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 gadibargerssed PURE coMIENONTIRSRIGbegIEal - 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§$°3@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. ln order.ta ob aln sy i n, oxygénate ayer
rapi d t REVARSPS BEG Ealegiah %W%?%?Qg"%@ﬁﬁ %%laﬂg wheres L gFNsTatignhas

ther mal spal@randfbrd Wx&ﬁﬂr&ﬁﬁs thés tm@ramrgeﬁaramesucﬁfayeoei the@Mp@mat ure
ranping in semgr&?ductor tools.is that the f#irst one of nore wafers™in a

pr ocess SRR SHEpicrodgsarAite and then Snhe despesibaiorpr stnerations Havvonf.

subsequ%gggyd@ﬁggggg@egc«g@wﬁﬁ Cofﬁli}f‘exﬁ§\gfp&ﬁah% q@y di m ni sh pr odruct yield
and devi ce E)erformance Enpl oyi n waf ers Tn such-systers Ty avoi d

t he -t hed$f83.deflp &ﬂehwuwﬂda@tpéepg mesmtqmpea@eqeea@é tpbooegroligdén 8 and.
increas %m@i@t%hﬁmed IeQxQ%ﬂmeﬁ%ﬁfeCHv@Sé ¥eno‘ﬁhﬁ‘tmﬂes mﬂ:ﬁ%g Edtobﬂ ehﬂ)?ofedtduhﬁg a t her l

conpensati'on system and ne
chemical vapor depesition (CVD) sputtenng, thermal oxidation, diffusion and etching. For .

example, with IC fcature 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



t hat addresses the above-di scussed i ssues. SUMVARY [0004a] In a first
aspect, there is provided a sem conductor device nanufacturing system
conprising: a processing subsystemincluding: a process chanber; and a
thermal control subsystem having a processi ng subsystem heati ng 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 thermnal
control nechani sm (CTCU) configured to determ ne variation between the
process chanber tenperature profile and a desired tenperature profile; and
a conpensation heating elenent configured to alter the process chanber

tenperature profile by adjusting power delivered to the conpensation
heat | nd’fSF‘éﬂgﬁP“‘f‘H th‘?féé'pﬂ?r‘f?éa%fgewé%ﬁ A2 6xafenle ene isws o fithapaTias

mechani @mpidRQRlcobu @ rIeAORILATRE RSt ol Bork %m\aiaﬁbﬁ&e@siﬁ%ﬁ@gﬁ{ﬁr on

thermal suhsystem for use w_th a process chanber and a ther ol
subsyst@RCIFI%IHe ssdhsreheralilegs thri of sebsequently nocessidiyafess flamdetiatont her mal

cont 1 olmgyBEMALE BRI idd afd BERGSSS iR asiD NRRLLD %o Bl EMENE, Sonf i gured
to gener ajtde a pr gr:ess %ﬂaﬁber ' tgp'r%gé)r a?u#e%@g%ge@%ﬁ}é%%ﬁsp‘@n%% fYS%mS
t her mal™Ma\BEyd theriheawpidhisiongy ondafeatebyieriitdosreass prsloct yidd fiid)incedsd @sdet ect

t he prgg ch ; ol e nsation thermal control
rechantor (oTol) - aneSpbRads HRSThOE s o Ber DR R B
chanberthatadpeses theabprofistussaricuas.desi red tenperature profile; and a

" conpensation heating el enment configured to alter the process chanber
SUMMARY

[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:



tenperature profile by adjusting power delivered to the conpensation

heating elenent in response to the variation detected. by the CTCU

mechani sm [0004c] In a third aspect, there is provided 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 elenent integral to a processing subsystem thernal
control subsystemw thin a sem conductor device manufacturing system
conprising:  debeghpdistutcienddf A5EBared RAIRES: tl SIBGLA AL LLes [mning
a variation bet weenpthe process ch%nber t enper at ur e prg%ﬁgéé%ﬁﬂe&ﬁg‘%’ ‘
desi red t enper agusengsngftion ethémral tcheirgr oecsmisth dCTEL) @nfigae] us tdergmprwer
del i ver ed - A at.i on heatjng el enent based.,on the varjation,

wher ei n thg%%wglﬁﬁge‘gg%r E)hﬁoé]rf’ T B AT A CREERS é’f&{}% r ASSERL depRAEn t he
process chandfde; andenperature profile and the desired tenperature profile.
BRI EF DESCRI PTI ON OF THE, DRAW NGS {0005] The present disclosure is best
under st ood fr onft FETPESHIR Aeatigt siement reatigwpd i on altgihdie peesgssyichhmbere
acconpanyi Rgnget@ite§ofilk b iaa'u‘%ﬁﬂgw L% Q)i ' JRARCE. Al ;
standard pr ag:ti ceq)?n t hg [ haus Y, valrl?%git%{ggtcgglégﬁsare lﬁegﬁﬁ%?lg\%\n%%tlg

scal e. | n F@&Beuse {hibe yhyationidoisctedby the TG meobmmifneat ur es may be arbitrarily

i ncreased @ho4gduc f | i scussion. [0006] Fig. 1 illustrates a

bl ock di agfrba_mcgf oﬁg aet%%gglpr@re&h{h)%’? { ggéner‘?ﬁlil 36“‘%6%‘5)&088 g rArigon FeREeB A ng

system i nc‘ielﬁ’éﬁ’q‘l‘ﬁmﬁella@‘ﬁipﬂmﬁlewpéapmat%@harﬁbﬂﬁg(ﬁﬁeﬁﬁna@datﬁe EREReASALipRedsher mal

