1" #%e3e( A 4=d0>n@ @ ( Ag24 March 2003 PLANARI ZATI ON APPARATUS AND METHOD
BACKGROUND OF THE I NVENTION Field of the Invention The present invention
rel ates generally to a planarization apparatus and 5 net hod, and nore
particularly to a planarization apparatus and nethod for planarizing the
reverse of a sem.conductor wafer on which no chipis forned in a

sem conduct or waf er manufacturing process. Description of EEﬁtrgﬂf@rO% A

pl anari zat Nms for grinding the reverse (one side a
sem conduwwm mmﬂ s chucks for holding the wafer by suction, a rough
grindi ng gmfl ne grinding wheel, a reverse cleaning unit, and the

i ke. One chuc “hol ds the obverse (the ot her side) of the vvafer and t hen

t he rough grinding wheel is pressed against the reverse of the waf er. The

reverse of the wafer s Y, s i.ng e d the
grindi ng wheel. The ?Mé@%ﬂﬁ?@f@@ﬁwmgﬁﬁﬂwﬁm(s e chuck and
is held by another chuck for the fine grinding so that the wafer can be
finely ground by the fine grinding wheel. The finely-ground wafer is
transferred to the reverse cleanl ng unlt so that the reverse of the wafer
can be cl eaned. That conpl e®s RO ( NVENXELK@NSse of one wafer by
the planarization apparatus. ?0 The vvafer Wnose reverse has already been
ground is transferred Pramthe planarization apparatus to an etching

appar at us, \/\hi%@ﬁ%\/\af er to renove a machining deteriorated | ayer
fornmed at the wafer. if the wafer is ground into an
extremely thin waf erhecbfés@mtlﬁvmﬁinaﬂ&mésdg@@eaw td @I;ﬁana&ﬁ@n&afagﬁarh@s%ﬂaged
(cracked or chipped) because of the 25 machini'ng deteriorated |ayer when
the wafer s meaﬁ@d,eanédndrﬁomrtlh@laﬁyatnaﬂ|;zlamarmatlﬂwwp{zs\a{ratugdmd/mmeﬁ)oﬁow 2
apparatus to the et chi Tﬁ% 8 arat us. To agdress this praoblem the.
conventional PIAREZINEERE TS gﬁﬁﬁaﬂa‘l SETEPNAYLOE Retelape v high S9ceiE t1 ckness
as not to da e r spect to the

t hi ckness of n?ﬁﬁr’%/\d/;f eWB‘?Em"&é{“EH%Pf géf%rﬁnﬂ’glfffcg?ré mé‘l?’cé%ghly 5 grinds the
wafer with the thickness of 725 sliced from an ingot to the thickness of
250um and finely grinds the wafer to the thickness of 200um The wafer is
machined to t ckness of 50um at the etching step. The

conventional planarjzation arat us. however,. cannot t he. waf er cl ose
Lo Lhe standardi zod t RbRvelOR aflrius 05 Hiunt et hrafote St ol ng
damaged dyy i ngeﬁlk&nan@taﬁf@rfer HaE dhitRs FSARERIind tRAGHUB! BY aldtwa%?o ghoOum
in the above exanple) is large at the etching step. Thus, it takes a1 ong

time to etch tglnmdvx@‘ wheehrwfnnhegrtddnmgjqﬁwat T aTVT0te bbanmgrmmedandl theviikev of
theforegomg, S ect. of the prese ventigon to 1 rovi de a
pl anari zat i on Uhp ‘5’3‘3%0 g?] R HEF ?@qufr?b‘ged\}g tSﬁé"atfﬁ‘i’ @HSHBE‘E the rough

grinding wheel is pressed against the reverse of the wafer. The reverse of the

wafer is roughly ground by rotating the chuck and the grinding wheel. The

15 roughly-ground wafer is detached from the chuck and is held by another chuck
for the fine grinding so that the wafer can be finely ground by the fine grinding
wheel. The finely-ground wafer is transferred to the reverse cleaning unit so
that the reverse of the wafer can be cleaned. That completes the grinding of the
reverse of one wafer by the planarization apparatus.

20 The wafer whose reverse has already been ground is transferred from the
planarization apparatus to an etching apparatus, which etches the wafer to
remove a machining deteriorated layer formed at the reverse of the wafer.

If the wafer is ground into an extremely thin wafer close to a
standardized article, the wafer is damaged (cracked or chipped) because of the

25 machining deteriorated layer when the wafer is transferred from the planarization
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wi t hout damegi ng a wor kpi ece. The above object can be achieved by providing
a planarizati on apparatus which conprises a holding neans for holding a

wor kpi ece and a grinding neans whi ch has a grinding wheel for grinding the
wor kpi ece and grinds one side of the 20 workpiece by the grindi ng wheel,

t he pl anarization apparatus conprising: a polishing neans for polishing the
one side of the workpiece, the polishing neans conprising ? Em%gb?&& nmeans
for rotating a polishing head and a positioning nechanism 6 i 8 an

i nterval between the polishing head and t he wor kpi ece. The above object can
be achi eved by providing a planarization Epparatus 25 conprising: a holding
nmeans for hol ding a workpi ece; a rough grfnding neans for roughly grinding
t he workpi ece held by the hol ding neans: a fine grinding 24 March 2003 3
means for fi nefBPAHINEi theciChiag@BPXpiUece roughly ground by the rough
grinding neans int ' I: I '

wor kpi ece; a po|ish?ﬁﬁﬁﬁﬁgﬁgm?§?B%@P?@ﬁfﬂ§%9%§g$§?@gﬁéﬁ§“pﬁh%ngjigﬁﬁd by
the fine grindingwateans sidh & hkickicdt as Woeteidmhfe theowdicn glupRanse itQnétet.di ng

t he wor kpi ece; and a 5 noving neans for noving the holding neans to a rough
grindi ng posi t Mot fespect e theolhigkngssi ofdiha gvateramite plananzsonappgnig rpushiyi on
for the fine grindi means. . pol i shin osition for the l.i shing
neans. The%abo%rémggbp‘gc a%énwggqg%ﬁplgg%eés & gzrsg”v"i‘ cf’:i'ﬁ% 4Ty aaﬁ'af"]gip)gtt? oR¢ met hod
using a pl anar jizahtQnoARPRLAL Bed CRAERY bahdiOiheNOLEE N (RENSKIQE Jroldlpg a 10
wor kpi ece; grinding nmeans for grindiing the workpi ece held by the holding
means; pol i shiTige wefenss hochipal tosid signdandizesothiokhess ©f §Oamrad thyertinag gepndi ng
means; novi ng nmeans _for noving the holding means to a grinding position for
the grinding neans B¢ gionKentioRal REBPARIFAEER HPATAY- DPEVEL HGIRBONEENE i8R f or

t he polishing ok I QT K DJ ¥ erej . Shi g
nmeans 15 poIisﬁggpﬁﬁggﬁgr%%?ggggﬁv%gﬁhgﬁgﬁﬁﬁnﬁgg%M?%gﬁkgﬁgQﬁnﬁ%%kiggﬂired
for renmoviig abdiRe kiafiaped deties ity alagslel ayr thorednby maehiginignaidvence
cal cul ated by doubling a standard deviation, and | ess than a | arger val ue
bet ween an anoUAbumegguhe eepvesrample) sdaigegt Hie AelonepapssTofs, i takdsgldaes s
during the grinding a removing,.t machi ni n eteriorated |ayer,

cal cul ated by %@%PﬁﬁFPﬂﬁ”ﬁggf§Hggpggﬁﬁgﬁ@5fﬂTﬁ%%?lﬂﬂﬁwﬁgunl The above

obj ect can be achieved by providing a planarization nethod using a

pl anari zati on apparatus conprising: holding neans for hol ding a workpi ece;
rough grindi ng neans for rougQt ARy OFITHD ENVE pace held by the hol ding
means: fine grinding means for finely grinding the workpiece roughly ground
by the rough grindi ng neans; polishing nmeans for polishing the workpiece
finely ground by thm gigw@if nge TBRBSIng MtVisNgn WBRAS of Qhe PR3seNQidveatibOlteli Nng
means to a rough grinding position for the rough grinding neans, a fine
grindi ng pdsi tPiekidect Plavari£tios rardisn gndBeHo b NaIchoimprpss iththittHgugwstt t i on
for the 24 N@hﬁaﬂggﬂé 4 QQM&ﬁngg means; wherein the fine grinding neans
finely grinds the wor pFege by "an anount nore than an anount required for
renovi ng a machi ni ngheebevei abjat esh bayeticviedrbygotobidingheplamarifation apehiratgs

cal culated by d uEIing,a stgggard deviati?n. and [ess than g | arger val ue
between an armoWRICH COBITISEH RYANGIRTADE £PTRPIAAS § WRTKRIEHH @S2 SHNAINE FicgRhies s

during the r OuQnicgrhia§'9igﬂgdiﬂg%}{e@myigﬂgdihg?he workpiece and grinds one side of the

