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I'N WAFER FABRI CATI ON SYSTEM FI ELD OF THE | NVENTI ON The invention rel ates

generally to

-~ fabrication system and nore specifically to inproving

bake plate units used to elevate wafer tenperature in a

repr oduci bMQ 34/ he t hermal characteristics of suchPEEUS28H/MSEEe U
and | ongevity of the bake plate units, especially within a post exposure

bake nodul e.
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employ various types of automatic equipment that must function to- very
exacting and carefully controlled operating parameters. Fig. 1 depicis some

of the process steps that are carried out.

At the upper left region of Fig. 1, a sequence of wafers come into a so-called
wafer track system 10. A chill plate 20 typically is used to stabilize the wafer
temperature by about 0.2°C to room temperature before the wafers enter a
spin coater 30 where a film of polymer photoresist is ptaced on the upper
surface of the wafer. In some processes, at step 30 an anti-reflection coating
may first be deposited upon the upper wafer surface and the wafer then

- baked (e.qg., step 40) and then placed in the spin coater 30 for deposition of

30

photoresist. In some processes an additional top layer of anti-reflection film
may also be added at step 30. At modern photolithography seeks to define
smaller and smaller feature size using shorter wavelength light, ultraviolet

reflectivity becomes a greater problem, and thus the use of anti-reflection

layer(s).
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Eventually the wafer is robotically passed to a bake plate 40 where the film of _

photoresist is hardened and excess solvents are driven out of the wafer with

heat. A subsequent chill plate process 50 coois the wafers to a stabilized
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W& 2664673682 Lenpenature after which the wafers

are presented to an exposure tool 60 that typically includes stepper and,
scanner functions. At step 70, the wafers are subjected to a post-exposure
bake (PEB), using a PEB bake plate, and then to a chill plate 80, that
returns thaevowedoensses2o a stabilized anbi ent 5 room t enpepat/usmos/odsdevel oper -
nodul e stage 90 typically follows, during which the latent |ithographic

i mage that was forned during the exposure tool stage 60 is now devel oped
in the polyner filmon the wafer upper surface. In a positive tone imge,
the portions ofpohh:rheraRlresafidr WHBW Sfdwaters g8 tpreddted Reanrmpsalrglibel and
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si ze, and wi t hwhichithé igtendithdgraphizi imiade dhateeals faym@dodurivgethe ryposiirs tgalal )
requires that contgm.nants, in the fab are controlled and that production
paraneters ar eStES‘ﬁ%pd? new qeyemgﬁén&%%gmﬁﬁhpnﬁﬁwa?ewpnpﬁggmgqeer*g fully
20 neet speci f4 GRisitRB- tohi@lfiagat e pyaiohatdians shiRoreist iekpegHR RN Yightawl
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fabrication, the decreased intensity of suc ght sources i ncreases
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The goal in any fab is to produce wafers with the smallest possible feature
size, and with a high production yield exceeding 80%. Meeting this goal
requires that contaminants in the fab are controiled and that production
parémeters are controlled to where a substantial number of the wafers fully

20 meet specification.

Fabrication variations due fo lithography have decreased in recent years,
thanks in part to the use of shorter wavelength light sources during the
‘exposure tool phase of wafer fabrication. While use of 248 nm laser light
25 promotes small element definition during fabrication, the decreased intensity
of such Iight_ sources increases system throughput, as longer exposure times
are required. The user of such laser wavelengths reduces throughput for
system 10 to perhaps 160 wafers per hour. As a resulf, substantial work in
the prior at has been directed to improving photoresists, including
30 development of amplified (or chemically catalyzed) photoresists. Such
photoresists essentially permit one photon of light source energy to affect
multiple molecules within the photoresist material, thus reducing system




mul tiple nolecules within the photoresist material, thus reducing system 2
WO 2004/ 073032 PCT/ US2004/ 003813 1t hroughput tine. One consequence of
. enhanced perfornance from exposure tool step 60 is that post-exposure bake

step 70 begRik [13 ybstantial factor in achieving speghfic Ee&gsﬂnth
respect to crltlca di mensions in defining wafer patterns. ner al |

speaki ng, the post-exposure bake step now represents 5 from perhaps 50%to
60% of the error contributed by system 10 in achieving critical di rrensi ons

in waf er produ rh
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for different photoresists. Achievin thermal uniformty across a PEB
bake plate thas assogisteawith dgeeioger (@ Ul@rﬁﬂ ianddpeihepse i SHalsorpeapin goatef f i cul t
challenge in t prior art. The FEB bake plate typically functions within
an enclosure t 2 can be exhausted by a vacuum system The tenperature
uniformty across the face of a PEB bake plate should be within 0 1C a
speC|f|cat hat of ten not. nmet | nd str.
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rather unattainable in the prior art. Fi 2A dep| ts a rart l?ake

pl ate 150 as HEQFQ%'CI?&%BE%@WPH"%WPEB’&’ ngPerigd o dmss RFHIAHPPA Y pake
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of a thermally conductive nmaterial, typically alumnum whose underside
defines gr oovediffesent &nessek photoresists, ansi: Kealigng a different PEB bake plate

15 {emperature and time regime. Users of system 10 want a PEB unit 70 that
can be rapidly programmed to accommodate different thermal set points for
different photoresists.

Achieving good thermai uniformity across a PEB bake plate that is perhaps
20 13" (33 cm) in diameter has been a difficult challenge in the prior art. The
PEB bake plate typically functions within an enclosure that can be exhausted
by a vacuum system. The temperature uniformity across the face of a PEB
bake plate should be within £0.1°C, a specification that is often not met in
industry. Difficult as this uniformity specification has been to meet, ideally
25  uniformity across the bake plate face should preferably be within £0.05°C, a

goal that appears rather unattainable in the prior art.

Fig. 2A depicts a prior art bake plate 150 as may be used within a PEB
module 70 andfor any or all of bake plate modules 40 and 100 in Fig. 1. Bake
30 plate 150 includes a disk 160 of a thermally conductive material, typically
aluminum, whose underside defines grooves or recesses 170 into which a coil

of resistive wire 180 is inserted. A disk 190 of aluminum is then bonded to the




of resistive wire 180 is inserted. A disk 190 of alumnumis then bonded to
the 3 WD 2004/073032 PCT/ US2004/ 003813 undersi de of disk 160. An ’
el ectrical power source Vs is coupled to each end of wire 180.

