(?HHé)E}bg?cgg'ssﬂB%?f%atkg&?% Z(tjb's@d in any of
Figs. 2a, 3, anghiydimtentfRofihalindeqtion Mwhigh aghizbadussor Helick N istshasd fisth Sroop

162 and bottom hoop 164 coupled to top hoop 162 by screws 166. The distance
bet ween top hooliceevaferandannaler meopen disqaadedeom ap alimaopmn plleyithist ment  of

screws 166. Per| ral rid 8,.are cated on the ,outsi of bottom hoop
164 and cooper aét@@c\%v? il %h'eﬁg‘i‘ﬁ)&g'? g}%pw#?rghatst?q'g'g&el'séogﬁ%ogi §ZE Zm.‘i‘?gg)i n

posi tion over rafuRk niegibet #0hikda thicknestlofABEMIL662MAAY appar at us 160 Hoop
clanp 170 is adjustable so that it can be tiahtened or | oosened around the

outsi de of bottom hoop 1dwenshenysipg bakgniate 2Ain eqmabinatimnyithsanmaar1 72,
Turning tightenin o ] ne- dir.ectian g%r)a n 4 together to
ti ghten hoop clg‘rar%b%7{??§4ﬁg}z'§ﬁée@té‘g§/g% e(r)n\}f(’&gu%f”é vi’%%@%g%gﬁg%%i%ﬁg% 5 bottom
hoop 164. Al t er @dforvelsesitddrdeidig tHe shffacdlbMgafet 1 Pduringbaking! dnd/opthitling,
direction spreads flanges | 74 apart, thus |oosening hoop clanmp 170 to
relieve cl anpi n¥psificgly;during aitersperptyre empirssipd. reations of wafestlamreximabive of
operati on, p Te) m. | r %ﬂi t S : separation
bet ween thetlfwo g@%i%s‘ggfwg ﬁ‘%‘?‘a&&%%&%@o o&grﬁ'siqggcfg’s%gkrbg{agglm is

then draped overanipeedgeo3 fnd tabe sdmpéwiarhbicrphakbiftenibhportivhsdfwifer 1273 shoul d
be | arge enough so that ﬁeri pheral portjions of the substrate 173 lie
agai nst the out ¥dfuragchilling Fmnser ebeAuwdsim cdgen s teprdto herfomewhat dges 168.

In some instanc i | FLicll t ulp‘gi 73 in this
way. |f so, theﬁ&é%' tsrﬁorg\%}wﬁ p:gﬁs%%’?ls%é%‘bgﬁag{rggﬁey ofzti ta |él?{egzt?g s 171 can be
15 made at the advastag@mislyherinc@pomtdinia ialéehdéht hoatingClohed iatladingtat i ng

substrate 173 over r}_oop_s 162 and 164, |f desired. Hoop clanp 170Q is_ then
ti ght ened arbunisaBgdirsiineesdsatingszang portipsrunderlying aleast the tatgner postien 973 i n

pl ace. Screws 1 i Lpen Aeh ratil t ween
top hoop 162 an%g? %lgltr# Eg%%ﬂg%%ep’%@?le glnaBchél?ng %Joﬁglp rggit%g u%g%[mu%%gtr
radi al tension. leBstgbeionbloy anriuie Remisarlddt Mhe dolndiry Betivesisthetved hbatingnd i ts
yield point. Wiile substrate, 173 is ynder radial tensjon, a . suitable
hoopshaped f r an&onensen &pipad vﬁ%?rﬂ@ug%mré@%ﬂomwgfwéeél%@éf@ﬁ@agﬁro
substrate |73 ipaPEYIQE gbirelr €Serve radial tension in substrate | 73 after
substrate 173 i 8 rerfoved from apparatus 160. After the frane is bonded to

substrate 128, excess porSuchifgstZzindatcdnddestiripstonatpertibns pteferalilp dvonid lsd de t he
peri phery of th

e annul ar nmenber, may then be trinmed_away. her plies of
the bakepl atec | HesPede X?Rjj‘"?ﬁ%blﬁ 36 thet de@nﬁsgtpfeaareﬁl%mrmgew@%ﬁrr&fd on

Substrate |73 ej 1= ' tﬁpﬁ' | Lhed. The
chilling char ac% éﬁ?éﬁ?%g&g?v lgf)pl)%rgéfﬁ%h%gé l?‘!L)Te'us 'rg@ rebgql?dnep%?%cgﬁ F&O{QQ% 1 b,
and 1 ¢ wi |l notheltraf sitputef eschidone potion (Thus, dSeaperahiie el éfftaRarat w e
profiles 34 21 August 2002 . i )

be observed, the second heating zone portion could be adjusted to output a

30  lower or higher amount of heating energy, as appropriate, relative to the first

20



of Figs. 6 and 7. In one approach, cooling nenber 26 may be maintained at a

tenperature, T~, to which sem conductor device 12 is to be cooled. ~'ig. 6
shows a tenperature profile 96 of a typical sem conductor dewugastbdoguring
chilling when using such an approach. Initially, sem conductor device 12 is

at an initial 5 tenperature T and then asynptotically approaches and
substantially reaches the final tenperature T~ after a tine tf. As

i | lustrated i nhdatigg zéne pdrtisn moordentd irexhvat, andprefarahlyrebisnihate, suph effgrtsl i niti al
chilling of sep conductor device 12 in, regj on 98 n the difference

bet ween t he scANCGRSTGE BretBBIPES Mniidlesicly Be sHRroHed by STRe AEBFS, | ar ge.
However, as shoyWrof¥rs! %Heﬂ{hti%gg;thﬁ?@ne%%dy'sh?\%taecoﬁ{xﬁaﬁc&wlextﬂlatexpone”t' al l'y
as the device tenperature approaches T. I'n fact, wth the approach shown in
Fig. 6, over 568ftois thaeomdsisblthat their respectie lssaodtputs cgrebe corgraileé i thst 2% t o
3% of heat out  of éem' conductor device 12. O course, the chilling approach
of Fig. 6 nhy PETGSEWNNE. t he practice of the present invention if desired.
However, to avoid the i L EAGHES: .15 i SRRk ot he present
invention preferably usggefa‘b%fgwgrgéPéffr’"(e%m%@ﬁfgﬁlf&ﬁo%st " rr@tqﬁggl of chilling
sem conduct or gefératdy irizludés a piutalityg of protiteranbed 36 thatxainiaperthadinect shown in
Fig. 7, cooling nmenper 26 is intained at a tenperature T, |less than T-~,
and the devi cephﬁﬁgt?%ﬂﬁtér%iﬂﬁ'ﬁaﬁlﬁﬁwwﬂ&aé’ée g1 ¢% bEWYeeRi ng so t hat
chilling can b : ' | i ~ ' y shows a
tenperature prg?]fceltpga%l)%g 0 &?égn&\ggﬁt ﬁé%’ééesl é\%gggqgg%gwl%h ‘?ogvg‘gongd from an
initial, rabat praetigeshprotubergpessaiclare oflurdfonm Height ed tpiallgHatd anladighitemper at ur e
of T~. The set point tenperature T, of cool inr;g menber %6 however, is

desi rably mai nihgiraras tem J Omuitomtelart ko3 Qapisipmaterspreterahly sQanictemeteshduct or
device 12 to b J thlcPhndi8rs T Bablirdi iR cihok 3B Ha9b by all of
the chilling Zgogdz}jn be&xz;%:tcrg'rrplalbsﬁg(lj I'n g‘(tzoé‘g#dar?ce m%he rzi1 %’é cool i ng
rat e associ at edrosé-sdetineglj workpse sipposting drea mstherange froma® @l wenitosbout r at e of

chilling associated with region |08 is entirel voi ded. nerally, it has
been found thaf ’%‘Bt-tﬂﬁﬂ‘%ﬁaﬂ g ’f‘@hb"ef"é’f‘ﬁ &"Sp‘%‘?’@ii"ﬁﬂ?%mj%@eﬁ’o 3C bel ow T~
has been syt abldif)f fACdXafmpld)d rékti ﬁédrrsﬁéﬂfwmﬂ t@fsux?ﬁﬂe',écr@?ﬁﬁkal The

chill boost approach is an extrenely rapi'd 30 an g curate od for
acconpl i shi ng chapelvitiga fldthtep elrfdce, Hsphsticaler kihigsaidalahape3 s holldw tvtwdarst 2002

chilling to be compl eted as nuch as fhree ti faster than.usin he
conventi onal agPARsAR WS‘I‘%C‘EF Pr@esé’r}é}rﬁ tl"‘. b iele i gadbe: (il lé’&’g?ﬁé%fhﬂi’ia“% °tf.
exponential, Vehy,sloow.bRi Qﬁlrﬂm\lv&ll %e%é??%‘t@%ﬁé}i-%{)& PrefibeAnddi&e S

entirely avoided. Once device 12 is ¢ , i1t 1s often desirable to
mai Nt ai n 5 devicortadtZemicoaduktdi daviceri2acoribindtoms af these, ar theddeei od of tine as

represented by profile rggiqn 109._This,is easildy acconpli.sh { ng
apparatus 10 of Figs. |a, ﬁ%“ﬁ%ef%mas 36 may &fl?‘frg’eérfﬁ‘%? sy ﬁg'epﬂ?%‘a"gtsga%khi |ing,
bakepl ate 20 i gutdbidYaskenbiithaeroraBlies hbH Rrdidtew iRl 1£0psAGEmMd h cool i ng
menber 26 as shown in Fig. Ic. Device 12 is chilled as a result, and the
devi ce t enper atpuotebdyenpiesn §6 tmaydedprned framanylpolymer, Wetal, echsarniceorl 2 reaches Tc,

the configuration,of .Fiq. |c s naintai ned while bakeplate 2Q,is turned
back on with j FOMOMAHERFicse TOMBSHEF S SISRnh R eRers SucH SSROVARIGE BF ab| o

process cont rolyoNEhHAGEL HQ¥ertl Préferrets FhohiBefanbds 58 cah b8 f&%?éd_x@ﬂxg%& of
bakeplate 20 in order to help maintain device 12 at the desired equilibrium
t enper at ur e25Tc.suit&bldteshaiqué,iingluding physidahplabenaint,cttipag, spittep dkpgsitane 20 and

the cooling effects of coqling. menber. 26 in,conbination to maintain
equi | bri um t erRIERIFELYAROT SpRgSHion, sprexing HFUEh ARABPIPTIFE Tt [ | es pr ovi des

many signi fi cangrafnafiingd&wt thEliket . equilibrium tenperatures can be
mai ntai ned with an extrenely high |l evel of accuracy over |ong periods of
time. For exanple, this 2Pcfeablyppolubesmanpessis are proviledewittbdensgyd t o mai ntai n

wafer 12 at Tc with an accuracy of _about +/ 0.03C, particularly when the
control system&gngé'g‘l’tf a{g)gegﬁ;)l/qsrpfiep@yetg(prqﬂg ¢ R ERNAH ared Derviient he heat

bechuse t hehole 1o aaaBRRR2 4 bekie Ob RN PACHeIchoNFlale BEIRTDF, 10

quite quickly. Third, the tenperature of cooling 25 nenber 26 does not need
to be controlled very closely. As |ong as”cooling menber 26 is at a
tenperature bel ow Tc, extrenmely accurate control of device tenperature can
be achi eved by controlling the heat output of bakeplate 20. Fourth, because
it is not necessary to control the tenperature of cooling nenber 26 very

cl osely) nmechanisns ordinarily relied upon to supply cooling nedia to 30
cool ing nenber 26 at precise tenperatures are entirely elimnated. 36



21 August 2002 As an alternative way to stop chilling when it is not
desired to maintain wafer 12 at Tc for any length of tine once Tc is
reached, chilling can be stopped nerely by separating bakepla{iguddozom
cool ing nenber 26 at the appropriate tinme. Wen using this approach, it my
be advantageous to be able 5 to predict the point (the "chill end point")
in the chilling process at which a control signal for halting the chilling
process shoul d endgprbefis gBPFm%@?ruﬁa%rymgseq%mct%?daﬁc&ppl ed as
closely as possible to the fi'nal chill tenperature, Tc. In actual practice,
such predi cti onrA@osfing mhine sphcifit exdngile of nptibeeanae datritutibhas §owrtia anount
of lag tine that is needed for apparatus 10 to respond to such a 10 signal
once such a si dii&l 14 sixjebdararaberaages 56 haying 2 hgjghhof g@d@@f"’?ﬁ"ﬁpﬁhr atus 10
illustrated in Fj v arddl -

non-negligi bl e d.“?f‘@e ?1%1% Btﬁ%g?%baolgpg'Gﬁ%a%dgtagq‘E%ﬁée%eger §ggédru69ﬁ%§é%ﬁalmng menber
26 fol | ow ng t herahpetkintthvattrignguti ipatéms pesitidnet at foa diffefent fadfi §8iandicoi ti al |y
generated. Therefore, in anti ciloati on_of such a Iaa}eti nme, ~s the control

si gnal for hal tfrem therenter of bakeglatn At Withdhis aprroarb, thedpteheantasgated appar at us

10 slightly in G | [ | r Lce 12

actual ly reac hetie@%é%gl sﬁnﬁ%nﬁ@ééﬁzlt #ﬁﬁeg%%gﬁ?%ﬁﬁg?%%ﬁsaﬁgg?ﬁ i c exanpl e,
with a | ag ti menegligidlegyét sbitortihdtorsdeviveds. (afd SRRRE ficiiber 80 (firesefBys be sent
out 500 mlliseconds before sem conductor device 12 is predicted to be at
Tc. 20 Det er ni ridgguatels supnortehr Asesother examplesa lasghaumbgriod prateberanises ée i n
m nd, can bg, ac e i uj -1 oop. of. ed-J oop
process conﬁ) rol&ﬁregg#r’#rgegig?géor %)&g%ﬁlﬁee%&gpéuﬁfatggg?’eé'@b%tar%'Iagé@%%#f&e. g., a
control systemidsitich fjhkehepronibatitses Stadte Blout 4 @intte 6y apar€.alr snckles er m ne
the chill end point, at . which a control signal should be sent to apparatus
10 in order to Htaypindiyidusl prgtubsranees Hearg bipiratly Oilyem ta 0 mmmpreferbly one
coul d character] rs, waf er tenperature, el apsed
chilling tine, %S‘???r"e'“%“e?c ’%aﬁ‘s‘g%?’g‘t""éd with the chill end point, and

t hen such paranet ers coulBhkbglae®0irhayr gdiohallysheoproeided Wvith@ne or tmoreflow The
baki ng characteristics_ of gpparatuy O, llustrated in Fjgs. I, a, b, and 1
c will now be feieppels g%l@s%fﬁprbte@rwﬁ%&wéscs@&unef@tw g s3bensenbaieplite 3 30
shows typical tempefah ! a}n@ nd 37 21
August 2002 sem con u%ﬁ%@dgéet\g}f ?:éeﬁc%zl,]zs%é pecrtlll g?@{lpf\gﬁﬂgiggﬁ%ﬁgﬁoper ation
in whi ch devi ceordiharysaihered mdref donduative @apifhiait degred o eshaice thealermiabnper at ur e)
up to a tenperature TB (e.g., ,130C) qver a period tf. During such heating,
bakepl ate profi wdmetm@&ﬁwe&mb@wrg%go @ad perpicopductor devigs 12. Thofi exprple,

bakepl ate 20 t vl ; at -1 JTES
during heati ngqﬁ?ﬁgfgﬁgﬁgtﬂgﬂ%y and hé’\%& @%nﬁﬁ%&%ﬁ%ﬁéﬁnﬁh%ﬁ%ﬁ

t enper at ur e26 ubs gasintoggdpyb2ovightaipohelp negduce thESendenef aff seinigondidtbi deviee- p. 03C
of TB The terrper%t&tﬁre of hbakelgl.ate 0, therefpre,, mést be allgwed to
overshoot TB to® K tQ Qrerheat felatiys to othef portions pbsemygondjiptor, Rt nt in the
heating proces SAltEtlﬂﬁﬁ@élggri@thetﬁ?gseh@@(;f aQLHpB}b#Fr)iQtfe sbalRRVh8emitohdudisduced to
1o all ow device 12 and bakeplate 20 to asynptotically approach and
substanti al | y rdeaude IRBanditiakeplate20cgap 62 mey be ssedfte pull a shghtwatyunyiee, a

bakepl ate is at a maxi numt e T," ove T$ bu i.le device 12 is
at a tenperat ur%aWPmH&n%W‘%p‘Bg@t@U‘%ﬁtBEﬁsogg%Wamﬂg ‘?ﬁﬁ?é‘h%dﬁémmé’ out put
of bakepl at g5 20p413 wazduad p@ﬁﬂ@ﬂd?o% id)8n %mﬂ%ﬁﬁbﬁdaﬂ%wg&aﬁ nsyStem
and is a typical output of a conventi ongl 15 PIb controller The heating
approach of Fi gshogvm)esulldtte provided @i bekieplate,20r apxkichahteatdgrd 3 tahelpifornpr of i | e
regions 134 and 136 before the heat output of bakeplate 20 is reduced.
However, the heSHASthte sl ows exponentially in profile regions 138 and

| 40 once bakeplate 20 is 1.t § [ | east about
20 70% of the tine requi r%gmﬁgﬁﬂgégyﬁg\%ilg’e!g%négg’r%hgte&@%ﬁzémi@tr?\f/‘ol ves
asynptotically bemiconductbedeviee 12 isfdesimably mioaitdried desaly drimdigbtly Beriigenper at ur e
di fference between TB and,.T; is generally a small fraction of the total

t enper at ur e 3 an§akiag ahemilige opeiniqes Loghatihe heat gutpatofihgkeplate 20canbe ant i al
anount of heating time is spent adding the | ast few degrees of heat to
device 12. Much heating tine is 25 investeéd to achieve a noderate change in
tenperature needed to get device 12 up to TB. O course, the heating
approach of Fig. 8 may be used with beneficial results in the practice of
the present invention, if desired. Indeed, the approach of Fig. 8 allows
device 12 to be heated fromT to TB as rapidly as 40



30 to 50 seconds. However, even faster performance can be achi eved when
using 38 21 August 2002 the principles of the present invention.
Specifically, the tine inefficiencies associated w th prof i aueagi2o00s 138
and 140 can be substantially reduced by using a "chill boost™ Tgr om cool i ng
menber 26. Cenerally, according to the "chill boost" approach for baking,
bakepl ate 20 i ~ AHb@helich RPD Tmin
order to all owé?f{g{/dl]%g%%gkg ()Shﬁgtﬁﬁg%g ga(fkﬁégnﬁéﬂg&# gcrirpe étllljcr eﬂnucﬁ%g?%ger to TB
bef ore poweri n@cdadmghia kiepdisdceagiPoacBEdot mogitoripgeafel@mipsraturea sisteblet 0

rapi dly draw excess heat from bakeplate 20 to hel p.ensure that the,
tenperature of IGHRAFAEreSONSY (Aqt AR WR) qay%t%@&&ﬂ@é dﬂf&g“yo‘eéﬁmﬁ‘@fldmr‘gﬁ%t TB.
to The benefitsg,0 " ey . : fi: [ ' rated in
Fg. 9. Fig. olFerisuer fitvlich PARRE ordLAR itighRRl BA Bpfoabh|fl T EC 50
reaches a hpghegallppricatahor defebhy, bécude'the diras apprgach seduires the addiamehl devi ce
12 reaches a higher tenperature T;Z (as conpared to T;) when the heat

out put of bakepropessiostens of aftachang and detaphing temperptyire spaseiféhee of

corrective acti on. d.if, the heat.ing 15 sch f FEi e used
at this point 3\?’?1?8’3 ucéorcdﬁ?"lcg eﬁ%glfn,egat'he@' ie%gg@ugté’éfi e‘lq%e lbct)WE£ g’ﬁée‘%ﬁj ate 20

and device 12 wavkgpaéds Nafdrd proceaing Abditibriliehalels §pibllffippoe sdiditive
overshoot TB. That is, bakeplate 20 and device 12 woul d asynptotically
appr oach some &ampeResiny (hat cewddeadversely piatedry contrgb wath 2 tPRPEMIVEE | nst ance,
cool i ng nenher sgn6soi;5 brought into thermal contact w th) bakeplate 20 20
under conditions effective to ensure that the excess heat is drawn into
cooling nenber 26. As a aegsdhigBnites mhakepradairdble dhthofliRor th€tehiperature
substantially reach TB at a tinme t~ substantially less than tine tt. Wile
the tenper at ur f ssmigerdustor davige 1 2 indireptly byoaftaching asyithle tempsratyre sgisebach TB

af ter bakepl at } I i O wi th such
asynptotic heat% 9 %‘g‘dﬂ% @%ﬁ{rgﬁt ?%Wﬂﬂﬁh%ﬂeﬁgg%%'gfgﬁp?@@ %Cflo f‘ﬁa associ at ed
with Fig. 8. Felentbeadpliemarhédmoubit dfweaferedtdsnigscosett @boval Uridgr sithm ght t ake