F0007] i o ageu P o SRE Sl SRae R tHreal o dt MereDE s

t enper at urlBermgheangrol subsistyrstiginm 8 keminoridacti Gevick- mdoR AR&HNE bs@ten3 chihplisgdd ates a

schemati c vi evMe%fc igﬁ?ﬁ‘ enbodi genge of a gch)rti on of a sem conductor  device

manuf act uri ng sys% ggﬁ%cﬁslf prRper ST drRgreleaspect s of the pr esent

di scl osure. [ GRGShirma vzﬂiaﬁbﬁya%alttﬁépﬁméés%ﬁ;ﬁ@é}&ém;g rﬁ%ﬁr@ﬂ?%d nt of a
anber tenpera

nmet hod of correcti n%&vari ation between a grocess C ur e
profile and a GE&%ERPeanraratiefe the plocese chasrdindg t 0 aspects of the

present di scl QaH&Bng power delivered to 2 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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DETAI LED DESCRI PTION [0010] It is to be understood that the foll ow ng

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

i npl enenting different features of various enbodi nents. 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 limting. In addition, the present disclosure may repeat reference
nuneral s and/or letters in the various 2b exanples. This repetition is for
t he purpose of sinplicity and clarity and does not in itself dictate a
rel ati ongivop betmeel |nents d/ onfigurations
dlscussegm,N%reg%%rqu%mgwyggkﬁgﬁPﬁﬁgg fgng e %ﬁi 3@?5&% %?NBW‘BH“Q second
feature Fﬁmfﬂ@mé@®%ﬁﬂﬁﬁgdn that foll ows nay i ncl ude enbodi nents in which

the firsggpgpd sag orne irect contact, and may al so

i ncl ude Eerr‘oo%lil ?gqyn%\%hte %tc Vb‘:ﬁ’éPP‘? é@%@fwm@r tetisTHe@dpsei ng

the fi rs‘ﬂe"afffdnarﬂé@@ndlgfswtmbemtmsteamc&d}aingtuh%p%éti %th@ﬁﬁséﬁ%%s&sat ures ray
is a

not be i rect..cqn 0111 Referring to Fi 1, illustrat

bl ock dllggr%a] of l%%éﬁ L@ﬁﬂ%ﬂ% ﬁ@ﬁ't }’Gft of ong gmpedinen éme&me@omwga{@numnng
system BBOweanspiust eindeeRiontutHrafPER! 8 a8l N BLARE gl»oﬁlg heSifsLe. The
system 1 rise, or beincluded in a srn al g(80I or

a cl uste?ectts%ﬂg'f’B?e ‘é%%ﬁr‘hg sem conduct or devices on wafers of any si ze,
including wafer dianeters of 150 mm 200 nm and 300 mm The system 100

may al sg ge eﬁl oied for any technol ogy node including mcron, submcron,
and dee g 0.5gm 0.25 m 0.18 gm 0.13 gm and bel ow.
[ 0012] 108xangl 0] t ool -enpl oyed for chem cal
vapor dgg{)so?tl on %&%?de%‘}sfﬁ% hagt% f@%“&ﬁﬁﬁlﬁ%ﬁp’@v@“ PerEIBferentow pressure
CVD (Lpemb)ad@memm, ghexdepls,tfyr 1@1&&6&1@@%%%5&(@); of Vifus ¥hedhaR. My al so

be a to hysi or deposition (PVD), such as sputtering
or ion 2 e& p %‘?ﬂ%“?rwg?gw% gehEnts a0desEiedhedo ipemplifyibe penpitoyed

for, andrsnlosmel Ahestare) 0f coitirdef “ﬁt&?ﬁ’éﬁi‘ylgﬁ é}%aié E‘ﬁﬁ‘ﬁ,@d‘%?ﬁ% Eéghﬁp rl%ﬁ Oim ; 2p| d

t her mal cessin [0013]
process® @:ﬁg Jﬁgp%ﬁéqﬁz\o%{%@ﬁY repsat Feﬁqmwgummam@nd/oaleﬁawunmwdmyst em 1086,
a gas subsystem 108, a nechani cal subsystem 110, a
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control nodule 112, software 114, and a tenperature control subsystem 116.
The system 100 al so includes a conpensation thermal subsystem 118.

Addi tional and/or alternative subsystens.. may be included in the system
100 to expand its function a nd application. For exanple, a residual gas
anal ysis (RGA) subsystem nmay al so be included to nonitor contam nation and
perform processing correl ati on anal ysi S, or a network interface may be

I ncl uded di@fiple@ntHioke f

process chamber 102 S}r‘!ﬂg&n éggra%ﬂ enc ?%qéﬁép{%g%aﬁéfﬁhe%%kgtm os?:%glcmﬁe
one or noreleBhipdsiNese e \tnaﬁeeresnbmiynm pefdr comfeghrativos dizxaspd. eMotebeer the

t enper at ents hem stries)
and ot her” e o 8F e o s iR e BrgEEbe
chanber iGudeembodinadntsen ofﬂxcashmﬁmeasiaegbnﬁ%am&ei e Meeding adec&%Bhtﬁ&nﬁta%Qy 3

t be alt d
ot nor i st B AR O B Lo P e b5 G oot he 45 end

control wecn éahids, stoa@aasihetbe =@t 86dohd s@tureqﬁ%y 2t BB SfedTBYnchdiCl ude neans
ovver data, _control ot her signals between the

for co
var i oursmiﬂq}gf/1 ’iotFég Jy Uhusirpted s a biprk djzgern @ orypslatismtid® may incl ude

