RAPI D TEMPERATURE COVPENSATI ON MODULE FOR SEM CONDUCTOR TOGOL BACKGROUND

[ 00011 The present disclosure relates generally to

sem conduct or. manuf acturing tools and, nore specifically, to rapid

t enperature conpensation for sem conductor manufacturing tools, [0002] The
sem conductor integrated circuit (1C industry hasexperienced. rapid
gromh... since the invention of the integrated circuit in 1960, -such as
fromthe .primary ICto-large scale IC (LSIC), to very large.scale.lC
(VLSI), and to.. ul guerbargerresed PURE coMIINOYTIR¢RAGbogieal . progress

in materials, desi gn, procesgigeNeEdRPUCEHR @300l s and equi prent .
Technol ogi cal .. advances; m|C materi al s. and desi gn. have produced:

generations of 1Cs where: each generation:: has smaller and nor e corrpl ex
circuits than the previous " generation; such as -from't he nicron:.
gener‘ati%@ﬁéﬁ&@&ﬁbm cron generation,. and then to the.

deep- subm cron: gener-ati on. : However ; these advances have-increasedtl-ie

conpl exifhyoqf abr ﬁc‘}ﬁ&s’eﬂ%éc@éum[r@lg@s Eélri]erally’to seﬂ@ondu%f%:aﬁmﬁﬁﬂg WOt ool s,

process tenperatures need to.be control Fedin a - predetermned t enperature
pr of j*| e revrespegiially. durapil teinperatuse eompgssatian f@@b@lcemcwgmnu&xﬂmg toadhen cal

vapor dqpgehti Ofels &aducﬁﬁ&&ftgggeeagmﬁ{@ég@hu& 'hqg&pgﬂmc%g 3! go%ﬁ”d

et chi ng exanple, wt eat'ure INENSL subni-cron,
it is reqeetedotdbonofike goitnbezain: lﬁmsuhpgﬁnmmdp?@ Ichtotlinge MABHET -

scal es- whi ¢ sitive to
t her mal q%)iﬁgvegn g?cgﬁ\es lf\f]‘%qfaﬂéto "ié? aé%ﬁ %“’Fgﬁgdﬁﬂg tgﬁ%’@fﬂ “e’ ther mal
?)XI dat i @mga’esslgodammls ,dedigr, peatessity gid_fefridatibly toofs aawa@ﬁpxhbmn Mhﬁgﬂcﬁgg&aled

ayers. In order.ta obtain sy i n, oxygénate ayer
rapi d t REYHREPSIBLG SBLTH %W%?%?Qg"%@ﬁﬁ %%laﬂg wheiearsh Bastaton s

ther mal spal@randfbrd Wx&ﬁﬂr&ﬁﬁs thés tm@ram@eﬁaramesucﬁsay &rof theemp@Rat Ur e
ranping in semgr&?ductor tools is that the first one of nmore wafers™in a

pr ocess SRR SHEpicrodgsarAite and then Snhe despesibaiorpr stnerations Havvonf.

subsequemswd@ﬁ@bﬁa&eaﬂeu@é@&eco}mﬂﬁ%mﬁm@ﬁm agy. di m nish product yield
and devi ce erformance Enpl oy mg wafers n such- ‘systeirs ]
. [0003 Inmany semicondugtor tools, process temperatures need to be controllecl ina ..

predetemuncd femperature profile over a period of time, such as In fools ernployed durlng
chemical vapor deposxtmn (CVD); sputiering, thermal oxidation, diffusion and etching. Eor .
example, with IC feature size scaling down to deep-submicron, it is required that the thickness of
the oxygenated gate in the MOSFET scales down towards 50 Angstroms or lcss whlch will be
more sensitive to thermal profile and processmg time. A trad1t10na1 hxgh—temperamre thetmal
oxidation method may not insure high quality of super-thin oxygenated layers. In order {p obfca_m
a high-qpality, super,-_thin, oxygenated layer, rapid thennal processing (RTP) may be employed to



may avoi d the thermal deficiency or defects but will decrease product yield:
and increase costs. [0004] Accordingly, what is needed in the art is a

t hermal conpensation system and nethod that addresses the above-di scussed
i ssues. SUWWARY [0004a] In a first aspect, there is provided a

sem conduct or device manufacturing system conprising: a processing
subsystem i ncluding: a process chanber; and a thermal control subsystem
havi ng a processi ng subsystem heating el ement and configured to generate a
process chanber tenperature profile; and a conpensation thermal subsystem
including: a tenperature sensor configured to detect the process chanber
tenperature profile; a conpensation thermal control nechani sm (CTCU)
configured to detﬁrnine vari ati on between the process chanber tenperature
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conpr i $hajgddmsses thepperadisrussaldmmes. configured to detect the process chanber

- tenperature profile;
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[0004a] In a first aspect, there is provided a semiconductor device manufacturing
system, comprising:

a processing subsystem including:

a process chamber; and

a thermal control subsystem having a processing subsystem heating element and
configured to generate a process chamber temperature profile; and

a compensation thermal subsystem, including: |

a temperature sensor configured to detect the process chamber temperature

profile;

a compensation thermal control mechanism (CTCU) configured to determire
variation between the process chamber temperature profile and a desired temperature
profile; and

' ‘@ compensation heating element configured to alter the process chamber
temperature profile by adjusting power delivered to the compensation heating element in
response to the variation detected by the CTCU mechanism.
[0004b]  In a second aspect, there is provided a compensation thermal subsystem for use
with a process chamber and a thermal control subsystem within a semiconductor device
‘manufacturing system, the thermal control subsystem having
a processing subsystemn heating clement configured to gencrate a process chamber

temperature profile, the compensation thermal subsystem comprising:



a conpensation thermal control mechanism (CTCU) configured to determ ne
variation between the process chanber tenperature profile and a desired
tenperature profile; and a conpensation heating el enent configured to
alter the process chanber tenperature profile by adjusting power delivered
to the conpensation heating elenent in response to the variation detected.
by the CTCU nmechanism [0004c] In a third aspect, there is provided a

nmet hod of correcting variation between a desired tenperature profile and a
process chanber alt@ipeididieoPEaigh AP IAEA IR LS BEER e IATBBEIDY 2
processi ng subsystem heating el ement integral® to a processing subsystem

t hermal contr ol astdiBRessatenviheiniah canselninedmhiset dCTARY | wafigmed) fta adetrmig:

system CORRLLELNEL efecting the process chanb tenperature profile;

