RAPI D TEMPERATURE COVPENSATI ON MODULE FOR SEM CONDUCTOR TOOL BACKGROUND
[ 0001] The present disclosure relates generally to sem conductor

manuf acturing tools and, nore specifically, to rapid tenperature
conpensation for sem conductor manufacturing tools. [0002] The

sem conductor integrated circuit (1C industry has experienced rapid

grom h. since the invention of the integrated circuit in 1960, such as from
the primary 1Cto large scale IC (LSIC), to very Iarge scale I C (VLSI),
and to ultra-1large | e i ess in materials,
desi gn, processing igtﬁ Zﬁ%ﬁ@%@% r%‘r-‘n)ﬁ chnol ogi cal .
advances in IC materials an® &Y ‘generations of 1Cs where
each generation has smaller and nore conplex circuits than the previous
generation, such as fromthe micron,. generation to the submcron. -
gener.at igekarbuien to the deep-submi cron generation. However, these
advances have 1 ncreased the conplexity of fabricating ICs. [0003] In many
sem conduct or tool s rocess t er at es Jnee 0, be controlled,in
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predetermined temperature profile over a penod of tim suc asin too employed.during .
chemical vapor deposition (CVD); sputtering, 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 less, which will be
more sensitive to thermal profile and p\rocéssjﬁg time. A traditional hi_gh—temperaturé therinal
oxidation method may not insure high quality of super-thin oxygenated layers. In ordqsr,to obtain

a high quality, super-thin oxygenated layer, rapid thermal processing (RTP) may be employed to



t hat addresses the above-di scussed issues. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0005] The present disclosure is best understood fromthe
foll ow ng detailed description when read with the acconpanying flgures I t
i s enphasi zed that, in accordance with the standard practice in the

i ndustry, various features are not drawmn to scale. In fact, the di mensi ons
of the wvarious features nmay be arbitrarily increased or reduced for
clarity of discussion. [0006] Fig. | illustrates a block diagram of one
enbodi nent of a sem conductor device manufacturing systemincluding a
tenperature control subsystem and a conpensation thermal subsystem

construct ed CCOI’dI ect s of the present d| sclosure, [0007] Fig. 2
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i npl enenfthﬁfrﬂjldcbﬁ#efseheelhbvehbmusaeégsm‘s vari ous enbodi mnents. Specific exanples
of conponents and arrangenents are described belowto sinplify the present
di scl osure. These are, of course, nerely exanples and are not intended to
be |im tBRIEF DESCRIGTIONIOF THE PRAYEINGSli scl osure may repeat reference
numer al s and/or letters in the various exanples. This repetition is for
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i ncl ude enibog feamnds Snayrbe whitedtil pihdickieddatedh et fof @sitieydiasdien med i nt er IOOSi ng
the fir 'S[IO(]@iﬂd Fig. 1 illustrates a block diagram of one embodiment of a semiconductor device

manufacturing system including a temperature control subsystem and a compensation thermal
subsystem constructed according to aspects of the present disclosure,

[0007] Fig. 2 illustrates a block diagram of one embodiment of the temperature control
subsystem shown in Fig. 1.

[0008] Fig. 3 illustrates a schematic view of one embodiment of a portion of a semiconductor
device manufacturing system constructed according to aspects of the present disclosure.

{0609} Fig. 4 illustrates a flow chart of one embodiment of a method of correcting variation
between a process chamber temperature profile and a desired temperatufe profile agcording to

aspects of the present disclosure.

DETAILED DESCRIPTION
[0010] It is to be understood that the following disclosure provides many different

embodiments, or examples, for implementing different features of various embodiments.
Specific examples of components and arrangements are described below to simplify the present
disclosure. These are, of course, merely examples and are not intended to be limiting. In

addition, the present disclosure may repeat reference numerals and/or letters in the various



