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The present invention relates generally to manufacture of sem conductor
integrated s circuit devices, and nore specifically to an apparatus and
met hod for planarizing interlayer and interlayer spin-on |ow dielectric

constant | ayers. BACKGROUND ART Integrated circuits (1Cs) are nad f
mllions of active and p i Vi J Si. , capa mmm@ mum
Text stors” Those. oot ccb THRALABERAFUER L ANARANES o e AN
| at er connected together to fonMINTECRATED CIRCUITSS t hrough i nter conpeest
structures. The quality of the interconnect structure drasticall

h f d liabili f the fabri d [ i
the performance and reliability of the fabricated |ICs. Conventi omﬂmﬂlmmmummm

i nt erconnect structures enploy on HIRE | ayers. Each ne
is typically made from al um num ?ln?gnl urr‘iEL?génlfq%I um tungsten, or alceess*

thereof. 15 Interlevel and intralevel di.electrics, (lL l.ayers are used to
electrically i ngj}fea?rgseggmv{cféuogl rgfr?geﬁtggneé?'}g' tg)i ‘%1?%1? cﬂ%e PE%%V%%@H%%E ”&fgir%% from
each ot her . cildué delieed, ahd alore sprridicillyoto ainlppavetan anld mkthvé iér plidaeiriag mtertiyer

| evel s are de tlhrOU@h Vi as Igat. are fg{ﬂrred in the ILD | ayers. The ILD

| ayers genef™ PYAlRYEHFEYoR LY dielsFEiecPRsant e ant (1ow- k) material s as
insulators in I C interconnect because these lowk materials reduce the

i nt erconnect 20 capacitance, which increase the signal propagation speed
whi |l e reduci ng cross-tal k noi se alAQGOUROUNIZ4RPati on in the interconnect.
The conplexity of present-day integrated circuits requires that the devices
on silicon waf eringeghsddrairdceiss ($0s)iarnkmade wpulf-millonoof attiveas passiveatedickhaich g cui t
density increases to several, m.||i transi stors.per. die, .l n order,t

qoh eve t nobERPEE PRI S et et 1B B ot 80 B P 85 Db e e
for bot how shehatanebnagaai togethér tb dainli fimstionalicitduits (@6 Eh iARrodhidcNGrudainsi Thes 1 n
| Cs increase, multiple wiring |evels are required to achieve . .

i nt er connecHyaifY Bt%thgﬁgeragwgesg}mtaﬁﬁ fl %graﬁgegrtsit%pe(gf%npwe Iaﬁ%?h%‘gﬁ'n‘éfsth%
critical stepritdledlite. fabrication process. Planarized dielectric | ayers nust

be formed between netal |ayers of an integrated circuit in _order to achieve
good net al | i zat | BPRVEREsal BREFORGEFt SHUSHHES ERPIY HR 96 droTerdteial 1ayerse Eachymstsl

pl anari zati &Xellis tybiR 2l GRS AFom tafunhiftrh) titaRfush, mmm? @it GNhIGs thereof.
oper ati ons. | anari zed surface provides a constant depth of fdcus across

t he sur flacelntesievelx sk intrglepelt dielepizics KLt langyp aphivsed ty elegricgliywinelpte ackiue

pl anar i zat | ofyofs | A KABRLCTAELNAS Wi IFYLIaus birdl. FRPdRelBaDEortiEdRhoPed
for acconmodating the [owk material when formng the 1 nterconnect.
Processes 5Sbgweén differenPnieCannrsdctigielyvare imde thadughoias st ang)foramed iptha sl layershback
have been used, t C 0, R fr I vani i,gh
expense, | ow pro uctlél?hggﬁéh%gfg{aﬁgn%k%é}ﬁé?& p‘gég%:%lgg °§%S§n%1qe@‘% 39%2"“%% 8% of
pl anari zat i tisulaford D ICaymesomictth batausch ahade slavviamaterizds hebicbethe intengynsestight

but has 2!) Ongap%l:iya%gg v&hrfc Slgcr%ell(s% ltllleeSan'appllogaegagcr)& $peed while reducing cross-talk noise and

power dissipation in the interconnect.