det er ni ni ng aét\ﬁ/)fll;ll;]ige at‘{vf:%nh%eérﬁlce SnCF;ﬁ%& rt8’5‘8§r§‘$“5‘?1é’ﬁ‘§a? aP%ﬁp@?Sg?{JF%RWWeI e and
t he desirefilgnpdrature profile for the process chanber; and adjusting
power delivered to a conpensatjon heating el enent based on the variation,
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process ch faturke i i 2 [ [ rofile.
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i ncreased @fml d . ity of discussion, [0006] Fig. 1 illustrates a
bl ock di agr gﬁl]ﬁgfyg%ep rte’%’%ﬁé %négns%é{?ﬁ' hea r@rﬁu%@ﬁﬁtuﬁlfeéfa d@A erecessph Srlstemi ng

syst em i ncheriahepnirot swrpeteat witlen aserhic@ldusiobayadeanrnanduding SRREN Sahp ¥ d her mal

subsystem cons ed according to aspects of the present disclosure. 2a
[0007] Fig. 2(%efﬁ%ﬁ}s’%&gpé%ceﬁs%F‘gé%tﬂp%i‘t&’fﬁﬂﬁ’ﬁ'@he enbodi ment of the

t enper at ur e caletei®ining a variation between the process chamber temperature profile and the
desired temperature profile for the process chamber; and
adjusting power delivered to a compensation heating element based on the variation,

wherein the power is proportional to a quantitative difference between the process chamber

temperature profile and the desired temperature profile,

BRIEF DESCRIPTION OF THE DRAWINGS

[0905] The present disclosure is best understood from the following detatled description
when read with the accompanying figures, It is emphasized that, in accordance with the standard
practice in the industry, various featires are not drawn to scale. In fact, the dimensions of the:
various features may be arbitrarily increased or reduced for clarity of discussion.

[6006] Fig. 1 illustrates a block diagram of one embodiment of a semicondﬁcto‘r device
manufacturing system including a teraperature control subsystem and a corapensation thermal

- subsystem constructed according to aspects of the present disclosure.
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subsystem shown in Fig. 1. [0008] Fig. 3 illustrates a schematic view of
one enbodi nent of a portion of a sem conductor device manufacturing system
constructed according to aspects of the present disclosure. [0009] Fig. 4
illustrates a flow chart of one enbodi nent of a method of correcting
variation between a process chanber tenperature profile and a desired
tenperature profile according to aspects of the present disclosure.

DETAI LED DESCRI PTION [0010] It is to be understood that the foll ow ng

di scl osure provides many different enbodi ments, or exanples, for

i mpl enenfooeg; di fifier JrQus. embodi nent s eci fic exanpl es
of conpo%entg andggﬁggﬁggﬁéﬁygﬁar%¥ esg?P%gHggﬁF%“PF@mé?ﬁﬁgpr‘PHEOpresent
di scl osuf¥systaashovst i Fipfl. cour se, merely exanples and are not intended to

be limtigggy | N g resent discl eat reference
nuner al s[ andl or Ilggﬁgﬁﬂgﬁla%ﬁ’ RE Mg o by ’I“?é%“o %P?Iéﬁféﬁeml%ﬂﬁld‘il@orf or

the pur péevc mﬁa@!fmlru@swerandnsrmfddtaxécoaraﬁxgd@@s%ecﬂ%fth@pfcééﬁhiscﬂk&%at e a
relatioq@ h%%beﬁwgglusﬁt:vab %giﬁ odi nents and/ or confi gurations

di scusse reo traes ¢ giel opre gmpodimentiof amethodmfeprrontingryagativac ond
f eat ur e batwedrea prosss tiphibentetvatatirehk i ch
the first _and cond f aturgggare Pa?ﬂ%aﬁ@Xmgl?%giﬁgoﬁygg(ﬂﬁggﬁmnﬂwﬂh

i ncl ude eﬁ%ﬁ%?ﬁ@ﬁ?@”?% §HP®EC-addi ti onal feat ures may be forned |nterp03|ng
the first and second features, such that the first and second features nay

not be in dlrect contact 00111 Referring to Fig. 1, illustrated is a
bl ock ditHgFAM bAe ent of a sem conductor device manufacturing

{ ' ts of th ¢ discl Th
o etem 199 O?WESSI‘E%J‘B?E%‘?&?@@‘W {8 o RRP G e PryeaprRlgt mopy gibaeiing ool or

a  cl usembodigeints ore:qamptee,sfsr ngplemehOaNdGtar foaenk 6?‘5&1%5 \é@«nfb%&eﬁfs any size,
|nclud|gg 30 00

ters 0 200 nm_and mm The system
may al so %égﬂé%afmouq o?p%rf‘i:?{s @W&E%V‘tﬁﬁfﬂ éeﬁcﬁb?dlkﬁim fcrﬁﬂmpd)lﬁy ths preaéndr on,
and deegisslobuiec These ard) of ¢idirdtYmRrdty SRAmPleL dBre nd ik d@Tio Be ﬁ?m%". gpd bel ow..

addition, the present disclosure may repeat reference numerals and/or letters in the various
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[0012] For exanple, the system 100 nmay be a tool enployed for chem cal

vapor deposition (CVD), such as plasma enhanced CVD. (PFCVD), |ow pressure
CVvD (LPCVD) or high density plasma CVD (HDP-CVD). The system 100 may al so
be a tool enployed for physical vapor deposition (PVD), such as sputtering
or ion metal plasma (I MP) PVD. The system 100 may al so be a tool enployed
for, anion inplantation, diffusion, etching, thermal oxidation and/or rapid

t her mal  pieesssi THs (eBItﬁ)on id Q)Q%l%] ;ifb%e §b’%&§ﬁ&1é9%%%%¥ dhcrho%g%oplneftsgl%{i@atioes

process chanbers. 102, an el ectri e vacuum subs
a gas subigpetienhpdgivegn ﬁeceanummslmmmmrtwgmnonmntscmsemdufeevarmw

ol tuar 2 ddicR0fs Ard BIRF AR LOILE Rl BN MSmA S R spsfem 100 o so
al t er nat iincdudsiehapdinents. in whivhythdfrs :lmtﬂsﬁdﬁd fedurkd gre FyiEieg hQQcttc@meestpemqnh}t S
function pli.catio [ np resi dual gas analysis (RGA
subsyst emﬁﬁéyla S0 Oglmeﬁ@llﬁﬁ'g‘lf aﬁg. ?lﬁlf?ﬁ“f‘&%‘ﬁf%ﬁ? %F%Wt%fﬁeﬁmﬁa@ﬁfﬁé%tﬁp

processi rsg:ondnfﬂfaeirei Ui ti e WEtSand Q6cofd RARME Kay At BE {AGR:cTBYng, | ncl uded for
tranet_and/or the internet. T0014] The process chanber

control
102 pr ovﬁ%@%l “FBE Bd iy ifushaehis 4 Yocktieap ob eesenbrilictnt cfae or nor e