second features, such that the first and second features may not be in
direct contact. [0011] Referring to Fig. 1, illustrated is a block di agram
of one enbodi nent of a sem conductor device nmanufacturing system 100
constructed according to aspects of the present disclosure. The system 100
may be, conprise, or be included in a single processing tool or a cluster
tool for processing sem conductor devices on wafers of any size, including
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[0013] The system 100 may include one or more process chambers 102, an electrical
subsystem 104, a vacuum subsystem 106, a gas subsystem 108, a mechanical subsystem 110,a
control module 112, software 114 and a temperature control subsystem 116. The system 100
also includes a compensatmn thermal subsystern 118. Additional andfor alternative subgystems
may be included in the system 100 to expand its function and application. For example, a
residual gas analysis (RGA) subsystem may also be included to monitor contamination and
perform processing correlation analysis, or a network interface may be included for control via
an intranet 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



control and other signals between the various subsystens of the system 100.
The vacuum subsystem 106 nay include one or nore punps configured to
renove processing gases, etching chem stries and other materials fromthe
process chanber 102. The vacuum subsystem 106 may i nclude both rough punps
and hi gh vacuum punps such as oil-sealed rotary nmechani cal punps, roots
punps, dry nmechani cal punps, cryo-punps, and turbo-nol ecul ar punps. The
vacuum system 106 naybe coupled directly or indirectly to the process
chanber 102, or may be integral to the process chanber 102. [0016] The gas
subsystem 108 may supply argon, nitrogen, oxygen, or/and other gases

enpl oyed during CVD and ot her sem conduct or devi ce manufacturing processes.
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t her mal subsygteﬁ?%f% 5§]integral thereto, as shown in the

[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 include
mechanical 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 to detect temperature,
pressure and other process parameters, and a computer to control processiﬁg the system 100.
The software 114, which may be integral to the control module 112, may include programming
code and one or more databases. The programming code may include tool operating code and a
manufécturing 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 temperature control to the process
chamber 102 according to a desired temperature profile predetermined in a processing recipe.
The desired temperature profile may be a constant temperature 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 withiz the process chamber 102. The temperature control subsystem 116 may also



enbodi ment 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
thermal subsystem 118 maybe a nodule within the tenperature control
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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 infrared sensor, a
thermistor a thermocouple and/or other types of -temperature sensing devices. The teniperature
sensor 230 may also include a transmitter for transmitting detected temperature data to the
CTCU 240. Such transmission may be wired or wireless, digital or analog, and electrical,
mechanical or magnetic.

- [0023] The CTCU 240 may comprise electrical circuits, computer processing and memory
storage devices, software, and databases of process parameters and/or other data. The CTCU |
240 may also include a receiver or other scanning apparatus to collect temperature data detected
by the temperature sensor 230. Alternatively, the CTCU 240 may include one or more receivers

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



the tenperature data, which is indicative of the process chanber
tenperature profile, to control the conpensation heater elenent 220,

t hereby correcting any undesired variation between the process chanber
tenperature profile and a desired tenperature profile for the sem conductor
manuf act uri ng process being perfornmed in the process chanber 102. [0024]
Tenperature ranpi ng deficiencies (or other types of thermal profile
deficiencies) encountered in sem conductor manufacturing nay originate
frominefficient and/or |latent generation of thermal energy due to
limtations, dilapidation or failure of the tenperature control subsystem
116. Con a desired process te ture or te rature profile may
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durmy wahesmakengray te Hequsecestrhrmpprdlda inigsnonse tprtm@g@sm@am‘ﬁhretemaér@mresso is
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extend from an 1 nner rocess. chanber 310. The system 300 and,
hence, t8@5pr ocksfsrring to F1g 3, 111ustratecl is a schematic view of one embodiment of a portion of

a semiconductor devme manufacturing system 300 constructed according to aspects of the
present disclosure. The system 300 is one environment in which the system 100 shown in Fig. 1.
may be implemented. The.system 300 may also form 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 supported by or
defined in a housing 320 comprising ceramic material and Having a well pblished inferior surface
" for optimized radiation reflection and heating efficiency. The process chamber 310 is configured
to hoﬁse one or more semiconductor wafers 330. In one embodiment, the semiconductor wafer
330 may interchangeably include'a dummy wafer and a target work piece during processing,
The wafer 330 is supported by an arm or pin structure 340 which 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 conflgurable for myriad semiconductor manufacturing