El ectri cal k‘y%i:ﬂgl&_’g%_ flowi ng through wire 180 gener at espc,gﬁ@s"mmmﬁisi@ larly to

the operatio itchen toaster, and in this fashion bake plate 150 can
be heated. A robotically controlled platform200 is coupled to a 5
plurality of Iift pins 210 that can pass vertically through opening 220 in

bake plate 160. A wafer.230.1s,roboticall | tQp. pi 210, . and can
be | owered t oUBRE" ?‘ﬁgtﬁg‘%‘%@oﬁp a???cttr\ﬁa?ﬂo%cﬁgsﬁgggr\gsférqoggftj?%cﬁ; et?&ﬂeerg‘r ate
150 by novi ngofrefrBaree MEEricsnny@teht fidving!thrbagly witn <80 ugdricpatebaieitpl at es
such as shown generically in Fig. 2A are manufactured, by t | gw, of Chi cago,
10 1L, Resi ot | HEMAIY dO e oBpratign of & WELER(PATPY 356 RahEES)IoB RAK IR ‘
between  al um psincahene Heatett0 2 RShokiBAlyIbHtRiled abifien 200! Becqiipid IR )
Al t hough thernal paste or adhesive (not shownzl Is used wthin cavities 170,
to hel p 15 Ponplutdlithof fife pinsa 1l theit can piass ivertigatly thialgh oaeniap A28 in bake

consi stent the hnterf ' f A T8 nand ot it eri or.
of the caviti eé’g%dd% nﬂ \évgfr?g ?:g%}f%ﬁ&sbo?iﬁéew E{%? a%tébﬁ%{?;‘/% 5’2:‘0? e%lqlgt ?@e bgood
but | ess good lowepddhir be liretiicoma| coreattagith theeugper isudans iof beke plate 160 dy
D! oy oRer e et SRRy SRon Ut hen Al s g ™
stability and gQiccdsstaiid héerithllprkeg Ak FBAuiastured 89 WaRRbbEChiChge, 2B
depicts a sonmewhat sim | ar bake plate 250 of a type manufactured by M nco
(a M nnesot® c'bnpany) and Joeun Technol ogy (a Korean conpany). 25 Bake

pl ate 250 includes an al um num di sk 260 that has resistive thin film heatér

el ements 270 encased within low thermal conductivity polyimde sheets 290.
The heater el eResistivegavier hestanet0 Jh @ssetially eeermangniy| ervgioped obetweeys .

oriunate!y GakEydh g 19, hATII0LEME ot M Bhrlfim koA
bake pl at e usethesnalf pasta ovehdheshvebriot ahown) &ppbed atithim cavities 170 to help
15 bond with the heater wire, it is difficult to maintain a consistent thermal
- interface between portions of the wire and the interior of the cavities 170. In
some regions the interface may be relative good but less good in other
regions, perhaps due to inconsistency in the bhysiﬁ:a[ dimensions of the wire
or grooves. Further, initial good thermal contact may deteriorate with time,
20 with the result that long term stability and predictability of bake plate 160 is

questionable.

Fig. 2B depicts a somewhat similar bake plate 250 of a type manufactured by
Minco {a Minnesota company) and Joeun Technology (a Korean companyy).
25 Bake plate 250 includes an aluminum disk 260 that has resistive thin film
heater elements 270 encased within low thermal conductivity polyimide
sheets 290, The heater elements generate heat when coupied to a voltage
source Vs. Unfortunately bake plate 250 is laminated and is subject to
delamination in use, e.g., sheets 290 can come loose from disk260, rendering
30 the bake plate useless for a wafer fabrication application.
As noted, prior art bake plates such as shown in Figs. 2A and 2B have a

difficult time meeting the present +0.1°C design specification, let alone the




As noted, prior art bake plates such as shown in Figs. 2A and 2B have a
—difficult time nmeeting the present 0.1 C design specification, |et alone

the 4 WD 2004/073032 PCT/ US2004/ 003813 future antici pated specification of

0.05C. Further;. consistency and f9 reproducibility of the thermnal

char act er W 108€078#32such bake pl ates is needed, as is [POmFSROOKENIBI3P| at e

| ongevity. 5 The present invention provides an integrally fornmed bake plate

with inproved thermal characteristics, inproved thermal consistency and

reproducibility, and enhanced |ongevity. SUMVARY OF THE | NVENTI ON 10 The

present invenutwe pntivipates apedifidatign abf v 061%Rd Hakthepl aloasisieney chndig a

desired heater el g\ tern into the | ower, surface of a. machj ned

pref erably co’ﬁﬁé‘?ﬁ‘gﬁg{tﬁgfi\%ﬁgé@@ﬁg?ranﬂnﬁg%Ofvﬁqcﬁ'bégﬁtpg%f’sé?n'&?erqlggt 8% wafer.
. A pattern isisieigar®aké plabeidngusity, Pl ate surface defining grooves or channel

regions where a heating elenent structure will be |ocated. Through hol es

for 15 lift pins are machined, and plate surfaces are coated, preferably
-wWith elecir ' . : ' [ ' t | enrs
associ at e WQW@EE‘%SQ? ﬁ%&g}ogﬂ? 8@%?22‘?@5%2#’ Fﬁ%’s*é@ei @g@n\gﬁﬁ%@?%uch as
wires or ot hibermaindhacddterstiontimpreved thgrmah coesistency aod refoodugibilityeapdiste, is
pl aced in the defined grooves, for exanple using thick filmprinting

t echni ques fo?nrl?gg?%.%“?gw&'ate si des and back surfaces can be covered with
a protective filmof polyimde that is then cured. Preferably a backpl ane

cont ai ning cooling tubing i M@%Mom act with the
underside of the plate for rap ~poi nt changes. 25 The
superior fqerpgd p%&@ﬁ#‘ﬁ\ﬂ/éNﬁder@vid%@Fﬁ?\eifmé@Eﬁ[y RFMBH HaRs PRNSLstchRffd ci ency
of the bake plate. Different regions of the plate maé have, if required,

differently sirabed bealer AlamgnbdadsTitoothe JANEE tSWECRast & inashinefl f f er ent
the bake pl atieicniiy Sbpitpia, Wibsh Lt ehfal il RN apd BRopd Bl t 30
produced r el apatieeh yis dommashiic dhé Jowed plate iserface deifiningc graoves iarschamae! ar e
' regions where a heating element structure will be located. Through holes for
15 lift pins are machined, and plate surfaces are coated, preferably with
electroplated nickel and CVD diamond-tke film to prevent problems
associated with copper migration, Electrically resistive material, such as wires
or other conductive material, which may include conductive paSte, is placed in
the defined grooves, for example using thick fitm printing techniques for paste.
20 Plate sides and back surfaces can be covered with a protective film of
polyfmide that is then cured. Preferably a backplane containing cooling tubing
! is formed and placed in contact with the underside of the plate for rapid

temperature set-point changes.