~sem cond ldé‘zhﬁbnd&@fo@ H&l&'ﬁiﬂaﬂ@&cﬁﬁfﬂg‘%&ﬂﬁg 106 Q4 nsEAAEP Drdtﬂ?tl es?&? %(tH{ ﬁfesent

pressure,, _processing contents (e:g;, etchant chem st
par amet eflisclgrurg Dhtorye®ay 10§ meamlics enmnsise, or i tiviwded fea gingleesscestingivet o2 may

be al t er gRls@StoBLHEFRREYink C=rREhL QLI dS71: & vﬁa?ers Srl'lsﬁzteo}rncgu[ ! Oce SI ng -

operations. Moreover, theése paraneters nay
control | é@ﬂlﬁ?f%q’felms%s?@@ﬁwndﬁwhensijlsd@meﬁomo 1BajCdiscalSe emplogaﬂfoﬁehy nodul e

b oA S SIS, TR B A L, g
vari ous @&&ﬂ%@éﬁﬂiﬂ@ﬁndtﬂek)w;yst em 100. The vacuum subsystem-106 nay i ncl ude
Cher sc/ TIE2E0 (RS SORELOHE S L0 6 IRy Br R O SRl Pt vharicsbaron fovitmum.
subsyst e(ﬁ\ﬂaﬁ swayes plaaeh egenbat (bVDC{BEUVDJ)I B% p%@mh I8, YEFQVE) RHERS d%%’sﬁ@ as
oi | - seal asma &%by (Eﬁﬁ? B@BB C'?'Le Eystem 100 may also be a tool employed for physical vapor
deposition (PVD), such as sputtenng or ion metal plasma (IMP) PVD. The system 100 may also
bea toel ‘employed for amon unplantatlon diffusion, etchmg, thermal oxidation and/or rapld .
thermal processmg (RTP)
[0013] 'I'he system 100 may mclude one or more process chambers 102, an electrical
subsystern 104, a vacuum subsystem 106, a gas subsystem 108, a mechanical subsystem 110 a
control module 112 software 114 and atemperature control subsystem 116. The system 100 ‘
also mciudes a compensatmn thermal subsystern 118. Addmonal andlor alternatwe subsystems :
may be included i in the system 100 to expand its functmn and appheatlon For example a
residual gas analysis (RGA} subsystem may also be mcluded to monitor contannnatlon and.
perform processing correlation analysis, or a network 1nterface may be mcluded for conirol ﬁa
an infranet and/or the internet. '
[0014] The process chamber 102 provides an enclosed environment in which processing of
one or more semiconductor wafers may be performed. For .example, the temperature, pressure,
processing contents (e.g., etchant chemistries) and other parameters of a processing environment

within the process chamber 102 may be altered as necessary to perform desired semiconductor



roots punps, dry mechani cal punps, cryo-punps, and turbo-nol ecul ar punps.
The vacuum system 106 nay be coupled directly or indirectly to the process
chanber 102, or nmay be integral to the process chanber 102. [0016] The gas
subsystem 108 nmay supply argon, nitrogen, oxygen, or/and other gases

enpl oyed during CVD and ot her sem conductor device manufacturing processes.
Master flow control (MFC) and various types of sensors such as chem cal
sensors may be enployed to sustain a pressure or fractional pressure at a
predeterm ned value or profile, or to control flow rate at a predeterm ned
| evel . [0017] The nechanical subsysten1110 may i nclude robotic and/or

hand- oper abl e nea ransferring wafers within the system 100. The

mechani d8F°%tiB% %‘?r%'fﬁ“i 1M°ﬁ%ﬂy o5 IESe PHATEEE mayderliped af Oth%ﬂffee%mﬁf@leﬂ ibf the

waf ers fdubfstensub st s3bteman0) VR ks B Lot @dkifled 2. support platformor ot her
substr at 001%% The control nmodule 112 may include hardware, sensors to
det ect t r at Greclectical sty eml 4 srapanciylogresss fop seramuriention ofipdwer, doaput er

t o cont rehtrr L@ % Q@nil?@et@lﬁ{ fﬁg‘vm&rs sugs? ﬁﬁgéf t\ﬂ@g)%te;r}fbﬂ "’fHeCJ%chPn}’ be

integral to the control nodule 11 progranmm n code and one
or nore SYaIEFESEY m%h@ﬂlpﬂ@gmﬁmﬂmqrg psmdeccnﬁlgunedm mnhevct pmbes@pgrgastes rgch@tgde and

a manuf e, ses may

process |(%%&1F§£ﬂé%g%ggégl Eagzé@ ¥%&p@%é¥s€§gssc aérﬁgerga% a@"f Vém'é% T’@Sﬁ?ﬁf‘é}’ al arm
dat abasanc [lfd)ﬂdl@f} rdﬁlgb prmpperidiigh eacoomtpuelps sadhsy sﬁemletl%ta}ay méblﬁt@ﬁ:atlﬁm;ﬂr ature
control er 102 accordi to a desired t nper at ure
profile %‘?%h ’m %@ga‘aﬁmgﬁ By R&mp%éf"i)g’gbo“*?ﬂl@c AU ERPRTERur e

profile s.mymties maq/dares:bmed dieseg balndirectBuUS t _Ipﬁ@détssf&ﬁmﬁcrflr@d&t Iﬁﬁ){‘guﬂlﬁ@graper i od
e tenperature control .

of time op MRy v Iypﬁs ﬂ)functlon of tine.

subsystéOITf%cﬁﬁyca & Utle one or nore processing system heater elenents

120 for {efxf6gct i Tig: gds @uﬂsbﬁérﬁ&bfﬂ Y sLEIBRb Vﬁ1ttr$'§eﬂ prﬁenj ngﬁ?ﬁhgf er 102.
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The tenper r ol su system 116 may al so i hclude t npensati on

ure con
t her mal egqgg%gfeigwg_ Y0 |qq}eé§?f&¥0%4¥éﬁﬂéﬂwlcea§a@fh§mnglnrQOIqsses Master flow

control (MFC) and various types of sensors such as ‘-hemLCuI sensors-may be employed-to