The complexity of present-day integrated circuits requires that the devices on silicon
wafer substrates shrink to sub-micron dimensions and the circuit density increases to several
million transistors per die. In order to achieve these requirements, smaller and smaller feature

25  sizes are needed for both width and spacing of features. Furthermore, as wiring densities in
ICs increase, multiple wiring levels are required to achieve interconnection of the devices,
and planarization of the ILDs becomes a critical step in the fabrication process. Planarized
dielectric layers must be formed between metal layers of an integrated circuit in order to

achieve good metallization step coverage of the interconnect metal lines. Also, planarization



to DI SCLOSURE OF THE | NVENTI ON The present invention provides a nethod for
pl anari zation of ILD |layers on a sem conductor wafer. The nethod includes
provi di ng an oven having a wafer hol der therein, placing the sem conductor
waf er on the wafer hol der, and sinultaneously applying nechanical pressure
and heat to the ILD |l ayer on the sem conductor wafer using a 15 mechani cal
devi ce. An PHEKEHERY |t6&éacﬂﬁﬁt§ Hngsking pad etahmgLrpsiRtions. aﬁqalagwﬁg SUHE Y dgssa
achi eved. TOgRACRERFFNE MR St fehr Qé’ihgﬁactte 9&‘[1&&%1%@19[ ers.
planarization of ILD layers on a semcon ucto appa at us

i ncl udes an overtlowevanftae Haladeationnoft knw-bvmaterias dis allie ddvarsi g8l nekslsi toebd or
si mul t aneou I I n
the sem condigeBer ok pRBEHANL 68 1ok ERAUIE oREE 3 fle bF oy PRLEeS

si npl e psocesk aQCCMDm@hanma;l Mechahﬂcﬁ) Paigking)pdreinglainzattcitnack dawchkaeewsel, bihe

Appar ot t o FhEEEo0R FITER PEAY FR e e BB 1 PL I, 5 DR P oMl

det ai | ed degrestippddecomtpix 1tpaken in conjunction with the accorrpanyi ng

erhod nent of 1 16 SYSHE PASERTGRLD WER Y oeh s b PR PR TP es 5

is a side VicghtHut isJonglel@dedltinie shiBédimthduraccor dance with the present
invention; FIG 3 is a plan view of another enbodi nent of the systemin
accordance with the present inventi on; and 30 FIG 4 is a si de view of Fig.

3 of the systemin accordanc M; bﬂ%@ﬁ?ﬁ%%gﬂ%ﬁﬁt\" on. BEST MODE FOR

CARRYI NG QUT THE | NVENTI ON Re g now her ei n is shown a plan
view of a ther mechanl cal {))I anaoé zatio ? 10 i.n ac ﬁ;ﬂalnce with the
present inventi of® PRSPHATEPHOL Provides 4 “é‘ir%@n %4 Wﬁlzalt?nv\ﬁ BT hils? a
sem conduct emivakiestorlwafd. SHQ&ﬁ‘dhdmelaﬁda% pr@difg &t vehhatiay a R@fer holdehwenei, | y

controll ed contac surfac The op te 16 has its te rature noni.t or ed
by an |nfraP]@ﬁn%c ?t%’ﬂ“ﬁ’é‘ %‘Ed &i Ve thPffier_‘LSa‘%ils 8 ?B?ng%sal?ﬂlmy‘?%e

direction i pdifaaicald pRYsu 288 rmeét 20 thNILBY [2Q% 87 thd demplofucidrewsifef @Gink0n Of
rotation of the sem conductor wafer 14, which is in the sane direction as

t he top !pl amechagicpl devisanAmigerpeadye figh p@%blﬁ@broc«}ah%wa@ PRl RIpGeshis wrhigved.

respect thereto.tHENRERNd 1§v<§1t1§ﬁ’%ﬂ‘gxelf odfd%g %p@ﬁ?ds%r Peteafont e ARy & £ 16
and the sem conductor wafer to allow | ateral novenent of the top plate