~one or nMe&RicPiiBRr ﬁ@ﬁcfd R Ll DTGB @o@&&ﬁﬁﬁ&k&‘&cﬁﬁz@% a%é%c@ oFQhe resent

chem stries and gother materials fromthe process c acuum
subsyst e 8ie8 T Frayhe $EEMUA8 trsthe, ewugise, s e $nciurtd i ghnglawmmsmlgmml siech -as

oi | -'seal gRlsteObhal fhr ﬁﬁ)@&%ﬁ% Qéfiﬁlo&m%r deJl&gtoﬁ IS, anqlrs¥zene Al C‘g!ﬁﬁflp unps,

cryo-punps, and turbo-nol ecul-ar he ‘'vacuum.
coupl ed BiaREEr §f 1§P MmP0P ewn) %ndt3@01mw ”ﬂuﬁm}e&m Iﬂ@aﬁi}&ﬂsolﬂa?emplbymaforb@y

integral jo e[ 102, as .s stem 108_pay
supplgy ar E&léér%&tora%g% 5%8%% Sr'ub R 8?11%‘%1’ sd‘EE‘é “éﬁ‘ﬁt@%&&%&ﬁ%&e@ and

ot her seﬂa?&ondﬁdﬁomdei\hew manuf act ur| ng processes Master flow control
cal sensors may be enpl oyed

(MFQ)- anghoy#r i oys, Lype as che
(RO STRoLA | o Lypst o Bk oS 1B B a S o) Yﬂ%foarcéeetcet vAReE deRpaition. or
prof i | e, (QD), enatonptsiza fe;htmmndrcav:e RECEDDIERGhaLI: e (erVeVD) LQ%E]de J?ﬁ
mechani cal su S i ncl ude ‘ro ot|c and/ or .hand- opér ab for
St ST
transfer? PRy P T bheysteps | Waaiso tefetorbernplayetfor Qbi*ﬁs% tveror110 may
al so i ncddpdsition (PVD), sueh as sputtenng or ion metal plasma (IMP) PVD. The system 100 may also
bea tool ‘employed for aruon unplantatlon diffusion, etchmg, thermal oxidation and/or rapld .
thermal processmg (RTP) |
[0013] The 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 moiudes a compensatton thermal subsystern 118. Addmonal andlor altematwe subsystems ;
may be included i in the system 100 to expand its funetion and apphoatlon For example a
residual gas analysis (RGA} subsystem may also be mcluded to monitor contannnatton and.
perform processing correlation analysis, or a network 1nterface may be mcluded for conirol vta
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 en\tironment

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



mechani cal nodules to lift wafers froma substrate or |ower wafers onto a.
support platformor other substrate. [0018] The control nodule 112 nmay

i ncl ude hardware, sensors to detect tenperature, pressure and ot her
process paraneters, and a conputer to control processing the.system 100.
The software 114, which may be integral to the control nodule 112, may

i ncl ude programm ng code and one or nore databases. The programm ng code
may include tool operating code and a rmanufacturing execution system
(MES). The dat abases may include a processing reci pe database, a process
steps database and a tol erance al arm database. [0019] The tenperature
control subsystem 116 provides tenperature cqontrol to the process chanber

102 accdPafRy"é SPHARS| MO EmsP aPHrECEI RN b Apiadiet ethemareontolipd by the

pr ocessigugsysefisif the sThemdes) Juell ad @ape% A WoGuiknesi | € may be a constant
t enper at ldl’f sursrégi ned for a predeternmined period of time or may vary as a
funct i o831t i mthe lRciviead sdwysen 184 swptindndequessy fr eorunasication ofipngknidaa,one or

MOr € Pr QReasi i SS LERINEakeE, £k %H{@&k%u%%&%fe t‘ﬁ% gfé&&d the Jaﬁﬁﬁn”a'

environment within the process chanber _ nper ature control

subsyst eNPIYEEERP misivclude prrcdrudere phwps omignisd td mmothponedsingghey,staingl 18 as
i nt egr al pbhesel ' iment .pllustrated in Fig. 1.
However C in one%gcrlrgglgfﬁg%?lgt@r ﬁ%ﬂ@g %r_eé%sgg ?%%ertlh%r Ivac'é%§wg?‘fﬁigémﬁﬁy be
separ at dndlpdmiotierqygh pexpeamidiigh ejcutinguhpepeihak il @ealainb ey nfeulRs)est RiMph16.

[ 0020] i Fig..2 illustrated is.a block diagram f one

enbodi ne%%tggp‘lnﬁﬂedw ?18‘*rr%8‘r‘"‘§'tpd’%’st%ﬁ??8‘inp% GBS {ehostplegudar, Cilhe ppqgumy  As

di scussegistandVe mdythe comsipbdisatly on indirB@ly8 khe @Y Shembd: L2 BYmb Lo Snfipdy| €

within the tenperature control subsystem 116. Moreover, the tenperature
control tt%ﬁﬁspﬁr@ ?ﬁa}’fﬁf’@e@a@r' conprise additional and/or alternative nodules,

el ement §0@I6] s UbBlkSEae BBOs PO WOE k) s\tll\ﬁtgyggggﬂqﬂ@gge}lnﬁyggn?gggﬁd &hé LQsure. For
exanpl e, ddi.t.i gnal el ements 210 ich may be integral to the Tenperature
cont r ol SEWHYEE duHRE ¥ Drany othen ssrpigendugiop devase minéastising grovasseantfasier foor age

neans, %ob@(ﬁr(TM} ahf aefue %@3@5%50 ib ARk Blemicd E&SGLSLI%S’%JE

1. onpensation
thermal subsystem 118 i ncl'udes a conpensati on heat er enéar%m%fgg(’{ma

t enper atif@n PRSI PR factipral pewsBieen seedftomitdrevatmgl or poritle, @l tacdntrol THOU) 240.
The conppensabile8R-AaalHE & ement 220 may include one or nore heater

el ements | ocated inside 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 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



process chanber 102 shown in Fig. | in an orientation configured to effect
the thermal environnent within the process chanber in coordination with

t he processing system heater elenents 120. The processing system heater

el enents 120 and the conpensati on heater elenents 220 may each be or
conprise an electric bulb,or other type of heat |anp, an infrared energy
source, a laser, a heater wire or |oop and/or other heater elenents. [0022]
The te npé‘?cél{dﬁ fles wWawspriebemy sitsgiterdé 1 &mn@grahﬁree:tm enpierat ke Sensor s

pl aced i RpubsaR e ocatio t he proces nmber 102
S0 as to det ectgﬁ)[ ;ﬂ I?ng%g?lgltg m“?ﬁg‘iaé nperatt %hm Q&&F‘é“@\?“ﬁﬂ?% ‘ﬁ@’agr ocess