sustain a pressure or fractional pressure at a predetermmed value or profile, or to control flow
rate at a predetermined level.
[0017] The mechanical subsystem 110 may include robotic and/or hand-operable means for
transferring wafers within the system 100. The mechanical subsystem 110 may also inctude
mcchanical modules to lift wafers from a substrate or lower wafers onto a support platform or
other substrate,
[0018]  The control module 112 may include hardware, sensors fo detect temperature,
pressure and other process parameters, and a computer to conitrol processirig the system 100.
The software 114, which may be integral to the control module 112, may include programming
- code a?xd one or more databases. The programming code may inclide tool operating code and a
manufacturing execution system (MES). The databases may include a processing recipe
database, a process steps database and a tolerance alarm database, ‘ .
[0019] The temperature control subsystem 116 provides'tempémture control to the process
chamber 102 according to a desired temperaturé profile predetermined in a processing recipe.
The desired temperature profile may be a constant tempetrature sustained for a predetermined
—period of time or may vary as a function of time. The temperature control subsystem 11.6 may
include one or more processing system heater elements 120 for affecting the thermal

environment withix the process chamber 102. The temperature control subsystem 116 may also



enbodiment illustrated in Fig. 1. However, in one enbodi nent, the
conpensation thermal subsystem 118 may be separate from (e.g., external
to) the tenperature control subsystem 116. [0020] Referring to Fig. 2,
illustrated is a block diagram of one enbodi nent of the tenperature
control subsystem 116 shown in Fig. 1. As discussed above, the conpensation
t hermal subsystem 118 nmay be a nodule within the tenperature control
subsystef‘1“‘l¢i[“f{53fh‘fj quBeRrEen thete! ssperat US es inoptal Glersy bsyistvennidé may

conpri se k enents ot bsy tems 210
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configured. to effect the thermal ~environnmént Wt procésg ehanmer in
coor di naPGHesFleeRtn er ppestessi HE vaihin Gasdrpavéthe pedsenmluﬁeﬁasﬂs%o Fofl Beample,

pr ocessi MAirensltfimdead 18518l SR ensa n heat el ement s
220 may each be or corrprvf e fé"? Eeép }ebmpeF ﬁ%‘?‘tmﬁﬁﬁt@iy mﬂjétmalyarrp, an

i nf r ar ediPeHes Wﬂpu%mrf@essma ahéeed/pr saorhmhemsw iser dteriabO R AR imethRr theat er

el ement sjgp11§022 i ncl ude one or nore .

t enper at i eqsen']é%% S g%gﬁ[ it cféf GIBH%%F&@%%? AR SHyEdtertsh sleierthi n t he

process Zlahisapetore sps@30 Cﬁndatceﬁlﬁner&aﬂicﬁfmerﬁrﬁaﬂ bértrol Ot {CTOBY 840! Fhe Prof le
process chanber-

W thin.t hrrber referr dto herein as the
terrperat("ilz}ir%1 91%8@?&?83&} A Zgzgr’r"ﬂ?é(r'ﬁ Pecpne QR EGFe beatsr glsipents loratadongiss e an
i nfrar ed)r%smhembar Imh&wm eltmg 1ia ameemmhﬁge@@'éooéffe%@%%&m s of

tenperatur.e sen Vi ce The. tenpeérature sensor may al so i ncl ude
a transiit{&MF ‘EBF? Pt W@@Wﬁ%éﬂ%ﬂ@m@omm&glsmstemeeat&T CU 240.

Such t rareemleﬂlzonme B&
el ectri {) " nechani ggl (S)ﬂ;‘llg g?s%nlg??%ér i 00%% 12§h @éﬁg?ﬁ A On g?:%?fpe?fflgeéus
el ectri %2 HWTEEQH fegor Celﬁﬂwa@@ %M@%?W@h@mﬁrﬂfmyamp, an mfrared energy

source, a laser, a heater wire or loop and/or other heater elements.

: [0022] The temperature sensor 230 may include one or more temperature SERSOrs plaeed m |
random or predetermined locations within the process chamber 102 so as to detect a temperature
or temperature proﬁle within the process chamber (referred to herein as the “process chamber
temperature proﬁle”) The temperature sensor 230 may be or comprise an mfrared sensor, a
therrmstor a thermocouple and/or other types of temperature sensing devices. The temperature '
5ensor 230 may also include a transmitter for transmitting detected temp erature data to the
CTCU 240. Such transmission may be wired or wrreless d1g1ta1 or analog, and electrical,
mechanical or magnettc

- [0023] The CTCU 240 may comprise ¢lectrical circuits, computer proeessmg and memory :

storage devices, soﬁware and databases of process parameters and/or other data. The CTCU.
240 may also include a receiver or other scanning apparatus o collect temperature data detected

-by the temperature sensor 230. Altematively, the CTCU 240 may include one or more receivers

for receiving such data as transmitted by the temperature sensor 230. The CTCU 240 employs



storage devices, software, and databases of process paraneters and/or other
data. The CTCU 240 may al so include a receiver or other scanning apparatus
to collect tenperature data detected by the tenperature sensor 230. :

Al ternatively, the CTCU 240 may include one or nore receivers for
receiving such data as transnmitted by the tenperature sensor 230. The CTCU
240 enploys 5 the tenperature data, which is indicative of the process
chanber tenperature profile, to control the conpensation heater el enment
220, thereby correcting any undesired variation between the process
chanber tenperature profile and a desired tenperature profile for the

sem con act uri ng process being perfornmed in the process chanber
102. 3525 Fﬁ%‘érrf" tar‘éh‘F%ﬁgP‘ﬁ‘Qa‘H@f’?Eﬁeé’ﬁ%ﬁe%heﬁié‘ef&waw ilgfto etmiplnal

prof i | e thetimpengiddkateCdlcRem?en adertty &Eﬁbt‘ﬁ%&‘%ﬁ@’sw%mﬁ% e B (RY
orlglnate frogll efficient angﬁor | atent. generation of thermal energy due

to Iim tAPTSH °f (EPIPGEAtrHRroG e i depigedderparatureeniqfile Sir ireseovemndistor

subsystmﬂhr&mr@@rps&ﬁm[{gvperﬁmqe@anrtﬁéipreééaga]?a%n HeefRer ature or tenperature
praofile may not be attainable with the tenperature control subsystem 116,

such t hdP0%4sul Trmepratimirennagcebeicuréssi(orgher hmps bithéraal pyfibr defierefidesin poor | y .
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target tenperature nmm onger t ranp
rate). SEREBNQ ¢fghgma fn@rg‘m dustto bmgatmns,rm}apldmmWs"amm of the eegsitde OMrERY

oo r eq PRt B bRy B ek DR erBlsaian S e Pernlit PREPPIR o pe
cor r espefidnsie Mthtth@teslpgmumchmﬁobmbdﬁwm el doemingttxagwamﬁg Eéiﬁtﬁgnduﬁ@i/\@(ffcés the
conpens ubs correc ese variations by

i nt rodu%? %'Ql t 76 eéffs’ P& Yw&%“&ﬁ“é?”@% thefppEeapTyda slevatn faRsecesn2 i n

res ponsemtlmmltmt for Oesstetpaaties ma@ BPRagéUh deiidf b? afl fls@RIcRe BhpthS.