40 to 50 seconds to conplete, this tinme wuld be reduced . to about 25 to 35
seconds usilig (CHeumstARqGes, the actual tepperatiesoighe tapgurigce eisgmiconductar devisst r ol

systens of the i i j Fm{ chill
appar atuses ar eltziéggﬂ@[t%w t8 é(j)ﬁ%)séogcgﬁetg t]\tmotte%rp %@%g@gﬁ‘%@aﬁ?ﬁ%ﬁ cgir)ldt}r ol of the
bakel chi | | appaienities 40fat fubstaptisibedl tihey/duringbaking@dR9 chillihl, évepuduiking 002

present invention, however, relies upaon an innovative heater control
approach that (eBReratEEe rampsd Inged. shedificeense Ht teppedtuse betwgen thettemer at ur e.
According to t VR I C . 8 ffr:equency
above 1000 Hz) Fﬁ%%se vmh\g?ﬁm@rr%lg hﬁg‘tat% Etér{ge‘ ggﬁ{br%l g? gfnsaeﬁﬁgog‘fdﬁéstggé%%énlg EI ate DC
el ectri cal mnersgystintmllp pbrseaht,tamdandre pteferablymegligible] sxch prastecabmatiirC

(resistance/inductoy/capacitor) circuit .in which the heater is_ the
resi stance and 49?8’4“?&3&6‘[’ indigects mapnitogpe H@ItﬁmBﬁ’Fﬁ%‘fote*ﬁ%t"IBé“!f&?et ofge 1 evel

across the heatgr .\ ' g%gﬂe I | I ably
establ i shed ac rs%@gcoﬁ%&%%%v}r&% e r%‘%?ﬁf‘@ggﬁﬁ%%%? ?ég&%ggﬁ?/&\%gﬁcgd W thin
a power range fofamlat werhB&%40, binpslacoiremionaif hesled, dan belpplixd toltlect ri cal

vol t age devel oped acr,oss the heater has practically infipn,tely small
granul arity. THPS@SWIEA SHRPSTRATEIN OFeanie ASROHMEIOF BerempeAtF lffs@nsﬁ,ﬂ%gi lity

and preci sian kRbedh thé Bp SHABHIEE LARBRIAGRULE 18 ltd afffar niéhbet 48

schemati c diragram of one enbodi ment of an 1 nnovative control system 300 of
t he present invention inThitahpdoifuzaersor ibbe asedun thegiresdntisivergioa nydie
frequency PWM control signal to control, 6 the heat output of a | ow thermnal
mass bakepl at e @Y suiabletegwperature sensar thehis capabls ok sepsing tempegature @hraptp 2
represents the rgsi i . Qv erad ew, g | er 304
Gevel ops. & hi gHPEras St 8 AAKERAA) Gher fmeBRrBARb-RL ARBRM 8 20 D00
to tenperature suitghlakdingemtresensnbievicssnes RidwWitofSesk & reiibive &n-Tiiper at ur e
sensor is thermally coupled to bakeplate 302, as indicated by doubl e-headed
arrow 305. ¥he W)@smqraﬁmgst@ﬁ@fm Severna! switablectypasaregyailableSiwm aor t he
"on" portion of the duty cycle of each pulse of the control signal, This
establishes a correspondi ng voltage across3 resistor 302 that is
proportional to the duty cycle of the PW control signal. The power out put
of the heater is




25 then proportional to the square of such voltage. For exanple, if the DC
power is supplied at 300 volts, a 20,000 Hz PWM control signal having a
duty cycle of 10 %w Il establish 30 volts ( 10% of 300 vob{ auga&rn0e3
resistor 302 and a corresponding 1 % heat output. If the DC power is
supplied at 300 volts, a 20,000 Hz PWM control signal having a duty 30
cycle of 60 %wll establish 180 volts (60% of 300 volts) across resistor

302 and 40 21 . t 2002 a 36% heat out put. .Sinilapky «if DC
o suppl i od arvessy & ghrdierdaioiieh "R basanaRie kT E gt R Sertr £y
cycle of 5% Wik boierdidliydVaildble Ghded tHePAde dest RRatioal St 33 28PDRABARSH St or 302,

and hence a 0.25% heat output. Referring to the features of system 300 in
nmore detail novince Rredysts IncurMingearsdis, MD6 Thinsepsértincdrpdratesatplasimutonpr i si ng

t t ' 1 troll . .System 300 desi r, ingl ud
conventi onal - dPFERRIES PGS 61 Sha Han Mt Breasoan ey Rt RQRE oHg
tenper at ur & daddyaandetdsilajer @Vihs ARBERIES 6f sHRAE 000 MPoREkar(Be [ g dat a

reaches controll'er 304. If” tenperature sensor 306 is a hybrid sensor
conpri si ng mul encpied vaemlsasran overat rdemmeserchfrabouatr2 SOemisrosmetiéreoy TheiRED 10 filters

may be used for each such sepsor conponent.. Driver circuit 301 is used to

adj ust the arrpslef‘fcﬁd'?eay}cﬁ}oﬁaecgE‘?%@F(Qggfegd’ﬂé‘rt‘af‘ﬂf’é‘gﬁs{jﬁ?ﬂq? tqn}geaeégqered’ and/ or

to convert there&i@thﬁ’@édﬁ_@si@@i@h'a%(ﬂog&n?det1%£iﬂ,3é}?‘ol{riﬂ{iﬂé fBina Sui tabl e for

further processing. Noise filter 303 reduces the noise content, i.e.,

i ncreases t he milymadeanudensswea silicone, resin, anhapoky msa, aticrotexBeedsor signal to

enhance its progess iIit]%/%%)é 15 control l.er 304, gq(ntrol | er 304 may be
0

conprised & aPRVIEEHIHORR porpipgions of these.thedikeang the |i ke, effective
to enable control ler 30444 ARAREDL & BuyPIAORDD!@hoSwRAenks: R KD

tenperature sensor input. In generating the PWM out put from suc

i nformation, ateynpswtureséngopmay be sonstmcetedin siwt ochoistrgptechinechoRise amhthement r y
may be used) al though,techni,gyes of pr.oportional/i.nteqral/der.i ive (PID)
control “are prepaien Bt HiF portioR snoes HER ety M sumiSiby o) (7
generally, ar eclfﬁ?&?érisﬁ_@éiléir% QUM rmaieh KeRiIghe kAdvALRIRe &Y SEH B sANaNr si s
and Control, McCraw DIl Book Conpany (1965); and F. G Shinskey, Process
Control S3i%t espuitterigtglong pr®eGoior ekdraple 30 fommen BEDX sensasdn-sitw mlawver dbar e,
software, or conbjnations thereof .Contraoller 304 jay be digital and/ or
anal 0. A var | SRR QEHRBELE Rytel R s Plponen B denspust € idHesfL o
control | er 304pgyittoncadditRérCétahddto Tl APRTE teAPeratufe Sehso YA R§esfr chased and

i ncorporated into system 300 in plug-and-play fashion. For exanple, in one

enbodi ment, a ipsuigkorhigsiesirabiyndepobitedrittwsral the sensenanddhe eumpanest talwhich

avai | abl e unde theS Hsagte *ﬁ’%‘ era étrjg{;%g 12t0002mdesci, nrasti onir;'sLG V| EW from
Nati onal Instr RS SATEE ,'TPﬁ r%y S LSS BY KOG EEETE

Al ternativedy, mafsial®fitRe fpscoivnliynal §eBed Bl themicBdesiinididndusty,he form of an
enbedded controller incarporating one or npre m.croprocessors and/or

di gital signal inshudingspalytetrgfiyoroethylensppelyamides pedyimide; polypnideimide, 5

i nexpensi ve. DSk re .deseribed. . for ; i Ry L., Machi ne

Desi gn, "DSPs glﬁﬁ% aoﬂdg’cszﬁ‘%’or? rﬁg'tdg’rm&?ﬁ%sg%ﬁé gfteg%é%cg{ggfgﬁ (Novenber 6,
1997) . Representative eXamhRsap ﬁcﬁuhé,ah!mmsme%&@élﬁmayﬁotqaweri cal l'y
avai | abl e fram Anal og Devices, Inc. and include {i) the AD7715 ( 16 bit

si gma del t a ADe raewisitecegdity npeded ity provide(m¢agingful contokaforaferdempeatre h RTD

devi co. e oplf bt SRESTne BRSistiat) pletGri PP Faiie gt AYBATFERET or
indirectly as gatdnt Bféludi a EorabiRAtfon dffa elafi{ely sl Maemld Rt @mpemalryi ng
indirect interaction, an operator Bn% interface directly with a host

conputer that, sensingdenice(ereferably amBRID senser) ansha rebatively fanand pnstatfo ARI S

m crolithography. cluster ,uses, 15 such . ndirect | Rter i t hr ough a host
conputer. Cont P%ﬁ"l“&”@ﬁﬁd%? (i%é:%rg i ?fgl?°?‘8°‘8err?&?§s?“ﬂ§@?‘88?&°?g| si gnal s
having one or QE{sBr d¢vickUs0Sddas s¥ise MéripatifedFOvdfaewith Brealt Ssdet NEhide
suitabl e frequency, or range of frequencies if desired, at which to

gener at e t 3¢ PWhpesaturecheasitpments, sensed by dheeslowtabledipststosordevice egusedi es
shoul d be high
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20 enough to achieve the desired anmpbunt of accuracy in tenperature control
but not so high that switch tinme or noise problens arise. Generally, PW
control signals having a frequency in the range from 1000 bz Auguf@0090 Hz,
preferably about 20,000 Hz woul d be suitable. In those enbodi nents in which
tenperature sensor 306 is a 2s hybrid sensor incorporating both a

t her nocoupl e apd ‘ te rat ure senso cqntroll er 304 al so include
conponentry i n{}’t%ggrfag% B?Crg’ﬁgf_%m% %utempt&?ﬁly Ipp-,qmggp tt‘\'?éﬂbe Se8?"€%ﬂ?ﬂrnati ons
thereof, that pRagediadheretfait'adcithtdiidrelIEbH MY the RTD sensor to
calibrate the thernocoupl e tenperature sensor. In these enbodi nents,

control l er 304 woul d be Weswatepd ofilisipg theuybad tenapepatute sehsor $obasgduzomd

t hermocoupl e sensors in a,manner such that the senazed te er?ture 42 21

August 2002 daths appiegiationthal theppecoyiss canssepsstepperatire et @tFs s 18shgtit signal s
to controller i 1 L eontrol | er
304 then al | owt auncray Pt VAT AR Shheh Tl Rofierpiesaline hifd" o

t her rocoupl e Caterltinat i@mthewphedshasd; atthpighshtgpicalsR TD tereperatird senmaemaightr € dat a

obtained by the RTD and 5 thernmocoupl e sensors at any rf,e,rigg uring the
bake/ chi | |~ pr oBe&2 lowsr sepsingispsed, hgwiaraperaties sypupg eapabilifies, PP &hed by
using sensed t giRey I R TR, i L #‘nﬂ}e i ei ng

mai nt ai ned at an eégﬁii' EI’I uﬁﬂ?g%gﬁ?g’r%&#ﬁ%&%ﬁ@ 0 t%ﬁ%ﬁ%ﬁégont roller
304 is transm stakititytaver long ipetibdddfaintviTihol) byiusmigithe RTBsknsar dorpalibsatag
controllable switch 342 (shown i.n 1o the preferred formas an insul ated
gate bi pol df t\f'f@sﬁé?rgtos?ep(‘? ?‘é."{"a“?*’@%?",‘l“gevﬁ‘@i’w?”‘éﬂ‘a‘sa”rW’é?“ Atziptihe 344
(shown in the L LE ckl Bk circui! 344
receives the T'BE lgs{)élfﬁ)% B@%ﬁgﬁegag #((d;;%x g%nﬁwgﬁlg#lhéglg tgﬁ&%@e{@atlhe control
signal s to opedraxbdcksl bsembainents lofitheaneantibs in @HAizhiarhybrid devies pondi ng

manner. This will be described i more detail belowin 1s connection with a
preferred node MSPTRSFAINGE thermeco Efse‘fﬁFé’dg?&Gﬁé°?%‘ﬁ¥ge@@h?ea‘?9'\¢édé‘%odi ment of

control | abl e S%%ﬁh it 4 Adhbsivé hs h%ﬁﬂ%%@é&%%%ﬁmﬁgﬁeyﬁGRﬁ% Q8Q.di screte

| GBBT as contro e swtch 342 a~~d t IC 1 BT Driver as
driver cirdait 344. Bot hWher usimgialhybtid témpenaténejsender,cmatibiatioiCofithany, Ltd. The

o S LSOOG B by SR B eSSt BB 1 P 00
receive el ectr 'r%ﬁhte@l?‘&ﬁﬂ alifoRiRt CEHyRAVEY orplo iy basi30Pn thidwh ,%H@hﬁ@ﬁt@é ates, AC

power supply 308 is frost commonly a ufilty supplying three-phase, 60 Hz AC
el ectrical cur detatsermsed b9 thetbémsocRivle alSyays sviil 30listantiely parespersd todhe i fi er

circuitry 310 in order to convert 2s the AC power in DC paowey.. For
cxanpl 6. 208 ABRIE RS HRPeTGIea feed Bns BATh e tibe SRy LB men
shown in Fig. lfuthddefdeyub& isHbPcritical RANANY EorkvBRti dHaPERIbERdn MKt R0y Si X
di ode rectifier, although any suitable rectifying means nay be used as

desired. A six miyddased cCalitirgtronametbodilggiesion calthratng tdopemture sansongace and

said as a single unit, and be .obt ai ned from 0, 2scaal
sources. For eXhfynand zﬁegfrgﬁ%fi%s&’ég?%?rief’ﬁag\pieagbg‘#;%g@%éA%&gﬁunder 43
21 August 2002 st4v3 d102sl 266269, a1 308, ABHBEGS14.r om Sansha El ectric

Manuf acturing Co., Ltd. Japan, has been found to be suitable in the

practice of the present Figueastliaphh, amthdc Bchepwmiieallydlusttatptheetppnfiparafiériser 310

tends to b d.i | sati for. hat i l.ud Andesi r abl
over of -t cppreareted1 Rurbknd HaiegarGyllidraite S oe Prins nfhiifgey "' ©
snoot hi ng ci rcLﬂetcaﬁpeatohenpigax%hiarbhewga,spééa@W@my“&a@y”%ﬁ%@g& nd ther eby

devel op snoother DC power with a reduced anmount of "AC ri e
snoot hed DC powenclchousingd isepem pllowihgtsemicmida¢tor de3i@ li2rio ednsestedohtd ashi on

as will be described | ow., Th referred snoot hin jrcyit section 312 as
Shown | nct udes BPEERGS 3P 284 Blaced o siprary supRog RIS Habpplaiedd Thimiaue: ot or
320 generally GRARRALACH * RIPApSilisH el MO0 SfielifibdBd 3. 322 and ground

termnal 324. Snoothing circult sectio I ncorporates a relay
switch including relay coil 326 and normally-open (N O ) contact 328.
Referring now to the conponents of snmoothing circuit section
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15 312 in nore detail, capacitor 316 is a relatively |ow val ue, high
frequency capacitor that hel ps prevent high freauency noise from bei ng
transmitted back to the main power supply 308. In a prefergéedugoir@ddent,
capacitor 316 is a 0.01 pF, 600 V, polypropyl ene type capacitor. Capacitor
318 is arelatively large value capacitor that is used to provide DC
filtering. In a preferred enbodi nent, 20 capacitor 318 is an

el ectrol ytic-type Capac'Fi%ﬁrél@s‘ﬁ@w@és 3 Bh@ekiGOsE dfpalBRB BRI 1S 3
hi gh val ue resistor that hel ps bl eed charge from capacitor 318 when system
240 i s power ed tleftfakingreyoledas been ibitiated by Hidiingsbakephatef 200fmecoafizaciingr 318 over a

period of about 1Q seconds, for instgnce, resistor, 314 prefe ly is a 5000
B 90 watt r Ehen 26 o degortherbiaN oty SEatral TURT LERCE S BbRRRPES 26 and
328 hel p sl ow I a E : j s when
system 300 is %gﬁoﬁﬁ%&éﬁh "Wéﬁggsm %O ﬁﬁéﬁg%ﬁéﬁ%ﬁé&ﬁ)ﬂﬁ{ girﬁifér%gzgﬁce,
relay coil 326 bakeptatel@iseftbd at baasti fhgh MifB suppmt pins 1326 pechaph bighecift er sone
delay, e.g., 0.1 seconds. The del ay causes current initially }o fl ow

through bot h capseed; ¥ thanssmigandueiar devse 13chas been braught|intaitherig! eandact nj ¢ i al
chargi ng curreqat : glg.pag [ T - argi ng
rate of capaci 'E%trh %%@H%:a{)ws g\%ﬁ%ggg%glraé%u té%w ?‘gdg“"@ggg‘??? (?)ir’ Q%lggl S
sufficiently clhaldgeglaeadnbopdf akeplae202fhgal lghesacuuhe ifalssikeitint her eaf t er
bypasses resi stor 3.20 by féowi nl%,th,rough t he cl osed .cont aqc?é. In a preferred
enbodi ment, r e§Mbpgimenticofithe invemipnap whichthegting zanesi ds grovidedyaior 302
represents jhhe of2eicaiPALRHAl hddS, RakR i irlg%eldcn S
controll ed.l Reselrstor gOZ }ls ?ﬁco’r%ﬁa@gﬂ%&n%%@éﬁggﬁ gjdﬁmgnedé%l onl330 of
syst em 300. | n canehtithronglh beatmmgizeno?25 BPmahmen effedtive o provedetthedesydd f urt her

i ncl udes di ode 332, cagpacitor 334, and inductor 336 connected together

bet ween top tePAMR&IPT4Ye and | oad circuit bottomtermnal 338. Wthin |oad
circuit to section 330, ggRacidSows LEsH 19/ efrecigct €d i N
parallel with each other %ﬁ RC% rcéi%tomg I‘rtl On@%a%éa%g%mgnet op term nal 322
and i nt er nedi ataecdnyzltsh samd ichillirtee Imithia torfipuirationdecoling nizdtbend6l ist@ised r cui t
portion 335 are cpnnected tp each other in series b en top termnal 322
and | oad ciltscui“lntl 1% 18 thermya 'Wéﬁctw%_.sew@mww °"’cf‘£éﬁ?ﬁk°_gl€@t%00n 330,
resistor 302, '%ﬁﬁ%@ﬁ‘e@t@@f@d&ﬂngﬁ%?def'% a&%o%ﬂaﬂ@&id ShibddtRicRr 2- pol e, | ow
pass filter to smooth the DC vol'tage devel oped across resistor 302. In
practical effeckeyice h2 vig dontlestionghrosgls bikEplate 12 rifhebaost sapid cidisgsate€ cur r ent

t the f f the P t put, of | | 1, 304, .. |, [
crbodi ment i AT BR At HEvee i BPIEY Flauing off etiak eneds wne s Shauct or
336 is a 4nH, 1%,dr35$ﬂg E%ﬁ&?}atﬁﬁ%péeﬁts%n BB aLAbVADyaherd) abifiétindihd hé

capacitor 334 is a ~tF,” high frequency, 600 V Capacitor. Resistor 302 is

typi cal |y 305 Smtputfheatiogizomes. RIIe ainfiguiations apfigebsem d®, B0Gedto AC
current. Load ciycuit. . hottomtermnal 338 is coupl ed back,to t t erm nal
322 by di ode 35?’2}.("3}_’?8’ vﬁé’?f%'(g?}f‘%_@‘ﬁ _Pﬂﬁ?'%&?gfﬂﬁH@é’tﬁﬁ\'ﬁﬁﬁg%ges. Di ode
332 acts as a hRak29untifthy cNHIRR| effet TdBolinl MeMBEr 160is GvaBbmb BEf¢Rhilpge at 2s

the bottom of term nal 338 when sw tch 34‘%|s turned off: Diode 332 thus
makes it easi ersuelythahthgidgsiredibakingastersachinged. uBakeplate B0 eudysemicenductor 302.