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



chanber 310, may be configured or configurable for myriad sem conductor
manuf acturing processes, including deposition, etching, diffusion,

oxi dation, and other thernmal processes. [0027] The system 300 may al so

i nclude, a heating/cooling plate 350 conprising a thermally conductive -~
material to assist in heat transfer to and fromthe process chanber 3 10.
The heating/cooling plate 350 may help maintain uniformty of the
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Fig. 3 maymer J10Cate dhaahawR) SRGEAE aRYrOMhicd BEmMahREd #itBinGhd dah@er 11ve
process chanmber 3 10. [0029] The system 300 may al so include a throttle and

gate val 828 sse Ry 5ystgBG0f als0 inghidpiresessing %ibélffé‘?nb]i‘ea@é RlepsTts §20 phEhiakt er f ace

bet ween (g, R-06 @i?ﬁlapﬁ@qg)ﬁ&egmﬂ? 12 NG Uit eRUDS ¥sdc BBt Pfve TR Vacuum
subsystem 370 naybe simlar to the Vacuum subsystem 106 shown in Fig. 1.

For exanpPesssinhuibgystautiprisupisyente i3 Bshowmay Fignt man be fogeigh atpiyapad/or below
t ur bo- Wh@%fe?ﬁ?]o RLAPS: %Qgslsgﬁanqgeygpdmps The vacuum subsystem 370 in

conbi nat 1 on a gas Eource may provide a | ow pressure, chem cal
envi r onni¥A2S]r eqlier wetem 00 map ylss erviclo ndottle rndrpate v zles assémigy 360 Gredur es, such

as a ni tro%gectib? %ragla/‘(%hgok)trg ct}e[{le mp i[ace lge%ween vl rr ff‘erT?cr;ﬁau}bﬁro glORT Ig aQJra 15%?' d

t hermal “anhea gen eV ont et el OXIdatt on, an
ar gon anshbeyistetn®yen Thevdcuinh @mmmbmﬂaﬁ e bt sigti lan g, thandush mitbsyttenr] Oetshtemn

chem cal Vi r nrrent S 30 stem 3 Q0 also,incl udes
e omporiEIHH dn PHERIe OF BEy ST g A SR YRe PRSP o ¢ he
conpens agung, inhﬁbli BBbpEhes Té emhmkab@&emm fh fdrfhinafion FhE a £ emaﬁ@ﬁy on

t her mal subgé/ E}em 118 i ncl udes a corrpensa’glei1 n heater, el enentawé

t enper atRIFECc$ RFIFssyrsehemical o viEquspens agguir F@H}S%‘-’r‘%ﬁ fiductone 9‘:%&)“ se a

pl ural i t po@kiu®eREEH & a nitAEeh, MEY6nRE oGO i bk AOGRAbr RTEALEBIIMAGC

| ocations in or_proximtée the process chanber 310, such as proxinmate the
waf er 330nealing (R bivh 8hSRierb pRvOBIEY fo therms OXIOBIonmGrEdneang miEEE8  subsyst em

heater elgBRhc: %029 uﬂ;hﬁg g&%ﬁn%éporrmyer %nh%%%?dm;e&s;f&%%us' ng 320, such

as by bﬂﬂg coup or otherw se located In recess o e housing 320.
However , [0f CTEIL@pzqr@smstemépg@ls@elcwdsse@@nnateesaﬂQMneﬁtsubmtm 118ghagown i n

e PR AP SR SRS Bl g TR, O couroe
compensation thermal subsystem 118 includes 2 compensation heater element 220, a temperature
sensor 230, and a CTCU 240. The temperature sensor 230 may comprise a plurality of sensors,
and may be placed in random or predetermined locations in or proximate the process chamber
310, such as proximate the wafer 330, the compensation heater element 220, and the probass
subsystem heater elements 120. The CTCU 240 may be integral to the housing 320, such as by
being coupled or otherwise located in a.rabess 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 from the
housing 320, such that the CTCU 240 and the remainder of the system 300 may only be coupled
by wired or wireless communicatién 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