t her mal ,sen 30.and/ or the Cy 240. [0025] eerrlngto Fig. 3,
1T ust r ACEE %%cfifé%'ﬁ%“k%w s 1p A @TOSRSIHIVHBAY CRpRriEncp e ProcseRingt  a

seni conduehinr ttﬁmapﬁoﬁgmwtasﬁw%mm%ﬂ%é 70300 é’?ﬂiggﬁeﬁ fdifd ARG 4L RE tO
aspects_of fhe. resent di scl osure. The system 300 1's one environnent in
whi ch tﬁ@“E{?‘E"P IPeRBRIvOPAing fethe iemlcﬁiﬁgilcbedwm@lbeimthMfacﬁmgi $isteesyy 300

may  al s thefc@hiPeadatib® BRImAUMibdyRBmOl1 8 hl§ c%){rgét%@sé‘g‘g’iatigﬁq:y”im{-oducing additional
thermal energy to the process chamber 102 in response to the process chamber temperature
profile detected by the thermal sensors 230 and/or the CTCU 240.
{0025} Referring to Fig 3, illustrated is a schematic view of one embodiment of a portion of
a semiconductor device manufacturing system 300 constructed according to aspects of the
present disclosure. The system 300 is one environmert { in which the system 100 shown in Flg 1.
~may be 1mplemented The system 300 may also fmm at least portion of the system 100, and may
be substantially similar to the system 100.
[0026] The system 300 includes a process chamber 310 which may be sipported by or
defined in a housing 320 comgprising ceramic material and ﬁaving a well pblished interior surface
" for op'tirh.ized radiation feﬂecti{m and hedting efﬁciené’y. “The procéss chaniber 310 is configured
to house one or more semiconductor wafers 330. Tn one émbodiment the semiconductor wafer
330 may mterchangeabiy mclude a dummy wafcr and a target work plece during processing.
The wafer 330 is supported by an arm or pin structure 340 iwhich may comprise quartz and
extend from an inner wall of the process chamber 310, The system 300 and, hence, the process
chamber 310, may be configured or configurable for myriad semiconductor manufacturing

processes, including deposition, etching, diffusion, oxidation, and other thermal processes.



be substantially simlar to the system 100. [0026] The system 300 i ncl udes

a process chanber 310 which nmay be supported by or defined in a housing

320 conprising ceramc nmaterial and having a well polished interior surface
for optimzed radiation reflection and heating efficiency. The process ‘
chanber 310 is configured to house one or nore sem conductor wafers 330.

In one enbodi nent, the sem conductor wafer 330 nmay interchangeably i ncl ude

a dummy waber] anﬂih@sﬁsﬁ\:ﬁgﬁﬁ) MY dsPineR8e QHédtfﬂg/cQ{Slﬁ%%ﬁa% 2 cony}ﬁm tﬁém&ﬁ@ ' S

supported by an armor pin structure 340 Waich ndy conpris tz an
extend f r SHEHYVE Hﬁé‘%ﬂa\lfxfﬁlaﬁs%ﬂﬂ berd ippderds ene famiiey pr8dBs cﬁlﬁhé)eswi €fhe300 and,

hence,  t hg.aBf Q6RSA: pRRATOSL, ggﬂc&v mgﬁ}t'anpt‘fm?o%ﬁtg %[F'{h%q?ngpl;cfzraggr%]é!é Lt %lp?ocfess

nyriad sem conduct or manuf a rocesse I nc
et chi ng, @ambesil@nsuchhatiieineh ,greeimhtmh preveitet arfethmpnmeda@ms theﬁcl{aﬁ?ﬂaﬂj 10The

system 30 y a I 9/.c99 ate 350 conp
“thernal | yﬁﬂi(;%ndutﬁé)s g@%a$g%}sglln$§& 585 s%su}grfuﬂ%g{emt}f%ﬁy@?w? ‘i&’ﬁ?ﬁh&ﬁ‘? t he
process civbstbdiallg sinilaT hwghe meatasmg/samhuemgnc@deaélem&ﬁ@20&&’50116&@:1%&.“1‘@& n
cess chanber 310, such that

uni formt e [
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[ 0028] THbesry&téﬁmﬁﬁﬁe &b@ﬁ)cbneihuﬁesﬂqroocesm ng subsystem heater el ements
120 whic bst i r to the processi ng subsystem heater

el ement r1}%{%% l°‘r)sé' 6‘59%8%‘{"3’ %P‘éfcae@éq angh gad el verpstraile p6Gfosment s 120
shown i n doingectich BENIRE cdi@ead Bl ARAYR . BRE/04 ﬂﬁ%lrc%é’ss &Qﬁb%ﬁc}%ranggga | de the

process c nber 310, [00291 The system 300 may also inc e.a throttle and
gat e val v8%d gemdPy QSWGPWP subsyRisBCY F0anait e %mdardp theontuwh sdisysite lbﬁt;kmvhace

between tifgigpr 0?&%&&1&3@”@@ Gackrhfh @BEysfeny mg%glgglg? ¥o§1$g§%1g§1§% hhs %ac‘g:ll

subsystem 370 é/y be simlar to the vacuum
For exanpl@Ps.taRe/ oy qyoRrnpsu By seannasdsystom B Hinwdmbinatighwithapas source may

t ur O~ MOl RGHIGA 10w iR, AR erﬁa%m@mg%mﬁ%?Vacuysg‘?g%ngagﬁg‘m%ggqt&r&g |

conbi nation with a gas source nm rovi
envir onné’rﬁceﬁléeﬁ;l Wﬂé‘dis R atrogam\ar gamrmtﬂtad uﬁ:t‘tcg’as emriishaehtd R EITP pr @ﬁﬁdhlé*ﬁ}%l such

: ? ﬁ e?mr;: t R lne GBLAN aﬁ)gxy% ﬁlgnrvu'orﬁl%re%t ﬁaﬁm Io&? atrlrc?nntag aIg%;1 atFl)cllJ Elt:t%[ger[ api d -
erivironment for sputtering, and similar or other chemical environments for CVD. .
[0030] *  The process system 300 also includes a compensation thermal subsystem 118 that is..