16, as wi | | sqmieandugier wakeesr ’lee@pparms ingfudes @doz@aptveqfwdgﬂ@étl@élteo@veanwd a
circuitry 1§1egﬁ}1§: l}c&v{cgff&%{rﬁlqtah%'s t Pﬁlgmg%cﬁ@g(%gp%%sul‘eh%dql@%th\’th%lhf)é%t he

top plate 16 to allow nonitoring o desire
control | ed ohtheuggmiconiecser wafer [Aempmxpefinios, l@howmglucasly@@ghautednd/\ﬁlmplet precasep

pl ate 1?% 1%&;@ an%lqgnéytpﬁ]a%?%a%n achilelg€i n i's shown a side view of the

system accor esent I hventi on. The sem conduct or wafer
14 i s shown nountlecbove aldraddmm)nalgdmt@es dfahapresedbinverttion Iwﬂi bt@nmesappareithe

direction ipdicat th rrow 2 u -sti.ck.
sur face 25 MOERTR Tink AR Ak 8sifie, gl e 20 Tin ARG o R el \iet in
sem conduct osnjmefied with theAscdniyanyiap dpiwaigs. 16 rotates in the direction

i ndi cated by the arrow

BRIEF DESCRIPTION OF THE DRAWINGS

25 FIG. 1 is a plan view of an embodiment of the system in accordance with the present
invention;
FIG. 2 is a side view of Fig. | of the system in accordance with the present invention;
FIG. 3 is a plan view of another embodiment of the system in accordance with the
present invention; and

30 FIG. 4 is a side view of Fig. 3 of the system in accordance with the present invention.



20 20, it traverses the sem conductor wafer 14 along the horizontal plane
inthe direction indicated by a pair of arrows 30. The thermally conducti ng
non-stick surface 28 may be made to be consuned during the planarization of
the low dielectric contant (lowk) ILD |ayer planarization to reduce

friction and inprove t ri.s D | ayer.

During the planari zat.i gﬁ%%@@@?ﬂ@e@@%ﬁ#ﬁ%ﬁ%bﬂ ed to the top
plate 16 as it rotates and traverses relative to the sem conductor wafer
14. At the same R§fEng iRy WekiGohdheesrisvwhpur 2 plap &vigve of edthemnalymeghasisakt ur e

bel ow t he hapgnrbakacytemneiAhibRiafde »tlhﬁhéptegenmvtmndt@theeystén@1&5}@%13&&14
mat eri al (bet ween 105C to 400C, depending on the chem cal properties of the

material) whoren Bawbish confaingasepicapdupier gafer 16&&&9@1@@ updera top elagralfekaviggi xh
are 30 exhaygteg, chﬁ’t 1B QoY ‘?gur}a%ethr ough an exhaust 32. Referring now to

FIG 3, therein 4 S own a plan view of a thermal -nechani cal planarization
system 50 in accﬂmdametev\tﬁthasntaéermee@mntmqmm@dtbwn infrared $ratteringtdetec®O and e

shown 3 c19c\‘,{\1§8/ ﬁsz s\(’)t?fo%?esciﬂ e Hifdzridh 13&‘%%1;559'%%9& pio aﬁéw‘i?%’?&??a? gnder

aroller 56 ate abo con I ed
cont act sur disscgon dhmtatioh Ioérhe5€mi¢amdmtos whatenhérweltich mtircl stme ddedmym amthemd'sp ared

scattering tor.and circuitry 5 .1t rotates in the directions

i cat ed-byioiens 5 pEH bRl dates 3 vk ineih BuGodrl B R TG i Specd
rotati ono of dﬂfﬂaenﬁﬂnba@éuituaieorropvyﬂttert654nd Wi sdmitehdustot Rafes aretoda@ctiateral as
the roller 56, which rota (gbout xi.s 97. There is a speed

di ff er ent | alOBERSHEENIDE FR ‘B?Il Iasgglgﬁﬁg‘cﬁes%lt ¢4t es about the axis 57, and

t he sem conduct orhevafrged Mu&@gaiete@t& brﬁt@fcattryrtcld%tebt\g%m&ﬂﬁ@iaﬁorgﬁdlut&i bpl | er
56 as will | ater be described. The infrared scattering detector and

circuitry 1Bhedeeucibirpmithe faacplptadp e plow euenisaring;of Be (7R Blateoie andy iftdsgiredo) | er