25 The superior thermal ‘conductivity of copper over aluminum énhances
efficiency of the bake plate. Different regions of the plate may have, if
required, differently shaped or sized grooves and/or conductive paste with
different resistive characteristics. In this fashion the thermal characteristics of
the bake plate can be made quite uniform, and bake plates can be mass

‘ 30 produced relatively economically, with thermal characteristics that are

repeatable,




repeat ‘ )...2.0, ol ) =/ eaVA : b lar featiires and

advant ages of the | nvent I on wi I I appear from t he follow ng descriptionidn
whi ch the preferred enbodi nents have been set forth in detail, in
conjunction with the acconpanying drawi ngs. 5 BRI EF DESCRI PTI O\I OF THE

FI GURES FI&o 28041633082 bl ock di agram depi cting generi c wafrer/ysemeesslist eps and -
nodul es, according to the prior art; FIGS. 2A and 2B depict in
cross-sectional view non-integrally formed bake 10 plate units, according
to the prior art; FIG 3 depicts in cross-sectional view an integrally

f ormed bake. pI@{r%rtpégtgreS FRCANRNEhds Of e inde 8BS Nilll appasalr ifom tHeﬁfoH(b\Gﬂgfl
depi cts an openabl e chanber that houses a bake plate, according

present i nventgessriptien inrviichshe apefered 6@%|"a‘?’lf5 ﬁ@f’ﬁ@@eﬁt%@'ﬂ% E‘ddefté'l :
product a bak ” i nvention. 20 DETAI LED .
DESCRI PTI ON n%@fu‘é&%ﬁ[ QW%%%%;D A%g%gﬁﬁggdepi cts an integrally .

fabricated bake plate 300, according to the present invention. Reference
nuneral s repeated from Fi gg, and ~2 : 8 . eed to represent
simlar elenments. Thus, el efrefm ' >5wafer to be heated

when |ift pinsFlQ :eeaalb@lmagrhmeepmmg genduiy: vaafeopmess stwshmdu modles). Fig:
4 depicts an openabl e _chanber 370 in which a bake plate 300, according to

!

\J

t he present fdiog I erioafled. Fig. 5 depicts major steps involved in
fabricating a bake pl ate, accord| ng to the present invention. 30 In Fig. 3
and at method step 400 in Fig. 5, the plate disk 310 is forned to

speci ficati on, Fl&if%ﬁf @ﬁﬂyﬂﬁﬁeﬁgi do sieas;sectignse view awndntagralinformsd ka@per  has

about tw c al um num An advantage of using 6
VO 2004/ 0750039%%%‘6@?%@%% pror & (

FIG. 3 depicts in cross-sectional view an integrally formed bake piate unit,

according fo the present invention;

15 FIG. 4 depicts an openable chamber that houses a bake plate, according to

the present invention; and

FIG. 5 depicts exemplary method steps used to product a bake plate,
according to the present invention.

20
\ DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Fig. 3 depicts an integraliy fabricated bake plate 300, according to the present

{

invention. Reference numerals repeated from Figs. 2A and 2B may be
undersfood to represent similar elements. Thus, element 230 in Fig. 3 is the
25 wafer to be heated when lifi pins 21G are lowered vertically by a robotic
mechanism 200. Fig. 4 depicts an openable chamber 370 in which a bake
plate 300, according to the present invention is situated. Fig. 5 depicts major

steps involved in fabricating a bake plate, according to the present invention.

30 in Fig. 3 and at method step 400 in Fig. 5, the plate disk 310 is formed to
speciﬂcfation. preferably using copper, rather than aluminum, as copper has

about twice the thermal conductivity of aluminum. An advantage of using




copper with its ex . t performance of a
system 10 (as shown in Fig. 1) can be enhanced in that the bake pl ate 300
within a PEB nodule 70 (or other bake plate unit) can nore readily attain
and maintain the desired tenperature. Qther thermally conductive materials
5 besi de doppwso1302l d of course be used, including silrcTarszeo4fo3ssst were no
obj ect. Copper typically is not commonly found in fabs because of

contam nati on probl ens associated with copper mgration. However copper

di sk 310 (which is about 33 cmdianeter by about 15 mm or nore thick)
preferably i scopparatnitsheaieliehte tiermpl ahadcRfistauid tatf gsleehanay asr &f

ni ckel and 10 CVD di anond-1i ke f| I m 320 Although not ﬂjephct ed for ease of
i |1 ustration $¥5tenti1§. (a3 shaven i el F%ﬂ/éﬁ" eNapceG mieab g Pake Pi@ds; 389 t he

. copper nmat er i\ghpip zﬁ’é@rrﬂéﬂdlé{ ?bB(Gr éﬁﬂgﬁé@piﬁfe lﬁmi)légﬁ %Q@H&iﬂf e?@au\‘éﬁ&i as a

Ld

sputter materi al encase the cop F dis erring Fig. 5 step
410, preferamyimotﬂmees!eﬁted demppiatusg. t@thqerethasmﬂy Qﬁiﬂldﬂat@@ matemqiper di sk

formed. arl thEICGIBPELEErY BESE S BhEl, (BHEDEG: St B b iR nr ey ©
the after-et cibjeg. st Copper eyptd?%ﬂqu & arlmltycminmoﬁiyl mwdotnmrmissbeczmseh ods

DuPont brand Ri ton gs uselﬂ hi s {eﬁ (géormtes contﬁ r| nt i ng 20 in
that a clear 9 Gt“i’"E‘IE’ QR PLORIRINF 3558¢18 h"gfﬂbﬁ RETJDIOERLOD,  Fidwe ﬁu?oqu

peel ed-of f  ha@kloaop@itich s apye 8% wa diamdtbe bpaitoue ﬂsh@mroesms:te thikhini ques
could of course be used. | At nmethod step 420 in Fig , the Clgil red
pattern is tH¥afesaYiceratod mihaRelesiipiated Pﬁ%ptl'tﬁﬁﬁéﬁ’m?ﬁ?p'ﬁ&‘?r QfUrgketand 1 or
exanpl e ugjn , t [ t he
top and s@de%ﬁ?@%@gﬁg;ﬁ k%‘fg‘rﬁ ng 0. Rl'tl'mﬁe F:@%uozé% é%gdge%sgpofqg@ﬁﬁggwel enment ;
pattern is sefigcBedheonipkanieyer hisghfarmapen dhersideyof ftbe neappeadnatesak he

gggsgnsrglgﬁt f?ggn%tg{/ge dtﬁtﬁs?&f Ep%%&gnﬁh’erna(? ':'Jlag)%l&gmﬁJ %Ppre eaﬁelggl yt c\f” |

provi de for tewrazetiee copgdnidésk: zone heati ng. Owce etching of the channel
regions 330, 330-1, etc. has been conpleted and the etched patterns have
been inspected, all resist and etch-stop is stripped away from 7

15 Referring to Fig. 5, step 410, preferably photoresist is applied to the lower
surface of copper disk 310 and a pattern that defines where heater elements
are to be located is formed, and then developed. in Fig. 3, channel regions
330, 330-1 depict the after-etching structure. Preferably dry film photoresist
such as DuPont brand Riston is used. This material promotes contact-printing