. substantially similar to the compensation thennal subsystem 118 shown in Fig. 2. The
compensation thermal subsystem 118 includes a compensation heater element 220, a te,mpératﬁre
sensor 230, and a CTCU 240. The temperatlire sensor 230 may comprise a plurality of sensors,
and may be placed in random or predetermined locations in or proximate the process chambcr

) 310, such as proximate the wafer 330, the compensation heater element 220, and- the process

| subsystem heater elements 120. The CTCU 240 may be integral to the housing 320, such as _by‘ .
being coupled or otherwise located in a_rf_:f:e_ss of the housing 320. However, the CTCU_ 240 may
also be a separate component which, as shown in Fig. 3, is coupled to an external surface of the
housing 320. Of course, in other embodiments, the CTCU 240 may be located distal frotﬁ tﬁe
housmg 320, such that the CTCU 240 and the remainder of the system 300 may only be coupled

by wired or wireless communication means.

[0031} Referring to Fig. 4, illustrated is flow chart of one embodiment of a method 400 of

correcting variation between a process chamber temperature profile and a desired temperature



annealing (RTA), an oxygen environnent for thernal oxidation, an.argon and
nitrogen erivironnent for sputtering, and simlar or other chem cal
environnments for CVD. [0030] The process system 300 al so i ncludes a
conpensation thermal subsystem 118 that is. substantially simlar to the
conpensation thermal subsystem 118 shown in Fig. 2. The conpensation
thermal subsystem 118 includes a conpensation heater. elenment 220, a
tenperature sensor 230, and a CTCU 240. The tenperature sensor 230 may
conprise a plurality of sensors, and nay be placed in random or
predeterm ned |l ocations in or proximate the process chanber 310, such as
pr oxi mat e hhe waf er 330., the conpensation heater element 220, and the
process PRHHsSperding easpets ef thapissent dizclosuTheAGTiGoha? Aderamyes e niadt egfigl2 t o t he

housi Ng 3d0is SUSH 1S, ' ed or otherw se |locgted in.a.recess of
t he housi nglézo. ﬁom%ég%’#ngb[ ? hgg@%%egﬂgh?réﬁ%og é%mm%%!)%”%@gﬁ?”é‘fdg‘”%%‘ﬁponent
whi ch, a%siERo\A shewiFindiig.3, aridéor dloupksienh 200 showeid Bigraal surface of the housi ng

320. O se, | ment e, CTCU 240 may be | ocated distal

fromt he[%%usi E%J}g%gfé%(g HJ%? ﬁ%g(m {hden uBlRg ViRl hhlsmpeRT RT3 0 he

syst em 3B&chiay pockspingehaobgltetperiyrewirs ©1d. Of o dneo8BSent QIEALEAL] /By Means.
illustrated is:flow chart of one enbod nent of

[ 0031] ' to Fig. 4 ]
a met hO(I}S Qﬁ%ﬁr%ggu%n tF%g:Ffpr‘?&at'\’fﬁr“f‘ 1 GR PSS Thampirad B groxemantisvaleadper at ur e
profil e peomssangiebiysath hoate elealetfsd 20 dnditeicbinBeRGER t@&%&&&%@&cégp gf)zt he
present di scilos r‘f. Addi tional references are nmade to Fig. an 1g. 3
whi | e d&RTr i “3“ FiEnetiipethe getecte Seraelitistr ragrding jhelpaodenyiierembed vi a t he
syst em i&fpaiapréMe [ @e drcangd@r the system 300 shown in Fig. 3. [0032]
The net hod 400 may begin in step 402 during which the tenperature .sensors’

230 detl®B1t hdnpgrpkseduahsier At CTEH34P atlonlatep thefpitver refyuiredifer teerbodi ment |
such detegbedabki et Q) | ol rature within th rocessi ng
idiBhéatet 5[9&1‘3‘&922]@?(?%;5%?&)} T Eﬁé DOPEIPR 812?{15%13?

chanber 310 proximate the wafe processing su el enent s-
120 and "¥PREMEPEHEpIdONE Hetited tenepeaatenetpr@P6. FSt axpmpR2the fayerah®hd ncl ude

t ;ﬁg Z Ta?ﬁﬂﬁgﬁgéigﬁcﬁxg}fgg& ?Igeecﬁl@%ﬁ?éz%g&%c% th€ 'gr%g;gsl&r:]x cﬁa@nebt}? Ee%:p%?astalzrg gfor‘i?ehaannber
the desired temperature profile using a predefined function. This determination may employ the
raw data detected by the temperature sensor 230, such that any variation between the processing
chamber temperature profile and the desired temperature profile may be determined before the
power required for compensation is determine. The variation may also be determined
concurrently with the determination of the power required for compensation. The detected
‘temperature data may also beé allocated diffetent weights to account for known or suspected
thermal gradients within the process chamber 310 or known or sﬁspccted deficiencies or
inefficiencies of the system 300 (possibly deduced from repeated performance of the method
400). In embodiments in which the conipensation heater elemént 220 includes a plurality of

heater elements, the calculation of the power required for compensation may also include
determining the power required for each individual heater element. The compensation thermal
subsystem 118 may form a closed feedback loop extending from ihe temperature sensor 230 to
the CTCU 240, to the compensation heater element 220, and then back to the temperature sensor
230. Counsequently, the compensation power may alsé be dynamically adjusted. |
[0034] To implement temperature compensation, the predetermined function to calculate the
required compensation power may be proportional to the difference between the measured
temperature and set temperature, or may be relatéd to the integral of the difference over time, or

may be related to the derivative of the difference over time, or may be a combination of these.



[0033] In a subsequent step 404, the CTCU 240 cal cul ates the power required
for the conpensation heater elenent 220 to correct any variation. between
t he processing chanber tenperature profile and the.desired tenperature
profile, For exanple, the power may be determ ned according to the.diff
rence between the processing chanber tenperature profile and the desired
tenperature profile using a predefined function This determ nation may

enploy th aw cted b he t ensor t hat any
vari at i onﬁt[)]g e%?%t%)e pr’%gecgg” lysagmhco mtl é‘F‘é L?rpé‘raﬁ?eg?r Oir%s%lr? t he
desired tpnpectatswf élepBC{lﬁncﬂ eomﬁf;nsﬂmnCiﬁiu&Emhﬁeebrb]&fn@dt@nmhﬁer P&t 22@qUhd ed.
for corrpensatl nis termne. The variation may al so be, determ_ned
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power to the conpensation heater elenent 22 e Tequire Ensat i on
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one embodiment, the compensation thermal subsystem includes a temperature sensor configured
to detect the process chamber temperature profile, a CTCU configured to determine variatiozt ‘_ -
between the process chamber temperature profile and a desired temperature profile, and a
compensation heafmg element configured to alter the process chamber temperature profile in
response to the variation detected by the CTCU. o _
[0038] The present disclosure also provides a compensation thermal subsystem for use with a
| _process chamber and a thermal control subsystem within a semiconductor device manufacturing -
' system, the thermal control subsystem having a processing subsystem heating element
eonfigured to generate a process chamber temperature profile. In one embodiment, the
compensation thermal subsystem includes a temperature sensor configured fo detect the process
chamber temperature profile, a CTCU configured to deterinine variation between the process
.chamber temperature profile and a desired temperature profile, and a compensation heating

element configured to alter the process chamber temperature profile in response to the variation
detected by the CTCU.