_(I:_ Ean?er gubsftgm &8 way hereeanateafsorn heg. "meiﬁzﬂ$6) tﬁ@&ﬁ‘l@@ﬁa%uré &jﬂgr%ll Ald4yReR0Ei | ") .
e tenp repsensor rise an_infrared sensor, a

t herm st gd%]g t emn t°%3 gﬁ%‘f%ﬂ? dglﬁﬁgfnﬁﬁiﬁ‘g?%? ‘tr’éﬁﬁepéﬂﬁﬂéogféﬁm ng

devi ces. tﬂmeratdrenqaﬁrroamﬁetensereeewa?:@may ak aecas@é‘d él!)g@e qhéé diofr for

transmtr 1 ebtectteqé n}ggrature data to the transmssmn
may be w ey SFOSKiFRIILETa F@moé{Plele&‘arh@Pé@nP%ﬁereépmlrSllbfethem échani cal or

magnet | cMofd0a3ihe taep i oadfb1uY, AOIRNS 5y RbABHE LRliofhlGHld SraFatpUt e
processi ng.and nenory storage devices, and “dat’a 8%t ocess
par anet ePEdUiFTd FISHCHE Refubepatcas 2tRavithabe 5(22111@ ofrthy padsem cﬁrsmhjsuﬂae Fer eeggilyer or
ot her scaaRionsl ARRakad ure data ct ed '

t enperat ur e 0sensor lg%ﬁﬁe@%éit)ele@eﬁgg/ﬁmﬁg% g 5° ek?? el%ﬂéayor nmor e
recei verige u‘ﬁ%ffm%lel@elpmcmgmg@oﬂl agibiast@rsgd meums i iskeidtdpficd, RSiehedR eltatlCets ENS OF
230. TheppfzhgU 24 %R' ta, which [s indicative of
the pr ocess?gh nlger tée%g?rg?%g%alﬁﬁb@g rﬁl% JeEBt ¢ srmPRRidissien slstieni

heat er el?8neisp220ye schgn EBY, amdrarce mipbmgH@N ekl 85itf® tniv & TALH 94p. bajnveen the

process ( atur rofi.l nd a desired tenperature profile for
t he seni ggﬂ%@s Bot 1(]aeqpn@gnu %&5.% LB&B%’% op BIoRGh3EsT elsmeats ipeptadiiasige Beess
chanmber pt@2ss qlﬁﬂﬁé}m]zelmer ANE e haRkiBgaief donkeReh %Sefge%{ Eh%ttﬂ% fypes of

thermal profile de 1 cj enci es). encountéred in Sem co TRAUT act uri ng

may- or i §THAEFY B HYP‘E,"%S%??I@B’:‘?HWW%@@H@ Wﬂ@élil?ema@ﬂsang effstedn dearad ener gy

due to Ieldmengt20nThe HiobaBing 81dt@h hOfierfefis] Legontrol
116. Consequentlg,if deS|eFre6 pe?lfasre:lézgs ?gl%ﬁ%rgl Illjsrﬁe orea{tgr%eé?%’l%re

subsyst
profil e%?aﬁ SRR Or SPBTSTAD ool k. ereothes fypercditieat dargm ninrinfrared bﬁetgjz em 116,
such t h&burﬁ@%ﬂi%f @qleee%?@&%&% Ha/Sl M ef RSater elements.

" [0022] The temperature sensor 230 may include one or more temperature SEnsors 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 B
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



may be faulty or perform poorly. For exanple, the time required to el evate
the process environnent to a target tenperature nmay be | onger than desired
(e.g., an insufficient ranp rate). Accordingly, the first one or nore -
wafers in a process flow may experience a processing chanber thernal
profile that varies fromthe desired or target thermalprofile. called for
in the mnufacturing recipe corresponding to the sem conductor device

bei ng manufactured. However, the conpensation thernmal subsystem 118 nay
correct these variations by introducing additional thermal energy to the
process chanber 102 in response to the process chanber tenperature profile
det ect eq antréeath%tnal Sensor.s 230 and/or the CTCU 240. [0025] Referring
to Fig. B°SPe{eys fplagiieh i§ BYREHEOr e presirsohanhe erssdinsdmtiisto eoniol t i on
of a seht canptneitinn hderd € ememIud aBiby AErestist RPuRER: SONSLFiHE b&FAGKOT di g
to aspects of th%fb%r esent di %%I osure. The system 300 is one environnent in

whi ch t FEOH% PARLEB @RS PRoiifs apd aglesirgdgempatureprafiie firdes seTtieondyosrem 300
may al s@nimifiehaing Rasts Rl ILRME hite nd may be substantially
simlar to the snfsl?emsloo.gtri 0026] The %éi%sg%ﬁaé%gq(%él udes a process chanber
310 whi A%y péeupgspBeranping deficientissi(eradhir types hbhsimipd 8l ddivipndia) ng
ceram C B Slkdréd ; i [ nol | . interior..surfac for optim zed
radi at i oen ref lrec;[n?dgﬁlﬁg%dc%ﬁn‘r{]%ic[e Ip ggagr??g{na%k@mplﬁ 8%%%8&{ %rﬁ'g%”é?m?)lo is
conf i guigEReralien ¢ighymabensrgyrduste brmdtetiins oditipicthtion wdiikeSoRBE tenlpera@ii€control