20  workpiece by the grinding wheel, the planarization apparatus comprising: a

polishing means for polishing the one side of the workpiece, the polishing means
comprising a rotating means for rotating a polishing head and a positioning
mechanism for sctting an interval between the polishing head and the workpiece.

The above object can be achieved by providing a planarization apparatus

25 comprising: a holding means for holding a workpiece; a rough grinding means

for roughly grinding the workpiece held by the holding means; a fine grinding



machi ning deteriorated |ayer, calculated by sextupling a standard

devi ati on. and 150um and wherein the polishing neans polishes the workpiece
by an anount nore than an anount required for renoving a machining
deteriorated | ayer formed by the fine grinding, calculated by doubling a
standard devi ation. and 10 | ess than a |arger val ue between an anount
required for correcting an unevenness of a thickness duri ng wﬁ,cf\i%b%
grinding and renoving the machining deteriorated | ayer and %a cul'a eg by
sextupling a standard devi ation, and 20um According to the present
invention, the planarization apparatus haying the grinding neans is
provided with the polishing neans, and this enables the 15 grindi ng and
polishing of the wafer_in one‘apPar atus, In the polishi n% met hod using the
pol i shi ng mean@eansher §iugiy saHling theewppiesmrorgdily geovadityethgdprghenadingad

W th respect t e; I.eC g | S : | -_agai nst
the wor kpi ece Bea o st SEG SRR (hBoRMA SRLAR0 S IRhE BE SR ARS PNy

wor kpi ece i s ppdlishingomedsisrfoe polishire ihs warkpiece fisélyywroind bansf fid grigdmpe

wor kpi ece fromthe ?0 planarization a B,ar atus to the etchi n& apparatus, the
grindi ng meansMEAIs '@rtihﬁ&taﬁwhﬁmw}ee@ W Jueans ds hRKIRG HidHPEPKEE tHl ekness.
Thi s reduces the. ti i 1 shi e ' : i ves

t he throug%put&gﬁlhgrﬁgeglql?s Irfx}%\%%ﬂﬁ%\/@i&l?%g{ eﬁgsc{?irhntlo\rqgﬂ Fel'b @?‘?39 gip g t ag}gr
formed by the @uighndtindingamdnela finengrirelng psitivactes giet fyneodrireli@hinggns. Andia
post-treatnment. This sinplifies the entire structure of the workpiece

manuf act uri ng PQIISBINgAREIOBARIES PPHIRG Bganst  he wor kpi ece manuf acturi ng

| i ne. The workpi ece i i t nre, : i or in
a constant cutting gg%txﬂa%r(g@ée(ggaﬁg).e J&hgeﬁ%%ﬁz}%@g %ﬁ%ég%%@ﬂgﬁ%g&?he
present inventusig d peargricatibnngppazatns @ympriding: hieoldingk piease theltbibygt he

hol di ng neans, and_then, the polishing,.neans polishes the workpiece after

t he novi ndOneafarkiisees Siinding oneansgloredinging the,&ogkniecenheld Bvdhe ieHlingpor e
specifically, [: : i NS, oynd, =

pol i shed, and ritﬂ ﬁéﬁ%hgeﬂs}ﬁg ﬁlé&g%:gafﬁ? Iémn%]ﬁf’eﬂwﬁg‘ﬂﬁh%ﬁ?{“ ﬁ%g{%ﬂfhﬁgbf%(ggg

wor kpi ece. On mbssptiveinghamaghs fan napiey tieus]dind ineland raagtiadmetgogitivarfopi ece
froma hol ding neans. for grinding %ans to a h;?I di ng neans for a_polishing

means has suchthg SigBgemednsale SHE Her Kpikatse RaY D& RIS onfoE:Her nal
force. Moreov Lhe r el C 4 - gl s 10
changes ever yeéqlﬁéﬁfhg‘g%r E)gi)égg;eh ?ikeﬂbgkrfgéf%?rafgg \%g‘% mt ﬂg E@gﬁkﬁﬁﬁgect S
t he machi nsng puishesache oforkpiecambyk ph ersounthmere thwa wor &powt eregairedtiobe

machi ned accurately. The ﬁ),r esent invention solves this, problem According

to the presentlOyEW:? gRCIHE drterpiated dayes dormpsslad hsseriiing (caleniatyl Beans
for cleaning L shi [ el '

surface of t hgdoglg llh‘é Ei ﬂ%dggﬁdéﬁg{ﬁgq%gﬁéﬁ%ng?%gﬁ Y)%%%rgmétg%gﬂll ??ya%oorj'ﬂﬁf oaded.
t he pl anari zatrequirap far @iresting @anmesenhesy of aethidkhess pbiringhthagerpaling Awd or di ng

to the present_invention, the grinding neans gr the polishing nean

machi nes a nmachHMVHY t&@trﬁf’r‘iﬂ’ﬂ}‘%&‘?gﬁtepav et ﬁC‘&?tegrPS %e’lxﬁjé’lh gattﬁ%m%&? kpi ece
ground i n-previQusioHBahi sy or machines the machining deteriorated 20

| ayer and an unevenness of the thickness of the workpiece. It is therefore
possi bl e to acqui r eThnaboveustate canrdepichzeed Bg quodiimg 4 plahiézapios seethod

i nvention, the holding neans is [EquVi ded in, a pl Lil’,a| nunber,, and the noving
means sequent i Wil MEHIONH SPIATRYS ey ISeo I AEL g PIeARA g J1ddieg oh to

t he polishing L : Fdi : X i.shi be
performed at tﬁg&?gelrcrg’r}to ?%EH%P%G&%% fedggeé %ﬁ%’%‘@‘g“?fﬁb‘fw”f%}éﬂgé’?%w th

t he case wher ehaddiag daisnfinergaindingrmerts fanfinggl dgroties theewvovpiepe eaezhly
Accordi ng .t.o tghrgm% sent invention, the holdi Hsgnimeans copnects to a 24

NMarch 200256 v the rough grinding means; po ng means for polishing the
workpiece finely ground by the grinding means; moving means for moving the
holding means to a rough grinding position for the rough grinding means, a fine

grinding position for the fine grinding means and to a polishing position for the



spindle and is noved by the noving nmeans. This elimnates the necessity of
separating the spindle fromthe hol ding neans and connecting to the hol ding
nmeans to a spindle at the next noved position every time the hol di ng nmeans
is nmoved. According to the present invention, the holding neans is

det achabl e connected to a spindle, and when the hol ding nmeans is noved, the
hol ding neans is separated fromthe spindle and only the hghﬁ%ﬁﬁgqﬁﬁﬁs IS
noved by the noving neans. This reduces the | oad on the noVi ans.
Moreover, it is only necessary to provide the spindles suitable for each
machi ning, and this 10 reduces the nanqu%turing cost for the apparatus.
According to the present invention, the holding neans is hol di ng neans for
hol di ng t he wor ELBCG by suction holdhqg means Eor freeze-hol ding the

wor kpi ece t hr INgdnganpiy hgpindPe Bps BuRding MeABY Hnsly spadh therserkAsFaPhg t he
wor kpi ece Wi t h,Stabid nfdr€Gidnl 4 ﬁrﬂounﬂ]é{ﬁirf%z‘@r %éﬁ{olﬁﬂige&ﬁxagﬁ'ﬂi ede'?é?lo‘i‘aé?(:ur ely