20 in that a clear thin plastic film coats the photoresist surface but is peeled-off
before pattern develbpment, Alternative photoresist techniques could of

course be used,

At method step 420 in Fig. 5, the desired pattern is then physically formed into
25 the lower copper surface, for example using etch techniques, with protective
etch-stop applied to the top and side surfaces of disk 310. The layout design
of the heater element patlern is selected to promote high temperature 7
uniformity across the upper surface of the finished bake plate 300. As noted
later herein, the design layout is based upon computer thermal models, and
30 preferably will provide for two-zone or three-zone heating. Once etching of
the channe! regions 330, 330-1, etc. has been completed and the etched

pattefns have been inspected, all resist and etch-stop is stripped away from

l
1
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shape-confi gurati ons for channel regl ons 330 330-1, etc. W | b 7
determ ned byt he design specification but transverse dinensions on the
range of perhaps 3 mmto perhaps 6 mmwould be typical. It is understood

t hat heat - wi3bgalotesd on across the upper surface of the PEARIS2BH38%3e wi | | be
affected by the [ ocation of through-openings for the lift pins, by
proxinmty to the outer plate perineter, etc. Thus in planar view the
pattern for the channel regions will typically not be a perfectly
symretrical spheaftructune. Digighsion$ candekapmbmf@jraﬁnrtse‘or phanre! fegion83@,

meander pattern. 10 The cross- sectlo ew aof Fi 0 roove-|i ke
_channel s denot&tP-336tc. eWHlebeii 48] ?F{]%éfet\{"le %ﬁggﬁ[ga&g‘g:aﬁ@n \(I)g]sué%r% SiSfwar d.
I'f viewed pl ar’tﬁfn‘e)‘tsnoh@%n eﬁeaan?é §f ﬁlérﬁé;% 3t toDekiskpded itk wouRDBE typikals

path, perhaps a serpentine I nt o which electrlcal{ conductlve )
material will ihés pnde@tpoq tha@e%ﬁw@bs@%@cfmt%um riage Qrt ?I‘R@kﬁattern

and et ch fay gg%te@mmf bg?ﬁg&%h%ﬁﬁg&tfoﬁ 6fr1ﬁ he&HeritgefoPithd it pind, ByS- ‘

Not e for exa for COI’ISI at1ons of thernal
conductivity fpmxmtyrtpltbe outar ptate petimates) etceg‘huasn plasati view, thecpatierafori n

shape. Channel re on exappl .S_sh t her
channel s 330. E 'ﬁ @’3( %’t?af‘@“gf 88 3, P P%aﬂﬁ.lg'gertr & ng@"ég%ng zed
to pass |ift m&m,?@@examMen@lsb bedn thedbim eflainéanddr pkttdt0, as wel | as ot her

appropriate features, recéesses, etc.. At nmethod step 440, the disk
structure is cleaned and the electroplated nickel |ayer 320 appli ed.

Ni ckel forp arﬁéef:bbsgﬁéé@ﬂ@ﬁélr\héﬁr d‘lehq?:s Qﬁoﬁé)@?@dvealﬂ@ bfariRisSgamstbdldan easy
material to electroplate. 25 channel regions 330, 33071,

etc., el ectrommnmgg@gaﬁame:@weéﬁyrf@wgf diska10enwatd: \ﬂ@\é%lpl%‘#ﬂ%gﬁh‘leat i ons
‘_atthe plate s I ﬁ%% e WI e
channel regi on%” fﬁ@%@’ é]%Y%%B@gQBEEI f@rgn%t&ﬂt' g%{ﬁ 9?4 lﬂ S%rg%)netbg
surface of thqaaﬂhsknhosw&mh oaziad:tﬁclallm tonductigd d@]bmaitwd dicampiaogd| | ki sayer
325, for exarrpl em ¢ de My h shown
for ease of i I‘f ﬁgérﬁé}l N ﬁaﬂam% e %@e 'g"i&geég 33'1% %%EQJ%H%IO\%\'A (ﬁ‘“&%nﬂgfs
coated witty | agaer 153255& Bratt fexdbifithi xigs, dRpteh for example that if desired, for
constderations of thermal conductivity for example, not all channel regions

need be identical in shape. Channel region 330-1, for example, is shown
larger than the other channels 330.

20 At method step 430 in Fig. 5, through openings 220 sized fo pass lift pins 210
may next be machined into disk 310, as well as other appropriate feaiures,
recesses, etc.. At method step 440, the disk structure is cleaned and the
electroplated nickel layer 320 applied. Nickel forms a very good barrier fitm
on copper and is an especially easy material to electroplate. At the etched

25 channel regions 330, 330-1, etc., electroplating dynamics -resulti,ng from
electric field configurations at the plate surface advantageously tend to make

the sidewalls of the channe! regions more vertical.

Further at method step 440, the upper surface of the disk is now coated with a
30 deposited diamond-iike layer 325, for example using chemical vapor
deposition (CVD). Although not shown for ease of illustration in Fig. 3, the
sides of disk 310 will also be coated with layer 325, but to a thinner depth.




8 WO 2004/073032 PCTI US2004/.003813 _Advanlagenusly CQVD-di-amond-1ike film
has very nig ardness, lubricity approaching that of Teflon, and thermal
conductivity 2.56 tinmes that of copper CVD dianond-like film deposition
materials are comrercially available, for exanple from D anpbnex, Inc. of
Al | ent own, wBAso4B7#82 t hi s juncture, the channels 330 w PtTAs20047d0bsasl With a
material that conducts current froma power source Vs, and that heats
resistively in response to the current flow Several different techniques
may be used at this point, and nethod step 450 in Fig. 5 will be

under st ood t o Adveotag@sssiyhéVioldizongnugikel@int dadsniveryekighl haniness.etibricigue t o
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-of sputtered aivmidiampbRiiide flapasiosiidn nberiaiscart codnidicialpaesilabl, o f ace

«

of the disk wth CVD dianpnd-like film 325. In this enbodinment, nichrone
heater wire | $XBREE Wamddipmpngxdas qfidigniowd. Bfched recess paths 330 in the
| ower diskgssurface. In this enbodinent, reference nunmeral 340 in Fig. 3
woul d refer to such heater wire. A uniformfilmnonconductive polyinide is
t hen forned i mitdhistjenaducshdbe charnaie 338 3dll bodilled ivgtina anatenel thehterdusisr e 340,

20 and cured | t I e s film of
nonconduct i ve%égpﬁﬁr'#@ga E’gﬁﬁgg@‘ﬁemgl[\)% | ?g@rtrbaglh%\éi’% %S&%sgpﬁ%?%%ok 7 -r%ﬁ]e
t echni ques t katreanfibwy 8etémkb déteaeni| teslnigtese maycbe asedi aththise poiat, dridocki ng

Thi's” " pol yi m detied A AsPritc Soooml VELRAPRASY b Prepmbae e RIBGonno

grooves, gt hitgdanidde® printing technique can be used to apply a film
whi ch may be uniform of conductive polyimde or brazing alloy paste into
the etched recesses, after which insulated heater wire would manual ly be