housi ng 320, such that the CTCU 240 'and the remai nder of the system 300
may only be coupled by wired or wireless communi cation neans. [00311
Referring to Fig. 4, illustrated is flow chart of one enbodinerit of a--
met hod 400 of correcting variation between a process chanber tenperature’
profile and a desired tenperature profile according to aspects of the
present disclosure. Additional references are nade to Fig. 2 and Fig. 3
whi | e describing the method 400. The nethod 400 nay be inplenmented via the
system 100 shown in Fig. | and/or the system 300 shown in Fig. 3. [0032]
The nethod 400 may begin in step 402 during which the tenperature sensors
230 detect the processing chanber tenperature profile. In one enbodi nent,
such detRIREIEGRCHTHYS forrepssthe | Hiearserenifiscidsiret dvdiiona! pelerendes Aemadnt ek essi ng

chamber 3419g BrerieRIibiB e ¥REREd R0 The REBLRSRD By SHRSMShEMN\RALET e enents
120 and the conpensati on heater elenment 220. Step 402 " may al so I nclude

transmi t9ptay ORsheret iadied anfier talsydiem 30¢ gy#indh Fig 3he processi ng chanber
t t i L2, l.n. 04, th
enper a d@ﬁﬁz] pr oﬂlé rﬁetﬁﬁd &dbqnmgbggmzlﬁgteg%%g%lrigr%hlalcrg%grﬁg}aiﬁpé seﬁ%%)gsg%ﬁ €

CTCU 240 cal'cul ates the po equir Ion er el ement
220 t o oistaceidt pengyssingchanbep kenipstaiwe pratfie Ipooe essddigent sactbdetectioremper at ur e

profile. j I rofil.e. -For le, the p may be
et er m Aot A GRRLAF oo RIRGE Pltihd BB sy e e brE S Medout I Bl oy

t enper atuo@sprpsubkyEteamnitkatet blemeats il 2eghdtthepenzhation peatd element$i209S®p goedef i ned
function._ This. determnatio enploy the raw data detected by the

t enper atl{ljaryeaqssoelﬁ‘é 8153 %?‘ﬁé'ﬂﬁ:tﬁe Hﬁgcftecgﬁﬁm%’é praf qgﬁﬁl%éﬁwgﬁsil%"hﬁ%ggs si.ng

chanber ttrepgsinatpbfile o @k CTeTPaud. t he desired tenperature profile may be
red for conpensation is determ-ne. The

determ efaore the ower requi

vari ati gﬁ%ﬁﬁy %ﬁugﬁq@{ %‘FM%&EWBW erulages e o vieR EadiEddPiiiAat i on of
the powebmpbesklisekkaledEleOMIPE0 SREIrB: any HarislRh ®etReh the SIRELAL Yhentat a my
al so be allocated different weights to account for known or suspected -

t her mal "GRBARUIRREOHP AR e drrep fannesdre REpise Fos sgple, RSO eonaXss pect ed
defi ci enisasined acdoRtBld h@ﬁ&ﬂﬁbr@%e@et@é&g gﬁ,\’p?l&%ﬁgl a&Q&%@rﬁﬁgr%u@ﬁ%@%ﬁgr om
S

repeat ed performance of the nethod 4 n enbodi ments I n
conpens b5 &irebigmpprabireprefile using 2iprrdefiandsfuactionu This detgrmghation ey empbstydment s,

the cal it Qhta QBteLEd b i RANREA @:@géﬂslﬁ%of Qlch g%@mﬁﬁiogl}[emn HeSPodefigl pde

t
determ ning the power require or each i'ndiv er element. e
conpens &himberit¢rapemiire psafibe gt thenldksirsd frmpefabrepiit nigds dereadibetbeftre tp

ext endi r%:gwfmr I%Hﬁﬁ'&iefo} ceo%%ﬁﬁhgﬁ & dRfelRMRE. %ﬁé) vz}n%tion may also be determined
concurrently with the determination of the power required for compensation. The detected
temperature data may also be allocated different weights to account for known or suspected
thermal gradients within the process chamber 310 or known or suspected deficiencies or
inefficiencies of the system 300 (possibly deduced from repeated performance of the method
400). In embodiments in which the comipensation heater element 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 fhe temperature sensor 230 to '
the CTCU 240, to the compensation heater element 220, and then back to the temperature sensor
230. Consequently, the compensation power may also be dynamically adjusted.
10034] 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.