1 ~ According to the present invention, pl anarizati on apparatus further
conpri ses a paaydértfoomécigy thenbegh gondipgrdnlduiased mgdaftiing apodndakd devigasi.ti on
for the polishing nmeans to polish tBe wor kpi ece. Ther ef t he grinding

re,

fluid and the Y Kat ARAN aylareeneialite PEIMERD e APBYTIS FFIHES P 8T CPBRCUNENAN t he
pol i shing &l ui y~¢t Qe sl o: S el h t -1 Ndi,ng

posi tion. $higﬂgyéggﬁféﬁag2899§%§£f@ﬁpggu tfn ffgﬁ??%e%ﬁgngwgﬁ%quﬁe
grindi ng and peohdshinggeferioradsd Buger, chlicplatedRar dexampliag laystarfdatdéeviattans hndg
means perforns _a chem cal - mechani cal polishing, the polishing fluid

i ncl udes a cheOean-andorhgisiadhe pglishing F‘Fartsh@léh?%@'ff MPTRPIGER Y dn@nidt i n
this polishin uj [ . ' - ical agent is
| ower ed and tﬁggﬁh%hpHﬁﬂgﬁﬁﬁﬁgﬁgéggﬁggpf@ﬁ%@??fﬁﬁgﬁh§§k%?§%ﬂ§nn%f§u%9
partition sol vigsmédhb$ th¢ Gidk efrindhas @altung:dt By dbeblhiges ehdardvésvidtion, ad

pl anari zati on appar at us conPrises rough grindi ng neans, fine grinding neans
and pol i sAPng lptsdhan & largs aaluethstwignniapi aseasing equised o5 GEHEGH NG LHEYernce| v
ground and pol ished automati cal k. .2 7 eover, th
planarizatipn()ﬁﬁgféf%%(ﬁg@gﬁg%hﬁ%gﬁgéﬁgggéﬁgﬂéggggniNg&ﬁgwgfﬁh?ﬁgg%% to a
rough grindi ngaRQainticRRufafid ByhRxfuPHEE a Sfahadtt RigvidB& Snd20funne gri ndi ng
position for the fine grinding means, and a polishing position for the

pol i shing means. Cof\segdisgttpythe tpiesenipigacaiiars thanlaperiiatignt dppatatysobveringhg t he

rate of 5 operation . thereof .even.if si e of..plural rau rindi ng, nmeans,
(e ori ndi ng ‘e Beizaness i abo SHBUh o8fiuf lar AEIPE sriPled e
present inyentdrping Nifl poIRARG Ffaht eAf@TAVn8tagparaiukh el palighing thdBbd g
means, the fine grinding nmeans and the_poLishlngﬁgeans is provided with

et chi ng nmeans sorg Becprlishinghacansy kisi pesetionmpg, echyusm Positivrartie apivwg
appar at us can perform hi ni e e_f. Q rindi to the
etching. In thegd@QQEF&¥%%H§®8Hﬂ%%gﬁ%éﬁggﬁ%vx%%@ﬁkkggi%d#%%ﬁ%ééﬂ %Sﬁ%g been
finely ground bekpicee bi®ispolataityge rotatimBineeisc h Gdasequenikpitee @olkgydcags been
pol i shed. More specifically, the Iight etching aimng at cleaning the
ground wor kpi evdisheg bﬁénfﬁea‘ﬁtﬁr 0 BEESPE OharapHEiTyg; %@.quﬂfeleé@ drimdhsray 1~
be perfornrgd r. 1k i.shi [.n..acder. i m ] itLes,.heavy
metal or ggt ?el%rgléltzé&ﬁla?géaﬁfﬁn% g& teqeeﬁgéllg E@ Rg%g@% ’etﬂeg fnglsdgﬁl%%se&@h?ﬁ@?or to
perform gett erthegworkpizos dilowg to thdatapdadieet thivkeedsi ofThid heduyekanke itimad | on

nmet hod uses the planarizatign aRpara us conprises grinding neans and
pol i shi ng mear§auitykk fop PeHshiRg i thy WRERECHOPISHEWIPRE W Ispuedeuby B¢ amount
nore than an upd T ' ' g@ﬁQ' i 1 &Li0r d.layer
formed by thquggﬂﬁgﬁ%ﬁﬂggﬁga%g%ggﬁgg&%gﬁﬁﬁ?ng a*??gﬁggﬁdﬂﬁéﬁfgt bﬁ%ﬁand

| ess than a | adligeinateslthe needseiee of anictan®unta pesiuraaanerftor Thor sieplifiag tian

unevenness _of a thickness during the grinding and regovjn he. machi ni ng
det eri orated |AiEs Srechire af dhewyoppiace fw%"@g% 48 FRANFEH @iswatq(falaﬁ and
20um This e”&P&%ﬁm&@ﬁmﬂﬁékﬁﬁﬁgﬁﬁﬁhining W t hout decreasing the
availability of the apparatus. "According to the present invention, the

pl anari zati on net hothaweskpidre mdvabapélshed ona appéamapresswo ppodesesg oomgh

ri nding neans and fine grindi ng neans
g g constant cuttmggde rt"h pro%essmg.



24 March 2003 8 as grinding neans. The fine grinding neans finely grinds by
an anount nore than an anount required for renoving a machining
deteriorated |layer formed by the rough grinding, calculated by doubling a
standard deviation. and |less than a | arger val ue between an anount required
for correcting an unevenness of a 5 thickness during the rough grinding and
renovi ng the machining deteriorated | ayer, cal cul ated by sgxt i

standard devi ati on, and 150um The polishing neans polishegégﬂgbhggﬁgiece
by an anount nore than an amount required for renoving a machining
deteriorated | ayer forned by the fine grigding, cal cul ated by doubling a
standard deviation, and |less than a |l arger val ue between an anount 10
required for correcting an unevenness qf a thickness dur%g% the fine

grinding and renovi ﬁ‘(jC(frHH‘_gné‘_?:Hh?\iH{ﬁseabﬂ%Yfi“BP%’t e !gé‘?@r“,g BuISindy By
sextupling a s§anedard WiV Pk Hoidifd the 2R Thd r‘h‘éﬁ%@'g?ﬂ%hgfg FRENPEAREN the

invention, the planarizati‘on apparatus has a sens nmeasuri ng the
t hi ckness of tWwerkpoack piftec eahgmioving omeamsc momem theolroldingi mepnkStonthe hpotisingg and

t he planarization, apparatus cqntrol.s the amount  of terial to.be grqund or
pol i shed in acﬁ%ﬂt&ﬁ'ﬁc}%etsﬁe%iﬁﬁ@bsWe‘?ﬁorgﬁ’le %H‘gﬁfﬁé thgﬁ‘g}ﬁglgorpcqqﬁ!lggqo U€nti on,
as wel | as sot hgfy ?Bliﬁﬁh? aftll Gir AAYBIRY GHE Ak lSkeRheh Win! w"&ﬁoﬁxehx\%@ﬁ P the
following with reference to the acconpanyi ng ?0 draw ngs, in whic I ke

ref erence charwotkpicccdeOngthat @h¢hbamsianme appasmitus, [variclp arahsfetshiheughdptect he

figures and wherein: F.g. 1 is_a perspective view show n seni conduct or
Pl anar i zati on HPt 40 SN EEARI bt i TEABG ] FOIICIBS TGS PoS @i ishing
I nvention; Fi gme%ns! BasBsulh 3Np¥bRW FRPMNDolkpRcPIndNAsd aRhh i APRATRLUS I N