5{)&5 Zegr iepte(r)att{)'P gngg%ﬁftbgﬁme ﬁt}&w}ﬁ%ainﬂelt 8o 2URS botth SIFREE LT e €S
bake plate disk is coated with a deposition of CVD diamond-like film, or with a
deposition of sputtered aluminum oxide deposited before coating the upper

15 surface of the disk with CVD diamond-like film 325. In this embodiment,
nichrome heater wire is then m'anually urged into the etched recess paths 330
in the lower disk surface. In this embodiment, reference numeral 340 in Fig. 3
would refer fo such heater wire. A uniform film nonconductive polyimide is
then formed into the etched recesses 330 over the nichrome heater wire 340,
20 and cured by heating the heat plate at elevated température. The film of
nonconductive polyimide could be applied using thick film printing techniques
that employ a fine stainless steel screen with resist blocking non-efched
areas, and a squeegee. Layer 360 in Fig. 3 would then represent this
polyimide film.
25
In a second technique to fitl the etched channel grooves, a thick film printing
technique can be used to apply a film, which may be uniform, of conductive
polyimide or brazing alloy paste into the etched recesses, after which
insufated heater wire would manually be pressed into the etched recess paths
i 30 in the plates. The heater wires would preferably be insulated with an
inorganic insulator. By way of example, aluminum and silicon form a eutectic
at 88.3% Al:11.7% Si melting at 577°C. Addition of additional silicon can form




i norgdni ¢ i nsul at or__By..xuay..of. nple.. alun nur d.silicon forma
eutectic at 88.3%Al: 11. 7% SI rreltl ng at 577C. Addition of additional .
silicon can form 9 WD 2004/ 073032 PCT/ US2004/003813 Ili a precipitated
conposite of silicon grains suspended in Al/Si eutectic. Oxidation of the
surface Owa‘fooﬁd'/ﬁﬁEri cally-resistive conposite coul d fpggsadescessiegr at ed
coating of alumnumsilicate type electrically-insulating film sonewhat
simlar to the mullite ceram c used for high tenperature furnace 5 |iners.
Al ternatively, another type of resistive wire coated with deposited

i norganic insu ~C Siist e could
be consi deredJil #}Hegg}ﬁ ?ﬁ#ct(i gﬁ’#ﬁ?h fcgﬁé "ég\spoﬁ%ﬁ%ﬂe a@h@gvgm#ﬁ%
screen- print edxﬁiatlm iof thdrenrfaey eﬁthefeiecte&&ﬂyp‘eeistive kesppaip tohd Fomb eant o

el evat ed terrpe ture. 10 At techni gque. to fill e a

grooves of f er sNEHRGde FORIRG ﬁqutfrpmu%c'fﬂ{?gt?ogﬁypg elﬁ“&&?ﬁ’fﬁ‘é %Itfﬁa ﬂ] 'm or
thick filmresisheivhesihnilar @b epe mullitdteerdhie usﬂfd)ﬂ)reﬁgh Tompetaturanfurnadeer i al -
can be applied as a paste or slurry, and _advanta eou%lbgl for |nt| te

contact with tlers.nt Atematicelys goethsf tS{PﬁeOfc FRgisive Yige, epw| eas
heater wire t efﬁggatn‘?c fﬁ%ﬁ%ﬂé‘n HBEJ!P Qfe’ﬂs%ﬂo%fy‘ﬁﬁfa@%t@d’%st%tfe%lﬂé E6qE B

characteristics the heater materi al 340 is
formed froma quslldﬁreg rlaainnﬁjnemlbwﬁth tupnd@ctueaw!umr@e agbesvowl hleSCH@%m-er

t | 340 h h
tmralaﬁ“ gt her c\rIIM%fHR%ﬁr‘] ﬁ"laﬂsg b 'rq?'d; fgg%x%mp et |bgl ﬁ%%?qq Er aggltgnF 'el%f’ Lgte r
channel . As 20tepip@ndtuly. heater material 340-1, if desired, the thernal

characteristics of the paste material can be made non-uniform in an
att enpt to!®btain nore uniform thermal characteristics across the heati ng

upper surface RffhibdkHplidiectodChe JRPBUThEMACICHBEASS Bffié8tdntianodd ﬂaiusunyal ’
340, 340-1, etc. can be made to vary from perhaps 100 ohm?/squa,re 5, 000

ohns/ square. 28Edepesitsciatagsated dindim ﬂ@!@bﬂﬂ’ éfﬁﬁﬁ“d’f IneREer IgMEMIPIS St t er ed

al um num oxi degroqyes.  The element material can be applied as a paste or slurry, and
| advantageously forms intimate contact with the interior surface of the channel
15 regions 330. Whereas heater wire tends to have a uniform cross-section and
uniform thermal characteristics along the wire I'ength,. but the heater material
340 is formed from a paste, great flexibility is available. As shown by heater
material 340 within channei region 330-1, if the channel region is larger than
other channels, then more heater material 340 is used to fill that channel. As
20 shown by heater material 340-1, if desired, the thermal characteristics of the
paste rhate’rial can be made non-uniform, in an attempt to obtain more uniform
thermal characteristics across.the heating upper surface of bake plate 300.
Resistive characteristics of material 340, 340-1, etc. can be made to vary from

perhaps 100 ohms/square to 5,000 ohms/square.

25

Electrically-insulating CVD diamond-like films or sputtered aluminum oxide
films could be used for insulation. Sputtered thin film chromium silicide heater
element filrns could be depaosited and patterned by resist lift-off, by etching, or
by lapping. Most screen-printable resistor and insulator formulations typically
30  require firing at temperatures of at least 500°C, which may be high for the
present invention. Brazing alloys in the form of pastes could be considered
for material 340, for example 75 wt.% gold/25 wi.% antimony eutectic melting




films could be used for insulation. Sputtered thin filmchromumsilicide
heater elenent filnms could be deposited and patterned by resist lift-off,
by etching, or by lapping. Mdst screen-printable resistor and insul ator

formul ati o%{wg{h&?hl y 30 require firing at tenperatur ?’?FRJEZ“%I’"“I"@EN 500C,

whi ch may be or the present invention. Brazing allToyS In e form of
pastes could be considered for material 340, for exanple 75 wt. % gol d/ 25
wt. % antinony eutectic nelting 10 WD 20041073032 PCTI US2004/ 003813 at 360C

or 73 wt. % gol . % indi ury, e | | 4 t . 451C. . Noncgn | ve
polyi m de woul %{ b%éoﬁjb‘éeﬁer‘#% §§@@n%'%n[bg@%0\a%¥e §ﬁem%fi"hgziagg% oy