Conpany) Lt d. " (e de ey dBmalieosmpled oM Sep'ing migrale OB e s iy
col l ector ofs C%Hp%té.altﬂeﬁnblqu%tﬁﬁnFF%e%ﬂgoco%lishea;bgéﬁlﬂiiﬂ%ﬂn\%nmgpléteabef erred

mode of operation of system 30 I now be descri ) ich a 20,000 Hz
PWM control si candicopkngampimbeni2é to achievethe 3agfigurationddiFig.dbcAstarol t he heat

out put of resistor 302 en ushng,294. volt DC.power derive r AC power
soufce 308, - TerBmae SAsEas 2b B Sorling grons 2B 3R resta pospled MR
representative rgfatildl§ s8I SURERn{ SASUM Of SHerdy IS sUFPIER IS RGNS YORORS 861 UPON
resistor 302. The eléectrical signal representdtive of workpiece tenperature
i s then transmniasttethairsaiooveferol? at theddbsiredielsll eqinliyriwh t@npdyaturey pr ocessed

t hrough driver 301 and noise filter 303. Controller 304 receives the output

of noise filter 303 and applies PID control in order to develop a PW

out put
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to having a duty cycle dependent upon the degree to which resistor 302

devi ates fromthe desired tenperature. Dependi ng upon the circunstances,
controller 304 can use PID control to determ ne and gener apeAagitR0ont r ol
signal having the appropriate duty cycle to adjust or naintain the heat

out put of resistor '302. The PWM out put of controller 304 is then
transmtted to | GBT 15 driver 344. | GBT driver circuit, 344 uses the control
signal from cont roI | er 2opartienlarhe prefersederatadimontiaf s 1gnmated bakeplpteddpondi ng

. F troller 304.d 7 P trol
T onal” havi n o T pigsdos VBt s sbwa ik S, B 255 Bakprine g ndia A
closed at a radguraily gdlitRned hBatwﬁlW@Md%hc}%ﬂ%ea@éemaé&ﬁ@ﬁy&& 78 ak®% dut 'y

cycle. Simlarly, if controller 304 were to 20 increase the duty cycle of
the signal to sHeturdlisebstrates (76 syBa@trivally gosikorsd enedchaside of eated pt72a rat e of

20, 000 Hz hat t t h Id b | f h..PWM
i nterval . ?é)éf %Pf%ﬁ%%ﬁsthﬁﬁsrémﬁ?g’fq‘? Pﬁl@eﬁﬁﬁ‘%@ ‘TC} b@&&"l?tﬁébg aﬁ%gﬁﬁﬁ'%t of
resi stor 302 t9.pa®an] kPRl 89 pRIAREAIkyT7 LaRGpaR @ the duty cycle

of the 25 PWM control signal tends to increase the voltage across, and
hence heat outputubefanceseiaftFigs. 382b, Bidrl ¢. &Fhug, prdtarbleeaasebsrﬂd rafgchayatagy cycl e of

t he PWM contr ol nal tends.to decrease th cross,. and hence heat
out put of , res?fstﬁ%? eempqsition; Sipctire, ¥zs. @ﬂgd%Q@ﬁnﬁﬁﬁa@gﬂ#ﬂﬁéaﬁctl vated to
open and cl Ose?rloﬂl be2RPQHEE Ih@:Ma%?&gsfs%no?ntﬁf%%ﬁeﬂi%WOQhﬁkﬁiééEéé gycle in the

range from0%to 100% 30 However, even though switch 342 is being actuated
at a hi gh 10 egmdividual lanmgngtediiayers 22 My §6sandZI0Rakifg Ombdﬁpmte ’lfhsetnptre

constant of |oad circuit rtion 330 is typicall wer .t this,
because capaci ’G‘r"“é%icaé"rﬁquqﬁdﬁg?me’@%er éﬁ%’rﬂ%ﬂéﬁ é‘ﬂﬁ °Phé° 8 t age
devel oped acr Oﬁgae{sgﬁthtﬂecﬁng%@%f CADRSROMRRhE NS fbh?ney@i %&9%/11@888&3@9663 acr oss,

and hence heat t of, Tesistor 3@ actually is trenendously snmooth 5
and st eady, bebelgwproportional to the average duty cycl e of the PWM control

signal as described abo 11-22 sh w a par referred
embodi nent of a bake/ch:ﬁﬁl Séﬁ‘géﬁ“ Saddyicn strigtare ;ﬂt’t’ t?%%@%"i‘@
| ncor porat i §1g hiiRerBlsd BéiieﬂlseiFn@.ﬁ HaBauRE ERBriolM ?E}Evgmﬂﬁﬁ&% Red t@bove in

connection with Fg hrough 10. to Apparatus 400, for pur poses of
di scussi on, i sfoxme ﬁbmnmnalseham«btmmdéwm jcientsrofi thermaliexpansion thet

k t he f As t
B00° Fnel udes | RechisiiasS eieth b rios R Emesihye iihed e Siicel heithe AR0N! 1 g
operations. ThegfinkioperafilRa 38ERE hep déRidpitavédnda ﬁsssmhywaﬁd TVRh&

support assenbl'y 402, bakepl ate assenbly 403, cooling menber 15 assenbly
404, and dri veclnamamnasmmmye 498h swessee could cause smohsyimynetrical lamnippted t ed over

Component s X hatEATEAS RRE eerenoimisr o HBsREREYof PBALTLON ¢ ang

cool i ng nmenber cédirafly Pesitibredtead pBIMaRE Siredsl atd belarRBE irbakeplaR0.
operational configurations includi gﬁba | oadi ng/ unl oadi ng configuration, a

20 chilling codisiagensaauence, heabtithekbakgpletsioitguemein dlat dyring tempergturappar at us

400 will be des ri bed with r ect i show
Appar at us 400 EHEERE A BRiFved PR sa fnipdd bl bR Ren honif ich
configurations syraﬁxewfl As afothétadoRtagd, bedhusd stARRREIAUbSrafdT6 ard bﬁ thl@e

descri bed further below in connection with Figs. 20-22. 2s Referring now

primarily t26 Fiogtsideof baknrla@?(iend heageraplydaiis yellprotested oniths insida efdhed

bl f | ed,si d 4Q7 d 408 d
porrom Y e dar o S, baleRlaROTCORRE b Zed Rite, SEPEGL SR T e

stacked conmpongihgiq q@sféf&.@ﬂmfouﬁ)ia?&‘drﬂ'éli%mdtéﬂ%getﬁére'BH&'hﬁ’s@‘éackﬁnd lid
recess 415 (see Figs primaril adapted to receive 30 portions of

heat er assenbl )sumatmﬂﬁrmasglobazﬁ n'gcramsttechiol 300rmicropasters llodmesssbacter 47 21

August 2002 ri 416 os' ti hh 1 t he ¢ L owner 414 and
secured by scrga@"lﬂi Lﬁ 26' ﬁﬁPtﬁ?taﬁWF%FeégBﬁ% E%ﬁgeéﬁ BBYPBm panel
409 and mi dgl e eA%th%ﬁ%s@l&&chnYdd&ﬁﬁ sb%hte%ﬁrem@vélm into outer

pl enum portion 417 and an i1 nner plenum portion 418. The stacked conponents

of lid assenbly 401 are held -




s together using suitable fasteners 421, which nmay be screws, rivets,
bolts, or the like. Side wall nenbers 406, 407) and 408 are structured to
provi de generally rectangul ar shoul ders 419 and 420, one o021 wagedt 200! udes
an i ntake passageway (not shown) through which one or nore gases can be
caused to flow 1o into outer plenum portion 417. The ot her shoul der

i ncl udes an exhaust passage (not shown) through which gases can be
exhausted from upper pl @efuideollebRedly torEigs. Ca@hd 2BOohwajer pIye7 Xipraferdbput ed
around bottom panel 409 proximal to outer plenumportion 417 so that gases
in outer plenwempsises dectdcally sardictivepath ¢ defining cireularrhegtingzope$5and

t her eby bl ank t.he workpiece.540 jn the formis.of waf er bei

pr ocesved. - Apdriediiaty B HEEPOREAR o or PER i Brr BB e el SV B Bknel 409
and m ddl e pargkctAdi@ Mneﬁete@hlohgelee@i%_au,pé&,aum%gfawuy 864§ coeftBdint@ases can
fl ow upward through ‘i nner plenum portion 418 and into upper plenum 412.
From upper 3pl ehermaliemergy foe hgatingi wafendh iBhecainaunt ofihgat generaighbybeatipassage of

t he correspondin houl der . 419 oy 42Q, ag the case may, b o,Lid assenbly
401 i suppor A2 ARSI 4 HEOlaEs LR SRR SIRIRS 1p EPUTR GRE y
manner, and, %ﬂ%&ﬁ%&'uﬁi’nﬁ!g}r t&%ﬁﬁiﬁmsﬁf‘é%trligﬁé'neg@tteﬁﬂ%\’c@ gehdriBshdpaki ng and
chilling operations. Each I'i'd post 422 is attached to a corresponding

shoul der 419 dreati@y). Inyméfeged ambedimentscfoniesamplertbe heat ontput ohpatingesneof | d
assenbly 401 . posts. 422 preferabl re formed of Stainless Zs steel

al t hough ot heraﬁkg’ﬁg’&ﬂ"étf@agﬁéhe%‘g‘aéﬂ?f_yrﬁuﬁlh?ﬁﬂ%gh tenperature plastics such
as pol yam ge, polyi m de g1Q@fistRyededudtidepatRigy Q@ﬁa\!/éri@@,he&ﬁi% ARe¥5QHh I N a
typi cal enbodi ment, for instance) panels 409, 410, and 41T may be in the
form of st ai nlesdfigentalathorayalensitysucinthatheatdr@bnd s copati¢ref wrifbemlyof 0.9 nmto

1.2 Ho _..such t l. 409 h | atively | 3
Chor ol ass. cHREing SA%S ADol aed Bitics aeriirn Py Selodf sBpdiY conrol
t enper at ure 48athwdy A11y2802 ST foMImBAkideJard hp @7 Belféeni dlghcemer at i ons.

In order to overcone this effect and to pronbte nore uniform heating and
cool i ng, bot t demsafelecu®allnegnduetiverpathveayfBsristypically 0@ mmte2mm wides
menbrane, |, e. merbr havi,ng a thi ¢kness .on, the order of 0,05 to 0.1
. pr ot er Sy ES PRIFTANPI BPCTRR i Py BERToR Y e SE ATy PR o
inward faci ng ia4hd A oFadoubid\spitala URR&IoNfigerdfibnsceah B¢/ ubdi IFBRlexarple, Menbr ane

hel ps reduce the influence of external, environnental effects upon baking
and chilling opathway $heanfteaverse heatingtzope8S ireeesilinear fashion éf desired. | nst ance,

the IR reflective, inwar .acin face. 424, t ends. f Q e di ant heat
energy back into the int}g?ﬂli'@z%‘?e ésg%grabgt 8'3'%%’0'3 ars\gafﬁa(}fvﬁ&és %%ocrﬁﬁlght heat
energy is to afldnetaprogés; he@btzdde 83hs furMed fldyh fDdlbartdligshddbii9e [ n the

second instance, plenuns 412 and 414 help to thermally insulate bottom
panel 409 #¢ onmeteaiakthatds iratiallyrpresentasamontimpausdayes dentes gong hmey thent | v

reduce the amount of t hat | d ot herw be absar b . pgt t om panel
409 from aboveiileoto 8? gﬁ?}eﬁﬁt?é‘ %‘gﬁ'& ﬁ'ﬁ °f’5tmﬁ’é’§§ﬁ ert‘f??’%%@rcﬁgYewﬁﬁga;i of bottom
panel 409 as aetphiag tdchRiqud SSuibdbldlectREdy@oatldfive aterlalifot foemif healss, | R
reflective enbodi nent of bottom panel 4p9 conprises a polyneric substrate
bearing an | R 7arel8Sdnslude metals sugh encanper, adWsEr eantaining plexsuch ief ted¥indi ng to
| nward facing éi"-'aoaqgl% ﬁ@a‘habie’lm‘a{adtﬁé trhd ;}‘é’s‘i’g}‘lﬁgﬁdﬁ@c&ﬁi‘”f@fﬂm "Alloys
degradati on during aki ng operati ons, the 26 pol'ymeric substrate |

pref er abl y 2§ or Ikemétional, Ltd @ Vanadd) 8 ihe YK VARS NilCre0s hlldyvailsbipfroat ur e (Tg)
above the highest tenperature |ikely to be realized during baking

oper ations. Acthes Fagay Compgny, Fyankdinyakes, Nl arhatinuny; gppbinatiens 9fdhsseni de,

pol yam dei m de d.,the,dike arepreferred. The, | R .reflegtive coating may
be fornmed fronﬂcﬂ{/ﬂ‘ethkﬁpgpﬁqqgrzemfggin&y v?a?ﬁwtg?]leg]&'?ﬁfésﬁﬁteri al of 25
which metals, p&oniplighih®¥RctridBly feSisBvd Tlafthg bfa §PEBOREMpRIA Wfthigol d,

al um num nickel, conbinations of these, and the like, are preferred. In a
particul arly pinyeatione oz ekaruplesiormingdteating zamedS frmg aicapper Kol g and

pol yam de substrate having a thickness of about 50 m cronmeters and havi ng
ax | east one surface netallized with an alum num allay. 49
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21 August 2002 The conponents of wafer support assenbly 402 are best seen
in Figs. 12-16. There, lift pin base 42b supports a trio of lift pin shafts
427 arranged in triangular fashion at 120 intervals around Jji A#gRt FogRase
426. Lift pins 428 extend fromlift pin shafts 427 at a hei ght appropriate
for receiving s wafer 540. Each shaft 427 and |ift pin 428 has cooperating
structure al | owhicknespof HY8 4B&roho((f 0007dhyhelpéanmodly refervedi2asi‘l/pdumee, Li ft
pin shafts 427 and |ift pins 428 optionally may be hollow in order to allow
a vacuum to be 80P deil akasibsen foungdde Be swiablesypported on 1ift pins 428, if
desired. The vacuumis d - ' j ted to
the inside of each Iift ﬁﬁ*i’ﬁﬁ?’% 5%3&%%@@?‘%’#@‘;56% ﬁ%&i"%ﬁ’%{?‘%sz.
Hose coupling 4m2 ofeirwdiclesriamyaistiachmety fosmed cslfectivdly fiphna egperélad for a
hose through which a vacuum can be pulled if desired. The features of

cool i ng nentfer r&&g@rﬁﬂcynﬂmmaﬂieawggleimvﬁli RuPpyjdle NemoysgandsCompaiyi ng

nb bl ' ¢ ' A33, ' nber 434
uppor o0 upon Lnne BEpAEE YRARLEY BRChbelt bt i, BRI,

t hrough whi ch celpobit: siRidtes gehdfal Briflcladedd sy ﬁ%l’[iﬁ@fght,rcbﬂ}ﬁbr'f&ma‘ﬁiihdaabl y
engage heater support shafts 464. Flanged, hollow bearings 448 can be
wel ded, gl ued, tprssmewheat thigkerpolyastidelayerpthetlizhtweightl eenper Wiklpysngan not

shown, the fricti l, i pLer weer es nent e provided
with a lubri ca?ﬁe e?%%fiégéﬁrﬁtﬂaegfe;eﬁ)g?ez’ b”%'&éﬁ% %ﬁ%g&ﬁﬁgﬁﬁﬁ%%@ﬁ&t of annul ar
support 20 fo ngdidiéstiodRgbr 990 Thizdprodith edn dsstbOpachiied it doubRiddd” $omi ins 464.
As shown in Figs. 15-16, cooling nenber assenbly 404 is in its | owest

position i n appahish the pebamidglasersendwiched between@voeuter foldeyeraf er 540 can be

Component s of cool | ng. neRnirni slih hmelR/ b, BAEREC IR ORE SRS, {1
cool i ng nenber eakeplyl 72 iddddee iy algatBichllycinasiste tibatyr gl T2 frony sibistratbe?6,upwar d

novenent of cooling nenber assenbly 404 is thus constrained by this
engagenent . Thi Wafgc8(, gandaerbenfiz, and ary other eleraents pithe semreundifiter to be

baked and chi Il ed. | I | M S iAg and
chilling args| co%réﬁabg¥%%39%?r4 %ssos@%ﬁ?\ %%?Hgsg{r;]e %@Foﬁx\/\’gﬁéhﬁt 0 open
apparatus so  RehteApyLEtto 2005tratd76. Fréforbhiath taypr Dreasatickhdsein the be
renmoved and another wafer to be inserted. In nore detail, cqoling nenber
434 incl udes upjsege Som| 10 miceanaetersdo 3¢ gugemelrs andynay ke Togmed fem Y ®énal |

dofime ool i ng SeSAEHACAGE sfitnRolily BBFIn EEkitroBletchitkiRaledy 0. °036  and
437 are assenbl Repreddatativei@pmiplenst suitalde dihdclric mbtatials ikBfdednergdde ar e
N
copper are. pr of s A BoRA AL ko S Bl Bl yr o B 0T Ty Do
grooved (not shmoipptraftuoraatigilere, poly@nidengolyintde, polyamjdesrmideharty thaewal |

e ot oot SPTAATNE et 458 o Bevgtle SOSOE SRR

437, or as sho (€8 BerBrd AREELLScifed AR Ak 8 Cfilinl eom bS]
separately, si \é\gv\/\%ljdﬁ rreE%er r438 cansgﬁ%afo%ﬁrgﬁhg%ﬁéﬁaﬁy conductive
mat eri al sueh asf thesei andeths likeeel or al umi num or can be forned from an
insulating material such as polyi m de, polyam de, polyam deimde, ultrahigh
nol ecul ar wei ght pol yet h)ha"éﬁé,er pns iRYOlVIngdempeTatupes; PY\"‘sarg?Pt %‘%%%ﬁ‘ol y, chill
pl ates 436, 437 Hsa] : parate piece)
may be assenbl e%ile?tgg?@rl% co§°iﬁ%@n§%%‘§§%i§ﬁﬂ§‘2fﬁr?§“§§§“ esl;ﬁlt'rg%’ nmeans such as
screws, bolts, gibsantiait dikalige-fove, vikréfidd porceldih grits saahdlikelare pedferigl. menber 434
may then be fixedly attached to support ring 433 using any convenient neans
such as screws, Pplypmigde resinpeare morgatedgrrnd meserials for fonming thedsctsicdpyess fasool i ng
menber 434 i,s asse £ r oM. dyeat ed to
annul ar supa(?)rtﬁ%l 'ﬁ%bg’%ggﬂsségﬁg}r@‘g%gm%? é}%{'?ggélhgta%ggtp%r at ug%%%gg&lban be

di sassenbl ed and reassenbl ed for nai ntenance and i nspection. Upper and

| ower chill plates 436 and 437 preferablyzglre structured to fit over lift
pin shafts 427 and |ift pins 428 so that cooling nenber 434 does 51