Fig. 1, 25 Fig. is a sectional view show ng thé structure of a polishing
stage in the pfoacear i Matdogar. appaacaunasy iof fegholding faz4 dMatieh haBD® Indang. 4 is

a perspective view show ng a partition.of t | anarj.zati on apparatus in
b IRy C ey et e AR BMAGE herps PR B 1 eegrich ARFg 8 | a
sectional view,ofpitiie BadEAdy ¥F HRKGRHEiaRY | TR, 6th€ Workpibee 2anmyuFbg- 7 is

an expl anation draw ng show ng the state wherein a chuck and a spindle are
separ at ed by ambthinetl acontely.Fi The Hresent mveripl wirasitios ptvbderhng showi ng t he
state wherein the chuck and the sFﬁi ndl e are cog}gec} ed.th.rough the fluid
joint; Fig. 9 is a ¢CeEWID8old (BE Hieseat REntipR RIAPAREYORgIRAARS dAFt; 10

Fig. 10 is a sidgiyd ﬁl\efam\%ﬁgmag\a%ﬁgmagh%m& HBG8ig ks tdlddeSsidy 41 oW
chart showi ng a process for controlling e thickness of
15  surface of the polishing pad. If the polishing pad becomes dirty or loaded. the
planarization apparatus cleans and dresses the polishing pad.

According to the present invention, the grinding means or the polishing
means machines a machining deteriorated layer formed at one side of the
workpiece ground in previous machining or machines the machining deteriorated

20  layer and an unevenness of the thickness of the workpiece. It is therefore
possible to acquire an accurate workpiece.

According to the present invention, the holding means is provided in a
plural number, and the moving means sequentially moves the holding means
from the grinding position to the polishing position so that the grinding and the

25  polishing can be performed at the same time. This increases the availability
compared with the case where one holding means grinds and polishes the
workpiece.

According to the present invention, the holding means connects to a



the wafer in the planarization apparatus; Fig. 12 is a table show ng
machi ni ng speeds, amounts of material to be machi ned and nmachining tines in
a rough grinding, a fine grinding and a |l ~ polishing; Fig. 13 is a plan

vi ew showi ng the first enbodi ment of a planarization apparatus provided
with an etching unit; Fig. 14 a sectional view show ng the structure of the
etching unit in Fig. 13; 20 Fig. 15 is a plan view show ng

enbodi ment of a planarization apparatus provided with an e?%ﬁﬁﬂgﬁﬁﬁﬁg; and
Fig. 16 is a sectional view showing the structure of the etching unit in
Fig. 15 This invention wll be described in further detail by way of
exanple with reference to the acconpanyin& dr awi ngs. 24 March 2003 10
Fig. 1 is a perspective view show ng a sem conduct or. wafer planarization
appar at us, andSEpgle and is HoYdahy eeRoY HErBeS. AShisHHNRIES Higgnecessiy ¢ody 12

of a planari zat/ par.att e h ' - .

al i gnnent st agééﬁ%ga,&% @S%ﬁﬂé%?rr?&? E%@E(?lgg% %E&Sag?ké}%gg&gﬁﬁ%%hﬁegh@{a glgfe 20,
a polishing stagen?t aapipdlei #hhagepadonddepnitivg steagem2he doplihg sithngispad
dressing stage 27 and a wafer cleaning stage 24. The rough grindi ng stage
18. the fine gPl%8fng stage 20 and the polishing stage 22 are partitioned
by a partitiyon 25 ingi : I a ines in
Fig. 2in ojrder to B’?decggfr‘]‘?éﬂrﬁggﬁ?ﬁf‘% F@S#[g@gutsﬂggmge{m%?ﬂgzrsnisagegaiﬁahféo 22
10 from spl ashcogecredithe spohidiec end whtmtheoldile mpand is ticved 2he hslding@daren an
index table 34 as shown.in Fjgs..4 and 5 and is cross-shaped in such a
manner as to p&r S§RATAEH AEm tE%GEWQIe(%‘%ﬂJiOV | Ei5t DRlgIngomaiig IShEwney byothezg,
38, 40 di spose indey: e i .shi:ng si.age i S.covered
wi th a casing %gnﬁa@?%%q aqiﬁéﬁo%gggiséﬂﬂ)%ﬁs%[p%a@%lﬁé ni%ﬂ%ol&éﬁéloﬁégg& §ge 22
can be separ at enlfyr asoetdaey ob Ipesvidd algespindiss shivatrle ifor Bagh m@chiaidyr wab thd4 is

attached to the side of the casing 102 along the partition 25. Wen the
chuck 40 i ¥ po&iduresids munuiichyngiAstigr E<SPPAIBNS: t he brush 1U4 comes into

contact with a top %%%c%' §ik 98 2RB 9L ntidAe iR kit il B i of asi ng
102, the partition angrg% ﬁ)e Eg)uesh 184 II<ee|b t he ploF?]gl:ﬁ‘l%%éS s@aglg ’ggangl nost
airtight. 20 THirshgdimgetheswarkpidcadvyngudtioni doldsexl natans Her fienee-poldingi g st age
2U and chips fromentering the polishing stage 2?, and preyvents a polishing
fluid used at PRERIEIE SHPHE é‘{eag'@ﬂzé“feﬂ ! Oéﬁaﬁ%s‘}ﬂkhas PedSsior ngldingr Be
possi ble to pr @r_\éﬂﬂ}ie& W §t'sh'i1@£l'e&9icftﬁ$Ui‘ﬁds.“&heR\FoQEBiE&E‘caWB&tHéTcPse%re'RPt h
fluids. The polishing stage 22 of this enbodi nent perforns a ;
cheni cal - nechani cal Awobidsty g theapmdsdnin enyrmtibs,hibagplinanizatiomeppmiass ducheni cal
polishing agent. If the gr.i.ndi n§1 fl ui ? is mxed i{[f] thilsb\@m i shi ng% fluid,
the concentrat FYRPBICSARATLRAMIE empsf THAFG Byt PP SNEE £455R8 9‘h§_h§
'nc[)fases the pEGMIAY Rbads 8ol eheiw8rkplect NETRAE ok, itRNgARiRO KRB addihe
pr obl em
grinding layer never reach the polishing position, and the polishing fluid used by
the polishing means never reaches the grinding position. This prevents a
20  trouble resulting from the mixture of the grinding and polishing fluids and chips.
Particularly if the polishing means performs a chemical-mechanical polishing.
the polishing fluid includes a chemical-mechanical agent. If the grinding fluid
is mixed in this polishing fluid, the concentration of the chemical-mechanical
agent is Jowered and the machining time becomes longer. The use of the
25 partition solves this problem.
According to the present invention, a planarization apparatus comprises
rough grinding means, fine grinding means and polishing means so that the

workpiece can be roughly ground, finely ground and polished automatically.