heat er el ement Sohcsndebhad rpotyddiden swolultt ibensuliseGoestbn spreent@hited tdver maset ti ng
“thick filmpaste fornul ati ons could _al so.be .used, and conprise a mxture
of two discret agﬁngéxr!méygpgt@yglqrmﬁts f%ﬁ%@?c%lnﬁﬂ&?g%- arelatively |ow
tenperature to forma resultant high tenperature alloy. For exanple, 52
dindiun’48 tin eutectic nelts at 118C. Such a lownelting solder paste

coul d be ni%kedStieen-printable therpasettivg: thisk Bl apiseformolatipak ouldseisai ke o 10
ohm cm resi stiyd r : | ) res,stivity)
or 40 51 ver /S hENT SODHSORIREALD P RC BELIURS DA DIhS RATLARAADY 3 Ve
al l oy. Heat i ng relatively tow &ammpevaturertp dorm ar esultant dighatesepereturé mfoy. n&foun ti n

to alloy with i gh. ur e el L L loOM, ¢ | Ling it
i gh |t onper at SR 7 DR SbifedE bt e LB A bl RelPaeehT oh 1 ©
rlesi stivi t%. lﬁag"é@nc@tdd:tﬁ:mixe@ wiﬂ’u,yfbmaxmn%ie, eitHeoWOtwpylpler/am gtlicﬁ:et (ﬁ'Othclfdl m
aze can be subsequently .screen-pri ed, over e .a e eat er, enents
Por el et Ta) NG Ie) TR SRR D PoVARIGR (HAguTo BeF SrgporadyBor
maferials exisig sﬁmfr'rero p@ﬂeﬁﬁ@'ﬁt (42! ohraign treéigf;\gtyglairlﬁiba{elmrna@. such

material s undesirable in the present invention. he serpentine Or other

shape (when baReatjidadtea gouvarienti temparaiirantpyly rayse malting:indim/tin faelo1330
the bake. pl at e Ae" S, Rrtef eI ope sl [0, BimbbBle High 0N ©f
channel path desipgrgturechaeitisy goatdsici-nesiatand solderabie iadoy withghigh sesigtivity.

15 Nonconductive polyimide or a low temperature thick film glaze can be
subsequently screen-printed over the alfloyed heater elements for electrical
insulation.  Although polyimide-based resistor paste materials- exist, their
present lack of long-term stability may make such materials undesirable in the
present invention.

20 _

Thé serpentine or other shape (when bake plate 300 is viewed planarly) of the
channe! path 330 typically is determined using computer software. In the
initial design of the bake plate, some trial and error work in redefining the
specific channel path design, channel path dimension at various regions on

25 the bake plate, and the thermal characteristics of the paste or other material
340, 340-1, etc. However once the design has been fine-tuned, bake plate
300 can then be mass produced at relatively low cost (e.g., perhaps $5,000
per unit contrasted with $10,000 .to $40,000 per unit for prior art configurations
exemplified by Figs. 2A and 2B.

30
Referring to Fig. 5, step 460, the underside of plate310 is next coated with an

electrically insulating fitm, 350. At method step 470, a cooling coil assembly
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25 t hé -bake--pl.at.e,—and.thgtberonl. charactonisticsnofath

material 340, 340-1, etc. However once the design has been fine-tuned, -
bake plate 300 can then be mass produced at relatively |low cost (e.g.,
per haps $5,000 per unit contrasted with $10,000 to $40, 000 per unit for
prior art GebPasa@ki ons exenplified by Figs. 2A and 2ET/3R0R&IBAYIing to
Fig. 5, step 460, the underside of plate3l 0 is next coated with an
electrically insulating film 350: At nethod step 470, a cooling coil
assenbly 11 WD 2004/ 073032 PCT/ US2004/ 003513 360 is added. During

fabrication di E;EGri&é’&d?%?%%r@fa%éatﬁymﬁ@@ﬁt Sbthalsits magUse@dMwaFaPt Or esi st

perhaps requiring a erent” tenperature re%! me. It is” desired that a
bake pl ate be &BDesach phaioresist perheps squiriigya pilisrentyemnpeiatiyadeginen Itis

tenperature regine not her  f I : ; ithin 5.
three m nutes ﬁﬁ'r%‘{ﬁa?agﬁpgipﬁté)ég%@rtg%& g‘o&gg’e%@lr'r%g%lglpgﬂggﬁég% g}\cy
a(r:]ross ]the ugpmfmilsmﬁ_&eeeegjh]ettb@nbmeeyfptammp[éitoalelabiato clamge280Ciwithi g. 5,
the polyimde filmassoci gt fth.the cogling,assenbly is cured using -
el evat ed ténpg?rﬁ?m'@?teﬁ@l“aégg oé%@ghp&fesge 899@&%@%3%.C°T6'Sf%§‘§¥pendent |y
of the above t geiRkaHEBpAGIkUNEES BftHedsakbplate! Wikyet Blepl480 BMg. H thool i'ng

pl ane el enent denoted as 360 in Fi 3 may be fornmed. (Al though bake plate

300 is int ende@ohlbﬂiéﬁé"'kﬁtaésﬁféﬂtﬁ@r“&&!h@ cepiingassembiyis Gied H?'Hg)ﬁ?e‘ﬁalteq s al so
desired to exe | 1iBQ@ptimenanges. ) A planar spiral
t ubul ar backpl g%@gen%@%gp%rgfgpnsggg%?@mr?\?%Hgggﬁhrg%propri ate 15 length of
tubing into a planar spiral, through which coolant (for exanple water, a

| i i,ll.b t t phi jal i
r et er anl'y 1or itieafdpiyy St HRS 368y, Rebyok Tl pEiSauRa R B bRES 1) oo
"SL eel | t ubi ng, aold, al bodlingnpiahé i slementitientted as 1389, i3 ahdne benddraedal s.
The pl anar spi tubing is placed flat plate with cylindrical,bodi
20 ext ondi ng. | GtnagR Rk Bk A0 g Toidors Jo die Pinperaitie By watdt 256 °°
correspondi ng hﬁifohgf,eﬁ i0R80 Aoshd® td bkdouté MspiatempbRfiliref fAlpdiM chafgésyond

flat plate is then aced over the assenbly and a hydraulic press js used
to partially fRapieear spieal jubiar backplane may be formed by winding an appropriate

15 length of tubing into a planar spiral, through which coolant (for exa'mpie water,
a cooling gas, etc.) will be paésed to cool wafer 230. The tubing material is
preferably corrosion-resistant, and could comprise nickel tubing, stainless
steel tubing, and aluminum/silicon eutectic alloy, among other materials.