may be a set of paraneters, wherein each paraneter is associated with a
correspondi ng one of several conpensation heater elenents. [00361 In step
408, the conpensation heater el enent 220 are tuned to the required power
according to the paraneter(s) received in step 406 thereby inparting a’
prescri bed amount of thermal energy to the process chanber 310 to correct’
the variation between the process chanber tenperature profile .and the
desired tenp erature profile.. Mirreover, if the conpensation heater

el ement 220 conprises a plurality of conpensation heater elenments, each of
conpensation heater elenents my be set to different power |evels and,
therefo eliyver different thernmal energy |levels to the process chanber
310. 10@?? Thy$ MefhRd oppuEssHne yarstirp Seieen mersiad E?é’é’e@mé%hﬁoégrﬂdétpm%@evi ce

manuf actrdrhtitg kAR phavé galeeatemiﬁq%&e%hﬁ&égﬁm&%&[ﬁmﬂﬂgﬁgﬁgr and

thermal subsystem The processing subsystem includes a process
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in res to.the variation.detected t he . [ 00381 The. present
di scl osﬁira 351; sghf)?(g%?d%%ﬁaé; OEQWBEE?EHTF%?#%%QWH}%S&B&{%?M thgre kdsdi th a
pr ocessthehanherbeacuraetshed el dotalRl dedcriftidsmad bW, [T AilfTh aRREuUCt or
devi ce r%nijiacturi ntﬁzfl Eé/stem the thermal cgntrol subsystem having a

pr ocessHRY SIBEEICH RS Py ratibhttheriptanplirdes s gdats Mrdetiegrpeless

chanber mbaifpiag atheF okdisedsiane strhdiuRig: SAPAL BB e sah%%%lrp%g&&ﬁ%?s 'hmirgghﬁg mel

subsystemincludes a tenperature sensor configured to detect the process
chanber SqRsAsipaipgss of fiesrbodimegtsarcedusehhsrginr dHoseskidled arthe ar sivad alsd on

bet weenrchfige REQGESSyuiNATDG s hQMRE haha Rnl ALl Re & [N ATe grature
profil el:ff and a corrp‘élﬁlsati on Shreat ] nggyg{%ﬁ%?ﬁ&é’gﬁ? %g%ragg "t&%eg?&g:ﬁ{l%é _
pr oces sdiHate and Baphenmay eale gptiouws chinges spoatissionoartddtenatipisateraim without

departing from the spirit and scope of the present disclosure.
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detected by the CTCU. 9 [00391 A nethod of correcting variation between a
desired tenperature profile and a process chanber tenperature profile
generated in a process chanber by a processing subsystem heating el enent
integral to a processing systemthermal control subsystemw thin a
sem conductor device manufacturing systemis also provided in the present
di scl osure. I n one enbodi nent, the nethod includes detecting the process
chanber tenperature profile, determining a variation between the process
chamber te dCuFErIESf IFe and the desired tenperature profile, and
adj usting powver delivered to a conpensation heating el enent based on the
vari ati on. [ 0040]°SFAECTBIEGEi Ry s "enrfasieding atuaten, ofommisiay:
enbodi ment s so at hatcdase Skidysedmi Ihcltulal@;ngft nmay better understand the
detail ed descri_ption thgﬁ?folloms. Those skilled in the art should

y

appreci ate thaf Phey may F&4di’l §°se the present disclosure as a basis for

desi gning or mDdibkyial otiterolprateysesn angy sty UCt prds Ss@hgCALHY{NHGOUt the

sanme pur poses ;apd/ i eyin e ,Same advant ages of the enbodi nents
i ntroduced herlglan.eq'%'ﬁ%g% gﬁélil I%(e%f?fcﬁ Ifef#e’reté?t g%’ﬁ%{ﬂgcﬁ af sBEOTRH i Z82MfAt such

equi val ent*EBREEFYER PoASLiHY mot depart fromthe spirit and scope of the
present di scl @subipendB; dhakthey sﬂﬁ&é,yg%ﬁ, Vi%%&ﬁa'fn .nanges, substitutions
i ng

and alterations herein without departin romthe spirit and scope of the
present di scl ofur ESTESFARBAT | SSIERAl MEPMiGured Acsedptendudtter Hevice
- manuf act uring s$hsheas EBRFASIRIprod; PE0CeESSI Ng subsystem including: a
process chanber;cgyd a_thermal control subsystem having a processing
subsyst em heati AgUEI"ERAENT" amtPTE8hT FEUFEY t degenprtst o FCH oceBEIgHTRber
t enper at urt® pleskirhene andk iataonpeRsatéONchdepidle sSURSKEEHEM teRpl Heing:
profile and a desired temperature profile; and
a compensation heating element configured to alter the
process chamber temperature profile by adjusting power delivered

to the compensation heating element in response to the wvariation

detected by the CTCU mechanism.

2. The system of claim 1 wherein the compensation heating

element comprises a plurality of compensation heating elements.

3. The system of claim 1 wherein the compensation heating

element comprises a heat lamp bulb.

4. The system of claim 1 wherein the compensation heating

element comprises an infrared energy source.

5. The system of c¢laim 1 wherein the compensation heating

element comprises a laser,

6. The system of c¢laim 1 wherein the compensation heating

element comprises heater wire.

7. The system of c¢laim 1 wherein the temperature sensor

comprises a plurality of temperature sensors.

11



a tenperature sensor configured to detect the process chanber tenperature
profile; a conpensation thermal control nechanism (CTCU) configured to
determ ne variation between the process chanber tenperature profile and a
desired tenperature profile; and a conpensati on heating el ement configured
to alter the process chanber tenperature profile by adjusting power
delivered to the conpensation heating elenent in response to the variation
detected by the CTCU nechanism 2. The systemof claim1 wherein the
conpensation heating elenent conprises a plurality of conpensation heating
el ements. 8, Thehesysyemnof o€l atrailh wherghdrdie cQnpeRsation.Reating

el enent cogg}g}%ﬁ%g &, hea% | a bul b 4. The systemof claim1l wherein the

Il 1nrrare sSenso
conpensati on heating el enent conprises an infrared energy source. 5. The

system of claim 1l wherein the conpensation heating elenent conprises a

laser. 6. ghe syl egyoleye! 3km diaer &f nthe gonpensation heat! ng, . el ement
conprises heater wire. 7. The system of erél n the tenperature
sensor coffPHEIrdEss GIhGFIaHttCy’ -of tenperature sensors. 11 8. The system of
claiml1l wherein the tenperature sensor conprises an infrared sensor. 9.