21 August 2002 not slideably engage lift pin shafts 4z7 or lift pins 428
during upward end downward novenent of cooling nenber 434. The features of
bakepl ate assenbly 403 are best seen in Figs. 15 19. Bakepbatsgaso0ply 403
general ly includes annul ar heater support ring 460 that serves as a base to
support bakepl ate subassenbly 462 upon a trio of heater support shafts 464
fxedly nounted to annul ar heater support ring 460. As best seen in Figs.
16-17, each he . i i r Jaottom pin
470 for ongagi A vanaBRaY, ohafide it AU ey A B A 6
recei ve pins 4gfH ditleatricppdptticsUnAQlsh apdaifs ecohbGrhicabtipgingin anfahdy tout s 476
secure each shaft 464 in place. O course, any other fastening technique
(gl ui ng, wel di H§OTRSFate intq &mmﬁg,stn@wea Ralyanadg resinsisdsogegerallptepd tabs shaft s
464 to heater rt Ll 4 referabl y, support
shafts 464 mayﬁgglgﬁo |‘%%%?‘éepg$%3§)' é’°§’°§“l‘§'§'\§a‘°’§’@ ?%?%?J%ﬁ%?ﬁ%s é(;1(?Jgt%:%[rviecal
wiring or the kolfermabilithehgruiteisdics of dexiredl Angedific bxderyle af & pslylagisenbl y 462.
Heat er support ring further 15 includes apertures 463 that all ow heater
support ring 46@1"@30 be useul n e preseat inyentiands availablen shee fosm as EKlranner t hat
wi || be descri ' e A freach heater
support shaft gg&ﬁgiggg%ﬁ'g?%tagh sé‘%?%ao%lﬁyl' ﬁ%?ggﬁgﬁpgsd&t%o'the top of each

heater support shaft 464Eathis0bstny76s8rvalak a siracthabplyoto ipport gatbprofst shown,
for exanple, one approach is to use 20 heater m)unt,i_ggqscrew 465 that is

t hreadabl y r ecéeaserilayess ofhekeplgedBi SybstratesJ@eadsofpeilitaln kothfaterplandop of each
shaft 464. Thus, . . j 4 i Ise ﬁ[;[e%
subassenbl >}I46§eﬁu\§gg11§€&?ig|&£shé)§%%ﬁ% Pél%elgga’te teorﬁ ﬂ{é‘g@f"q‘?ﬁ'ﬁg’ggtﬂ I'ng 460 is

| oner ed, bakeplséhizopdieesdevibe 80 40d arrfuldInséinted 82 sapportel iupon baicephins 70.
facilitates changi ng configurations of apparatus 400 between the 25

| oadi ng/ unl oadiAfgordmaky. sach suhstrait7¢ indgpendsnily grnesally asmade, oy, 4 quitable

descri bed bel o ' b QSae b el '

subassenl y. 4odrufiiraFBalal BpLorhblnte ot charelidd ok Son GRS JRERESRe
actual | y supporotied ldypsof biladplate 2Gds Well wewithfiadotht sdnspesatbrechangdsywf 462 and
heat er support ring 460. 30 This allows bakepl ate s,ubassegiél y. 462 to be

| ower ed ont!d orbakiag &adichillngeopsmtionpwithows distortionm Sagaing, Wyn loss 934 during
baki ng and chi lLj i nly, springs 478 fit over heater
support shaftst%%ﬁﬁ%ﬁdngg%aﬂeﬁgﬁgﬁ%en heat er support ring 460 and
cool i ng nenmber support rRegrededfative\beamplppof rastasald Gt teuld be ubs to form

| oadi ng/ unl oadi ng configuration as illustrated |n Figs. 11-20, springs 478
firmy 5 bias ] ?Lﬁ?@ﬁ%%w‘ BT SPmReAItigRTSUS ﬁéﬁ?&teé stipesStaeh| y 462
together. The ysg, gf. gmul@gaeéx?ﬁni&:r%mamﬁg Aldykusi ¥t 2ReEONELPesRISE they
allow a sinple, TSI ngf‘ I nmechani smto be uséd to easily place apparatus
400 into thoee “KOVARENi-CrpEo alloys discussed Abaper(tiei “HQVARR allbpwtmeres of

bakepl at e subassenbl y 462 are, own jn lo Figs. 15-1 9. .The | ow
thermal rmass, ;ﬂrgg’gPX’l?&R"é'ﬁ? Q’L"ewg@ﬁn%hﬁ%_ P §ﬁ%\)ﬁ‘_°&_§°ﬁf£\ﬂ°ﬂ{f?‘§t t Wo
l'ayer |am nate ;g o\'@&ih’ﬁlﬁrl {o%atﬁ;%iﬁ’i@%@ﬁx b t%i;lié%l {epbrat@Rargel oRRd fif ched

heating foil (schematically shown by the features designated as 484 in Fig.
17) is cl anped mhatybakingod ehillingapecdtong), 486 imms, doowinationngf theseppndiBe. Upper

ring clanp 486 lﬁcré(.j \i’l?e‘:’rvle crop;JIernlg ugel:d(?l ik c%ggereg Sreferably nickel-plated on both sides

25 to prevent wafer 80 from being contaminated with copper ions. For instance, a

flash coating of nickel having a thickness in the range from 100 angstroms to
1000 angstroms would be suitable for this purpose.

Other suitable materials for forming each substrate 76 include
nonmetallic, inorganic materials such as single crystal or polycrystalline silicon,

30  silicon carbide, graphite, glass, diamond, and the like. Substrates 76 also may

30



15 structured for snap fit engagenent with each other and al so are further
secured together by screws 496. Upper ring clanp 486 and | ower ring clanp
488 include a plurality of standoffs 506 between which bakgphapest428@2i s
supported in order to mnimze the area of direct contact with bakPpl ate
482. The use of standoffs 506 pronotes nore uniform nore controllable

baki ng and chil |Ldg/%920 operations. Upper and |ower ring clanps 486 and 488

may be formed B} tagepusiPENe] 5P cofmpRiyis Mptenals surd; asidigmonda er j al .
Particularly p L . 1.1S t

Represent at i veéﬁﬁﬁgﬁgg %Qsddﬁaor@# grf ?45?32 ﬂg@?? F gsm&m*‘%rsﬁr#e?gﬂ%@%nps 486
and 488 i ncl udeombihationsd€ thepgland thedike Hxamphes of Rietal/patahmd camppsited foror ot her
nonal kal i ne ceram ¢ materials, conbinations of these, and the |like. One
preferred pol yRras@ subsifae fatnchidgisheet peagupts innludipgatherpaldyreldife desi gnati on

"ULTEM 2000; from. L Fﬁ% , in, [ nber 492
has outer p%ri %Jr‘gggggk’??ﬁf’%‘ﬁ%g?%ﬁ%a%p eBl;)/{1 %@L@g{gg SE%E( %’?'ég‘g*rj‘%"@ﬁ"ég 494 is
sized to fit ] pertaldcaamiecdmpsite Sich sHeatfRoduiits ara Bemm3rcialBlavAilghlstind2p02

i nner peri pher¥ defines a circular recess 498 w thin which wafer 540 can be
posi tioned f or therl§el¥s8iand TCHOP trade designations fzem Hedvansedieeramzsi s provi ded
with a plurali f. .pro r anc 502 that support annul ar nmenber 492 and
waf er 540 at abé :%f%dr%rrrlf %lggs) aongééa'ove top surface 5Q0. Bakepl ate 482

further includes a s trim teimd dfitRickkesaRAEK stibeatb 04 shhidd batHirenduakep! at e
subassenbly 462 to sli deabl_}/q]fit over lift pins 428. During baking and

chilling, Békeplaheachsgbstints7hhase rglatinely dow thermalenens telallow cealingrandt wi t h
koo at e 48 e s WG4 AP odicl9 s 89, AORLIGBRIRELRE] |

di mensi onal chesghi, themédhasiculayrength atd dlnabiliey ofbakeplag MimHssasoot,hat m ght
ot herwi se occur are avoided. Drive train assenply 405 is best shown in

Figs. 12-16. Drespkingimp selativelyshogt sso@cedtfﬁérvé¢rpycq¥lde¢tiy&sw=§t@pweaﬁag or

subassenbly 510 . g i b I . drive i 4, and
chai n tensi onegmﬁrgﬁ1 S (§3pI|S%Jrrégr?%t“?)ﬂrﬂl @&g'ﬁggg‘g%gg%éhlg%ésgngﬁt?géeés}h%epper
notor 518 asd hawd;aehickdrsabitiite T2 FoulditempRhat®better Ttétal thefmew er si bl e so t hat

power ed sprocket 52Q can be rotatably driven in ejther a forward or reverse
direction. For cprAusHuiBsprapertippand; duisyrouldiead tq providemeore ppiforn heating pEct i on

shal | be deene r i |medi I mé% rtical
novenment of bagé%ﬁ?%l{)sgpgﬁﬂ o&%ﬂ?ﬁg‘mﬁeﬁgﬁ %bs{é.%g%%%#?gs%fgg a °ﬁ§4. The
"reverse" direddthatthehinte drelatieelytalgé thebaaltriass abgapt 8 lopswedh recti on t hat
causes downward verti cal venent of Qakepl ate _and/or. cool i ng nenber
assenbl i es 403 sgnwoawﬁorﬁwsgs aﬁémuqmraeméerr?adﬁ%témh%%ﬁ}@imorsatse 413 upon
rubber isolatiqn; I r I (/7 YA QN from
ot her comozﬁengglfgwgg%gég?&éféigsggﬁ Eg@ﬁ¢ﬁ§ﬁ¥'t§ﬁb§hrg?§g§e‘vr%%;glgetlﬂ?egeneraI |y
i ncl udes a | eadhislrsabsttnfel 76 woalddiavy nougtherral dndss tsheing dpweathéxamratng 522 and
| ower bearing 524. Upper bearing 522 is pQsjtioned in upper support arm 526
supported at t ‘?}bﬂ”éﬁaoﬁf"ﬁ#@&g“‘g&g%&fﬁe‘]oy brace 528. Lower bearing 524
is positioned in foot 52§ e il i Hs%l% 4 Ldbpo@se 413. A
chain sprocket 530 is fi xg%lhgl %&%f%%ﬂdtg{)ns?%cgﬁe o%t ()é’(r)ﬁrg%}dg)a@ﬁ | ead screw
521 so that rotpaowidetbwitia tiitkrelssinthe pange fieim ZBMidrdmetetiito Bungmsin 2002

25  particularly preferred embodiment of bakeplate 70, each substrate 76 is formed

from aluminum having a prelapping thickness of 1 mm, each dielectric layer 74
is formed from polyamide having a thickness of about 50 micrometers, and
heater ply 72 is an etched copper foil having a thickness of about 25

micrometers.
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al so causes the corresponding | ead screw 521 to rotate in a correspondi ng
manner. Rotary notion from powered sprocket 520 is transferred to each
chai n sprocket 530, and hence to each |ead screw 521, by cRosagukt@go2drive
s chain 514 traversing a path defined at |least in part by chain sprockets
$30. Chain tensioner includes idler sprocket 532 and adjustable plate 534
and arm 535 so that the tension of drive chain 514 can be easily adjusted.

Each | ead screw S21 incl ydes,spring-biased,. | ead. sgr gl-lower 536

threadably received on t‘cho_cfgll“gé%Blg%%ﬁpﬁ%“ﬁé%%gﬂ"é\cﬁag%&ﬁ@etﬁgy secured to
i 0 heater supp@idivididlJaytBGoibR 18niMBRASEgBHLE Brel g '%trélﬂ%ﬁia&é‘eﬁ‘%&geftl%.' owers 536
cannot rotate relative to heater support ring 460. Retainer 538 hel ps hold

each | ead scr ewokgtingmies (nohshomay enaybesegistoably pasitiongd thypysh thastackedad screw
521 can rotate,inside jts,lead screw fol | ower, K 536, t .each |ea crew

ol | ower 836, B8R IBRelPGEIEEs PROoL A EaL BLRE o ST i SR BRIT R r eve 521
in the forward gk %P%uzg@id tﬁexﬂjbla&@éink@@dac%ﬁﬁaed/ﬁgfbféjlc\bé}w& sk3becaufpHteience

heat er support ring vertically upward. Simlarly, rotation of |ead
screws 521 in tAeacuemss dmvdi, theataiibplas arequedseditbgethercat afppédsaneef §5688, and

opor ation of agthbahendts el asiemity wheader THoG i Efime JhpEE TE ri gs.
20-22. In Fig. Za%ouﬁsggﬁ?i@feiiﬁoﬁe@ﬂc{ivseli ﬂ%&d\t\ﬁ? @’glat, | oadi ng configuration

| .
i n which apparatus s open allow e to be inserted and
renoved to and from t he FigsBdbows amplpanative embodimennof &lasinated bakeplatel on,

bakepl at b ly 462 | || ed [ h f o chill | at
236 byt e Rt Riptone epserhigeBinn. Cgnaany. taksaisle 70 S5F( 37ERIASE  above os
bakepl al o SubaLsREk T892 EiTbh bl R 1421, 2407 n 0 Bl gesant 0 1111

pins 428 for processing. Fi . ows apparatus 400 in the chill
confi guration. lawinatedngeadhrathertime diffexentiseduente aurthgr,bekénlga/gof Big. 8f Fi g.

RGO U T RN e N
up lead screw 523, |aRinate structure formed from, in order, a laminated sequence of layers
15 including structural substrate 76, dielectric layer 74, heater ply 72, a second
dielectic layer 74, and finally protuberances 77. Otherwise, layers 72, 74, 76,
and 77 of Fig. 3 are the same as the corresponding layers of Fig. 2a.
Advantageously, with the configuration shown in Fig. 3, substrate
76, which tends to be the most thermally massive component of bakeplate 70, is
20  at the bottom of the laminate structure. Thus, substrate 76 will be in closest
proximity to cooling member 26 (see Figs. 1a, 1b, 1¢) during chilling operations.
This proximity allows cooling member 26 to draw heat out from substrate 76
faster than if substrate 76 were to be at another location in the laminate. In
short, cooling of bakeplate 72 is generally extremely rapid when substrate 76 is
25  in the bottom location shown in Fig. 3.
Fig. 4 shows another alternative embodiment of a bakeplate 70 of
the present invention. Generally, bakeplate 70 of Fig. 4 is similar to bakeplate
70 of Fig. 3, except that layers 72, 74, 76, and 77 of Fig. 4 are laminated to each
other in a different sequence. Specifically, bakeplate 70 of Fig. 4 is a laminate

30  structure formed from, in order, a laminated sequence of layers including a first
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21 August 2002 Heater support ring 460 and hakepl ate subassenbly 462,
fixedly coupled to | ead screw foll owers 536, are driven upward as well. In
the meantinme, the upward notion of heater support ring 4602¢pas ORI Ngs
478 to exert an upward force against flange 450 of flanged) holl ow bearings
448. This drives cooling nmenber s assenbly 404 upward as wel|l. Stepper
motor S 18 drives |lead screws 521 in the forward direction until sidewall
menber 43$ of diglgeiriedayes fhcheates phnid, ¢ samnd aiirjeiue layerd7 4a stseativial substiate c| osi ng

appar atus 400. ,The esence .of an 0o-rj asket o, owWn) .he, opti onal
groove (not sh%énﬂ‘d%aﬁ%gr wrwe%ﬂdgﬁ%ﬁ%%ﬁrfg%g’ig mﬂ)sﬂa(r’]fd%%d‘l seal to
be achi eved W LitRe gank #Ghé E@A-esb@fﬁﬂﬁ?% Rierderppnard motion This allows the

chill configuration to be achieved aftér apparatus 400 is closed and while

cool i ng nenber assenbl y Gémerethbvdinegitgesy efitha sebstriateg ofl B salae Isarididr bei ng
pul I ed together by the action o prin 78.. cool i ng nber assenbly
404 and bakepl &t °§RP6%¢§§€HBFW9, apléteg39@&#*&‘53@‘?%%@&&&33%8m erenty

configuration, sm@@roﬁ . 'C?enle}efllgrfl‘_tﬂisggrtdsltb fo% tR ASe hhEh BRCbuCR sdbaehiags eaf ter

supported on protu ances 502. us, 1 n changing apparatus 400 fromthe
| oadi ng/ unl oadretgivetynfhinylerg@} ¢haractevized by a bhitknesoinfthgrange 25 michoaletys twt e

assenbly 403 and cqqling er .assenbly 404 nove .u rqd. |,n, concerted
fashion. In thgb‘f"égﬁl ‘T‘g’ntgr‘t% irPlPt'Y%h ‘bﬂ%&??tﬁﬁ?’e\féﬁ?'ﬁaﬁ’@ﬂg‘amteé‘ﬁ‘ﬁﬁ?)‘ited upon
bakepl ate 482 g yohé?fe%iﬁg ﬁn@@xeﬁ%ﬁﬁg@wﬁl@ﬁ?ﬁ‘di@&s@?ﬂﬁﬁéﬁ&e%&!&?s%?e”m y

462, in turn) is pul'led agai nst upper chi plate 436. In practical effect,
upper chi | [10 pl adamiaa@d bsképlate reormmratmgribhatensionddsheet(s) mresatSersled.nFhe chi | |

operations can now be earned out,. rat ys 400 c be returned to the
| oadi ng/ unl oad g8 &Y %Pfaawdﬁyéﬁgﬁu%& #’ﬁée@_l%‘ﬁgg}?“ﬁ@( H’rag‘ﬁ?g{eo drive
| ead screws 52,h3 rﬁ&ﬂbér%ﬁfcﬁ%a?‘ﬁe%hhlﬁﬁme@x@eﬂﬂ-an&ﬂeﬁ%g’ﬁshoﬁwﬁ @hs!s in the

bake configuration. To change fromthe chill configurati g. 21 to

t he bake confi guthetliken Sush thper sheetsaiso€ desrahlytfomebifroro adnateral lhavidgscr ews
521 in the forwar&. di rleﬁgi on...Thi S%fdéi veg | ead scr.ew fol |l omwers 536, furt her
upward from t hé SpEisisntly Jows posfligigntok thepmal prRangipa within 8 tveise A% h the
chill confi,gur agi j i i i dpyard notion
of cooling lgssgrrﬁl)lﬁ%tﬁ%@%ﬁ%F?\%g’nét'%d@géelglsgd%%m%:?n%\t%g%'LBIGZIOOZ gssenbl y
401. Accor di ngkensionns mnabediegl misebateteNbihyoulhdui kit andrehilling bperattgsar d.

This is shown in Fig. .22 by the increa onpressgj on of springs, 478 as
heat er support FSF & the, OIBE‘@W‘BEMW@?ﬁ%&ﬁ%@%ﬁaﬁq&aﬁéﬂﬂ%ﬁﬁ?i onary
chill plate su : i i 11043, subhassenbl y
362 hat 5 beon My {edbrilofNCONER trdd0OAR WO s e R b imin 172" 256. 2
t hat bake oper aadiginensganed sobstinte afahe present irtventigp oA asdiallyAéisioed be ret ur ned

t ith th hil | i ti t he |.Qadi ng/ di fi ti b
actuat i ng epurspisihe i igienen piatm s ey Se dahingd fe' Pevirda” " "
direction. O hefa QRQFLEFAL SoRbpicas PodsIER teRfs I thbddhss GAMALERY addo t hose ~o

skilled in the art upon consideration of this specification or" from
practice of t hehicknessthasactefisicb.osed herein Vari ous om ssions,

nodi fications, and changes tp the i ngi pl es and enbodi ment s,.descri bed
herein may be made by ong‘gﬁk%’lsgda’f#%'ﬁgﬁ’?ﬁ R T _ma'&ggm% fromthe
true scope and tsRidnidg patdhes 160VRRABIC ForMpbRihg radial@h&at &Fa Rbst-he 179! | owi ng
clains) 5'1I 21 August 2002 58
25  of the type corresponding to substrate 76 used in any of Figs. 2a, 3, and/or 4.