56, as it radibasd MRRh athBRind%lethert (nof BoRh) QVbIHRSH Wit thBS%pHlatt I rol ler 56
and, if desired, controls the tenperature through a heating el ement (not

shown) aSsoci at eRefowring newdo FKF- 12 themin isRagwst p pidg VisavpTithe IEm 1) inapeardange | s
shown a si dgﬁt{'tﬁé’vpx%éengztt‘veﬁmh eﬁé&rﬁt&rﬁg&&r HafFes 'Y E%Mﬁgﬂtﬁ&?‘g Jotating

i nventi on. own nounted on a rotatin
whi ch r ot at wsfer holdke 26li which irotates il itheadicestibly indieatedr b)o‘&he@'rowl' B2 rilthemals has

atermally dct|n o] f j.C t t i th
t he sem congpurat‘é{ "Ena ealc &Hi\gekgggérsgﬁﬁéﬁﬁlgg‘,ﬂme &tra%tgbtses a%oét}t@%ﬁtetmaxi S
57, r ot at essdmicdrddectdr weﬁet l4nAk i topttptatb bS/rdtans 1art1neodwr®ﬁon indichtad éyalhd jrow

travers ag ng .t he hori zont al Iane %h tion in |cat Br%

ar rows 0. 30 THEVERS, i 1 ORI R Abrtets B pPaioPE iy e 1o
be consunedinditated §y tlpeir pf @afdvd 30at i on of the I ow di el ect r| c cont ant (| ow k)

| LD | ayer planarjzation t he pl anar.i zati on roc vertic

pressure is appl T@dhqulﬁéo?%g%grn ,tlcgﬁ?@‘r‘e%tnéatye tf’ ‘b, fonspme 8§’7‘“n%1s it
rotates andier piyFis@tonl & @tilye didledthe c&&mtqmdu):tm umt @lanbrdzatib té heiusanme
time, the s‘eIl m conduct or fer 54 is heated_t fl H nper ature bel ow t he
har d- baked friction and improve the surface characteristics of the ILD layer.

25 During the planarization process, vertical pressure is applied to the top plate 16 as it
rotates and traverses relative to the semiconductor wafer 14. At the same time, the
semiconductor wafer 14 is heated to a temperature below the hard-baked temperature of the
spin-on low dielectric constant material (between 100°C to 400°C, depending on the chemical
properties of the material) which causes the material to emit various volatile gases which are

30  exhausted from the oven 12 through an exhaust 32.

Referring now to FIG. 3, therein is shown a plan view of a thermal-mechanical

planarization system 50 in accordance with the present invention. In the system 50 are shown



25 tenperature of the spin-on low dielectric constant material (between 100
C to 400 C, depending on the chem cal properties of the material) which
causes the material to emt various volatile gases which are exhausted from
t he oven 52 through an exhaust 72. In the present invention, the

sem conductor wafer 14 or 54 is placed on its _respective wafer holder 26 or
66 and i s hBPYN R PHgbenRnss sPHEcoaAvCtorn e lispRind gederfgroder 36 whish refates 30
rotated at ghdubhPdxis/e, HaShihe RO cBRtebIfel Sordtslsrdi el ectric material is
deposited on the center of the sem conductor wafer 14 or 54. Centri fugal
forces causes thBhel ollerkS&ihes s tamneratie aranitpred dysair infrared catteping detertar and| y
uni form bug; > i . A i n ]

el ectri o rarapy B A Erotkr P RRSiol ing Gk Fly PR BEb B AN o BSS oo
dependi ng othetdirecthediraationf desemiendadtort wafembedt whichli§ in thé samre diteetignodstthbake,