the CTCU 240, to the conpensation heater el enent 220, and then back to the
tenperature sensor 230. Consequently, the conpensation power nay al so be
dynam cal |y adjusted. [0034] To inplenent tenperature conpensation, the
predeterm ned function to calculate the required conpensation power my be
proportional to the difference between the neasured tenperature and set
tenperature, or may be related to the integral of the difference over tine,
or may elated to the derivati - i rence:QW%ek & fe, or may be
a conbi n@ﬁ?%n o]}n qugél@g’.tpe Cc’[‘%@‘“’aﬂ?% %&sni%ie%ﬁlg'gog%eﬁ% corrpénsat |Sor? control unit
206 sendsrandas afdt equicsd @npetsatdn pqrar antbt esrspanbatioh deatecplimend 22bnPensat i on
power to the conpensation heater el enent: 220Q. The required c ensation
power nﬁq%@déogg?rﬁﬁﬁ“@PWFWa%b%? FPRCtE D HESIF FOmP Eﬁlé%]togrh B%F%%%ﬁ?rf ' Br may
be a setm%),f bR NEl el rSeter YRR e CR p it aPae AT REBE ialed witha@eradpetding bhe 6f
correspondi ng one of several conpensation heater elenments. [0036] In step
408, t heSCUBRIFORPERTLN et BFm@lienent 220 are tuned to the required power
accor di n@oid t hg RRAERKEEdSniB6LhMEY cldhett BID ADGnéd 8 RYqiiFgaIokeng a
prescribed anount of thermal energy to the process chanber 310 to_ correct
the variatodinsiethppermees)ieeded &n epmfficherelemper B drEcspr i aovahef t he
desired &1&%&3&%}%&8 R0 debnaBE AU E cortcht hi ufeABR 645 8L @D pRREL hpmBLeeNt
220 conprises a plurality of conpensation heater el ements,” each of

conpens aemperafneairefile and hadesizsd repeinturs profiley Moredesr ahihe pompenskignndiesieand,

t herefor deliver different. thernal K S Q mber
310, [ o0sA S TReL S sty R e A BB R S R R e
manuf act alérhents mypheedst tohlffdrerg pawprlecéssidniersios yist wmidiscnatheongdensay i on
thermal subsystem Th 0 sing subsystemincludes a process chanber and
a ther nﬁv%%%ﬁ?%?rogeﬁ%@?&gﬁﬁavi ng a processing subsystem heating el ement
and confjggsmed Tiusg@e pregdnedisclfueciagsdieboniaticdnanper dtice eapifatiutieg sysem one
enbodi ment, the conpensation thernal substgstegg; j ncl udgﬁj&a tenperature

sensor CHIPEGRIRAESS e UBRYFIER ANt AEOPPHERLY B er ST ol i 1 e, a
CTCU confubgdfetintifdd @tpeddiistBaBer iand E%mﬂ%bﬂﬁﬂ@uﬁs?ﬁeﬂh@ﬁﬁgﬁp%@dm@ o
tenperature profile and a desired tenperature protile, and a corrEensatlon
heat i ng %lb@fﬁ@ﬁ%hequlamar}dt@nﬁg%ré@ tor BracIple dRERrSs raRbE e B FREFERIORS. BB of i | €
i'n  respapsebb@nlhe th_\é%ﬁﬂnﬁédsﬁ%{bn%éﬁﬁf &8sy n! REudel GMemp IARR] sed e cRIRR G

di scl osure al so provides a conpensatior thernmal subsystemfor use wth a
to detect the process chamber temperature profile, a CTCU configured to determine 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. '

10038] 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

configured to generate a process chamber temperature profile. In one embodiment, the .

compensation thermal subsystem includes a temperature sensor configured to detect the process
chamber temperature profile, a CTCU configured to determine variation between the process
.chamber temperature profile and a desired temperature profile, and a compensation heating