The plahar spiral tubing is placed on a flat plate with cylindrical bodies

20 extending foosely upward through the flat plate, accurately corresponding to
locations of the lift pins and other features. A second flat plate is then placed
over the assembly and a hydraulic press is used to partially fiatten the planar
spiral tubing. Preferably flattening would form an elliptical cross section in
which the major axis was about twice the length of the minor axis, to enhance

25  thermal coupling while yielding a more compact form factor. The plate used
to sandwich the planar spiral tubular backplane during flattening would have
an opening located off-center to allow the inner terminus of the planar spiral

tubular backplane to extend through the plate.
30 Planar spiral tubular backplane 360 serves primarily to provide a thermally

coupled element to implement rapid bake plate cooling for temperature set-

point changes as part of fab process recipe changes. Advantageously, this

12




spi.ral tubing. Preferably flattening would forman elliptical cross section
in which the major axis was about twice the length of the mnor axis, to
enhance 25 thermal coupling while yielding a nore conpact formfactor. The
pl at € usewo @3z ch the planar spiral tubul ar back@raseeoghassihg
flattening woul d have an opening |ocated off-center to allow the inner
termnus of the planar spiral tubular backplane to extend through the
plate. 30 Planar spiral tubular backplane 360 serves primarily to provide a
thermal |y cagekednel £58 Hrodided spmenmessurapfdhbakal msalator aadi piysfcar

tenperature set- point changes as part fab pro S reci pe changes.
Advant ageousIRf?tePﬁ‘?% foﬁi“?\ﬁ?@@ﬁ%%%:&‘f%@ﬁ t@o%ﬁéoﬁ%‘:gfbé@%{}%&b al so
_ provides somydBadRSHishARIEMerBRelpahsiON apdGopssiisal  protection for
~the lower surface of bake plate 300, and can also help accommodate

di sparate thermal expansion and contraction. 5 Returning now to fabrication

¢ bake olat ' ey . N : THPET
 Stai nl oss ot SUDIRERAACte BUHEEH ot bR RN S0P pdr6H B, aHT AR 1 e
-uni f orm fi | mte¢hniqued ustnig/ e fine steinlade BeH scoearhend rid equenget gueferaifly ke

| ate 300 it hqQut coveri ng an hi_ ned. h,h openi ngs). ., Al t hough
Ir[:ot shown i(\rlmmtlﬁreé%épf’l\?ra Qag%r%ﬁiqngfq?bgpg{\%e%oﬁﬁﬁ“%e géﬁtt?ﬁ‘fld'ﬁéﬁéu A% acegglo
of ]Ehe ba_krﬁ Mfftiaaea;m@te_caa? beumlftmwgm@kwrmrdagﬁmﬂnmngm momoapér:agggt)ﬂe under
Surt ace. e anar splira LU ar acC e lsS n ressed onto e

rant oy S of nt dltnaigh nebsowe i ity 3 T ease R saP Ry BRI e SISO yi m de
I's then cyy e%{ tné)&)g?gr;ﬁékbya@e&ﬂtéwwnn% F(iﬁiﬁmi@é aﬂrﬁblgé?ﬁraea&%%ﬁgltue ¥haél evat ed

tenperature. 15 Modifi'cations and variations ma de to the disclosed
enbodi nent s swifeeuil hdagbanari spirat kbt hackalieist thanpregsiedi anta the keatehvent i on

as def i ned béﬁlét@?witﬁ 8%1}90@5&?]%89&%%%@89 po?ﬁ%T T‘h% I s'tl%n &ure@‘ bake

plate for use in a warer uct'ron e bake ate conprising:’ a disk
of thernal |y prefechbiy heatingethertiaab plade BHY assenupp et slbwateddemaatitarel owner

|
15 Modifications and variations may be made to the disclosed embodiments 1
without departing from the subject and spirit of the invention as defined by the

following claims.

20
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surface; said | ower surface defining at | east one continuous channel
pattern filable with F electrically conductive resistive material;’

el ectrically conductive resistive material, disposed to fill said channel
pattern in said |lower surface; a polyimde filmfornmed in said channe
pattern on the el ectrically conductive resistive material in said |ower
surface; ctrlcaII¥ insulating filmfornmed on the polyinmde film and
said el ect Yve resistive materi al generating heat when
coupled to a source of electrical power such that a wafer in contact with

sai d upper surf aggalleSlAE Rk Qsk in SRS prodiicioh Yablthe et Pidte 8sh@Rmgsal d upper
surface. 2. The dﬁ@%@tha&@aﬁlﬁ cOtidubHidinitekial MRBIZaL Rpssafdch 8idRlok¥r conduct i ve
material igs&opper e bake plate of claim1, wherein said

el ectrical Iy congpclel giefaeeéefaﬁﬂg\aeIeaﬁaﬁeedoha&uo@oﬁaﬁ.%l SheverRRE Wnhavi ng

uni form ree?écﬁfc'al‘fy‘édﬁdﬁ’&fv@?e%mﬁv@ﬂﬁ’ttsﬁﬂ“ous length of said channel pattern. 4.
The bake pl at e.@f;EliR! Bhducti v@efaive bt ak,gog&rﬂocrﬁﬂ da¥t ARGk NEn I €ST St ve

mat eri al IS§1 rlgéér§ﬁllf¥c paste selected to a varylng resi stivi ty across a

conti nuo t f cl 1,
wher el n sai.d %{ggﬁﬂlmpsg? AT e Shdnedts eﬁ“ma"i’iwg%@‘*%?’? nogonal to
b 1 f %ﬂnﬁ) ééghe%anler ga, and (b) a wuniform

sai d upper sur Curidhy 68 ﬂp
depth. 6. The Dake Bliahe Bl ch nagq Rhadfitgin hes, uner
d

viewed on a

non- uni foPEﬁ Pﬁ%aemcja of V%f;;mht cgaw{fsu Lorm e %f e I:'pellrh lrf%alisehe %ate of claim
1, wherein™ % a3H£P§§P S%ﬁ%dgpve naterlal |s copper and surfaces of

e roplaly s ' ;‘i' Hicofey g‘éﬁﬁ?‘f‘%‘f [rin o BBl oharEeBEi m 1 “wner ei n
a

outernDst ces of said bake plate are covered with a chenlcal vapor
dep08| j“ on Of g 'ﬁ%%ng | Itgl%ﬁf afm, Eg_qrh%gibzkglcgflyaéo%dggtlvglreas';s vel’ further

i ncl udi ng nean
material is resistive paste having uniform resistivity across a continuous length of said

channel pattern.

4. The bake plate of claim 1, wherein said electrically conductive resistive
material is resistive paste selected to have a varying resistivity across a continuous length
of said channel pattern.

5. The bake plate of claim 1, wherein said channel pattern has, when viewed ona
plane orthogonal to said upper surface, at least one of (a) a uniform area, and (b) a
uniform depth.

6. The bake plate of claim 1, wherein said channel pattern has, when viewed on a
plane orthogonal to said upper surface, at least one of (a) a non- uniform area, and (b) a
non-uniform depth.

7. The bake plate of claim 1, wherein said thermally conductive material is copper
and surfaces of said copper include a layer of nickel formed by at least one of (a)
electroplating, and (b) sputtering.