enbodi. e13em or ;,wafer 330 may .interchangeably include a
dunmy \AHE%SP, Sttgﬁldl %' ![E é’?‘gg)eg? gn\?\%f ﬁdf)silrgc Broﬁwgﬂﬁp%?WE gé?mﬁr.ag‘mfﬁfé’%\;ﬁd?‘@fmé% i's
suppor t etaipgblawitarthe mmpﬁamrs tontot subeystid I'Imﬁ hlﬁ‘%\ R Yes QEINP E}é{ﬁﬁoﬁd%; devRRd q
ext end l.nhner of the process chanber 310. The system 300 and,
hence, %Lag__rgﬁ?%'géggr pegféva%%?’[y?alé’f E’%RP BeLRT feﬁlﬁ‘f%ldo Bieveie e R§RCED| e f or
myriad sevifaurml et orrprbRmbaatuIE nAg be RBEABSERsirdd 6L Ydh RBuSRRAS kM),

et chi ng,, di ffu§| %2 otﬁl dation, anpd .other thermal processes. 6 [0827T
syst em SGOCTHIFDA eI e QH IO Walesiin g PESEISI TNy BRasxeenETe epmpeisiieng a
ther mal kyamleettiieikl pefiRakRk hids i 88 bstediod h6R JeRE r.om the
process cha%téer. 310@:f The hea,tsing/ cool i ng 0pI a?%g_hg?%ﬁ%gyfﬁigigl%ﬁn%ﬁ%%hﬁi n

uni f or PGP RE refrarstrepdingie the petisendyeior desice belngmpeauf@tted. Hishvvdrhat

t her mal d@roaeipendasioR RRAISUEILEH 9% iy Hofl ViDL LS g Tber, (210
[0028] The s;?gtemOSOO al so@i}%\cl udesrﬂﬁ{yggg%gt?eﬁ%\%sﬁths et ﬂ%‘gﬁ%r&déﬁ@%nts
120 whi tsrmalenergy to the process chamber 102 in response to the process chamber temperature

profile detected by the thermal sensors 230 and/or the CTCU 240.

The

{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 enviroﬁmeﬁt in which the systefn 100 shown in Fig, 1.
~ may be impiemented. The system 300 may also .form af least portion of the system 100, ami 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. In one émbodiment, the semiconductor wafer
330 may interchangeably includea dummy wafer and a target work piece during processing.
The wafer 330 is supportéd,by an arm or pin étructﬁre 340 iwhich may éomprise quartz and
extend from an inner wall of the procesé 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.



substantially simlar to the processing subsystem heater el ement 120
descri bed above. The processing subsystem heater elenents 120 shown in
Fig. 3 may be | ocated above and/or below the wafer 330 inside the process
chanber 310. [00291 The system 300 may al so include.a throttle and gate
val ve assenbly 360 for connection to and/or control of the interface

bet ween the process chanber 310 and a vacuum subsystem 370. The vacuum

subsyst emi@Z0 MaYhdEsekbioasayt Hsd iaauﬁagﬁ%g}wé%@p% élfﬁ;ﬁco%ﬂ%}e'&gaitﬁaﬁla@[y 1

For exanpl e, the vacuum subsystem 370 may I ncl ude rough punps, ‘

t ur bo- nol BEgRGve TRRRF5 o 2 b head frpaiitirip end e thapmaeass shebsyes EmBRO in

conbi nat i RN/l 98BS SO H&Pﬁﬁa OV ! [essure, cheni cal

envi ronnent ﬁﬁ\%qﬁi lr%g for rra?ﬁﬁm em g(%?}rgﬁgﬁ) 21?1‘}} Oﬁ%g%&ue?%ﬁﬁrﬁ Wi%‘rutl)gzﬂé3 UreE  such

as a nit rdgehe Hogawh dat behed! srademts gapreeeted anniaitised SithiRLR diambapi @,

t her mal al i X n_environnent for thermal j dat i on,

“an. argon [gg%qni t?%egéjr%g%’ro ID\%I&IQ olﬁ‘%ireg%ts PFGFS® @’Ffeﬁg‘}f’a hECRERF ﬁg‘:] Wg‘}clhd’f‘:her

cheni cal mhsiantehyemtibr fodhe GUB:ssin@QaRysEhchcpieOelessnt Y6 Hedi880aaks OThaICl udes
substantially simlar to the

a conpen i hermal subsystem hat.is.

conpens afi?r %%9%?%%%%{&?%@%% f\% FﬂeTTéjzg ﬁ&W i"nFle'i Yynaypbe Ipgged ghowp ardiar e

t her mal s‘.btbwy&réfmmﬂiﬁetha@fmgﬁ&hamﬁafmensat ihon heater. elenent 220, a

t enper at sensor 230, and a_CI 40. The tenperature sensor 230 may
conpr i se%g&&] ur gﬁfet?'s%ﬁﬂ 3_9@%8@%8,0 n H‘EZFW%%MHI grécevniyerpseanidn A6 bfor

pr edet er rione@tibronainiQn Sortrd! OF PRI LEWBE HREPGESSHERBLDAY 83%%(3&%?]“ as
pr oxi mat e t he conpensati on heater el enent 3238 and the

he fer 330.,
process S§éﬁ¥§‘§'§‘twa3391 R&atsrwe subsRics A7onayThrsiaitgio Suo/amayn bebsysieredDakhdven t he
housi ng 3R6ig. SUBk SSmbM, P GhdIdnL | her located in a recess of
t he housi nglg320: Howeger, t he CT%Q)QS%%‘ 9rrfaoy85% gigd%gquggg%%g%&rgo%%%ﬁaém
whi ch, a®UBRSWRVehCIZPRIMPS, The veniup! edsstemad?(txtcembatisuwfth e gaofdube meypusi ng