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



process chanber and a thermal control subsystemw thin a sem conductor

devi ce manufacturing system the thermal control subsystem having a
processi ng subsystem heating el ement configured to generate a process .
chanber tenperature profile. In one enbodi ment, the conpensation thernal,
subsystem i ncludes a tenperature sensor configured to detect the process
chanber tenperature profile, a CTCU configured to determ ne variation

bet ween the process chanber tenperature profile and a desired tenperature
profile, and a conpensation heating elenent configured to alter the
process chanber tenperature profile in response to the variation detected
by the r i varj at | ired
{orper afUPY pr o PR Bohatboel B st e AEh » Ao D BREERY B8t e i
a pr oceslmnd:hatebmerabye proﬁtecgaemtedtgm spiosass tleimbecay 4 prgcesehgsbaystambeaagral to a
pr ocesnggll St nlt Icosnttro SUbF%'oSEerQ g\n tthi n fh seng conduct or device
manuf acEIPPRGTSTE 8rhpr%°c§ﬁ%y5|m5'\}fl?@& ROl O P ST HIGT SRPEWIFE | n one
enbodi nmaatice mhﬁtfacfmmg@glsmm &l alﬂd;q&cm\déédeﬁ thepgestiteliploagesk dahanibedinkeaper at ur e
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foregoi-ng has outlined features of several enbodinents so that t hose

ski | I edadipstingpawardelikergd ioet qospensitien Beaiing clemantpasedion & @83 pti on t hat
fol I owsgokhpse 15k tclrt-%%%g ias bhginad feat%ma lét@lwéﬂap&ﬁ&idﬁﬁ&us stafﬂtat tﬂt@a/sktt?aa i eadi |y

use the present discl.osure as a basis for designing o nodi fyl ng ot her

pr ocess 8 aHrmeyshettercundpisiand the d@taritact/thsgfmmﬂ thahéﬂlgmmﬂpw pi@gwnétm/rbr
hi Th
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skilled int art s at suc equl va ent constructions
do not dwpHyingbthenproteeses pind structimes focoppryingfout the smﬁelwm:tses zdtdém: koisevire, thand

t hat the may r|o n tit |on shereln
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conpris Idtgcgiosurg a% atat t 23', ngy make asrtto%@ chargxgésusubstgmnons and alterations herein without

departing from the spirit and scope of the present disclosure.
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a process chanber; and a thermal control subsystem having a processing
subsystem heating el enent 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 unit (CTCU) configured to determ ne
variation between the process chanber tenperature profile and a desired

t enperature pﬁ@fﬁ“fg Cﬂ2$1@ gQnpensation heating el ement configured to
alter the pr erature profile in response to the variation
detected by tpe Cﬁ%mico%dwl&ede%%%ﬁmf%mrﬁgaég%& YWhGIRldE. the conpensation
heating el ement conprises a plurality of "conpensat’ on heating el enents.

3. The syst em whcesiing mbdysteimeimeiudinghe conpensati on heating el enent conpri ses
a heat |anp buIb.a réﬁﬁzggngés&%n1of claim| wherein the conpensation
heati ng el enent coﬁbrlses an’infrared energy source. 5. The system of
claiml wherein thehaorpensatsubiystiaabiing a toeasing sciaypieindestigg ¢dlasert.and 6. The
syst em of clain}l %gerein t he conpensation heating.el epent conprises

heater wire. SOF8Y% toﬁ%etr%tﬁaé’fm&ﬁséﬁ?ﬁl BT RRPEATHC PREIE 8iher at ure sensor

conpri ses a [ dékrpehdaiorthernisd FRLyddmiiels@sors. 8. The systemof claim|l

wherein the tenperature sensor co rifes an t'hnfrared
a temperature sensor configured to detect the process chamber temperature

profile;
a compensétion thermal control unit (CTCU)} configured to determine 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.

2. The system of claim 1 wherein the compensation heating element COInpIises 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 systemn of claim 1 wherein the compensation heating element comprises a

laser.

6. The system of claim 1 wherein the compensation heating element comprises

heater wire.