8. The bake plate of claim 1, wherein outermost surfaces of said bake plate are
covered with a chemical vapor deposition of diamond-like film.

9. The bake plate of claim 1, further including means for reducing temperature of
said bake plate, said means for reducing disposed in contact with said second surface.

10. A bake plate for use in a wafer production fab, the bake plate comprising:
a disk of copper having an upper surface and a lower surface;

14




sai d bake plate, said nmeans for reducing disposed in contact with said
second surface. 10. A bake plate for use in a wafer production fab, the
bake plate conprising: a disk of copper having an upper surface and a | ower
surface; 14 said |ower surface defining at |east one continuous channel
pattern filable with electrically conductive resistive material;
electrically conductive resistive material, disposed to fill said channel

pattern in saig hwgu.-ﬁ S8 oP1cROLYI o SR bR hiBSFg channel
pattern Onle%@%al? (?o%ﬁﬁ ¢ %én&orﬁ;ﬁéi? lve Tresistive terial 1n said | ower
surface; n ctn a cif)! Md c{'\?e eﬁ%dvgqna hLl”hJs;?orsEH%‘{l r&afdr&ﬁalﬁgf 'ttgﬁl film

wherein at_. Sard pattern and resisti Ity of said
resistive Salﬁa “é?rlsa acgre sel ect ed to m n| mze éhermal var |dat[ L,@n across sai d
upper surface; aB%{WB“ ?YP’G‘ES 1d<953r?8‘ﬂ<?f“it%°‘? & FISETGAEY REY8FV 8l generati ng
heat V\/nenfeé’éh‘f‘}l a5 eI ect ﬁﬁ%ﬁr such that a wafer in

1‘1 a1
contact with s ?Yast ! reslilswvg ormy across
sai d upper su 8r§m The! Sai d

el ectri cal™d "‘r ]F? t"“r“é“é1 @fﬁ%ﬁnﬁ‘ﬁ? (f ﬁcmr%%m a't‘r"pler S“Ef%’ On haracteristic
sel ect ed fron1§ ﬁ?? e%?” gial; egnerung hept iy F'fd(b) sai d
material i58Wceef ‘t"‘it "%‘?é CcS’Pﬁftr"élg’i 24 ‘\PP?V“'E;%CP SYA&A" Cont i nuous
| engt h of Subgientia ’Eoésr?? ‘(p ?rsé‘%fﬁ? material is reS| stive paste having
non- unlforn1re5|st|V|ty acr oss ntinuous |.e .said channel

pattern. 12. TAE lﬁFéfﬂF“bﬁhW Sm&ﬁé?ﬁﬁﬂg§ﬁP ﬁ%%] pattern has,
when Vi evvé”ﬁat%ﬁ?l has %Ile&ﬁémBF}%aFﬂﬁ’&t‘)‘ﬁ%q se eﬁte %%;}L’g’ °°§%§“P§8 | east one

char act er imaterial deyise (Bgaid matRral iy rsishve Rf’ﬁtﬁ 'y fogp rgsksy Fgcfoé??n area, (b)
non- uni f cerincEslengts pf i haprel Batisth (©) a%ﬂ}ﬂﬁylalri%wswh nﬂa? VIR 13. The
bake pl at eindPrig FesisHYIOACTRAH® PR paBoé saif chaanel PHEk | ncl ude a | ayer of

ni ckel forned bé at |l east one of (a) electroplating, and (b) sputtering.

14. The bake pllatEhedrkeplat af dloim \hwherh sgd cbamnel PRTED hass WaeD HFveddng bake
plate are a Bevarbasaal § sad dprsreice phlsat orrbaErieTisic sercted BBAGMP ke film
15. The badeasigingtos (Dfunidpral atFa () nprin e 4refe (U dniemAsatisadde) o8tuci ng
tenperatuﬂéﬂﬁﬁﬁdﬁmhd bake plate, said neans for reducing disposed in

contact with said second surface. . ' o
13. The bake plate of claim 10, wherein surfaces of said disk include a layer of

nickel formed by at least one of (a) electroplating, and (b) sputtering.

14. The bake plate of claim 10, wherein outermost surfaces of said bake plate are
covered with a chemical vapor deposition of diamond-like film.

15. The bake plate of claim 10, further including means for reducing temperature
of said bake plate, said means for reducing disposed in contact with said second surface.

16. A method of producing a bake plate for use in a wafer production fab, the
method comprising the following steps:

() providing a disk of thermally conductive material sized to heat a wafer, said
disk having an upper surface and a lower surface;

(b) disposing flush within said lower surface a length of electrically conductive
material that when coupled to a source of voltage generates heat;

{c} forming a ponlmlde film on the clectrically conductive resistive material in-
said lower surface; and
(d) coating and electrically insulating film on the polyimide ﬁlm.

17. The method of claim 16, wherein step (b) includes:
defining at Jeast one length of channel pattern within said lower surface; and
filling said channel pattern with said electrically conductive material.
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16. A nmethod of producing a bake plate for use in a wafer production fab,
the nethod conprising the follow ng steps: (a) providing a disk of
thermal |y conductive naterial sized to heat a wafer, said disk having an
upper surface and a | ower surface; (b) disposing flush within said | ower
surface a length of electrically conductive material that when coupled to
a source of voltage generates heat; (c) formng a polyimde filmon the
el ectrically copduginefiod siash IV, evheRinetdpab) fuRtherSiililiel oMBiziag tHeat; and (d)
coating angngitawy atead dayd firdisuHadeibh Garkyihddue Bt e€orRQILYT) BptdBizink kipc ol 7. The
met hod of @|dahBAnkBpattehiiPopingikia Cﬁde{p@)oﬂsﬁl@cﬂﬁﬁsl pafi@thiahd (1) Akyihgast one |ength
of channel repafvit@bhNsad &Ithﬂcaﬂ lcEhdu VR mabddfafl @8 s@M Ghanhdllphttdg Sai d channel
pattern with said electrlca l'y conductive material. g 18. The net hod of
claim 17, wher gbPrRt@Rhdddf claith i 6 SFhcteidalddBate P tsl hgr e mbBEMRkthercONSI St ency
acr oss sai geifibihStoveth ARBCRYT6A & B9it 1afd of fidied). one of (i) optim zing
shape of said channel pattern (ii) optimzing depth of said channel
pattern and (i Izb)Th\é%achagofcfaﬁﬁuétfhm& ﬁﬁcﬂﬁm %@rlﬁ% eatdst GRldnepf@pduct i ve
mat eri al %goflsam @é}g@ i dmond Jike MARHGET hod of claim 16, wherein

a

said materi I's copper, the nmethod further 1 ncl ud| ng covering surfaces of
said copper with a layer of nickel. 20. The nethod of claim 16, further

i ncludi ng covering at | east one outernost |ayer of said bake plate with a
filmof dianond-like nmaterial. 16
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