Radial tensioning apparatus 160 includes top hoop 162 and bottom hoop 164

coupled to top hoop 162 by screws 166. The distance between top hoop 162

and bottom hoop 164 can be adjusted by adjustment of screws 166. Peripheral

ridges 168 are located on the outside of bottom hoop 164 and cooperate with

30  hoop clamp 170 to secure substrate 173 in position over radial tensioning
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What is clainmed is: 1. An apparatus suitable for controlling the
tenperature of a workpiece) said apparatus conprising: (a) a | ow thermal
mass, thermally conductive, heating menber having a surfacejaghapisezbdor
supporting the workpiece in thermal contact with the heating nenber such

t hat heat energy fromthe heating nmenber can be transferred to the

wor kpi ece during baking; and (b) a high thermal mass chilling nenber; and
wherein the ap p i i d the
chilling rrenbe@ﬁ)i[aﬁamaéslf‘sigr g{&kgnﬁ%bﬁgg%gﬁiﬁfe&ﬁitﬁ%qﬁdﬁgq’g @Wﬁ%dg@lnrrenber isin
sufficiently cloossephymnd de qutadd 6ff Bogtoinohdap 164 rhérelyrogladustidgitghtariigy t he
heating nmenber and a second configuration in which the heating nmenber and
the chilling n¥fEed7ar Bupmgdishtening soeaw A phm onerdirection-grays Alapgeid 7éonpared to

the first ¢ A . ! . e
rember are. mor Serne ARt §ob Mg {10 A0 iR SHEIE IaRRhd ffcezinie 12, o, |
the workpi ece batopt heggsi6t. Nlereativels! fueiihg tigetehiog scrdw [Mdn depakiat us of claim

1, wherein the heating nenber has opposed first and second major surtaces,
and wher ei n t hdirgetip sprgegsdianges tH4apatothpe Inssenies hepp tlempd? & s reieves uppor t i ng
surface and th e Qe aid M of t heati ng menber and the chilling
menber are in ?ﬁ%ﬁﬁg&q%ont %g?lﬁ\%\{hbgﬁgﬁhhémgdlégr atus is in the first
configuration, and wher dha gréferrbe ot e 6f oFritish, fpchdopd 62 land botegn Megrber are
thermal | y decoupl ed by physical separation between the second major surface

of the heati ngardfiveted spthat the separationRetiveertbe twp BAORSHB AtHBHYMEYs A in t he

q , bl e . o
orpar oMb Pubkesubrd D ErPRRRL Ao lvefL Bob 62354 Bl REorfEHE 19
heater ply | anThasubstrite 17hehculdbé lagieenpuyh sowhat périphbhbphtiohesf the y conpri ses

at | east one controll able heating zagne. 21 August 2002 59 5. The
appar at us of cubistiate 173Me pesipsttheoutsidesurfags of bettara hoep hes ovee geripheral ne

menber provide e i / i i nmber
naving an i nt of SR 1682 LERSREIoERR, PRal b DR LA Gpe B8t B T TR L et us
of claimb5, whehisway.tlfieo,thén & shbwhlie Fighse nepluchlityl afrhdibl duts0f71tdas baor kpi ece

to that of frane menber is in the range fromQ0.8:.1 to 1:0.8. 7. _The

appar at us &} cT“&fi?ﬁtE?,eW’Fé?%?rlPhFWé’f\ﬁb*Ps%ﬁfeeUé tp Saclitate fitting sbsyain 1 23 devi ce,

and wherein th f I caOFRALL: SAS i il icon,

al um num ger rrg‘rlglr&rgngﬁsga {I'ly@nl}sgf'gg%%"}g; }gﬁ°§§lﬂ%m %ﬁ%@?@?&é‘fg{l%ﬁla al um num

al | oy, an i nt ebotdmhbsyc1&oimuederttd eevuethp sulsstrag 1M3Unphace) Serewad6&maym al | oy,
osi tion conprising magnesi um and conbi nati ons

an internetallic co
t hereof . 8. Thﬁlea%sgﬁlaﬁﬁﬁé tomergass the sepajption eﬁwmé%gmplf@c@d HPMi ses at
I t 98% b i i j {: f
eas y V‘ﬁb@fé@;heié;ﬂy&%%ﬁ%dg%%tﬁi‘@pumgq'fdlﬂ t&rﬂfo.n. gﬁgﬁwgﬁrg‘g\%;r atus of

conprises at |east 98% e sane nmateria
claimb5, whaer esubstrhte 1778 dstensienddcreyantiits yieldwoirkpi ece each have substantially

t he sane thickness. 10. apparatys .of claim5, further nprising at
| east one tenperature se\ys‘gfs s@%ﬁ'ﬁ?"égﬁt‘%u‘f ’?‘{‘naalﬁ‘é“sfﬁé‘nﬁé‘r"?ab%l.°°?he appar at us
of claim 10, Wigigl Frahd§ndHBEh Y Be 6&IRA or biheARisEdfthched to substrate 173

in order to preserve radial tension in substrate 173 after substrate 173 is removed

from apparatus 160. After the frame is bonded to substrate 173, excess portions
25 of the substrate 173 located outside the periphery of the annular member may
then be trimmed away. Other plies of the bakeplate incorporating the tensioned
substrate 173 may be formed on substrate 173 either before or after radial
tensioning, as desired.
The chilling characteristics of apparatus 10 illustrated in Figs. 1a,

30  1b, and 1c will now be further explained with respect to the temperature profiles
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device. 12. The apparatus of claim1, further conprising: (i) a first
t enperature sensor coupled to the heating nmenber in a position effective
for sensing a first tenperature signal corresponding to thejisgagmabere of
t he workpi ece, said first tenperature sensor having a first temperature
sensing tinme constant and a first tenperature sensing stability; 21
August 2002 60 (ii) a second tenperature sensor coupled to the heating
nmenber in a pos&ﬂp&gs 8hd 2CHA ¥k éﬁafoa%ﬁrb%onag aaeﬁ%pmn{aﬁmem&twhed & gnal
corresponding to the tenperature of the workpiece, said second tenperature
sensor havi ng demparetuce, ﬂeﬂp@dmhﬁemlmdsmtngdmaeel 2de trsbeaeroleth Fig. Gelwovsd
tenperature sen3|n8 t he s cond,te rature nS|ng time
e g

constant is gr&df® ’l’é‘?‘lp'iolﬁ'i:é/?q‘\?lw ‘8 rage Ectgre‘ri@’ 3(98 Rant and
the first t e”p%l?etnq{sﬁlgss%eﬁ 'a.t'i‘gpp?B@éﬂ' |Ihlh§f£ll)l %ergfc%ﬁ&ﬁ:rtort&%e 408s $8GqRMal
tenperature sensing stability. . The apparatus of claim12, further
conprising & caelhperhtusg/'ﬁ.tamithpeasampmmhﬂbyappmmheﬂ:bndmub&tmtfaﬂly$eachcsdhg econd
t enperature ser}s s and co sing pro m i nst.r.u ?l enabl ing the
control syst eming! (eEwperatyrs, Néh?&ﬂ?"&%ﬁp isdhlustrated dn ¥gr gtt IsfRenyentiong

t enperature SI Y, i

t enperature sen g}o%cli%sa%m%ag@a@ucgng@ Bf&?m @ghg{mﬁggvéﬁgéqnﬁ% {ﬁleé%%ggrs at us
further conpri aelsenahé dﬁ‘fmexmarbeeepﬂmaedmbnductbhdemrtkrppeamresmm'ﬂns| ng

surface, said fr nber__havi ng a nterior ace pted to . receive the

wor kpi ece, and ¥ Y ghHPvey, asf °‘é’% 8%‘?%%?&%@‘%%%9\5’?90‘3% coupl ed

to the frang Jq f t
gﬁe[skgﬁﬁenu%ﬁy a iE@ d?ﬂP@{eﬂ'{pgﬁat&E pdbifled . mﬁetegnhme irs

tenperature s s at SIStI e tenperature’ device (RTD)
sensor. 16. Theapppyaah ahawen m‘anl Giover1S0% ofitheehiil ﬂuhe cacbospent iargettingtthe e

sensor is a therrm pI or. 17. The apparatus of claim 12,
wherein the firlagt? W&Z&%EF%%E F“‘f"é‘dac‘?hﬁ?‘ﬁ" i resistive tenperature
devi ce sensor and the segyd,iseRE LRI, SRbFER. 8 nid)PetREPiRhe sensor.
18. The apparatus of claim 1us ergel n tgﬂagﬁﬁﬁatl ng&marrbagr conprises first

and second i ndegrectibenf khe present invéraionaf desired nHoweversto avoidlth@\ingfifidierRis2

15 of the Fig. 6 approach, the present invention preferably uses a more preferred

“chill baost” method of chilling semiconductor device 12. According to the
chill boost approach, shown in Fig. 7, cooling member 26 is maintained at a
temperature T, less than T, and the device temperature is dynamically monitored
during chilling so that chilling can be stopped when device 12 is chilled to T..

20 Fig. 7 shows a temperature profile 104 of semiconductor device 12 as it is
cooled from an initial, relatively hot temperature T, down to the desired final
temperature of Tc. The set point temperature T, of cooling member 26, however,
is desirably maintained at a temperature below T.. This allows semiconductor
device 12 to be chilled to T, in a manner such that substantially all of the chilling

25  can be accomplished in accordance with the rapid cooling rate associated with
region 106. Thus, the asymptotic and very slow rate of chilling associated with
region 108 is entirely avoided. Generally, it has been found that setting T; at a
temperature approximately 2°C to 3°C below T, has been suitable for achieving
a desirable amount of chill boost. The chill boost approach is an extremely rapid

30  and accurate method for accomplishing chilling. The chill boost method allows
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61 19. The apparatus of claim5, wherein the heating nenber conprises a
first controllable heating zone underlying at | east a portion of the
interior space of the frame nmenber and a second control | abbe Aigaitiang2zone
surrounding the first heating zone and underlying at |east a portion of the
frame menber. 20. The apparatus of claim5, wherein the heater ply
conprises a controllable heating zone that underlies the interior space of

the frame nenbef.a t |lea portio 21. The
appar at us of clcé’ilIH%O%m8ﬁ8fee f@Sé‘mgﬁ%ge?ﬁaﬁg‘%@gﬁ%ce of the
heating nmember chavehtignal ﬁﬁ;ﬂ’@ﬁé}ﬁlﬁ&lﬁg Bk«muaddobtyn@fnlps&bu&%@&%ﬁeﬁt&l
supporting the workpiece. 22. A heating device for heating a

m cr oel ect r oni oetyeldw eate g’écpltilhheasaongtedewiﬂc@gmd@ﬁnserﬁgely (a!a()ld@d | ow t her mal
mass, thermally conducti provi ded

on a surtace of the heat%ﬁﬁgﬁér‘r‘ﬁn& ’éﬁg‘t’)‘ %\%ﬂﬁ”g lta‘rgl %‘Fﬂ g‘?si"%geé‘bﬁ'@@%é'&lapt ed to

recei ve thesm gepgh "P@E{ QRiIbriaYACR fo?§cerﬂ?ﬁp8ﬁ% émGnéjfsVrbﬁ%séﬁiedQ:lya' m 22,
 further conprising a plurality of protuberances projecting upward froma

surface of the pnefde regyomﬁ)ﬁ)éfhlstsewb'mc@mphshleéasngepmaiﬁs thhef Figarte, nenber
and the m croel ectroni ¢ devi.ce The [ evice of m.22, wherein
the mcroel ect rlg angelp c%“t?cﬁ‘fﬁ?gys@ nifia e‘i’i’i‘qg ci’&g?"g?teééﬁ t('f@‘ear?gilat“ﬂe frame
nenber is annulb%dgm ﬁ:'f@@néﬂnal%ntalmlt}bé@&linggn&%r% aQEthJrrﬁhrPngzl’c wherein the

wherein the ratio of the thermal diffusivity of the mcroeleCtronic device
to that of frarRevirerti3ds clnlﬁedasatasult,mgeha‘daymeoerapﬁatme Hegns8o d@p. The

tho. heat| ngPmeBErat o6 N v BEn crBe Lo rBBsetphorFE [5fige. fr om about
wherei n the ralT o ares ﬁ"?“ﬁa‘3?§§a§ﬁ€‘3°ﬂ?¢3“ﬁ2%# e e o the
m croel ect r oni enaletainorafes1l at TdeA suitahle procsss aproral mietiiodology afyobe used to
control the heat output of bakeplate 20 in order to help maintain device 12 at the
desired equilibrium temperature Tc.
15 The ability to use the heat output of bakeplate 20 and the cooling
effects of cooling member 26 in combination to maintain equilibrium
temperatures and/or to control temperature profiles provides many significant
advantages. First, equilibrium temperatures can be maintained with an
extremely high level of accuracy over long periods of time. For example, this
20  approach is precise and may be used to maintain wafer 12 at Tc with an
accuracy of about +/- 0.03°C, particularly when the control system described
below in Fig. 10 is used to control the heat output of bakeplate 20. Second, the
control approach is very responsive, because the heat from bakeplate 20 can be
used to stop further chilling quite quickly. Third, the temperature of cooling
25 member 26 does not need to be controlled very closely. As long as cooling
member 26 is at a temperature below Tc, extremely accurate control of device
temperature can be achieved by controlling the heat output of bakeplate 20.
Fourth, because it is not necessary to control the temperature of cooling member
26 very closely, mechanisms ordinarily relied upon to supply cooling media to

30  cooling member 26 at precise temperatures are entirely eliminated.
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28. The heating device of claim?22, wherein the ratio of the thermal
diffusivity of the mcroelectronic device to that of franme nenber is about
1:1. 29. The heating device of claim22, wherein the franmerxuas X000pPri ses
a material selected fromsilicon, alum num germanium galliumarsenide,

gl ass) stainless steel, an alum numalloy, an intermetallic conposition
conprising alum num a magnesium alloy, an inpternetallic conposition

conpri si ng magnesi um andiS abaltarRRtvE aYRY te Rep ebrllingwhenrtids ngidasieadds of cl ai m

22, wherein th Kpi 8ce ~C . ses ;at .l 0 . Wel .Salj
material, and \gﬂ?}gﬁéﬁ%I'a??{gufa?ggrgorn;g‘%g'}gﬂégﬁﬁéfggcs?g%'s\lﬁ\g%g?&ézgl}y%@&\%ei ght of
the same mat er baktopged mdriey tyarparatngiSakieplate0d0 £bricoblas mehdec2fatithe frame
menber and the mcroel ectroni c device have substantia li/ t he sane

t hi ckness. 32. afeptigatimeg Wiksn ustngothisparasein it man be advantageousdabre ablenenber

conprises firs ng. nd. r.ndependent | v,.control labl e heating. zones. 33.
The heati ng% deiﬂ %89'8?&%%&"51@3,MSPQP%%fﬁén t{hlgghlﬁrbg ﬁgﬁ?gla{‘évglr‘r:p i ses a
first control | ghiteol BRabl fBﬂthQﬁ@tHé%dﬂﬁﬂég/bﬂ&Gesatshdnﬂa% géndifed] Phis@hsuréle
interior space of the frane nmenber and a second control |l abl e heating zone

surroundi ng t hthat device hkiatcpolgd 20 loselyds posdibid tpithe)final chidbtemparapse,ticon of t he
frame nmenber. 34. The heating deyice of .claim2 ur.t her conpr,ising at

| east one tenpg‘? ﬁ(ftﬁepémscgﬁ%&'gb%r& fcHgn Pfff?rﬁ@yfl?%ﬁ%t%ﬁggﬁ'e %Cg‘?unltﬁ_e heat i ng
device of clai Fnidambh@loFildy ti€HaeRREAINLaSRAREY 10 B REpIRAR SehiLe. 21
August 2002 63 36. The heating device of claim 22, further conprising: (i)

a first terper agnalonsesunbra ggngdisgenematadne heating device in a position
effective for a first t erature signal correspondir 0, tLheot enperature
of the nicroelectronic d ie&@{“pgea?"dégfﬁpgft_tf’é‘%aégtgfS?gﬂ’férﬁtsegrm ﬁ@\?rpnag a first
tenperature sensjdd lic) AnayQae Déthal bt For-hdghizitl€fiipe &@bh'jsﬁ:aﬂﬁ Bépaftile _
stability; (ii) a second tenperature sensor coupled to the heating device

in a position bakeplate 3@ fitoycopling member 26 £ollowingthedirae theta eonyiod pignal to
correspondi ng to. the.tenperature of .t . croel ectroni c.deyice, ..sai d second
Cenper at ur e se s PRling oAb eGndled APl PEABEERRY o MR £Bo.lEht ana
second t emmer akhy @n&8NS i fétaRing thy chithiR Rbdesé SRURESORshshifideat ure
sensing time constant is greater than the first tenperature sensing tinme

constant and t i#pparetued 0 skghtlyrinedyance efithe tignest athich sepicendgetondevica Han t he
second tenper AP RIS Sﬁ%g,'s it} Yempafaturs . Uﬁ%}t %:ggig??g&:ﬁgleg%gﬁl ai m 36,

further conprisinga contro em operat ional first and

second t enper afiag imé efakyut SO HhilliseBhIS; aREpdR4tReN sighal fay bYgént@ass@nabl i ng t he
control systemto use information conprising the first and _second

tenperature si ghillisscangs heformuemieqndugtor devieq heispagdigteditacbe #tdof j r st _
tenperaturg,sensor. 38. g DEatd g HSMLAe AhilCdnd gBim Swith R 18, ArkliE 1 7St

and second
mind, can be accomplished using any suitable open-loop or closed-loop process

control technique. For example, a suitable control system, e.g., a control system

using PID techniques, can be used to dynamically determine the chill end point

at which a control signal should be sent to apparatus 10 in order to stop chilling
25  atthe proper time. Alternatively, one could characterize the parameters (e.g.,

wafer temperature, elapsed chilling time, lag time, etc.) associated with the chill

end point, and then such parameters could be monitored to stop chilling in time.

The baking charactenistics of apparatus 10 illustrated in Figs. 1a,

1b, and 1c will now be further described with respect to Figs. 8 and 9. Fig. 8

30  shows typical temperature profiles 130 and 132 of bakeplate 20 and
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tenperature sensors are coupled to the frame nmenber. 39. The heating device
of claim36, wherein the first tenperature sensor is a thin-film resistive
tenperature device (RTD) sensor. 40. The heating device of 2¢IAuig3t3002
wherein the second tenperature sensor is a thernocouple (TC) sensor. 41.
The heating device of claim36, wherein the first tenperature sensor is a
thin-film resistive tenperature device sensor and the second tenperature
sensor is a't : : A2 » for
controlling t% {errggggfﬂeﬁg&g ’gel’?p%%j Sﬁf%yégfﬁggég%mégg’n‘g?'?g?ﬁg& (a) at

| east one tenpkr Btheited srensotempetapire ', (0g.| fensieaipermurs) @ toasteipeaatued f ecti ve
to generate output tepperature siig%nal s indicative of the tenperature of the
object: (b) a Eoe-8el3¢°Q oyen aperigdde nDwides such dgatnaywbpkerlste prfilg i 3hal  havi ng
a controllably | . ey [ei t ' S
derived from i%%g{a#g?%agﬂg%%%&@!eng 2%5‘?%1?%%‘?@? %ﬁy tgﬁ?dg}r%élgé ;S %g‘gﬁ%“c) a |l ow

thermal mass, Hdirt thahldgvieondeili taeddaingt@atitaningl! bakepiate 20pRd d@sceal 2sur f ace
for supporting the object during heating, said heating nenber having a
control | abl e hieagh Fuequilibrivay tempeeatyre s tighy earaspending §p Toy orefergblyt he PWM

cont ol 51 9nal i -FNE AR b BB o DB SR L

conprises a sw el"éctrically cou

si gnal and t heallifadditd @verendee TyitOmakEeBts @iat devike hdhels Tyat Ansdnefpdidie switch
by the PWM control signal causes a voltage |level to devel op across the

heating menberintthetheatioe peaqses therefore; the heairaptpuf of baksplaten20 mysdusehta ol
signal. 44, Th%loﬁ%ﬁéﬁé‘é ﬁancd Q}lﬁ%’zoﬁg%ﬁﬁe&i&ﬁy ?#&a&ﬁk 3 Alctbhart3h

. a g
transi stor. 45 e syst'em of ¢TI alm rein’ ffte system conprises a | oad

circuit, said leqéelliTgi Mhis thpicalRddetrsi@epdtime dueieprbakeplite ¢4 £G rhakiMam €s W th
an RC circuit, wherein the RC circuit conprises a capacitor and a resistor
connected i n piemperagyre Teaabgve I byt whiledevieesigon at agmpsratuie Thielewds . menber .

coupl 0 1ot ho ToREc Rt Fida WHIE nEETHENPL oS00 LR el ¥

responsive to pu thy\lihieaohstatt oFitlggktein antbid bl tadical obpubed cotgemidnalt of the
heating nmenber_when a |load circuit voltage is devel oped across the | oad
circuit. 191 Ryeentropign?