24 March 2003 11 As shown in Figs. 4 and 5, the rough grinding stage 18 is
encl osed by the side of the body 1'?, a top board 106 and the partition 25
Li kewi se. the fine grinding stage 20 is encl osed by the side of the body
12, a top board 108 and the partition 25 The top boards 100, 106, 108 have
hol es 101, 107, 109. through 5 which heads of the stages are inserted. In
Fig. 5 reference nuneral 110 denotes a brush for separati

grinding stage 18 fromthe outside, and the brush 110 is ?%1&%ﬁ?ggggajth
the top and side of the partition 25 Two cassettes 26 are detachably
nounted at the cassette housing stage 14 in Figs. 1 and 2, and the
cassettes ?6 contain a nunber of wafers whose reverses 10 have not yet been
ground. A hand 31 of a transfer robot 30 holds the wafers ?8 individually,
and sequenti IS I 18 -The
transfer r ob%drg%wrrrggé gdngﬁg%%r?\é\?&ﬁ ?a?g%nﬁgst @gg&%(ﬁg% 111 Eéct)\ﬁgfg% illg}tdétéll-%li ng
on the body #ARatdhroocaighugh grirfiding pogdtiomyolthe avugingeddiay théenst ofint2Aimfing he
body 1?. Suspending the transfer robot 30 decreases an .interval between the
cassette 15 BOULPMmEOLtheglne grigdi@etReans, agd mepe!ishingposiBon 4au thenpalishertices

the size of the planarizatipn par 10. The transfer robot, 30 is

wel | “known riRens] b nescnul: REPPRIAS L ok BARGELBowhaRE ng doletal
al'i gnents st gg&,d6n AR Bhén iNan¥RS & phial Hugﬁsérﬁ{diﬁg 08 HRE HARERYtes
"6, at a predeterm ned position. The wafer 28 positioned by the '0

al i gnnent st agenslénd polishing mganharelrambitdd.of the transfer robot 30 again,

and is transferred toward the enpty chuck 3'?. The wafer '8 is held on the
suction face of tHYCCOFIBE 18 the PrRseRiRYRNtoN, the plangsizalion APRHatus ik thapl e

34, and the chucks .36. 38 4 Vi - functjon ar iSp

interval s of F%’%%aggﬁ%nf’h%eg?gc@% fé?%ré@‘%é ga aﬁefaé’g aa}nyd g}hea% 0 ﬁé‘gmgnﬁxl%grg 3% by
broken |inespidvidddd- wah TREcH IR aftasafdr IecHifPNefed SwhikplecePi Nditus( NBhe
illustrated) of a notor (equivalent to a novinhg nmeans) 37 indicated by

br oken lli0nesplanafizayion? apfrerambucak Bérform pbsirhaahiedg adequérecer frogh thx irodging
stare 18, which roughly grinds the held wafer, 24 March 2003 12 28. The
chuck 38 is EoBdingdodre efebing ndn §his gases ghesetaimemeanginehetch the Meskpigee nel d

waf er 28 (fipe-.agri,ndin d - i ndi: he 0 i ed at
T e BEREL A A 800 TARA S, O DS, B SpLLRS, 10, Mgeat e
machi ni ng dehgyihgrzefhdIRNHES. CRI6SE dpduifitdlR;, Bhd Mghne&hapdafihige ey enigss of
the 5 thickness of the wafer 28. The bottons of the chucks 32, 36, 38, 40
connect to spiegtoesd Mbrigpiecomay pemnsriormed detoye shopwlishing=i gT'hestching mhe
notors 92 rotate fhe chucks 32 3 The notors, 92 are supported on

?’h'38" 40.d .

the indeb t aBFf PEEPIMEHALH i POIPIIRBNTePY ¥  @Lmindke mot or 37 noves

t he chucks 32, 36, 38, iRt a eiqn; t i €%, 9 he
nmotors 92 connect to t‘ @éﬁ%g’kgﬁgﬁ E?Egety@g)rr Ac}gt &rﬁeége?‘?}r{lﬂﬁgt 2% t@\ﬁgﬁerﬁ
necessity fochsprriglicsia thbehippioeltas Odr foom géetehimgs 32, 36, 38, 40 and
connecting the chucks 32, 36, 38. 40 to the sai@ndl es 94 of the notors 92

| ocated at the nexAcqpsdingi EntheepiEsgntt infentioie thetmangizatoy gsethpd wigsdRe 372,
36, 38, 40. 1l~ | n Ftlhcg'l 3 tpe chDi ndl es 94.of the m)tor@ﬁ% connect t he
chucks 32. 38!2138ZatG! ABORTALE; CTRIVEN FOW L RS fOF BYITUE Mgy (8%t his.
As showmg n gbgshiﬁgarﬁéiarﬁ, pblihes RhO W RkpRee BY aRRIRGRER! hanOBNeGiRthtt O
the chucks 32, 36, 38, 40 through connecting nenbers |12. In this case, the
connecti ng neederesl fol rearoy ime panatheningr detetidratedhlagks f@Med3by B8, gr@inmd t he
not or 37 noves, oply the 20, chucks 32, 36,,38, 40 every tinme the chucks 32,
36, 38, 40 aFéICHE%hby#ﬁpél%aa@aearérf&vv%w 8 {958 thast H1areer VA PERFERs t he
cost of the p N ELd ssar i pi s,n,and
motors sui t abhongeit RS Hdr cdrQRRESaf uhel g TR RSP HE e

polishing. | Grindéhg and ie'ﬂ_ﬁw%‘%ﬁi‘éﬁn@cﬂminﬁ@de@’&ioré‘t@dfiﬁ)ﬂ:rfﬂa@@\ﬁﬁie@'byss‘éﬂﬁx%lihéG of
openings ''S 114 formed in the index table 34. Pistons 120 of cylinders 118

connect 29 t lestanddrdndevidtiodnh@and®Opns. 9Zhisl énables the sdesired hZdthatiagexjphmded as
shown in Fig. 8, the connecting nenbers 112 are noved through the openings
114 and are fdeereasingihe avilabdlityafthe apparatys.ned at the bottoms of the chucks

32, 36, 38, 40. Th 4 rch 2003 13 conptinyous, expansion qf the pjstons
120 noves the chuc{ggcgé,m Ng) (E%%Prezfﬁmf f’B’rﬁ“Bﬁ%’ dgg?ni”g{ﬂ"@“t 6\?&0@ Y15nthng
posi tions wheylgnAizafigh AgpIARR!dnfiRise® fou@h githdif¥means and fine grinding means




wafers 28. The suction face of the chucks 32, 36, 38, 40 of this enbodi nent
are nmade of porous material 124 conposed of a sintered body such as
ceramics. If the connecting nmenbers 112 are connected to the concave parts
122, fluid joints connect to the concave parts |22. Thus, a suction force
of suction punps (not illustrated) connected to the concave parts 112 acts
on the porous material |24 through air passages 126, and tgéiﬁ%a5§ﬁ® t he
wafer 28 to be securely held on the 10 surface of the poro F8A P | 24.
When the connecting nenbers 112 are separated fromthe concave parts 122, a
check valve (not illustrated) maintains the suction force. In this

enbodi nent, the chucks 32, 36, 38, 40 are’ used to hold the wafers 28 by
sucti on, but a freezing chuck_unj t 128 .in Fig. .9 may be used instead of the
15 chucks 32, SestimBng msanso. hrrf@wr&rg@ﬂgq@e&m@uelﬂmmd&ég WHMAYE BTG chuck

plate 130, a c A D H@%
controller 132&2}5 |alé§)lhg %ﬁ\]t ag go?trgﬂ{[?wg ghuc %Tguagféré‘ma]%ééﬁﬁém%ggﬁl ting
Pel ti er effectthtreegegriatink, hmled&tddwle; maitﬂzrngZBstmrtIatmde\alaumk apl a¢sws thala

through ice film The chuck plate 130 forns ? closed 20 circuit by
connecting twolaigendaluss berean an(amepunt requizsgly fq; §°réﬁ‘f8“$)ai’§sp‘i‘?@'eaﬁesél‘§cf ric
current thgou . r 28
on a therm) e%@%ﬁﬁ%&% {hge&)& ﬁre‘hgllg‘ge@ﬁgxfe&g?e%stslﬁgg {}‘Q‘{lj‘ﬂét&eﬁf s%(gpl i es
cool i ng wat er 1ta9eracatlhﬂﬁtanbelseﬂap1ﬁng Bitapdad €}vibtiomadeén S0@me oThe paEsHigat
generated at the therno-elenent (B plate). An electrostatic chuck unit,

whi ch hol ds t heeapsfpalishs e ararkpiereeby an @mopnt meye Ban ieedmouis trequdredffot he
freezi ng chuck unit The s ugk 32 l.ocated, at,the
chucki ng post (B ERger Bfe HErohed A Srmpd By it AR )
before the chugkd%nhg@%ta\ﬁasrdtd&elamﬁ anda&s tHd1ea ﬁk@ambm bt den4d anfousit | dabl'y
provided on the rail 44. To clean 24 March 2003 14 the suction face, the
cl eani ng dfi t wauireyl fepgeucdingrig ungeenngsy 0fzﬂ4thecﬂf5655§urjag ithq eregrizding and he
chuck 32. The n nto
contact with tr%e sugtntlggﬁn Cﬁunﬁo PQI?H&HE‘% iea} ﬁﬂ?lgg)t(rgé Sexm 1ﬁ%l sgged% detc
fromthe suctlmld‘ti@geandl;_f()utnhe suction face of the chuck 32 is made of
porous nateri al corrposed of a sintered body such as ceramics, the renoval
menber 43 is nade oAcctmémgotuoonlns prasest iimentign.pthier plofargages amgﬁatuia&sm Fig.