7. The system of claim 1 wherein the temperature sensor comprises a plurality of -

temperature sensors,
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sensor. 9. The systemof claim| wherein the tenperature sensor conprises
a thermstor. 10. The systemof claim 1 wherein the tenperature sensor
conprises a thernocoupl e. 11. The systemof claim 1l wherein the process
chanber tenperature profile is detected as a function of tinme. 12. The .
system of claim 1l wherein conpensation heating elenent is configured to
alter the process chanber tenperature profile by adjusting power delivered
to the conpensation heating elenent. 13. The system of claim 12 wherein
the power is proportional to a quantitative difference between the process
chanber tenperature profile and the desired tenperature profile. 14. The
systemof claim 12 wherein the power is related to a mat hemati cal integral
of the quantitative difference between the process chanber tenperature
profile and §.he dumisyaen of elaPet athuieR ths @ikt dehsot esgides bointrie®. 15. The
system of claim 12 wherein the power is related to a nmat hemati cal
deri vat f&°" of the quantitative difference between the process chanber
tenperature profile and the desired tenperature profile with respect to
time. 16. A conpensation thermal subsystemfor use with a process chanber
and a thermat:  colftersgstes 9helpisn &ibgieirleRPeaiif ¢RI CPBPrigR ¢ fhegnistor.
manuf acturing system the thermal control subsystem having a processing
subsystem heating el ement configured to generate a process chanber
t enper at ure Pt of i The systpia o olaise hsdeictrihe weppriursisbsy seroprisso afheimsicaeple. a
tenperature sensor configured to detect the process chanber tenperature
rofile;
P 11, The system of claim | wherein the process chamber temperature profile is

detected as a function of time.

12, The system of claim 1 wherein compensation heating element is configured to
alter the process chamber temperature profile by adjusting power delivered to the compensation

heating element,

13.  The system of claim 12 wherein the power is proportional to a quantitative

difference between the process chamber temperature profile and the desired temperature profile.

14.  The system of claim 12 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.

5. The system of claim 12 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.

16. A compensation thermal subsystem for use with a process chamber and a thermal
control subsystem within a semicoﬁductor device manufacturing sysfem, the thermal control
subsystem having a processing subsystem heating element configured to generate a process
chamber temperature profile, the compensation thermal subsystem comprising:

a temperature sensor configured to detect the process chamber temperature profile;

12



a conpensation thermal control unit (CTCU) configured to determ ne

vari ation between the process chanber tenperature profile and a desired
tenperature profile; and a conpensation heating el ement configured to alter
the process chanber tenperature profile in response to the variation
detected by the CTCU. 17. A nethod of correcting variation between a
desired tenperature profile and a process chanber tenperature profile

generated in aaco%&,%ﬁﬁ& ﬁ&%{ﬁb%mmuﬁt (}@’T@Q%ﬁhﬂ"@lr&ﬂb%}é&ﬁﬁﬁh vhaioh hgrvrkement

integral to a processing subsystemthermal control subsystemvmthl n a
seni condtheporceyahinker rapefaaue profilpnd psiedind erermsisipmfiledetdect i ng the

process chanbegmﬁpggn%%ﬁe%ﬁ gﬁ),%,h cBnfi agcré%tdet% Hheg tﬁkgpr Nt AlePRelWREN the

process chanber esl re tenperature profile

and adj usioﬁhagnpﬂpﬁrsedﬂhmvmﬁdnﬂmecaedd:qzrtbeﬁ§€m on heating el ement based on’
the variation. 18. The nethod of claim 17 wherein the power is
proportional to a quantitative difference between the process chanber

t enper ature profi l2mandd bmmaﬁigr@daﬁcamameaﬁurdesimdmédlﬂeeaturewoﬁla"lam :mat hod of
claim17 wherein the power. is_related, to a mat ti,cal integral th
quant i t aPToges BATI0EF Erbatbi manl SRR} LN el Bparsrle éutﬁ?%?fﬁ e and
the desi h@éng biefBRMAL IR0 RPHRIckdstpWibRstE@ SiRRahl doptrdlisibsysteROwithihe met hod of
claim 17 wherein the power_ is related to a mathematical derivative of the

quant i t afieondrsipedoxise BapHBIRERE PHENTHPESEchanber tenperature profile and
the desired 4.e0RRF AL UBeRLRIdbE tepeinr€pRE; tO time.

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

temperature profile; and

adjusting power delivered to a compensation heating element based on the variation.

18. ©  The method of claim 17 wherein the power is proportional to a quantitative

difference between the process chamber temperature profile and the desired temperature profile.

19, The method of claim 17 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.
20.  The method of claim 17 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.
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