The heating approach of Fig. 8 results in a relatively rapid heating
rate in profile regions 134 and 136 before the heat output of bakeplate 20 is
reduced. However, the heating rate slows exponentially in profile regions 138
and 140 once bakeplate 20 is powered down at time t;. In fact, at least about

20 70% of the time required to heat device 12 from T, to Ty involves asymptotically
heating device 12 from T to T, even though the temperature difference
between Ty and T; is generally a small fraction of the total temperature range
extending from T, to Ts. In other words, a substantial amount of heating time is
spent adding the last few degrees of heat to device 12. Much heating time 1s

25  invested to achieve a moderate change in temperature needed to get device 12
up to Tk. -

Of course, the heating approach of Fig. 8 may be used with
beneficial results in the practice of the present invention, if desired. Indeed, the
approach of Fig. 8 allows device 12 to be heated from T, to Tg as rapidly as 40

30 to 50 seconds. However, even faster performance can be achieved when using
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65 47. The system of claim45, wherein the load circuit further conprises a
bottomtermnal, a top termnal, and a diode electrically connected to the
bottomterm nal and top term nal such that the diode is fozwanguseesed with
respect to current flowwng fromthe bottomternmnal to the top termnal.
48. The system of claim 42, wherein the source of the PW control signal

conprises a controller c rising.a DSP. 49. Th st em of.. ¢l ai m 40,
wherein the ob&hsefmeaffﬁP?gg%m&sq??&Vsaﬁ'%bﬁﬁfﬁﬁf@a@%@?ec@e gthicensiesy st em of

cl ai m 40, wher gi.fa; : : i st Ah&aL,ur e device
(RTD) sensor. %f&’értﬁgvé@ t&;ﬁ&@%ﬁgﬁ@%ﬁ%ﬁg,m\%@ g?%%ﬁ%ﬁ%%ﬂﬁcontr | signal
has a frequencysinga t'¢hall bassiefrémanonhing member 26 0Gendralty) acdoaditg &0th€00 Hz. 52.

The system of gl aim 40, wherein the PWM contro]l signal has a frequency of
about 20, 000 Hz‘%h%ggg.’“'i'h@%%bé‘mwm& bakeplate ZQ/\Hé’?léWﬁgf%’@a%*b%lr ce of the PWM

control sigpal . B, tr ' ' r ol
nmet hodol ogyglt oteﬁﬁé&l{t‘ggggh gft&r e s@%"&lﬂgbn%zg)nih%g?ﬁgggy&d;geoﬁanggﬁgﬂ\%\or kpi ece
to a cool ed t egpeipriatire njuoh)closeotdTy tseftng poberiag dpen bhkepldty 28.uppoling ng t he

wor kpi ece in thermal _contact with a | ow thermal mass, thermally conductive

support, wher eMEMPRE2&StheR wed tq mapidly draweansessdeatfeom hakeplate 20 tqhglp pl aci ng
the | th ' | Lk L nmb
mai nt ai ned ot SOLE e Rt deHORETE) sRBhAG tuide Butdles b8 TPTCS v
heat conduct i osvdriioet/@h sai d support; (c) nonitoring the tenperature of the

support during cooling; and 21 August 2002 66 (d) ceasing further
chilling wh&n the supporthebengfits of thenyhilh boest” methed s heatingwreBlustealesbndi ng

to Tc, wherein: sgidyCRAShHE L) C i L.og!

separ ating ¢ he Tk i Enoapasr ity Menfilh o FI0 T AR GEDRGYaE 2P ks, | ¢
cl ai m 54, wher ehighst mpxiai)m eaperatwe I,b ¢atdonpatedao Wp) kyud devicevi reschehe

wor kpi ece is in thermal contact wwth the chi]l itgg menber upder conditions

ef fective to nhighertemperatirgdi ka5 compagad todi) when the deahoutpytobbakeplgiedls 4.
wherein the wo | is ] | £devi i met hod of
cl ai m 54, wher Eaﬁhgalﬁ%g agﬁ‘gg?ﬁ t Fnlstg @ﬁ%%ﬁﬁ gbg\te&g?éo%vmg ﬁ’eérlﬁgfth%'ggt? hermal | y
conduct i ve,15 cos¢henlel ofHig/ 8heert sbbeudedat thigpairnwithiouavchilbbdast, e exdekssecond

maj or opposed surf_acg‘g) and step (a) .conprisges _upporti#g t he wor kpi ece on
the first maj oheatin pathbakerlate 20 pad devier hewsnld ordigarilyicauseshe togpsratere ai m 57,
wherein step ( ' i Ne N 586 [.Qr f t he heating
menber into thgg‘ri]%{?ggg{?ntt%??fg\%gﬁl% ﬁ‘g&ﬂﬁi? 1 nggn%%grdes%&%ﬁgt éltéthe

wor kpi ece suppaesyngdotigatiy appreadh soate eymjlibriuvsutempemtioné abdve Tie Howeyerember i s

t hereby cool ed., .59. A sheet-shaped,_ |.am nated ow thermal .mass, thermall
Conduc%/i ve this 19nstance, coolEng melgber 26 is g}ou t into thermal contact Mmaba?(eplate y

20 20 under conditions effective to ensure that the excess heat is drawn into cooling

member 26. As a consequence, bakeplate 20 and device 12 substantially reach
Tg at a time tp substantially less than time t. While the temperature of device 12
will still tend to asymptotically approach T after bakeplate 20 is powered down,
the time period associated with such asymptotic heating is substantially reduced
25  relative to that associated with Fig. 8. For example, although the heating
method of Fig. 8 might take 40 to 50 seconds to complete, this time would be
reduced to about 25 to 35 seconds using the “chill boost” approach of Fig. 9.
Conventional control systems of the type previously used with
conventional bake and/or chill apparatuses are too slow to be able to provide

30  meaningful control of the bake/chill apparatus of the present invention. The
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heati ng nmenber for heating a workpiece, conprising first and second opposed
maj or surfaces corresponding to a workpi ece supporting surface and a

wor kpi ece chilling surface, respectively, wherein a workpigcaupegi2bopned on
t he supporting surtace can be chilled when the chilling surface is placed
into thermal contact with a heat sink. 60. The heating nenber of claimb59,
wherein the apparatus further conprises a frane nenber provided on the

wor kpi ece su i : i di. - i i i space
P e e e 1
menber of cl ai thatftovideerapidardifediad dodtrof ovieh Redtdraémpéramiid. f Acdovdifg'toof t he

wor kpi ece to that of frane nenber is in the range from0.8:1 to 1:0.8. 62.
The heating netisdvestiony &highfeeguensyi(e e piaferably adteavensy abeve OO0, wei ght of
a material sel ~ i|i.C | ; i nl | n.al um num
conprising al uﬁ]‘ﬁ%\eﬁ%{&ﬂamr?ggfﬁlee‘g icﬁﬁﬁgﬁl@éﬁsr?%%%gsr?ﬁ%u]%atgwggd farllg??rg%s

thereof . clai nuppliedvred Rdafer ifedrpeRitkd irR6 8n RECArésRtdRIRRIucRA0RTacEGS at | east
80% by al um num germanium galliumarsenide, alloy, an internetallic

conposi ti on anSifitdn yael the beaternip thei resiggancecng thesinddcterand papaciterhelpg  nenber

f claimé6o, it i I . t 98%0Db i gh f id
mater: al and et BF RN GeRBIRe nREE: Suih 7S hepdstho Bt UL | ohe o
the sanme nat er bfoltaBé contMlabip @btablishe® BEBEs thE hadtéHinaydd rapldfrdn the frame

menber and the workpi ece each have substantially the sanme thickness. 65.
The heating nepsgnueslyyasiedhvathin 8 ppwerrangeofromiGtio 1§0%t Ih prastica effeetenper at ur e

sensor coupl ed,t he frame,menber, 66. The, heati menper, of. ¢l ai m 65,
wherein thgé t ethrrﬁcebr(g’te ﬁeF ten_czs"_e‘ﬁ%% g?esveg’ e‘!gﬁoifgtw E%a{terg-%_s p‘f'ﬁngcar%é’?qm%%ne nber of
claim 59, furthaall geApatitl Mhis 4llowshebief fenpeiite (b iédRES @ith aelip} ed to the
heating nmenber in a position effective for sensing a first tenperature

si gnal cor r esp®HUPTRgSIOR overa videslynemigirengsf t he wor kpi ece, said first

t enperature sensor havin dI1Styl e r e . Sensi i e nstant and a
first tenperature sensi n‘g"%{%{ﬁ@?’i }Pé'; m(}llgia)%hger"%aé%gﬁa r@%ﬁ%@?ea?'ﬁ%e 'rggﬁsor

coupl ed to theoh@sainhogtive obitrol isystéin POS bf the Prexbrtemtent6n frowhiek KT pevér second
t enper at ure signal corres_pondigggrto the tenperature of the workpiece, said

second t enpér atsupedulded uringabighdrequency SVIM eonpret signal éo eanteol thg hertre const ant
o102 SEE00 GRS GEFE) B AR DG gtk AT S0 O (1o

second tenpera e sensi ng Me const I'rs

t enper at ure sernsisig 302 Mpresents ttheiesistancd dfthé bakeplate Mrdnadviereev8,£Nsi Ng
stability is greatoilr t han the second tenperature sensi ng stability, 68. The
heating nember S¥itrollen3 O develops p hrghyfreayamay, Belagywidth medrlsted Sostrel pignal

operat i onal |y Goiglde ihehBiahisé Sn P derReRRTEY kARSI MSPRRSCT S and

conpri sing program i nstruc e con systemto use

i nf or mat i oro coFpmparatuge sdnsorfis thetmalhoconpledne bilepinty 302) eeindicgedlby t o
automati cal |y, orL-I_%_lne alibrate th%' first tenperature sensor. 69. The
heating menber dgyole: 544%5‘@*79 \ r hng WM?R?&’PI ﬁ%“qlrbﬁﬂié‘i“(_b‘éﬂ?ﬁ*?%tch frame
menber  provi degd R ke PSP RCSE tid BRPEFIOEF Sibf hASE of B8 tntldi 3iFRal,

This establishes a corresponding voltage across resistor 302 that is proportional

-

to the duty cycle of the PWM control signal. The power output of the heater is
25 then proportional to the square of such voltage.
For example, if the DC power is supplied at 300 volts, a 20,000
Hz PWM control signal having a duty cycle of 10 % will establish 30 volts (10%
of 300 volts) across resistor 302 and a corresponding 1% heat output. If the DC
power is supplied at 300 volts, a 20,000 Hz PWM control signal having 2 duty
30 cycle of 60 % will establish 180 volts (60% of 300 volts) across resistor 302 and
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menber having an interior space adapted to receive the workpiece, and
wherein the first and second tenperature sensors are coupled to the franme
nmenber. 70. The heating nenber of claim67, wherein the fipshupgeiReoature
sensor is a thin-film resistive tenperature device (RTD) sensor. 71. The
heati ng menber of claim67, wherein the second tenperature sensor is a

t hernmocoupl e (TC) sensor. 72. The heating menber of claim 67, wherein the

first tenperat ®¥*sbertontpus Similarly. if thedpCinowies isisyppliedab PQveltseadiPle e

sensor and the eﬁgﬁg tenperature.sensqr i [ | 3. The
heating member % "ACRT ,S'%E?%'f%?aﬁyﬁggf ?%%%&1%%@3@%1%5?\?03%25? I rst
and second i ndejpeRARNdcYoss Pttt J0abAR pas b 025%PR&S outpdt. The heating menber
of claim 60, wherein'the heating nmenber conprises a first controll able

heating zone underlying Refdrangto the featurepof system#0iinmere detaid pawe of t he
frame nmenber and a second caqptroll abl e heati nﬁozone syrrou di n%&t{;«? first
heating zoné arteMBFARFS SAARY L0 apsofts Infrmation rogpriging temngaturesigpals o 54

August 2002 69 czﬁtrolTé}%ohe@sté?gsmm%bl?finm@ésréb%tmmrdﬁiv& diRgitheater ply
conprises a controll able heating zone fhat underlies the interior space of
the frame nenbemndanodedidtet 3e&to progess thedempératuneddta acnuired frioay temperatiféie

heati ng nmenber of cl.ali 9, erei n the workpjiece_,.supporting su ce of the
heating nember $BTF ﬁ_@% @E%ﬁﬁ)'ihiemgé? faac&m%tﬁ'ﬁrp A3 Eﬂ"?r&aff%fﬁég@r 3 isa
supporting the pBEKRERSE congrisidg Multiphd ienforfRiERaEponbing! divBls2Rd/orhisikei N t he

heating nenber has a symmetrical sandw ch structure. "78. The heating nenber
of cl ai m 590 whdtezs may he useddbor eaphreotbensérammpogsentnBdrivier cikcustzddd vié used

structure conpr.i si,n heat.er, pl.y sandw ched between . f.i.rrst and ,second
structural pl | d8 At thepgplitideiof theletasiad teppeptiic sl it AStraflypndips ©
symmet ri cal sanchph &b iridettidd date iHiol diediterRRPI D ore shlitbl Efok Firthek ayer

I nt erposed between the heater ply and each

processing. Noise filter 303 reduces the noise content, i.e., increases the signal

to noise ratio, of the temperature sensor signal to enhance its processability by

15 controller 304.

Controller 304 may be comprised of any combination of
hardware, software, and the like, effective to enable controller 304 to generate a
PWM control signal from the temperature sensor input. In generating the PWM
output from such information, any suitable process control methodology and

20 componentry may be used, although techniques of
proportional/integral/derivative (PID) control are preferred. PID control, and
principles of process control generally, are described in Coughanowr and
Koppel, Process Systems Analysis and Control, McGraw-Hill Book Company
(1965), and F.G. Shinskey, Process Control Systems (1988).

25 Controller 304 may be formed from hardware, software, or
combinations thereof. Controller 304 may be digital and/or analog. A variety of
commercially available systems suitable for use as controller 304 are
commercially available, and these may be purchased and incorporated into
system 300 in plug-and-play fashion. For example, in one embodiment, a PC-

30  based control and analysis system commercially available under the trade
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structural ply. 80. The heating nenber of claimb59, wherein the heating
menber conprises: (a) a first electrically insulative |ayer; (b) a heater
ply lam nated to said first electrically insulative |ayer; 2(®ugast2062nd
electrically insulative |ayer provided over the heater ply; (d) a substrate
provi ded over the second electrically insulative layer; and (e) a plurality
of protuberances provided on the substrate for supporting the workpiece.

81. The heating “ | tEnfr' f ri ses:
(a) a substrate %E§ B |rst gfmeﬁ 'Pllﬁ\%ﬁgl I?s‘r\su %At?lé\?{eds a er “ﬁgr%e(rillg ed to the
substrate; (c) aacdsreaillef 3@, yAlkarnativatye and mofairdfefabrl)sboﬁ&dim BO¢ alay peimsul ati ve

| ayer; 21 Au%;Jst 2002 70 (d) a second electrically insulative |ayer
| ami nated over Brf@"neéeéﬁmbﬁ led captrelier INCOMATAENG aNg 05MQse BYICTRRIOSPRSRTS

provi ded on th ahicye orting the
hor kpi ece. 2, G ARtaERL boE b (OSPLD TS SR ERL MRS UREC | renper
conpri ses ats Iempem IBSrEE aﬁw@éﬂﬁ‘ednﬁrax&@él&&mm@raheﬁl MacBihe Designheat i ng
menber of claim59, wherein the heating nenber conprises at |east one |ayer

conprising a su%?&ﬁtﬂdeﬁ?‘?C%mld\épion@oflﬁf@'eapasp% 95-110%6\19‘(9!1&3@!’611 WHN.it. 84. The
heating menber e re%l: btr(}e e?c ?’1} gultaE)IeeDg'lg gé\\lll\% geﬁggﬂlg ?11 fa%%:lliaple s a

substrate ply lI'a edtoa

resi stance heatﬁdﬁgAahlegmxceSEnc ARd ahadedl) e AD77¢9 016 i Jn%ma dbieADC)
tenperature of a workpiece, said apparatus conprisi nﬂ a sheet - shaped,

| ow t her mal maggyice pe W@ﬂédwam!tcpv@tm@ag eweitation icugert) r st and
second oppgﬁed dgwﬁgranggﬁ cﬁ??ﬁ?%}isur ae{:}gj Sx%césg%rifilg@%p' ece supporting

surface an pie resp and
The operator may interact with controller 304 either directly or

indirectly as desired. For example, in preferred embodiments involving indirect
interaction, an operator may interface directly with a host computer that, in turn,
is interfaced with controller 304. The POLARIS® microlithography cluster uses
15 such indirect interaction through a host computer.
Controller 304 may be configured to generate PWM control
signals having one or more frequencies within a broad range. In selecting a
suitable frequency, or range of frequenciee if desired, at which to generate the
PWM control signals, the selected frequency or frequencies should be high
20  enough to achieve the desired amount of accurac‘y in temperature control but not
so high that switch time or noise problems arise. Generally, PWM control
signals having a frequency in the range from 1000 Hz to 50,000 Hz, preferably
about 20,000 Hz would be suitable.
In those embodiments in which temperature sensor 306 is a
25  hybrid sensor incorporating both a thermocouple and an RTD temperature
sensor, controller 304 may also idclude componentry in the form of hardware
circuitry, software, or combinations thereof, that is capable of using data
generated by the RTD sensor to calibrate the thermocouple temperature sensor.
In these embodiments, controller 304 would be operationally coupled to both the

30 RTD and thermocouple sensors in a manner such that the sensed temperature
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(b) a chilling nmenber; and wherein the apparatus operatively supports the
heating nmenber and the chilling nmenber in a first configuration in which

t he heating nmenber and the chilling nenber are subjected t@1aakgs2doendi ng
to pull the workpiece chilling surface into thermal contact with the
chilling nmenber, and wherein the apparatus operatively supports the heating
nenber and t hdlatadetactaddyrhatihdevices can betaspiyed ahinpytsighaisda contraller 884t he bi as

IS overcone a t he workpi ecg chilling surface and t hi l,]ing nmenber are
thermal Iy decasiateantPreiliin srmmuiny SCatRliei 18 o las o ece.
conpri si ng t heoairSIRS 308 to &RdmBEGRIY NEh-fiMEcaliBFAPihe Gferiobdpld healiWpatidi ece i s
supported upon a sheet shaped, |ow thermal nass, thermally conductive

heat i ng menbemayrerccsmplished using aended tampecatene sletacabtaingddry tba RTAtawl sai d
first major face orting the wqrkpiege; 1. A t 2 .71 (b

p: aii ng Jt he :gﬁmcﬂ%qg?eﬁﬂﬁsfagw W&ﬁ@gh%ﬁﬁ;ﬂaﬁ?émprﬂ’u&%?%eﬁ ratl?é‘ng az:t with
a chilling ”erﬂ?)%e;vex‘?%ésq)eaétfﬁgcgcﬁﬁﬂ?shécﬁﬁfﬂgné@n%d éHx'bEx%lﬁﬁe @Stafﬁbéaai&%kem ate

is in thermal contact wth 1111 ng menber, controlling the heat output
of the heat i ngwimertiakeplatedR4tihbeing maintmnédpatao eqeilippomtterdperptore.t he fir st

maj or surface is chille nmet hod of baki a, wor kpi ece, conprising
the step of heating theq%?’mp%ﬁf%cqqﬁr@ﬁﬁbﬁp‘ﬁg@’és"i“ge‘gf?ppprted upon a
sheet - shaped, Joﬁ%ﬁ@ﬂ@ﬂvit&hecgfc;xﬁﬁ/;%ﬁUPcﬁﬁpr?s%E)édn%bﬂﬂol@s@H&sﬁﬂ”'(‘shé\bﬁ}h pl anar

substrate ply and a heater nated to the substrate ply, wherein the
heat er pl yloccorthe peefsredtfoine as an owselated patediipaliv teankistor are., ZSABT”, sévitth) . AOE

A .ALE .A9. As . ALr. AL . . . .

AL AS6. A0 AL nRSTerEroat 348 (showadn tbs pisfeRisd Aem asoRe OB AWY: AR Agl . A9

AL AL. ALl . AL Y AR N&. A& Al
A ANy, A'e. DGO L0reh vl BUECARGE ﬁuﬁgﬁéﬁ?ﬁtﬁ%ﬁﬁ&\‘ﬁ $b! (Q Ud

S IX uses the control signals to open and close controllable switch 342 ina

{val gb] X] ca] ca% ca] cal,ca] cal ca] C %CR& C J cal’cad] cal] C?J‘sak] ca] ca] ca] ca
U] c*a] ca] ca] cé& °6‘§];E°é%d5§'ﬂﬁ']’1?&] %@%é"a‘g F‘@ﬁ‘i n more detail'below 1
PLVPEE y## " ddahedioh Wiitis préfaRP i ddeddropbiafdss 8f §alerrddvalomd ca] ca] ca] ca] ca] ¢

a] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca .
representative embodiment of controllable switch circuitry 341 incorporates the

IMBC 15-060 discrete IGBT as controllable switch 342 and the EXB840 hybrid
IC IGBT Driver as driver circuit 344. Both are available from Fuji Electric

Company, Ltd. The electrical schematic for this combination of devices is
20  shown in product literature made available by the vendor.