10 neasures the thickness . fer hel. d. b t.he chuck .32. ages
136 196 have Eattnics Germgne i HickReSns Bk JEGieRd ploE i mainiR G br Al s

the top (tke rﬁx@mﬁ& ;m‘d thbﬁla\t\@xfi@cﬁma% ARs EOnthd1€ O AGE ol iR ANtAGL S the
top of the chuck 32 he gages g% can determ ne the thickness of the
wafer 28 as a gfoﬁrﬁcwlemdléh@bmw@e@rdﬂwdvlﬂg%mﬁﬁsuat?ﬂ Y#uprocess gage with the
top of the chuck 32 being a reference point. Rotating the index table 34 by
90 in the direction of an arrow Ain Figs. 1 and 2 positions the neasured
waf er 28 on the rough gri ] Rg S C edcgrindi ng wheel 46
roughly grinds the rever se o Fig. 1, the
cup-shaped grindi ng wheel 46 connects to an output shaft (not illustrated)
of a notor 48, and n eg gh a
support casing 50 o??@t ﬁg&?r&ogg?hlgge@?ﬁghg% }l\é\% V\;rqglfe;a J?ee ntgn?cfvaéglégr%ves up
and down the cpresh)apidicbegexphanainthe ebllehbingsvinedfe@acd trethenicosmpéhying

20  drawings, in which like reference characters designate the same or similar parts

throughout the figures and wherein:
Fig. 1 is a perspective view showing a semiconductor planarization
apparatus according to an embodiment of the present invention;
Fig. 2 is a plan view showing the planarization apparatus in Fig. 1;
25 Fig. 3 is a sectional view showing the structure of a polishing stage in the

planarization apparatus in Fig. 1;



20 and the downward novenent causes the cup-shaped grinding wheel 46 to be
pressed against the reverse of the wafer 28. Thus, the reverse of the wafer
28 is roughly ground. The downward novenent anmount of the cup-shaped
grinding wheel 46, i.e. the anount of nmaterial renoved by the cup-shaped
grinding wheel 46 is determ ned according to a previously-registered
reference position of the cup-shaped grindi ng wheel 46 andz%?ﬁiﬁgzgg ess of
the wafer 28 detected by the gages 136, 138. The thickness ? er
whose reverse has been roughly ground by the rough grinding stage 18 is
measured by thickness gages with the sanmeg 24 March 2003 15 structure in
Fig. 10 after the cup-shaped grinding wheel 46 noves away fromthe wafer
28. Rotating the in I

posi tions t%e neasuggg Eq?éfpgép%%‘gﬁ% fﬁQQHg%égﬁﬁhQ ggéﬁggﬂﬁﬁh (ﬁ
cupshaped gri ndppgawkéeFigh4d; finely grinds and spark-out grinds the wafer
?8. The structure of the fine grinding stage 20 wl] not be explained here
since it has the saﬁ%g§t@@dﬁﬂ}@eﬁ§h9hggﬁ8%§ﬁ“§PFHHFW@ stage 18. In this
enbodi ment, there arg, 4 ALEML e RIS parktibn faked So0ROHAL BLPint Mg P.0Vi de
only one grlndlng stage. The thickness gages may measure the thickness of
the wafer 28 in I|néﬁoThsahhuphnmmﬁlmﬁwh@ammmmgﬂ@%umhwheeneweMﬁﬁahd& been
finely ground by 10 the fine grl dj g stage 20 is neasured by thickness
gages W th the SBRAE ¢ PERAFAEEDY FQ ;0 after the cup-shaped grinding
the direction of (e Grrou X Baar i one BarERbinE SR PRI e eRylar 11
pol i shing st ageh2pindiberewaheect@Bihraighohd Biedoioy a pol i Shl ng pad 56 of the

pol i shing stage 22 in Fj 3 and slurry supplied fromthe 1~ polishing pad
a6. Consequent |y, t Kds ol ﬁ.vrwghfmémgmeo%%@aep §HFeZIRg chckWBH: £ rom t he
reverse of {4 he waf en BERA t he thickness of

t he waf er % |ngmggodgggg%3?§%n mnpg§g§§8ﬁ5%5E§?%H%§ control on the

t hi ckness of the meﬂegZhwsmhhnmbmnaﬂuwahgomwmmpaﬁmmusnmﬂngnmhmmﬂmemeﬁbe to
Fig. 11. First, the i ni l 2Q thickness of the wafer is neasured before
the rough gri ndisyafes PlagaZao8 agPYAME: of material to be machined in the
rough grinding is deter cordi ur, id n, the
wafer 28 is roughlyeljtl eghﬁggPB%H%Ogé H&gPﬁﬁ i &§t3§g”?§ ?§%§%§Qt¥2§

t hi ckness of thmchmﬂghhm gmohnd@Maﬁes1ns1mmq$ugeddm§n20mm:@ﬁddmhemahmunt of
material to_ hined in the fine grinding is determ ned according to the
measur ed t ckﬁ@ "She wafer 28 is finely ground at the fine grinding
stage 20 (S130). ' Thgp, 13 e E)th}im%ﬁoﬂfnottlﬂe ffrktn&hb/cHi QUM MR b8 afi Bation
nmeasured, and the pollshlng ime is determ ned according to the neasured

t hi ckness, theammhmshpﬁgukdnﬂmhamﬂshmgdnﬂhe final thickness (S140). 24
March 2003 16 The at ol i shi e The
bl anar | 2ati on appar Ji8s bR oY SheRg B BELS B A AEREAE 4 T i <
manner. The amggnt of material to be machined at the fine grinding stage ?0
is preferably nore than the anount required for renoving the machining 5
deteriorat2¥ | ayer denddSdsedlanyviewshpwingtihepiaead smbodiamenupha plinbyzagionbl i ng
a standard deV|at|gn Kwuk%\grefeQClléungss than the | arger val ue between

t he anmount reunngu?Br corre fe “0ieV&nness of the thickness during
the rough grinding Fg I6ase¥edidntingewBESinicnE dRicalre of Ale@ethimy @it in Fig.
cal cul ated by sextupllng the standard deviation, and 150um Thi s enabl es
the renoval of 1fhe nachining 10 deteri orat ed Iayer generated by the rough
grinding without decreasing the availability. If the amount required for
removing the machining deteriorated |ayer forned by the rough grinding is
cal cul ated by nult;. S 2viabhe S t he
machi ni ng deteriord . €
ot her hand, if the anount required for renDV|ng t he unevenness of the
thickness and the magiy ol atidiolarbiRLaskd 1ﬂ¥§rrtheg%@§tlatfye»ga‘g6’tréﬂ% A0S g ough
grinding is set at a value in excess 0 et ween a va

found by mul ti péfgienge B tht acaipdndigyidadwiaps.by six, and 150pm the nachi n| ng
time becones |longer and the rate of operation is |owered. ?0 The anount of
material to be nachined at the polishing stage 22 is preferably nore than

t he amount required for renoving the machining deteriorated | ayer generated
by the fine grinding, calculated by doubling a standard deviation. It is
preferably | ess than the | arger val ue between the anount required for
correcting the unevenness of the thickness during the fine ''~ grinding and
renovi ng the nmachining deteriorated |ayer, calculated by sextupling the
standard devi ation, and 20um This enables the renmoval of the nmachining
deteriorated | ayer generated by the fine grinding without |owering the rate