From the e, o o6 ERRER LTk e R oL R Rt
syst em 30PcRée Ak de ndwept. edsorhyr offier éttrigras wWhviehesHts CHRITR bici@pidaRerfRANS .
& ot hod 400 o €8 B Byt ieten Ok Bl v B 6 ewn sRARSEESR erper at ur e
profil e afdramgesior ettty endsitiiier orothérehbhRaReeRbShaEs f9 cAgPect s of the
Present  §g36) OS Wil proctst shaei 300 b ShcTutos 5 compenmotinn thormal Sibsostom 118 that is
. substantially similar to the compensation thermal subsystem 118 shown in Fig. 2. The o
compensation thermal subsystem 118 includes a compensation heater element 220, a taﬁlperatﬁrc
sensor 230, and a CTCU 240. The temperatliresens_or 230 may comprise & plurality of sensors,
and may be placed in random or _pred_etemliﬁed ‘lvocations. in or proximate the process chamber ]
) 310, such as proximate the wafer 330, the compensation heater element 226, and'the probess
| 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
hqgsing 320, such that the CTCU 2_40 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



and Fig. 3 while describing the nethod 400. The nethod 400 may be

i npl enrented via the system 100 shown in Fig. | and/or the system 300 shown
in Fig. 3. [0032] The nmethod 400 nmay begin in step 402 during which the-
tenperature sensors 230 detect the processing chanber tenperature profile.:
I n one enbodi nent, such detection may include nmeasuring the tenperature
within the processing chanber 310 proximate the wafer 330, processing
subsystem heater elenments 120 and t he conpensati on heater el enment 220. Step
402 may also include transmtting the detected thermal data regarding the
processi ng. chanmber tenperature profile to the CTCU 240. [0033] In a
subsequent step 404, the CTCU 240 cal cul ates the power required for the
conpens BBk aneoatias iogspeninef thopresant diselone. Anditivial Feitrionmes ate et ade eFip e

processi fig mhanhare degc‘?ﬁﬁgtﬂé H{eﬁloarﬁ@{) 'I[‘ﬁe %egl()d QSO g%s %grgql%rﬁ d{\r’dﬂ ll'lflﬁe di ff

profile, For exanple, ernmn
rence be%%@rﬂoﬁﬁéovmm@ssh m@/cchlmﬂyeuerntmﬁmhmaﬁ ergpI ofile and the desired

t enper at pr edefl ned ction, | s determ nati on may
enpl oy t[‘ggﬁ]r a\?vf fcliéarﬁetHg tec ?ﬁ/n{rhséeﬁ% 158 &’Péch§ hisBPersEe seatE?Yonat ~ any
vari at i cletdgetmprnecsing chanbesanpgatunhnoier i eneiRkmS: R ddiansla he
desired HLamRer tHIr“?tg Ffl|e ma @etermned before the power required
for conpensation i Helumeraige :‘H%é“ SPTOSPIsHIS Shawbe|3d 8 primee thervafsd 30,
concur r gmodeysing subsylstem lﬁ&ta@ﬁ:fﬂtwﬂfsllQOaﬁﬁthU&%mB%ﬁorﬂ%%& E€6ledi®D0C8 t@?ﬁ ation.
The det ect eqﬁ?rfBa)r\ mper ature data may al so be allocated different sto

account F4r? cIranggdpeg the dleteﬁtﬁ‘é Hisemalgietdrendiss \*/hetnlwwstml@chpmbﬁe Ss

chanber tE&aferthrelpsiig idthe SUENE4ed deficiencies or inefficiencies of the
system 300 (possibly deduced fromrepeated performance of the method 400).

| n enbodf%?é’ﬁ]t s Ipg SW&‘FF“E ptep ddhperSEeVano Iqelalule&es éﬂe@mt re@ﬂﬂ:dlfmo:hudes a
pl ural i tmPénsatitalesier Qlax%@ﬁ@2§ to Eé}?ecfzgrlyc\}ﬁlrfaﬁ tween tp P é)OV\'er Lok ed for

conpensation may al so i nclude ~determ’ni ng &?f’f;flﬁah Teach
i ndi vi dG%I!‘P%ﬁ‘te@ﬂ)ﬁl%ﬁ%nﬂemfﬁﬁ@ImmmmﬁlonFmdmnmale ths pbestshebel18 may

forma gbesgd:d 58 It%o £, mthe tenpperature sensor. 230 to
the.CTCU 240, 10 tgtﬁe conpe%ggt”ﬁ%rr}gngatqetégémg%‘ﬁ? o lgpeiER PEaEo t he

t enper atthpr@&g@rtgmperatgmromwnsmgmqmdeﬁned hﬁcﬁkﬁﬂm&nés@dtérﬁfhaﬂﬁﬁvﬁfay BRylodligo be
nper at yre conpensati on, the

Ormar, oo Tk, PR R B P BT Sy LB I iy b
pr opor t chamaber tempetature pfdfile arice Betireg &ﬁhﬁe&‘ﬁu%ﬁﬁﬁé ﬁﬁy 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.