System 300 1s configured to receive electrical power from AC
power supply 308. In the United States, AC power supply 308 is most
commontly a utility supplying three-phase, 60 Hz AC electrical current at 208
volts RMS. System 300 incorporates rectifier circuitry 310 in order to convert

25  the AC power into DC power. For example, 208 AC volts RMS is rectified to
294 volts DC. In the embodiment shown in Fig. 10, rectifier 310 is shown in the
preferred form as a six diode rectifier, although any suitable rectifying means
may be used as desired. A six diode rectifier assembly is a common device
packaged and sold as a single unit and may be obtained from a number of

30 commercial sources. For example, a six diode rectifier assembly available undex
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O. contget es, the current thereafter bypasses
resistor 320 is a 100 Q, 10 watt resistor.

Resistor 302 represents the resistance of the bakeplate whose heat
output 1s to be controlled. Resistor 302 is incorporated into load circuit section
330 of system 300. In addition to resistor 302, load circuit section 330 further
includes diode 332, capacitor 334, and inductor 336 connected together between
top terminal 322 and load circuit bottom terminal 338. Within load circuit
section 330, capacitor 334 and resistor 302 are connected in parallel with each
other in RC circutt portion 335 between top terminal 322 and intermediate load
section terminal 340. Inductor 336 and RC circuit portion 335 are connected to
each other in series between top terminal 322 and load circuit bottom terminal
338. Within load circuit section 330, resistor 302, inductor 336 and capacitor
334 function like a 2-pole, low pass filter to smooth the DC voltage developed
across resistor 302. In practical effect, the “filter” passes DC current but
suppresses AC current at the frequency of the PWM output of controller 304,.
In a typical embodiment in which the PWM output has a frequency of 20,000
Hz, inductor 336 is a 4mH, 10A, inductor capable of operating at 20 kHz, and
capacitor 334 is a 5 pF, high frequency, 600 V capacitor. Resistor 302 is
typically 35 Q. The resultant RLC circuit suppresses 20,000 Hz AC current.

Load circuit bottom terminal 338 is coupled back to top terminal
322 by diode 332. Diode 332 provides numerous performance advantages.
Diode 332 acts as a back or “fly whee!l” diode in order to clamp the voltage at
the bottom of terminal 338 when switch 342 is turned off. Diode 332 thus
makes it easier to maintain the desired DC current through resistor 302. Diode
332 is preferably a type ERWO05-060, available from Fuji Electric Company,
Ltd. Load circuit bottom terminal 338 is also coupled to the collector of
controllable IGBT switch 342,
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noise filter 303 and applies PID control in order to develop a PWM output

10 having a duty cycle dependent upon the degree to which resistor 302 deviates
from the desired temperature. Depending upon the circumstances, controller 304
can use PID control to determine and generate a PWM control signal having the
appropriate duty cycle to adjust or maintain the heat output of resistor 302.

The PWM output of controller 304 is then transmitted to IGBT

15 driver 344, IGBT driver circuit 344 uses the control signal from controller 304
to open and close switch 342 in a corresponding manner. For example, if
controller 304 develops a 20,000 Hz PWM control signal having a duty cycle of
25%, then switch 342 will be opened and closed at a rate of 20,000 Hz with
switch 342 being closed at a 25% duty cycle. Similarly, if controller 304 were to

20 increase the duty cycle of the signal to 70%, then switch 342 would be opened
and closed at a rate of 20,000 Hz except that the switch would be closed for
70% of each PWM interval.

Actuating switch 342 in this manner allows the heat output of
resistor 302 to be easily controlled. Generally, increasing the duty cycle of the

25  PWM control signal tends to increase the voltage across, and hence heat output
of, resistor 302. Similarly, decreasing the duty cycle of the PWM control signal
tends to decrease the voltage across, and hence heat output of, resistor 302. In
actual practice, switch 342 can be activated to open and close in response to
PWM control pulses having a duty cycle in the range from 0% to 100%.

30  However, even though switch 342 is being actuated at a high frequency, e.g.,
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Figs. 11-22 show a particularly preferred embodiment of a
bake/chill apparatus 400 of the present invention incorporating the principles of
the present invention described above in connection with Figs. 1a through 10.
10  Apparatus 400, for purposes of discussion, is an embodiment of the present
invention suitable for processing a workpiece in the form of wafer 540. As an
overview, apparatus 400 includes five major subassemblies for carrying out
baking and chilling operations. These five subassemblies include lid assembly
401, wafer support assembly 402, bakeplate assembly 403, coolihg member
15  assembly 404, and drive train assembly 405. These five assemblies are
supported over and/or mounted to main base 413. Drive train assembly 405
includes components that cause upward and downward movement of the
bakeplate and cooling member in order to place apparatus 400 into one of three
operational configurations including a loading/unloading configuration, a
20  chilling configuration, and a baking configuration. Initially, apparatus 400 will
be described with respect to Figs. 11 through 19, which show apparatus 400 in
the loading/ unloading configuration. All three configurations, as well as the
operation of apparatus 400, will be described further below in connection with
Figs. 20-22.
25 Referring now primarily to Figs. 11 and 13-16, lid assembly 401
includes a stacked assembly of essentially ring-shaped side wall members 406,
407 and 408 and bottom, middle, and top panels 409, 410, and 411,
respectively. These stacked components define upper plenum 412, lower
plenum 414, and lid recess 415 (see Figs. 15-16 primarily) adapted to receive
30  portions of heater assembly 406 during baking and chilling operations. Spacer
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Side wall members 406, 407, and 408 are structured to provide
generally rectangular shoulders 419 and 420, one of which includes an intake
passageway (not shown) through which one or more gases can be caused to flow

10 into outer plenum portion 417. The other shoulder includes an exhaust passage
(not shown) through which gases can be exhausted from upper plenum 412,
Apertures (not shown) are distributed around bottom panel 409 proximal to
outer plenum portion 417 so that gases in outer plenum portion 417 can flow
downward into lid recess 415 and thereby blanket the workpiece 540 in the form

15  of a wafer being processed. Apertures (not shown) are also distributed in
bottom panel 409 and middle panel 410 proximal to inner plenum portion 418
so that gases can flow upward through inner plenum portion 418 and into upper
plenum 412. From upper plenum 412, the gas is exhausted through the exhaust
passage of the corresponding shoulder 419 or 420, as the case may be.

20 Lid assembly 401 is supported upon a pair of lid support posts
422 in a stationary manner, and, consequently, lid assembly 401 does not move
during baking and chilling operations. Each lid post 422 is attached to a
corresponding shoulder 419 or 420. Unless noted otherwise herein, the
components of lid assembly 401 and posts 422 preferably are formed of stainless

25  steel although other materials such as aluminum, high temperature plastics such
as polyamide, polyimide, polyamideimide, and the like, can be used.

In a typical embodiment, for instance, panels 409, 410, and 411
may be in the form of stainless steel sheets having a thickness on the order of 0.9
mm to 1.2 mm. However, such a bottom panel 409 may have a relatively large

30 thermal mass that can interfere with the ability to accurately control temperature

48



10Z 10Z 10Z8109Z& () - AoYczX6~\: !!# +1098B& ()- !], +109BB& ()- !,
1098B& ()- !, 10%B B& ()- 109B& ()-!g 109BB& ()-cfghix~\: 11 @
109 ()-!{ @ 10%SG& ()-! @ 109M& () -1 " &10%& ()- 10B 10B 21 August 2002
10B39109B& () - #P&n} A?~\

111 RLOYEGS' () - 109%5& ()-!110% & ()-fmo%s& ()-!fmOY%RRE ()- @

109%u& ()-nV$& ()}ASH= 111 10G 10G 1oc;910cy@&'pé3-0@ 10%G7& () -1 0@
10%e& () - k) 109efRe baking pndyonehlking ppyratians: dspeder ta overqpme kiseffect andde

Ug (). 1 TORAE L O A QR g 0 il 2o MBSt 0 20%
form of a low thermal mass membrane, 1.e., a membrane having a thickness on
the order of 0.05 to 0.1 mm, preferably having infrared (“IR”) reflective

5  characteristics on inward facing surface 424. Advantageously, such a low
thermal mass membrane helps reduce the influence of external, environmental
effects upon baking and chilling operations for at least two reasons. In the first
instance, the IR reflective, inward facing surface 424 tends to reflect radiant heat
energy back into the interior of apparatus 400 so that less radiant heat energy is

10  able to reach and be absorbed by bottom panel 409. In the second instance,
plenums 412 and 414 help to thermally insulate bottom panel 409 from the
external environment. These features significantly reduce the amount of heat
that would otherwise be absorbed by bottom panel 409 from above or below,
thus helping to negate the thermal mass of bottom panel 409 as a practical

15 matter.

Preferably, the low thermal mass, IR reflective embodiment of
bottom panel 409 comprises a polymeric substrate bearing an IR reflective
coating on the substrate surface corresponding to inward facing surface 424. In
order to avoid undue distortion or degradation during baking operations, the

20  polymeric substrate is preferably formed from a polymer having a glass
transition temperature (Tg) above the highest temperature likely to be realized
during baking operations. Accordingly, high Tg polymers such as polyimide,
polyamide, polyamideimide, and the like are preferred. The IR reflective
coating may be formed from any temperature resistant, IR reflective material of

25  which metals, metal alloys, and intermetallic compositions of gold, aluminum,
nickel, combinations of these, and the like, are preferred. In a particularly
preferred embodiment, bottom panel 409 is a KAPTON brand polyamide
substrate having a thickness of about 50 micrometers and having at least one

surface metallized with an aluminum allay.
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pins 428 extend from lift pin shafts 427 at a height appropriate for receiving
5  wafer 540. Each shaft 427 and lift pin 428 has cooperating structure allowing
spring 430 to fixedly hold lift pin 428 in place. Lift pin shafts 427 and lift pins
428 optionally may be hollow in order to allow a vacuum to be pulled against a
wafer 540 supported on lift pins 428, if desired. The vacuum is developed
through chamber 431 which is connected to the inside of each lift pin shaft 427
10 by a corresponding conduit 432. Hose coupling 452 provides an attachment site
on lift pin base 426 for a hose through which a vacuum can be pulled if desired.
The features of cooling member assembly 404 are best shown in
Figs. 15 and 16. Cooling member assembly 404 includes annular support ring
433, cooling member 434 supported upon support ring 433, and flanged, hollow
15  bearings 448 through which cooling member 434 and annular support ring 433
slideably engage heater support shafts 464. Flanged, hollow bearings 448 can
be welded, glued, press fit, or threadably mounted in place. Although not
shown, the frictional interface between these components can be provided with a
lubricant to facilitate free upward and downward movement of annular support
20 ring 433 and cooling member 434 over heater support shafts 464.
As shown in Figs. 15-16, cooling member assembly 404 is in its
lowest position in apparatus 400. Apparatus 400 is thus open, and wafer 540
can be easily inserted for processing. During baking and chilling operations, the
components of cooling member assembly 404 can be moved upward until
25  cooling member assembly 404 engages lid assembly 401. Any further upward
movement of cooling member assembly 404 is thus constrained by this
engagement. This action closes apparatus 400 and allows the wafer to be baked
and chilled in an environmentally sealed chamber. When baking and chilling

are complete, cooling member assembly 404 can be lowered to open apparatus
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436, lower chill plate 437, and sidewall member 438. The bottom surface 439

5 of upper chill plate 436 is grooved to define cooling media channels 440 when
upper and lower chill plates 436 and 437 are assembled. Both upper and lower
chill plates 436 and 437 are desirably formed from a thermally conductive
material such as a metal, metal alloy or intermetallic composition of which metal
alloys such as stainless steel, an aluminum alloy, or passivated (e.g., nickel-

10  plated) copper are preferred.

The top of sidewall member 438 optionally may be grooved (not
shown) to receive an O-ring (not shown) so that sidewall member 438 can
sealingly engage lid assembly 401. Sidewall member 438 may be formed
integrally with either upper chill plate 436 or lower chill plate 437, or as shown,

15 can be formed as a separate piece. When formed separately, sidewall member
438 can be formed from a thermally conductive material such as stainless steel
or aluminum, or can be formed from an insulating material such as polyimide,
polyamide, polyamideimide, ultrahigh molecular weight polyethylene, or the
like.

20 In terms of assembly, chill plates 436, 437, and sidewall member
438 (when formed as a separate piece) may be assembled to form cooling
member 434 using any desired means such as screws, bolts, glue, welding, or
the like. The assembled cooling member 434 may then be fixedly attached to
support ring 433 using any convenient means such as screws, bolts, glue,

25  welding, or the like. Preferably, cooling member 434 is assembled from its
component parts and then attached to annular support ring 433 using screws 441
so that apparatus 400 can be disassembled and reassembled for maintenance and
inspection. Upper and lower chill plates 436 and 437 preferably are structured
to fit over lift pin shafts 427 and lift pins 428 so that cooling member 434 does
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The features of bakeplate assembly 403 are best seen in Figs. 15-
19. Bakeplate assembly 403 generally includes annular heater support ring 460
5 that serves as a base to support bakeplate subassembly 462 upon a trio of heater
support shafts 464 fixedly mounted to annular heater support ring 460. As best
seen in Figs. 16-17, each heater support shaft 464 includes relatively narrow
bottom pin 470 for engaging a corresponding trio of counterbored apertures
sized to receive pins 470 of a heater support shafts 464. Support shaft nuts 476
10  secure each shaft 464 in place. Of course, any other fastening technique (gluing,
welding, press fitting, etc.) could also be used to attach shafts 464 to heater
support ring 460. Preferably, at least one of heater support shafis 464 may be
hollow to provide a passage through which electrical wiring or the like can be
guided for coupling to bakeplate subassembly 462. Heater support ring further
15  includes apertures 463 that allow heater support ring 460 to be coupled to drive
train assembly 405 in a manner that will be described in more detail below.
At the top end of each heater support shaft 464, bakeplate
subassembly 462 is secured to the top of each heater support shaft 464 using any
suitable fastening technique. As shown, for example, one approach is to use
20  heater mounting screw 465 that is threadably received in a corresponding
threaded aperture at the top of each shaft 464. Thus, when heater support ring
460 1s raised, bakeplate subassembly 462 is also raised. Similarly, when heater
support ring 460 is lowered, bakeplate subassembly 462 is also lowered. This
movement facilitates changing configurations of apparatus 400 between the
25  loading/unloading, baking, and chilling configurations, as will be described
below.
As shown best in Figs. 15 and 16, cooling member subassembly
404 slidingly fits over heater support shafts 464 and is actually supported upon
shafts 464 between bakeplate subassembly 462 and heater support ring 460.

30  This allows bakeplate subassembly 462 to be lowered onto or raised above
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loading/unloading configuration as illustrated in Figs. 11-20, springs 478 firmly
5  bias cooling member assembly 404 and bakeplate subassembly 462 together.
The use of springs 478 is particularly advantageous, because they allow a
simple, single lift mechanism to be used to easily place apparatus 400 into three
different operational configurations.

The features of bakeplate subassembly 462 are best shown in

10  Figs. 15-19. There, low thermal mass, planar bakeplate 482 (schematically
shown as having a two layer laminate structure for purposes of clarity)
comprising an etched heating foil (schematically shown by the features
designated as 484 in Fig. 17) is clamped between upper ring clamp 486 and
lower ring clamp 488. Upper ring clamp 486 and lower ring clamp 488 are

15 structured for snap fit engagement with each other and also are further secured
together by screws 496. Upper ring clamp 486 and lower ring clamp 488
include a plurality of standoffs 506 between which bakeplate 482 is supported in

. order to minimize the area of direct contact with bakeplate 482. The use of
standoffs 506 promotes more uniform, more controllable baking and chilling

20 operations.

Upper and lower ring clamps 486 and 488 may be formed of any
suitable rigid, temperature resistant material. Particularly preferred materials are
also good thermal insulators. Representative examples of such materials
suitable for forming clamps 486 and 488 include polyimide, polyamide, alumina,

25  synthetic quartz or other nonalkaline ceramic materials, combinations of these,
and the like. One preferred polymeric clamp material is available under the
trade designation “ULTEM 2000” from Bodecker Plastics Company, Austin,
TX.

Annular member 492 has outer periphery 494 and inner periphery

30  496. Outer periphery 494 is sized to fit just inside upper ring clamp 486, and
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positioned for processing. Top surface 500 of bakeplate 482 is provided with a
plurality of protuberances 502 that support annular member 492 and wafer 540
at a uniform distance above top surface 500. Bakeplate 482 further includes a

5 trio of through apertures 504 that allow bakeplate subassembly 462 to slideably
fit over lift pins 428.

Duning baking and chilling, bakeplate 482 may have a tendency to
expand and contract with changes in temperature. Canted coil ring 498 is
positioned between bakeplate 482 and clamps 486 and/or 488 in order to

10 accommodate such dimensional changes. In this way, free play or binding
stresses that might otherwise occur are avoided.

Drive train assembly 405 is best shown in Figs. 12-16. Drive
train assembly 405 generally includes stepper motor subassembly 510, a trio of
lift subassemblies 512, drive chain 514, and chain tensioner 516, Stepper motor

15  subassembly 510 includes stepper motor 518 and powered sprocket 520.

Stepper motor 518 is reversible so that powered sprocket 520 can be rotatably
driven in either a forward or reverse direction. For purposes of the present
invention, the “forward” direction shall be deemed to be the rotational direction
that causes upward vertical movement of bakeplate and/or cooling member

20 assemblies 403 and 404. The “reverse” direction shall be deemed to be the
rotational direction that causes downward vertical movement of bakeplate
and/or cooling member assemblies 403 and 404. Stepper motor 518 is mounted
to main base 413 upon rubber isolation supports 519 in order to isolate motor
vibration from other components of apparatus 400.

25 Each lift subassembly 512 generally includes a lead screw 521
rotatably supported between upper bearing 522 and lower bearing 524. Upper
bearing 522 is positioned in upper support arm 526 supported at the top end of
lead screw 521 by brace 528. Lower bearing 524 is positioned in foot 525 that,
in turn, is mounted to main base 413. A chain sprocket 530 1s fixedly coupled to

30 the bottom of each lead screw 521 so that rotary motion of chain sprocket 530
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also causes the corresponding lead screw 521 to rotate in a corresponding
manner.
Rotary motion from powered sprocket 520 is transferred to each
chain sprocket 530, and hence to each lead screw 521, by closed-loop drive
5 chain 514 traversing a path defined at least in part by chain sprockets 530.
Chain tensioner includes idler sprocket 532 and adjustable plate 534 and arm
535 so that the tension of drive chain 514 can be easily adjusted.
Each lead screw 521 includes spring-biased, lead screw follower
536 threadably received on the corresponding lead screw and fixedly secured to
10  heater support ring 460 in a manner such that lead screw followers 536 cannot
rotate relative to heater support ring 460. Retainer 538 helps hold each lead
screw follower in proper position. Accordingly, each lead screw 521 can rotate
inside its lead screw follower 536, yet each lead screw follower 536 does not
~ rotate. As a consequence, rotation of lead screws 521 in the forward direction
15 drives lead screw followers 536, and hence heater support ring 460, vertically
upward. Similarly, rotation of lead screws 521 in the reverse direction drives
lead screw followers 526, and hence heater support ring 460, vertically
downward.
A preferred mode of operation of apparatus 400 will now be
20  described with respect to Figs. 20-22. In Fig. 20, apparatus 400 is in the
loading/unloading configuration in which apparatus 400 is open allowing wafer
540 to be inserted and removed to and from the inside of apparatus 400. In this
configuration, bakeplate subassembly 462 is pulled against the top of upper chill
plate 436 by the action of springs 478, and lift pins 428 project well above
25  bakeplate subassembly 462. This allows wafer 540 to be placed onto lift pins
428 for processing.
Fig. 21 shows apparatus 400 in the chill configuration. To
change from the loading/unloading configuration of Fig. 20 to the chill
configuration, stepper motor 518 is actuated to drive lead screws 521 in the

30  forward direction. This drives lead screw follower 536 up lead screw 521.
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against flange 450 of flanged, hollow bearings 448. This drives cooling member
5 assembly 404 upward as well. Stepper motor 518 drives lead screws 521 in the
forward direction until sidewall member 438 of cooling member assembly 404
engages lid assembly 401, closing apparatus 400. The presence of an o-ring
gasket (not shown) in the optional groove (not shown) on the top of sidewall
member 438 allows a good seal to be achieved within a practical range of
10 upward motion This allows the chill configuration to be achieved after
apparatus 400 is closed and while cooling member assembly 404 and bakeplate
subassembly 462 are still being pulled together by the action of springs 478. As
cooling member assembly 404 and bakeplate subassembly 462 are driven
upward to the chill configuration, wafer 540 is lifted off lift pins 428 and is
15  thereafter supported on protuberances 502.