24 March 2003 17 If the anpbunt of material for renoving the machining
deteriorated layer formed by the fine grinding is calculated by multiplying
the standard deviation by |less than two, the machi ning deteriorated |ayer
cannot al ways be renoved without fail. On the other hand, if the anount
required for correcting the unevenness of the thickness during the fine
grinding and renoving the machining deteriorated |ayer is t | ue

t hat exceeds the | arger value found by nmultiplying a standgghA%@O?%¥§on by
six, and 20um the machining time becones |onger and the rate of operation
is lowered. Fig. 12 is a table showi ng an exanple of the machining. If the
wafer 10 with a diameter of 200mm and an iitial thickness of 725 umis to
be machined to the thickness of 50umthe rough grinding speed, the fine
grinding speed and e 1pghipehipsgivpded showingei seaficatifaclod Wadrplanzatier? mi n)
and 6 (umMmn). respectively, and the amunts of material to be machined in
the fine gri ndRPR{ratehand &gyl igaiphn vigwahereethe polishing are set at 510um

150um and 14.9um 1~.r ctj Vi hs u ' tinme,
the fine grinding tlAr%eﬁlg)n %g@bo’iasﬁ?én\g 1fi@E}aggggﬁg%%a%ag{tw;qggﬁélA
(2.27-2. 48ni n) cass@td hatsidghaap@f&r a2 Bligirhdne tshpet 16, akmegh goinditZSumecah be
machi ned to the thickness of 50um w.thout |owering the rate of operation.
In this cade, fineggndingatageddv gelignngptaghe2 mpdlishingsand dleamies stagckhess

during the fine grinding is 2. 25U nd .si x ti t.he 20 standard deviation
is 13.5um Thep%l%ghngofm Iﬁléesalélﬁt%a%)f Z?hagdn%mtf?{?ﬁga%%% éﬁg&‘a‘edﬂ%ﬁ?g uring
the fine grindpRgdihg stagéUums, thberit aRadng sy 20 hpd (B pohshifertdpcof bhe
machi ning detefFiorated layer is 0.1lumand six tinmes the standard deviation
is 0.66um Thepartiipmerby@ppartiven 2heindigatsid hngltateaterlpeg anédwpahert dashds 36um
Therefore, the,.anou .material for eljmnating th evenne ~ the
(bt ckness. at | HEAe gt ImaHRE oder b AR YT At o A SRS B B

| ayer can fpe sfbmAplabflinBUthcldtfadenest ess of the thickness and the

machi ning deteriorated [layer cannot always be renoved wi thout fail wthin

t he machining time Thatpaitgion 224isNined pn200R1de 8 tadg dlaaskeva m Fips. 4 and 5

above-nenti oned nner. .To solve,this proble Lh this odi ment, the
Amount of . mat of KL SBAPR Phas hEgRY fpard sk Bk R b foun
required for ehiElnRahkag) Boe 368y eMNEisgosell dnhe lifd&KABRSIANTHNSoIIBRERY Ni NG
deteriorated layer in the 5 rgagh grinding, calculated by doubling a

st andard devi astagm 2211 ¢dverddomitdr a jcesingr YBr hatihg aatmubbardf 10fserthal theo be
machined i s set at.150um, Jf the latter is larger, the unt of .materi al
s ser at ohe PARDEE SHHR A Canc SRR P (¢ ALRE 2Bt <Co T Y RETETT dkness
and the nmachi nhgh 464 & dtREREE thaYide of &t RsinglloManHeade PhitiiioHs! owednng t he
rate of operation and without tail during the Iine grindi ng 10 Moreover,

t he anount of tatahuckl40tis pesitipaehiah@dnpchining pesitioshihegbiush dofFamed ot h t he
anount required for

[ el.i m natd,n he ,uneyenness of the thickpness .and.the
mchi ni g det e uraral {har A fhd hgor PREREMRI T 1 (RSB A d0ar ger
the anount of Rtgkii@in L9 BE thaGhisAEd4 Ieepahe @bliaﬂmtagé 2bh@mbat digfghits
| arger than 20um the anmount of material to be machined is set at the 15

| atter val2@e. Thisipseventsr @gonéingdked bsed atdhefinerignadiag tskrge earsthepsirom t he
t hi ckness and the.nmachini ng.deteriogated, | ayer without. | owering the rate of
operation and Wt?r%ghef é’lopg'HBg isﬁa&ep ?Té. BE PLYYCRY iRY “é‘ngh@.ﬁlg ‘t‘%& & et ure
of the poli shi g&isﬁh@g@tagz- 2T eorROdHIsMiMY PRAisStheRifolehPoRPbIE Sy BEvehage 22
in Fig. 3 is attached to a polishing head 61 connected to an output shaft
60 of a notor (Melunatmineesultiog drozo theomantingoinedndlpidss. TRaipgbisiihpokege@2 of a
direct-acting g%"t'h?seem ro%ir%r?tvﬁegt%gmg% cﬁlgr%ical-mechanical polishing, and the polishing
25  fluid includes a chemical polishing agent. If the grinding fluid is mixed in this
polishing fluid, the concentration of the chemical polishing agent is lowered and
this increases the machining time. The use of the partition 25 solves this

problem.



side of the notor 58. The guide bl ocks 62 are inserted into a guide rail 66
formed at the side of a support plate 64 in such a manner as to freely nove
vertically. Thus, the polishing pad 56 and the notor 58 are attached to the
support plate 64 in such a nmanner as to freely nove in the vertical
direction. 25 The support plate 64 is provided at an end of a

hori zontal | y-arranged | ong arm 68. A base end of the arm6 to an
out put shaft 74 of a notor 72 in a casing 70. Running the %%ﬁ%%eg%bﬁgtates
the arm 68 about the output shaft 74. Consgquently, the polishing pad 56
can be noved within a range between 24 March 2003 19 the polishing

position indicated bNARBRNIiA Fids"e ahdd sFiErodoh dliRiRAANI 11 BRl RAHNG

position for the poli Shl ng pad ¢l eani ng stage the dressing position
for the polishi sgepddhebedsildga seppbeard 71.06\4hdrthe Ipertpiohi hi ngkpeide. 56¢ ifmenmoved
to the polishing pad cleanlng posi tion lis pad cl eani ng st age

t.ne
''3 5 renoves tHé’“%Elsé’ﬁF g 1T HRGesed By t@‘hﬂgiﬁ PE efbroghlt-hfé[@tﬁqaé%é UpEng the
pol i shi ng pad 56, HenRa! | st 1%, Bata2G0 51 08R96s Bhve hoLs BRI 1090hLR! hane

foam and the polishing p ani ng st’age’ 23 has a renova er sdach as
a brush for ¥ enwaicighehleopdkissigenage diseped. Viheﬁno tiaeefpmhmsinmmgaphu) C&(ﬁlotes

cl eaned, the renopval nber and l'ishjn a 6. are rotated by
motor 58 (see Ffg™ }D?E)SEPWE"%&E‘?é q% H};dd %F‘gggl 3 of"emaye "2‘7“5

for exanple, of bnfghm%lh%ﬁm&p@mmtbﬁaﬁ@ﬁd@asﬁe%hhlohh% pol i shi ng pad 56.
Gui de bl ocks 76 of a direct-acting guide are provided at the side of the