the lowk die| (e I ne-sedq ctor. maf 4 i eat ed
to bel ow t nSTaror Bl s R abis37 " THLEREE MR iRt ebfuh sholés
(bet ween | 00@&ich biated @Bt the prin di7ngndthetsamicohduriar abafpr Hpar dlicys ladralt deltive
material). A thermal,nmechapi cal..planarjzation process is then applied to
cause refl OWOB?m?’ﬁghlh&rféiGr%%ﬁ ‘é%lﬁ?tfrr(:berfgfcé'\&)ﬁ‘gl . This thernmal nechani cal

pl anari zati on i sTiaciafamed isshiefingdetedier afptitcandyl INd@écts Indiared| radintonged Beinlg
mechani cal pressure ene | n, one enbodi nment, the sem conduct fer is
Sub] ect o PR RHlioYHERU S ifdbicisy SHRIGIHE 356 5740 G PIFHPRTA B D AIERSS s
heat ed, andadmVegesired, abhtydls tie thm@erhfie MEdTigh QMEbdEAD EleMBithotlshowh)) Bsspdiab®
both rotates, as indicated in Fl 1 by the arrow 20, and traverses, as

i ndicated i Withths rober|36. the arrow 30. In another enbodinent, the

sem conduct or ek &trridd nbw 18 #ih O theldin [sNBoWR S SRBVEA ofhESSHAEs P ABBddneb | €r
56, which is heated to provide theranml energy. The rollér 56 rotates in the
direction i Withdbe ergsepyinversioar ridw vedden 3¢ isismwismanefedips o retetingwafes helder 66,

i ndi cat qg b%h'fchero@awsqw ti]x? dYrQTtlolﬂ i'r:xh@ateél b pré laﬁo&/h&.t %5 @81‘1 rnfécﬁﬁné Q@Hnally .

pl anari zation occurs, volatile materi al ¥ Om T he lowk dielectric materi al
are evacuat eehducting nonesticinsirfise 68, whieh ragipeint dontactowish thesemicosuaty waderp¥et i ve
exhaust 32 72, e at .1 e.l16. . nQlker 56
are cover edg\gﬁh ¥ gosuﬁier(s:?’%ﬂéwlf Eogt?tpcr%%fogl t gﬁ(}n%(ﬁsc?ﬁr{é{aﬁegﬁé Zliei %lﬁe%gﬁ?& g&:cteagedfg' Jgﬁd

68, whi ch cembd deitdetsialinécivérseskrdoripothe hnszimed phme as theodireetiorc mdicaiedthyathe The
i nfrared detect O,I;q'f and circuitry 18 and 58 respectively nonitor the top
plate 16 and™?¥& ol ler 56 to nonitor their tenperatures (in the range of
100 C t o400 C depetheinigly @nduting haitiok lsu€es8shdy Bmade folte doAsnted during

dielectric terial). T hermal | y condycti v nstick surfaces 28 and 68
may be rradeg?aerpg R8T © ﬁlei%ﬂgggt%ﬁ'%‘ﬁ?]ﬁ?”alfﬁéﬁqﬁyéf Pigparizatigfy 25 conpar abl e
materials. The ipDiigd @d plieheLakioh praabd, Gérticdl iptdsyurd & pHedbH @amolke s60wniekt ed
for phase-lock | qop feedback to control the tenperatures of the vari oxg

han

heat abl e coRPHRBHOLL 2SRy PHI BRates RV eses PRty iedhe tHennghpeR Waliiore

one waf er heled@me @i, A0Edi@indudiBok A8 5478 QORI Al telbalfid BAGW e HARI-bkedBY
be used. Wiile the invention has been described in conjunction with a

speci f i @Sbesamperiwe qftthe spigen; wwhdicleigier wongart pasHalpgaiyest t18P ngt ovd, C,

modi ficati O'Elé%enéi'ﬁ ohotht FhémRE YobdrtiBeoPRRANARaI} FnicHQRBses khd hitthriaNtd BRitar t
in light of the aroregoing description. Accordingly, it is intended to

enbrace all vamus valatilerzases iwhish argrerdipstesaffdny s ovem?l thequghen ewustiech f al |

within the spirit, t‘ﬂggresent invention, the semiconductor wafer 14 or 54 is placed on its respective
wafer holder 26 or 66 and is held in place by a vacuum. The wafer holder 26 or 66 is then

30  rotated at a relatively high speed and the low-k dielectric material is deposited on the center

of the semiconductor wafer 14 or 54. Centrifugal forces causes the low-k dielectric material

to spread out to a relatively uniform, but not planar, thickness.