Thus, in changing apparatus 400 from the loading/unloading
configuration to the chill configuration, bakeplate assembly 403 and cooling
member assembly 404 move upward in concerted fashion. In the resultant chill
configuration, wafer 540 is supported upon bakeplate 482 of bakeplate

20 subassembly 462, and bakeplate subassembly 462, in turn, is pulled against
upper chill plate 436. In practical effect, upper chill plate 436 is in thermal
contact with wafer 540 so that chill operations can now be carried out.
Apparatus 400 can be returned to the loading/unloading configuration by
actuating stepper motor 518 to drive lead screws 521 in the reverse direction.

25 Fig. 22 shows apparatus in the bake configuration. To change
from the chill configuration of Fig. 21 to the bake configuration, stepper motor
518 is actuated to drive lead screws 521 in the forward direction. This drives
lead screw followers 536 further upward from the position of lead screw

followers 536 associated with the chill configuration. However, in this

30  situation, further upward motion of cooling assembly 404 is prevented by lid
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heater support ring 460 has been driven upward toward the now stationary chill
plate support ring 433 In this configuration, bakeplate subassembly 462 has
5  been lifted out of thermal contact with upper chill plate 436 so that bake
operations can now be carried out. Apparatus 400 can be returned to either the
chill configuration or the loading/unloading configuration by actuating stepper
motor 518 to drive lead screws 521 in the reverse direction.
Other embodiments of this invention will be apparent to those
10  skilled in the art upon consideration of this specification or from practice of the
invention disclosed herein Various omissions, modifications, and changes to
the principles and embodiments described herein may be made by one skilled in
the art without departing from the true scope and spirit of the invention which is

indicated by the following claims.
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1. An apparatus suitable for controlling the temperature of a workpiece,
said apparatus comprising:

(a) a low thermal mass, thermally conductive, heating member having a
surface adapted for supporting the workpiece in thermal contact with the heating
member such that heat energy from the heating member can be transferred to the
workpiece during baking; and

(b) a high thermal mass chilling member; and

wherein the apparatus operatively supports the heating member and the
chilling member in a first configuration in which the chilling member is in sufficiently close
physical proximity to be in thermal contact with the heating member and a second
configuration in which the heating member and the chilling member are spaced farther
apart from each other as compared to the first configuration such that the heating
member and the chilling member are more thermally decoupled.

2. The apparatus of claim 1, wherein the workpiece comprises a
microelectronic device.

3. The apparatus of claim 1, wherein the heating member has opposed
first and second major surfaces, and wherein the first major surface corresponds to the
workpiece supporting surface and the second major surface of the heating member and
the chiling member are in thermal contact when the apparatus is in the first
configuration, and wherein the heating member and the chilling member are
thermally decoupled by physical separation between the second major surface of the
heating member and the chilling member when the apparatus is in the second
configuration.

4. The apparatus of claim 1, wherein the heating member is a laminate
comprising at least:

(a) a substrate ply; and

(b) a heater ply laminated to the substrate ply, wherein the heater ply
comprises at least one controllable heating zone.
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5. The apparatus of claim 1, wherein the apparatus further comprises a
frame member provided on the workpiece supporting surface, said frame member having
an interior space adapted to receive the workpiece.

6. The apparatus of claim 5, wherein the ratio of the thermal diffusivity of
the workpiece to that of frame member is in the range from 0.8:1 to 1:0.8.

7. The apparatus of claim 5, wherein the workpiece is a microelectronic
device, and wherein the frame member comprises a material selected from silicon,
aluminum, germanium, gallium-arsenide, glass, stainless steel, an aluminum alloy, an
intermetallic composition comprising aluminum, a magnesium alloy, an intermetallic
composition comprising magnesium, and combinations thereof.

8. The apparatus of claim 5, wherein the workpiece comprises at least
98% by weight of said material, and wherein the frame member comprises at least 98%
by weight of the same material.

9. The apparatus of claim 5, wherein the frame member and the
workpiece each have substantially the same thickness.

10. The apparatus of claim 5, further comprising at least one temperature
sensor coupled to the frame member.

11. The apparatus of claim 10, wherein the temperature sensor is an RTD
device.

12. The apparatus of claim 1, further comprising:

(i a first temperature sensor coupled to the heating member in a
position effective for sensing a first temperature signal corresponding to the temperature
of the workpiece, said first temperature sensor having a first temperature sensing time
constant and a first temperature sensing stability;



U 10 US10% U& ()-/10% U& ()-!/10% U U& ()-P zX9~ = 10 10@ 109%G& ()-! @
10%e& ()- @ 109%Z& ()-'@10% (" (& ()-'l @10%[& ()-'=@10% ][] & ()- 8 z[PE
10 10 10G 10G 10(910%G& ()-y2, 10%G& ()-!py2, 10% & ()-!, b1 AREsRoh) - 9! (-
10%7e7& ()-9 J*U }[<PE: 10 10 f 10% & ()-Z!f 10%th4h& ()-Z, 10% i & ()-!A,
10%h+h& ()-!, 109%&h&h& ()-1"910% h& ()- T] a}~?4: 10 10 h910% h& ()- 010%
h& ()-'10% h& ()-!# 10%CHCH& ()-10% & () - ! #f 10%ChCh& () -abcr)dB: 10 10 h! X3
10%H( H(& ()-! 100 M & ()-2z! A 10%] ?| & ()-2! §y10% T: T& ()-2" 910%4 & ()- 10
h 10 h#f}A?B: 10

(ii) a second temperature sensor coupled to the heating member in a
position effective for sensing a second temperature signal corresponding to the
temperature of the workpiece, said second temperature sensor having a second
temperature sensing time constant and a second temperature sensing stability, wherein
the second temperature sensing time constant is greater than the first temperature
sensing time constant and the first temperature sensing stability is greater than the
second temperature sensing stability.

13. The apparatus of claim 12, further comprising a control system
operationally coupled to the first and second temperature sensors and comprising
program instructions enabling the control system to use information comprising the first
and second temperature signals to automatically, on-line calibrate the first temperature
sensor.

14. The apparatus of claim 12, wherein the apparatus further comprises a
frame member provided on the workpiece supporting surface, said frame member having
an interior space adapted to receive the workpiece, and wherein the first and second
temperature sensors are coupled to the frame member.

15. The apparatus of claim 12, wherein the first temperature sensor is a
thin-film, resistive temperature device (RTD) sensor.

16. The apparatus of claim 12, wherein the second temperature sensor is
a thermocouple (TC) sensor.

17. The apparatus of claim 12, wherein the first temperature sensor is a
thin-film, resistive temperature device sensor and the second temperature sensor is a
thermocouple sensor.

18. The apparatus of claim 1, wherein the heating member comprises first
and second independently controllable heating zones.
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19. The apparatus of claim 5, wherein the heating member comprises a
first controllable heating zone underlying at least a portion of the interior space of the
frame member and a second controllable heating zone surrounding the first heating zone
and underlying at least a portion of the frame member.

20. The apparatus of claim 5, wherein the heater ply comprises a
controllable heating zone that underlies the interior space of the frame member and at
least a portion of the frame member.

21. The apparatus of claim 1, wherein the workpiece supporting surface of
the heating member further comprises a plurality of protuberances for supporting the
workpiece.

22. A heating device for heating a microelectronic device, said heating
device comprising:

(a) a low thermal mass, thermally conductive heating member; and

(b) a frame member provided on a surface of the heating member and
having an interior space adapted to receive the microelectronic device.

23. The heating device of claim 22, further comprising a plurality of
protuberances projecting upward from a surface of the heating member to support at
least one of the frame member and the microelectronic device.

24, The heating device of claim 22, wherein the microelectric device
comprises a semiconductor device and the frame member is annularly shaped.

25. The heating device of claim 22, wherein the wherein the ratio of the
thermal diffusivity of the microelectronic device to that of frame member is in the range
from 0.8:1 to0 1:0.8.

26. The heating device of claim 22, wherein the ratio of the thermal
capacity of the heating member to the microelectronic device is in the range from about
1:100 to about 5:1.
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capacity of the heating member to the microelectronic device is in the range from about
1:10 to about 2:1.

28. The heating device of claim 22, wherein the ratio of the thermal
diffusivity of the microelectronic device to that of frame member is about 1:1.

29. The heating device of claim 22, wherein the frame member comprises
a material selected from silicon, aluminum, germanium, gallium-arsenide, glass,
stainless steel, an aluminum alloy, an intermetallic composition comprising aluminum, a
magnesium alloy, an intermetallic composition comprising magnesium, and combinations
thereof.

30. The apparatus of claim 22, wherein the workpiece comprises at least
98% by weight of said material, and wherein the frame member comprises at least 98%
by weight of the same material.

31. The heating device of claim 22, wherein the frame member and the
microelectronic device have substantially the same thickness.

32. The heating device of claim 22, wherein the heating member
comprises first and second independently controllable heating zones.

33. The heating device of claim 22, wherein the heating member
comprises a first controllable heating zone underlying at least a portion of the interior
space of the frame member and a second controllable heating zone surrounding the first
heating zone and underlying at least a portion of the frame member.

34. The heating device of claim 22, further comprising at least one
temperature sensor coupled to the frame member.

35. The heating device of claim 34, wherein the temperature sensor is an
RTD device.
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36. The heating device of claim 22, further comprising:

(i) a first temperature sensor coupled to the heating device in a position
effective for a first temperature signal corresponding to the temperature of the
microelectronic device, said first temperature sensor having a first temperature sensing
time constant and a first temperature sensing stability;

(i) a second temperature sensor coupled to the heating device in a
position effective for sensing a second temperature signal corresponding to the
temperature of the microelectronic device, said second temperature sensor having a
second temperature sensing time constant and a second temperature sensing stability,
wherein the second temperature sensing time constant is greater than the first
temperature sensing time constant and the first temperature sensing stability is
greater than the second temperature sensing stability.

37. The heating device of claim 36, further comprising a control system
operationally coupled to the first and second temperature sensors and comprising
program instructions enabling the control system to use information comprising the first
and second temperature signals to automatically, on-line calibrate the first temperature
sensor.

38. The heating device of claim 36, wherein the first and second
temperature sensors are coupled to the frame member.

39. The heating device of claim 36, wherein the first temperature sensor is
a thin-film, resistive temperature device (RTD) sensor.

40. The heating device of claim 36, wherein the second temperature
sensor is a thermocouple (TC) sensor.

41. The heating device of claim 36, wherein the first temperature sensor is
a thin-film, resistive temperature device sensor and the second temperature sensor is a
thermocouple sensor.
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comprising:

(a) at least one temperature sensor coupled to the system in a position
effective to generate output temperature signals indicative of the temperature of the
object;

(b) a source of a pulse width modulated (PWM) control signal having a
controllably variable duty cycle, wherein the PWM control signal is derived from
information comprising the temperature signals; and

(c) a low thermal mass, thermally conductive heating member that
comprises a surface for supporting the object during heating, said heating member
having a controllable heat output level corresponding to the duty cycle of the PWM
control signal.

43. The system of claim 42, wherein the system further comprises a switch
electrically coupled to the source of the PWM control signal and the heating member in a
manner such that actuation of the switch by the PWM control signal causes a voltage
level to develop across the heating member that corresponds to the duty cycle of the
PWM control signal.

44. The system of claim 43, wherein the switch is an IGBT transistor.

45, The system of claim 42, wherein the system comprises a load circuit,
said load circuit comprising an inductor connected in series with an RC circuit, wherein
the RC circuit comprises a capacitor and a resistor connected in parallel, said resistor
corresponding to the heating member.

46. The system of claim 45, further comprising a switch electrically
coupled to the load circuit and the load circuit, said switch being responsive to the PWM
control signal to modulate the heating output of the heating member when a load circuit
voltage is developed across the load circuit.
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48. The system of claim 42, wherein the source of the PWM control signal
comprises a controller comprising a DSP.

49. The system of claim 40, wherein the object comprises a
microelectronic device.

50. The system of claim 40, wherein the temperature sensor is a resistive
temperature device (RTD) sensor.

51. The system of claim 40, wherein the PWM control signal has a
frequency in the range from at least 1000 Hz to about 50,000 Hz.

52. The system of claim 40, wherein the PWM control signal has a
frequency of about 20,000 Hz.

53. The system of claim 40, wherein the source of the PWM control signal
develops the PWM control signal by applying PID control methodology to the
temperature signals.

54. A method of cooling a workpiece to a cooled temperature (Tc),
comprising the steps of:

(a) supporting the workpiece in thermal contact with a low thermal mass,
thermally conductive support, wherein the workpiece is at a temperature above Tc ;

(b) placing the low thermal mass support into thermal contact with a
chilling member maintained at a temperature below Tc such that the workpiece is chilled
via heat conduction through said support;

(c) monitoring the temperature of the support during cooling; and
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(d) ceasing further chilling when the support is at a temperature
substantially corresponding to Tc, wherein said ceasing further chilling comprises
physically separating the heating member from the chilling member.

565. The method of claim 54, wherein step (d) comprises heating the
workpiece while the workpiece is in thermal contact with the chilling member under
conditions effective to maintain the workpiece at Tc.

56. The method of claim 54, wherein the workpiece comprises a
microelectronic device.

57. The method of claim 54, wherein the support is a relatively low thermal
mass, thermally conductive, controllably heatable heating member having first and
second major opposed surfaces, and step (a) comprises supporting the workpiece on the
first major surface of the heating member.

58. The method of claim 57, wherein step (b) comprises bringing the
second major surface of the heating member into thermal contact with the chilling
member such that the workpiece supported upon the first major surface of the heating
member is thereby cooled.

59. A sheet-shaped, laminated, low thermal mass, thermally conductive
heating member for heating a workpiece, comprising first and second opposed major
surfaces corresponding to a workpiece supporting surface and a workpiece chilling
surface, respectively, wherein a workpiece positioned on the supporting surface can be
chilled when the chilling surface is placed into thermal contact with a heat
sink.

60. The heating member of claim 59, wherein the apparatus further
comprises a frame member provided on the workpiece supporting surface, said frame
member having an interior space adapted to receive the workpiece.
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62. The heating member of claim 60, wherein the workpiece is a

microelectronic device, and wherein the frame member comprises at least 80% by
weight of a material selected from silicon, aluminum, germanium, gallium-arsenide,
glass, stainless steel, an aluminum alloy, an intermetallic composition
comprising aluminum, a magnesium alloy, an intermetallic composition comprising
magnesium, and combinations thereof.

63. The heating member of claim 60, wherein the workpiece comprises at
least 98% by weight of said material, and wherein the frame member comprises at least
98% by weight of the same material.

64. The heating member of claim 60, wherein the frame member and the
workpiece each have substantially the same thickness.

65. The heating member of claim 60, further comprising at least one
temperature sensor coupled to the frame member.

66. The heating member of claim 65, wherein the temperature sensor is
an RTD device.

67. The heating member of claim 59, further comprising:

(i) a first temperature sensor coupled to the heating member in a position
effective for sensing a first temperature signal corresponding to the temperature of the
workpiece, said first temperature sensor having a first temperature sensing time constant
and a first temperature sensing stability;

(i) a second temperature sensor coupled to the heating member in a
position effective for sensing a second temperature signal corresponding to the
temperature of the workpiece, said second temperature sensor having a second
temperature sensing time constant and a second temperature sensing stability, wherein
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68. The heating member of claim 67, further comprising a control system
operationally coupled to the first and second temperature sensors and comprising
program instructions enabling the control system to use information comprising the first
and second temperature signals to automatically, on-line calibrate the first temperature
sensor.

69. The heating member of claim 67, wherein the heating member
comprises a frame member provided on the workpiece supporting surface, said frame
member having an interior space adapted to receive the workpiece, and wherein the first
and second temperature sensors are coupled to the frame member. -

70. The heating member of claim 67, wherein the first temperature sensor
is a thin-film, resistive temperature device (RTD) sensor.

71. The heating member of claim 67, wherein the second temperature
sensor is a thermocouple (TC) sensor.

72. The heating member of claim 67, wherein the first temperature sensor
is a thin-film, resistive temperature device sensor and the second temperature sensor is
a thermocouple sensor.

73. The heating member of claim 59, wherein the heating member
comprises a first and second independently controllable heating zones.

74. The heating member of claim 60, wherein the heating member
comprises a first controllable heating zone underlying at least a portion of the interior
space of the frame member and a second controllable heating zone surrounding the first
heating zone and underlying at least a portion of the frame member.
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76. The heating member of claim 59, wherein the workpiece supporting
surface of the heating member further comprises a plurality of protuberances for
supporting the workpiece.

77. The heating member of claim 59, wherein the heating member has a
symmetrical sandwich structure.

78. The heating member of claim 59, wherein the heating member has a
symmetrical sandwich structure comprising a heater ply sandwiched between first and
second structural plies.

79. The heating member of claim 78, wherein the symmetrical sandwich
structure further comprises a dielectric layer interposed between the heater ply and each

structural ply.

80. The heating member of claim 59, wherein the heating member

comprises:

(a) a first electrically insulative layer;

(b) a heater ply laminated to said first electrically insulative layer;

(c) a second electrically insulative layer provided over the heater ply;

(d) a substrate provided over the second electrically insulative layer; and

(e) a plurality of protuberances provided on the substrate for supporting
the workpiece.

81. The heating member of claim §9, wherein the heating member
comprises.

(a) a substrate;
(b) a first electrically insulative layer laminated to the substrate;
(c) a heater ply laminated to said first electrically insulative layer;
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(d) a second electrically insulative layer laminated over the heater ply;
and

(e) a plurality of protuberances provided on the second electrically
insulative layer for supporting the workpiece.

82. The heating member of claim 59, wherein the heating member
comprises at least one layer comprising a polyamide resin.

83. The heating member of claim 59, wherein the heating member
comprises at least one layer comprising a substantially alkaline-free, vitrified porcelain
frit.

84. The heating member of claim 59, wherein the heating member
comprises a substrate ply laminated to a heater ply and wherein the heater ply is a
resistance heating element.

85. An apparatus for controlling the temperature of a workpiece, said
apparatus comprising:

(a) a sheet-shaped, low thermal mass, thermally conductive heating
member comprising first and second opposed major surfaces corresponding to a
workpiece supporting surface and a workpiece chilling surface, respectively, and

(b) a chilling member; and wherein the apparatus operatively supports the
heating member and the chilling member in a first configuration in which the heating
member and the chilling member are subjected to a bias tending to pull the workpiece
chilling surface into thermal contact with the chilling member, and

wherein the apparatus operatively supports the heating member and

the chilling member in a second configuration in which the bias is overcome and the
workpiece chilling surface and the chilling member are thermally decoupled.

86. A method of baking and chilling a workpiece, comprising the steps of:

(a) heating the workpiece while the workpiece is supported upon a sheet-
shaped, low thermal mass, thermally conductive heating member comprising first and
second opposed major surfaces, said first major surface supporting the workpiece;
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(b) placing the second major surface of the bakeplate into thermal contact
with a chilling member; and

(c) while the second major surface of the bakeplate is in thermal contact
with the chilling member, controlling the heat output of the heating member such that the
workpiece supported upon the first major surface is chilled.

87. A method of baking a workpiece, comprising the step of heating the
workpiece while the workpiece is supported upon a sheet-shaped, laminated, heating
member comprising a substantially planar substrate ply and a heater ply laminated to the
substrate ply, wherein the heater ply comprises at least one controllable heater zone.