The systenl of cI a| m 1 wherein the terrperature sensor conprises a
thernlstor system of claim wherein the temperature sensor

comprises a thermocouple.

11. The system of <c¢laim 1 wherein the process chamber

temperature profile is detected as a function of time.

12. The system of claim 1 wherein the power is proportional to
a quantitative difference between the process chamber temperature

profile and the desired temperature profile.

13. The system of claim 1 wherein the power is related to a
mathematical integral of the quantitative difference between the
process chamber temperature profile and the desired temperature

profile with respect to time.

14. The system of claim 1 wherein the power is related to a
mathematical derivative of the quantitative difference between
the process chamber temperature profile and the desired

temperature profile with respect to time.

15. A compensation thermal subsystem for use with a process
chamber and a thermal control subsystem within a semiconductor
device manufacturing system, the thermal control subsystem having

a processing subsystem heating element configured to generate a
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10. The systemof claim 1l wherein the tenperature sensor conprises a

t hernocouple. 11. The systemof claim 1l wherein the process chanber
tenperature profile is detected as a function of tinme. 12. The system of
claiml1l wherein the power is proportional to a quantitative difference

bet ween the process chanber tenperature profile and the desired
tenperature profile. 13. The systemof claim1 wherein the power is related

to a mt hena(t:éscsal ig{?}e?r atl of the quantitative difference between the
AFEPEE ur' € BREP T IS aRECEHE dei eBPTRSASELAPTIr Ehepraf i | e

process chiiber"t e
wi t h respeetbswstemmeengdsifiie system of claim 1 wherein the power is

related to a ngthggeg derivative of.the quantitative difference
between the process C}Elgaﬂ{)reer %}r{r%)err atcﬁflgeij P | &° arftf TRE d’gﬁ r &gocess
t enper at ur ERPEST FenpgEurespredtilee time. 15. A conpensation ther mal

subsystem for U§ecMﬁ%£s§tﬂﬁpQ§é§mafh@ﬂhﬁ%langeémﬁﬂ%kn?Equy“ég%f'aggg stem
e

within a sem conductor device manufacturing system hermal “contr ol
subsyst em havAREETHNEr JeEsaTiRy shrfdipsreiiie #trPAgs ®l eherite rc ordripgus Bdre 0

generate aprdfiipr a6@ss selapher-erpefatdne.bl af;i l.§q the conpensation
thermal subsystem cor’%ri sing: a tenperature sensor configured to detect

the process chanf8FPEERTePatL UIE P81 i §7€MeRE c SiPpEReatshn EPherfsic coMt r ol

nmechani sm pCr@gs chafliguretdpetat det erairnEe iy i Al i REt WRAT (a8 i PERGESS

chamber teﬂ@egﬁglggﬁpensation heating element in response to the variation
detected by the CTCU mechanism.

le. A method of correcting variation between a desired

temperature profile and a process chamber temperature profile
generated in a process chamber by a processing subsystem heating
element integral to a processing subsystem thermal control
subsystem within a semiconductor device manufacturing system,
comprising:

detecting the process chamber temperature profile;

determining a variation between the process chamber
temperature profile and the desired temperature profile for the
process chamber; and

adjusting power delivered to a compensation heating element
based on the variation, wherein the power is proportional to a
quantitative difference between the process chamber temperature

profile and the desired temperature profile.

17. The method of claim 16 wherein the power is related to a
mathematical integral of the quantitative difference between the
process chamber temperature profile and the desired temperature

profile with respect to time.
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profile and a desired tenperature profile; and a conpensati on heati ng

el ement configured to alter the process chanber tenperature profile by

adj usting power delivered to the conpensation heating elenent in response
to the variation detected by the CTCU nechanism 16. A nethod of
correcting variation between a desired tenperature profile and a process
chanber tenperature profile generated in a process chanber by a processing
subsysten1h§§tiqgh]elenent integral to a processing subsystemthermal
control subsys AR O St ontuctisiccdevirbe BRIt det reilagedyse em

conpri si ngnatetect tay tihei prtaeessChamesudBARaL atdr 81 Prafinle; pedgtel M ni ng
a variatiop between the process chamber tenperature profile and the

desired tefperature profife for YHESBFItessPENEMSer :28nd &Ej usePhEEDover
del i ver ed toreredtnpenzatfidn wigdt regretementimbased on the variation,
wherein the power is proportional to a quantitative difference between the
process chanber tenperature profile and the desired tenperature profile.
17. The method of claim 16 wherein the power is related to a mthemati cal
integral of the quantitative difference between the process chanber
tenperature profile and the desired tenperature profile with respect to
time. 13 18. The nethod of claim 16 wherein the power is related to a

mat hemat i cal - derivative of the quantitative difference between
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the process chanber tenperature profile and the desired tenperature
profile with respect to tinme. 14 RAPI D TEMPERATURE COVPENSATI ON MODULE FOR
SEM CONDUCTOR TOOL ABSTRACT A semni conductor device manufacturing system

i ncluding a processing subsystem and a conpensation thermal subsystem’
The processing subsystemincludes a process chanber and a thermal control -
subsystem havi ng a processi ng subsystem heating el enent and configured to
generate a process chanmber tenperature profile. The conpensation thernal
subsystemincludes a tenperature sensor configured to detect the process
chanber tenperature profile, a conpensation thermal control unit (CTCU)
configured to determ ne variation between the process chanber tenperature
profile and a desired tenperature profile, and a conpensation heating

el ement confi gured ek OF & e profile in
response to the va?%?ﬁ?%&gﬁgﬁ%@%ﬁﬁ@ﬁwﬁg

ABSTRACT

E f0041] . A semiconductor device manufacturing system including a processing subsystem.and

a compensation thermal subsystem. The processing subsystem includes a process chamber and a

thermal control subsystem having a processing subsystem heating element and configured to
generate a process chamber temperature profile. The compensation thermal subsystem includes
a temperature sensor configured to detect the process chamber temperature profile, a
compensation thermal contro! unit (CTCU) configured to determine vaﬁation between the
 process chamber temperature profile and a desired temperature profile, and a compensation
- heating element configured to alter the process chamber temperature profile in response to the
variation detected by the CTCU.

(FIG. 1)
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