5 scope of the included clainms. Al matters hither-to-fore set forth
herein or shown in the acconpanying drawings are to be interpreted in an
illustrative and non-limting sense. THE INVENTION CLAIMED IS: 1. A
met hod for planarization of ILD |layers on a sem conductor wafer [14]

conpri sing: prov an oven | a waf er hol 2 oyi ded
therein ; 5 pl ackﬁﬁq?q‘feg %%%ﬁé‘hi‘f%? 4@?% reseriah i § eecflvgﬂ érsoﬁotf%%gat[?G] ;
appl yi ng rTEféhprtaﬁ.ﬁlé b6 §60PCEddpRndiRg oh Lh@chemeﬁl pdpeftiRe oSBFatdyct or wafer [

14] using a nech |cal ev [16,56]; and applying heat to the ILD | ayer
on the sem condu® ‘?Srth‘i/\ﬁi’%e‘?ai‘f “1"41]0‘”05ﬁﬁ&c?‘ﬁé“%@h%m@é?m’&@%qu&@r [vateg 1467 5

si nul t aneouglnkatel tdbermeuemamanag tetnnﬁraa@@ BAMHe FA -k RERS S Baterdal (JMRediElORRE as
claimed in claim1 wherein: a t he mechani cal pressure includes

provi di n§ r & 489°Gedensndiag OBébQ\éb‘ﬂmP ebrppsEtesneicthip nepseriabe P tbsmeé]meah@nctahe
ILD | ayer Oglaﬁzi}&at%&%r‘aé’éa&’%%% q}ﬂl Wgrto Ealiké]reﬁo‘ev @Fiﬁb $dw- k%&é&ﬂ@ﬁa&ﬁ&l‘ Ofyis 3

The et hod claimed 1n claim erein: 15 applying the nechani cal
pressure i n&ﬂeunbéan@h@watlphgarrmhmsm etcktvrmghstmt by thezpplidatiom of therma) ehergy and
bet ween t he e I on._the .
sem conduct O@E&H? b '?%SH %{A&@ssg gngglnb?&alﬁlae%ﬁb?ﬁ %E%lkoq%.g&qrhveva%ét? %8‘5’1%% to
clained in dieanahemerghemﬂled byax]nqahg/oﬁtge tdpeplhteaﬁ winch isdested,cang imgyed ndative to

troll th t t 20 d ,56]. S T
ot hod 4ol FirS RSPy 1% kP B BB RS, o e HER E1 P e aBionr R us s
a top pl at eambtrgyarsts, esfmtﬂaetemﬂ’tafhlzcbglthecbemmcm [ 16]. 6. The method as

clainmed in clai 1 ere t he nmechani.cal press re uses
roller as part E’H%‘Hf“fgﬂ’ BEPr W"i‘ﬁ” 32 is spYPe st ?&eclslamca?
pl anari zat i pRssfe dﬂ-tﬁl: tol¢e56 whicheis eema:@rpiima@themﬁ eﬂieréy mle 1008456 Biafd in an
oven [12]; a wafer holder [26] provided in the oven and 30 a

mechani cal Héiresion fpdieated tTyo"ihe §Fﬂ’ﬁ|69é‘h§5f{|§’l ap é&?ﬁltﬂﬂ’ﬁﬁesﬁéé}%@éﬂy the #Eir e
and heatjst o7 hericLl) | ayer on the sem conductor wafer [14]. 8. The apparatus
as claimed in claim?7 wherein: t he nechani cal device [ 16,56] includes a
mechani sm for prWhileitheghermplbmechanicel nlaarigionoesrs, i elagishaserialnfromehe ow-k

16, 56] and Bl@f‘ectlnlc %Jh Elre %Oac‘ﬁg'tgd ?rgm tﬁ@ ﬂlglldg Bp{he &EIV%&V% ltZQ)r 35 5& ?%spléeéﬁve

pl anari zati on. e apparatus as cl al ned |nc erein:
mechani cal @é\au%é2[an§!67256} viilh bk wdtsd thettee tearplatenl 6 end reawllei Hgameavered bki ng

motion and HLangl el e8ha kY RelstR SultRED 3 Lids, AR GBula bR:ae8kndd6 vk NE

to
20  consumed so as to reduce friction.