tenperature and set tenperature, or may be related to the integral of the
difference over tine, or my be related to the derivative of the

di fference over tinme, or nay be a conbination of these. 8 [00351 In step .
406, the conpensation control unit 206 sends a paranmeter or a set of
paranmeters of the required conpensation power to the conpensation heater

el enent 220. The required conpensati on power nmay be a paraneter for a
single co sat ion_h el enen ar anet er.s, wherein
cach par alrdy | P 9e08R B BnRPFor SRR G Rt ne i BB

conpensat pamntteratoé theeb@iired tempdridfidmipoler &f P cfifensdiive hesamansal om higat er

el emrent 220 ar tuned .to the required powe according to the pararreter(s)
recei ved T E e%%%f*ﬂflﬂfé?%v W&&ﬁﬁ%ﬂ%ﬂr PRSTREIBEUMBFSHIRD hotter FFmRetetr

ener gy tomhjiBe @EQ@@@&&&&&@QHM&%@&&%&%&@&E absBEiaik@ kit BReHBhIREBnd bE
process chanber tenperature profile .and the desired tenp erature

profil e. . SNBREGFEIENslpn figpder SlmsBifsat i on heater el ement 220 conprises a
plurali tWO@@G]COnﬂﬁﬂéﬁidsomef&%b&{sa@érﬁ%{& 51611'1%@@}0%;6 tﬁﬂ%@ﬁeaxteh\ﬂgadf}a%@}eﬁ

el ements may be set to different ower S an erefore
di f f er ent2cPidigdp thenaragmeter(spiestived in qt%%ﬁb@éﬁ&ﬂﬂlphﬂm@emt@ﬂzﬂbcdmﬁﬁﬁﬂoﬂhus

the pres eﬂﬂEmfyl é&ér Hifre %@EJSQ Gy ?1@ %@o&‘%&thec\;a%%ngﬂe éfg’ge 25‘{%‘%}3 g: hﬁg@?t em

system having a processing subsystem and a conpendati on t
The procelsppergurspriosissnd thei d@ﬁntaddemperamrmeﬁk ofiareder, ibdhe campdreitioal hegent r ol

Subs YS! TN, 0% R REEESAG, SRS em el g el Srenl pnd cont Qe o

generate a process

conpensatslonctdienyrad ses ubhftsrte&trpow&e lavEie Snd thdrEORE SIS BiIBRASOEmMEQ RAdGHT ed
t o idet ect, L he ocess glwé[]beg enperature profile, a CTCU configured to _
det er ni ne v&srl ?%rﬂcesf) %h’tthe process chanber tenperature pr ofi le and a

desired t{eoymr at The, P @fcsti 4isaiachrd intkRIRRRSh BRGRER el RIHNE gs{c%” ed
to alter the process chanber terrperature profile in response to t

vari at i orPPEAT 1S Thstemand 4 opgsatine Msrraa slsyefieme [1os prasessingo pr OVI des
a conpensabdyent inenhasa pﬁwyéﬁﬁghf A MRS L@ SL%E&%%? flai! E'E:esgﬂ

t hermal control subsystemw thin a sem conductor device
system tHBsYslkayhrafingelprmentjand eqndigyred ie Bencratga ampq:swbsabargersmdnamtpemﬁlheml ng

el ement . chRloBUiRtinl 0 UBRBERR o ANBRAS S5O TRACL FIREGI AL, SBPEAJﬁegureh”

one emnbodi nent,
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 heafmg element configured to alter the process chamber temperature profile in
response to the variation detected by the CTCU. -

[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

bonfigur;d 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.



conpensati on thermal subsystemincludes a tenperature sensor configured to
detect the process chanber tenperature profile, a CITCU configured to
determ ne variation between 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 Y
variation 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
element integral to a processing systemthermal control subsystemw thin a

sem con evi.c nufacturing systemis also provided in the present
di scl osg(#bgg? [g h@ﬁﬁgg‘?rFFéHFg VATHEIOn REMTeRE Heried e eaBrepOfiignd Retgsetices s

chanber chfimee tenipsrfud bR geneﬂﬁécﬂ'h R bR Aa¥iBhd 1l d RBbes RS é’%?ﬂ Mﬁea@ﬁ cess

chanber tenperature profile and the desired tenperature profi
adj ust i RgMFBLEIEHbIo A mPeEsipg Syiem sana pitan Shlé?afﬁfﬂrngﬂ@lre&mlccmés@gr on t he

vari ati géyicd Q%Qlctlﬂh% EQE&QQM@QBQQQGQ W %E Bf‘egerIt %ﬁ:&lﬁ%\ﬁ% R lgfong %%l%cﬁ ent, the

enbodi nents so that those skil erstand
det ai | emnelwddndlyes deteetinatths proresashantien mpskamrb gcbf“la; detkmumng a vahigtiond

Aoy oo BlLl ek BN RaHbd S ok SR e e R DR B e oo The

desi gni.ng or ot her” processes an
same puacpwee paney abahva:mth ey nmgpmalomwgaﬂhtmﬁ aged owthetvlagatibodi ment s

i ntrodu er Those, sKki n the. art uld al so alize that. such

equi val @% t ﬂongﬂthF it %%'F%hfﬁo h (‘?(%‘H?St effs IFH&OQ‘BISPGSFOM?@WESFN he

present thedrtsniydmﬂemndﬁﬁdmﬁlﬂ&tddtdﬁle& dB’s’%ﬁ IR BaBI1 6w STHRRAIRIER, in ialst | t ut i ons

and alteta)agd ons her |n wi t hout : depa E |ng fromthe spirit and scope of the
C

pr esent PBEGPRE itth"’W feadity Wekspressnt disclosuseasiadasip fRrdeviedey P e

manuf acmuaifyngg s&@ﬁ lerm:esge@ HRA k®hdMtes foR cﬂéﬁﬁ%§a'tﬁwsaﬁﬂ%bﬁ%éé%mp bl e 2
process cha and a thermal control system having a processing