The infrared detectors and circuitry 18 and 58 respectively monitor the top plate 16
and the roller 56 to monitor their temperatures (in the range of 100 °C to 400 °C depending on
the chemical composition of the low-k dielectric material). The thermally conductive non-
stick surfaces 28 and 68 may be made from material such as carbon-grafted Teflon™ or

25  comparable materials. The infrared detectors and circuitry 18 and 58 can be connected for
phase-lock loop feedback to control the temperatures of the various heatable components.

As would be evident to increase throughput, more than one wafer holder and ancillary
thermal-mechanical planarization units may be used.

While the invention has been described in conjunction with a specific best mode, it is

30 to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to

embrace all such alternatives, modifications, and variations which fall within the spirit and



is ILD | ayer on the sem conductor wafer [ 14] to assist in planarization.
10. The: apparatus as clainmed in claim?7 wherein: the nmechanical device
[16,56] includes circuitry [18,58] for sensing and controlling the
tenperature of the nechanical device [|16,56]. 11. The apparatus as clained
in claim7 wherein: the mechanical device [ i ncl udes a top plate for
appl yi ng metoRBGPE Hie 'ﬁvléegduvlélmsmlw%teap*ﬁ%bﬁawuggreaget 4ot Rerain; of PWR ip fhe
wherein: thgcsm eh@ﬁig(@iwﬂ@éfdrﬁﬁ) HeSRtkrprdiéd thsuatrwelaaa n&thﬁQ@'sMﬂs@g

mechani cal pressure. s .A A A@QA An.A9. A A" Nh} Yw

zupkfa\ W ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] caj ca] ca] cal ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] cRalU] ca] c<al] cal] ca!;

ZRXcJvCGo%v6} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca! 6] PeEJ: Y

011" h" " #<$$$8%004&} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]cal M&&&' (i (((S))*_*+', ",
,-k-]--2..//r00(1}112f 2$3) 33} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 33A4MI6699: °
<c<f<i>k>-|--1..//r00(1}112f 2%$3) 33} xsni d_Z] c]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]lcalcalcalca ":;
$3~\=@0% & ()-! A9z#10% \ & ()-f 10% & ()- 10%\& ()- F mO%& ()- OF
NLO%$$& () -3NhaB #10W & ()-!!10%\ & ()-gy! 100 & ()- @100 & ()-f! 10N & () -
10 & ()-}aB 3+10% & ()-)Z 10% & ()-3(#10N & ()-& 10% & ()-! M 10%\ & ()-f
"s110% & ()-Yw aB7

10\ "9910% & ()-Y4!'10% & ()-9g2s!10% & ()-!/#10%\-\& ()-fF.110% & ()-,!10% &
"()-F nK 10\ KO@10%\ & ()-fl 110 & ()- 10% & ()-YION & ()-!10% & ()- 10\
10\ ; ZRJEK 10\!10% & ()-g f10% & ()- 10% & ()-10% & ()-

10% & ()-&10% & () - RXcaBK



10\ 3%d0% & ()-#'10% & ()- "!110%N & ()- '10% & ()-

10% & () -!#10%\ & ()-gJvdEK
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210% & () - zCGo%jEnb@ 10\ s 109%&' ()-"s!109& () -

10%&. () - 9L 109& TNVENTIGYELIAIMER fg' () - v6} A 2nb@

10, '109%&' () -z#109%&' ()-'! @& 109& ()-g 109 ()-!z#109& ()-fss! 109 ().- 6] PaBnb@
10f, 1 109%&' () - *#109&" ¢ “grﬁﬁ‘o r (PlanpEzation o 1%-)0- jayggong ¢ serrEandigieT (WafsscRAH dE:
/10 10" OMLQSsr{sirpy 5! 109& () - 310%& ()-y2T10%& ()-0! 109%& ()--!10%& ()-fl1J:Y
xY:/ 10! 10%4& () -1 s!10%4& () -9@*10%& ()-1 s!10%& (3- ]

109%44&' () - s! 10%48pr()y1dmg fp oven [I1 21 hevipg-a/wafey holder [26] provided therein ;

%0%'&' (3 - MLOYHH&; £ diriSthd Ot rabiceb ™ 4 dnt thd Q¥R REIke 98 () - h" " #<$3$8%IE: /

%d.0%H&' () - $10%-ply)ng maddesigal Pressure e () D 8941 @otHE s¢icenduowigatey [13I80K8&& d
S0l /1 10% e () - f s- 10 RFPFUA 15655 OP0F 299 0ogigr () - (s1 109648 () - ' 1 10%4& () -
(T (CC(((S) xmb@ lapplyiiptheario(the ILIL BiyerldiHhe semiconductor wafer [14] using the mechanical
device [16,56] simultaneously with the applying the mechanical pressure.
10 2. The method as claimed in claim | wherein:
applying the mechanical pressure includes providing relative motion between the
mechanical device [16,56] and the ILD layer on the semiconductor wafer [14]
to assist in planarization.
3. The method as claimed in claim 1 wherein:
15 applying the mechanical pressure includes providing non-sticking motion and
transferring heat between the mechanical device [16,56] and the ILD layer on
the semiconductor wafer [14] to assist in planarization.
4, The method as claimed in claim 1 wherein:
applying the heat includes sensing and controlling the temperature of the mechanical
20 device [16,56]. )
5. The method as claimed in claim 1 wherein:

applying the mechanical pressure uses a top plate as part of the mechanical device

[16].
6. The method as claimed in claim 1 wherein:
25 applying the mechanical pressure uses a roller as part of the mechanical device [56].
7. An apparatus for planarization of ILD layers on a semiconductor wafer [14]

comprising:
an oven [12];
a wafer holder {26] provided in the oven [12]; and
30 a mechanical device [16,56] for simultaneously applying mechanical pressure and
heat to the ILD layer on the semiconductor wafer [14].

8. The apparatus as claimed in claim 7 wherein:
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#1098 (L(& () - 6774 8BBYyVaNWEL #L0U& () 1 K QLOAL & 0=

#109&' ()-. ! #109% (& () - P B IIed A §Y 9u999: : : : | Z9, v10D

y/ #102/D&I5 O)- : ly/ t#%()ﬁdglba_r(i&l @evi()c:y{[#@ﬁ@@.&.cgu?i\es a mechanism for provid’ing non-sticking
L .
==>j >k>WU6Bv10D9" éO?ﬂD(l)yek #n IRMEEVRAUC)or Wafet O (Bds&ist(ip pladartAfia]. 1] & () -! H
109%1H& () -!, 10% 3, $&.()- Normal " ." Headi n 3] c". "Headi ng 23] c" "Heading
33]c¢c" "Heading 43}c" 8“%1@8%"[‘“%5 %Sfﬂladmtgll?eca\?iﬁlnéw&TE“ "Headi ng 73]c" "Headi ng
83] c" "Headi ng 9B¢ enefhanidaf asvide Raj58pmaRbedarvulti [30,58] EBLEISHNGNEBkdlifigh, 3
RC6PI h"8% S) ", 1. (1(3469: f<k>-./0123456789: ; <=>?@\BCDEFGH6Ti mes New

RonanAr i'&l Couri er NewhhieRaeRuENeh)sBechepicferce [16,56].

LM HEOR () *+, - . | 01423456 LBBparatas @BERERGHid 7 wherein:
. the mechanical device [16] includes a top plate for applying mechanical pressure.
12. The apparatus as claimed in claim 7 wherein:
the mechanical device [56] includes a roller for applying mechanical pressure.
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