subsyst &R é‘% PeFS ok thesavbodimratsaniedugerd @@emo Thessskifle@ingthp py gheosdd déranber

realize that such equivalent constructions do not depart from the spirit and scope of the present
disclosure, and that they may make various changes, substitutions and alterations herein without

departing from the spirit and scope of the present disclosure.
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tenperature profile; and a conpensation thermal subsystem including: a
tenperature sensor configured to detect the process chanber tenperature
profile; a compensation 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 enment configured
to alter the process chanber tenperature profile by adjusting power
delivered _to the conpensation heating elenment in response to the variation
det ect ed bYFRheSCFRIMRCRENi sm 2. The systemof claim 1 wherein the
conpensati pn heatin el ement conprises a plurality of conpensation heating
el enents. 37 THe SSPSERMUGECEI FFTACE WRBREAGHIhBY corfyens atomaT ilsean ng

el ement conpri sepracdw@ahg| am Rk, idk1uBRggsystem of claim 1 wherein the
conpensation heating element comprises an infrared energy source. 5. The
systemof claim il Sfer A THe ‘c8hpensati on heati ng elenent conprises a

|l aser. 6. The syshemraf chmimnil smheyetent hevoonpensaddean iRgatkipgys@lement

conprises heatier, Wik, - e emof claim1l wherein the tenperature
sensor corrprilsgs a phur aﬁg‘?y c%ﬁ%%%eeo{a Ur TS 2 EEO%‘?SSI'th%I%B[‘em of
clai m 1 wheF®ichatwes Paapeket @nd sensor conprises an infrared sensor. 9.

The system of gl @&I@eqas%%r?itﬁﬁe&mgltﬁm%gﬁéﬁr Q8030 conprises a

t herm stor.
a temperature sensor configured to detect the process

chamber temperature profile;

a compensation thermal control mechanism (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 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



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 mathematical integral of the quantitative difference between the
process chanber tenperature profile and the desired tenperature profile
With respe8t torttd meystlsh e Sysitremofwigd:iim lewherehpe 8, ROWBEnd S
related to &anI%EQeJWtii %gl réjcfrsie\ﬁgggfve of the quantitative difference
between the process chanber tenperature profile and the desired
tenperature profile with respect to time. 15. A conpensation thernal

subsystem §or usR Wilb 4, PLecess, ,chamer. and athermal control subsystem
within a sem conductor device manufacturing system P& T e el < EoHt r ol

subsyst em FAHAEES & 6854y subsystem heating el enent configured to
generate a 12 process chanber tenperature profile, the conpensation

t her mal SJLS‘(PSVS em conprising: a tenperature sensor configured to detect
the process " ¢ efY1'&pePat ur e gy gEi | ghergip onfEns AR HEeMmabPe RN 1 ol
mechani sm {@pCye € anfrhgutietbugie .det ermi ne vari ati on between the process
chanber tenperature profile and a desired tenperature profile; and a
conpensati on heating elenment configured to alter the

3 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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process chanber tenperature profile by adjusting power delivered to the
conpensati on heating elenent in response to the variation detected by the
CTCU nechanism 16. A nmethod of correcting variation between a desired
tenperature profile and a process chanber tenperature profile generated in
a process chanber by a processing subsystem heating elenent integral to a
processi ng subsystem t her nal control subsystemw thin a sem conduct or

devi ce nanufacturlg%miyste r|S|n detecting the process chanber

t enper at ur B-proti | 87" a6t etreﬂﬁpﬁlr?\ £ VBF?E’J%]t on Bt weRTPYE LpPBcéssTBhanber
t enper at ur eulpasxﬁftletnec«amtltshegdem red tenperature profile for the process

chamber; and adju r vered to a conpensati on heati ng el enent
based on the va!r?l thte%mgg Q‘%&r elg%l% e ﬁ(%%%gured PortSt6hkl i aPTocess

quant.i t at i FeaeReny sPERRIE thee vieeat itlke process chamber terrper ature profile
and the desiredatespenattis RiRLLLE- cJﬂéroThemQ§ﬁéﬁq m (C?% A %odélga in the
I'ta R

power is related to a mathenmatical I ntegral e quan Irve erence
bet ween t hE® PFbTEESecVaRbREL TR frigenr hsr piipkes andharte resimpedature

t enper at ur profinef bhe Md@@lf@&&%ﬁlbeEQt&ﬁJr%ro§§lé]'8 anghe nethod of claim16
wherein the power is relate a.  mathematical derivative of the

quantitative dl‘?fg%?l%résa&éf’ﬁ/eet?‘?attlﬂg (T60eRE eriberreknper @lfeE pFstil e
and the desfemds thapsrattemeepsnfid @rvirt he respeGstOnd | PRrerldcRARL R

TENPERATUFEB(%QQD%N§€g1ég¥lo egilng 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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FOR SEM CONDUCTOR TOOL ABSTRACT A sem conductor device manufacturing
systemincluding a processi ng subsystem and a conpensation ther mal
subsystem. The processi ng subsystemincludes a process chanber and a
thermal control subsystem having a processi ng subsystem heati ng el enent and
configured to generate a process chanber tenperature profile. The
conpensation thermal subsystemincludes a tenperature sensor configured to
detect the [ 0CESS chanber tenperature profile, a conpensation thermal
control unit®( ndSnf §hr 8D gkt erfTTE NV APR aPPWRT et wsdatedheto pr ocess
chamber t enpereabuteapr aéilentand ardesid egudBNRar atdr 81 PFrafinke, AR,

conpensat i ti el enent configured to alter. the process chanber
tenperatur%pepr(r;&?%ceeglgn rcglg%k())%rse Y EHAE YUY ar | BT? O edet®®Ct edhBy ORELEITU.

(FIG 1) temperature profile with respect to time.
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