casing 70, and the gtfmbecabsemtek% a6 detazhibiy erduatedi antho: ciisgmuedwumaglstagé)lﬂorrred
at the side of a screw gzd t housin 78 in suc 1ma as to freely
move 15 verti cabil §igsal H‘Eff r?é’rl‘aﬁb? C‘E?’éetﬁlsm ORI ¢ BPPHEC ST S“d’f'h‘%bﬁée"é’é?ﬁng
70. The nuthmﬁnhgvr wemeﬂjfg&&rﬁd wmdtﬂeofhpws?eg rz&t%@rm@m@m@&@ﬂhng 79

formed in the housing 78 I's screwed down on a thread rod 81 of a screw
feed unit (equi valiedtallyoard pagiettialy mgsteee tanysags. 2840 thatapptmeiradiige8ih. of a

not or 82 connec to the to nd of the thread raod 81 n|n he notor 82
and the 20 rot a&?ﬁ&at}ﬂér f‘%’rogéﬁ ”P%’db%ius\[?gr?({]f@a %?ﬁ(f‘e("t"Ra %HS}“’?@‘“BEe to
the feeding of theneSdd@WofieRfgH I, @H&jnﬁb%e%hﬁﬁ%&lm tm»ssriﬁntofqﬁe b&s gui de
bl ocks 76 and the rail “80. Consequently, the polishing pad 56 is noved

verti cal |y to s&tspgndiagi thedrinsfesriphdt B@tdgersaseshan pﬁtnvghbn@veheade gasstid t he
waf er ! Sh&psin8g8st?trge 1 a%'drth lll'grQr(rjleerEt stgc}%a{gt qus r%'dt\{&es the sxz% & the
pr essurl zin <
planarization apparatus 10. The transfer robot 30 is a well-known multi-joint
robot, and this will not be described here.
The alignment stage 16 positions the wafer 28. transferred from the
cassettes 26, at a predetermined position. The wafer 28 positioned by the
20  alignment stage 16 is held by the hand 31 of the transfer robot 30 again, and is
transferred toward the empty chuck 32. The wafer 28 is held on the suction
face of the chuck 32
The chuck 32 is disposed on the index table 34. and the chucks 36. 38, 40
having the same function are disposed at intervals of 90° along the
25  circumference of a rotarv shaft 35 indicated by broken lines in Fig. 2. The
rotary shaft 35 connects to a spindle (not illustrated) of a motor (equivalent to a
moving mecans) 37 indicated by broken lines in Fig. 2. The chuck 36 is

positioned at the rough grinding stage 18. which roughly grinds the held water



mechani sm) 86 connects to the top of the notor 58 through a hale 69 of the
arm 68. The air cylinder apparatus 86 connects to a regul ator 9U that
controls the inner pressure P of the cylinder. Therefore, the pressing
force of the polishing pad 56 against the wafer 28 can be controlled by
controlling the inner pressure P 24 March 2003 20 with the regul ator 90.

After the rotation of the arm 68 noves the polishing pad 5 f t he
waf er 28, the wafer 28 having been polished by the poli shi 26%‘%{’8;% Y

is held by a hand 97 of a robot 96 in Fig. 2 and is transferred to the
wafer cleaning 5 stage 24. The robot 96 iR not illustrated in Fig. 1. The
machi ni ng deteriorated | ayer has already been elimnated fromthe polished

wafer 28 to pre§enThd bieuckedSis RBatkd amtirefing geladagethge THRneiioh €inidhde thaf er
28 is not damaged during the transfer by the robot 96 and the cleaning by
the wafer cl eahtlfgvaferade (ue-gninding pad spisbwuhsradinghe T ¢hutek g wdecassl i s
used to polish_t fer 2 Thi s nvepti S donot be.restricted
to this. For e&tann]gl , lsﬁhn g}’afl\géjér(r:)zzgéL tﬁ%@ Pz’é‘g'ge& ?‘rgh\ge?‘gdb\ggt‘g¥ p“(%gl ﬁ’sﬁ?%mﬁﬁe‘lel or

el ect rophor esi maétfinBrdsdritRatgd diyes cadsdd biyithe eafGingé hnd ShePiRivenakl of ki
performa constant cutting depth polishing. A stage having a rinsing
function afd athigknassarfytheyafaidti on is enpl oyed as the wafer cleaning stage

nei d by the hand 31101 CoKan 8 bt 1 3pc%, B0 oy WS PRELERT Bl Shet ¢

of the cassettgsto?692 I0SMovePOFil 8SanidhBe WatRE SPRGRIeNhHBhIKACLSS6.1 38, Hihe
pl anari zati on apparatus 10 of this enbodi nent. As stated above, the

pl anari zati on Appaokrs 82 nee supported ag theoindey sblendsbthirerght supporshambpars Ads,
el orinde p0d el Lahs e VTR 2Bt icactoe 20,018 LR Bt
10 spindles 94 of the motors 92 connect to the chucks 32, 36, 38, 40. This

eliminates the necessity for separating the spindles 94 from the chucks 32, 36, 38,
40 and connecting the chucks 32, 36, 38. 40 to the spindles 94 of the motors 92
located at the next positions every time the motor 37 moves the chucks 32. 36.
38, 40.

In Fig. 3, the spindles 94 of the motors 92 connect to the chucks 32. 36,
38, 40, but this invention should not be restricted to this. As shown in Fig. 7
and 8, the spindles 94 may be detachably connected to the chucks 32, 36, 38, 40
through connecting members 112.  In this case, the connecting members112 are
separated from the chucks 32, 36, 38, 40 and the motor 37 moves only the
20 chucks 32, 36, 38, 40 every time the chucks 32, 36, 38, 40 are moved. This
reduces the load on the motor 37 and reduces the cost of the apparatus since it is
necessary to provide only spindles and motors suitable for the rough grinding,
the fine grinding and the polishing.

In Fig. 7, the chucks 32, 36, 38, 40 are placed on steps 116 of openings
114 formed in the index table 34. Pistons 120 of cylinders 118 connect to the
bottoms of the motors 92. If the pistons 120 are expanded as shown in Fig. 8,
the connecting members 112 are moved through the openings 114 and are fitted

in concave parts 122 formed at the bottoms of the chucks 32, 36, 38. 40. The



stage 18 and the fine grinding stage 20. This elimnates the necessity of
transferring the wafer 28 fromthe planarization apparatus 10 to an etching
apparatus. Thus, the rough grinding stage 18 and the fine grinding stage 20
can grind the wafer 28 to the thickness ''~ close to the standardized

t hi ckness. The conventional planarization apparatus grinds the wafer in
such a manner as to renmain the etching all owance of 150un1kgéﬁrd r ¢é§
prevent the wafer from being danaged during the transfer, ad ¢

pl anarizati on apparatus 10 of this enbodi nent may grind the wafer with the
24 March 2003 21 polishing allowance of, ¥or exanple. 3um This
substantially reduces the polishing tine, and increases the throughput.
Pol i shi ng t he smtisno@Sexpansiveof tthwe pistookildD ngoksttbe chucks 52, 3ay88. 4bfmved by
the grindings, and this elimnates the.necessity.for etching the wafer 5 28
N the post -t r AT DRy LA Ssdin RSULS vats Findie SOETs eOof EHEC W er
manuf act uri ng khpe 2dVoreover, the planarization apparatus 10 has the
pol i shing pad cleaning stage 23 for cleaning the polishing pad 56 of the
pol i shing stage 22 %hel sudtenplice siithg chacksdiB s, 3§. 40 adeth7ehbodidreasaieng t he
polishing pad 56. Therefore, t ol i shi pad 56 can be cl eaned, and
dressed inDthemgﬁhﬁpﬁﬁﬁﬁﬁEFﬁﬁmﬂgzgﬁmeﬁﬁagﬁ@éWFP?g%PHéSbg}F%ﬁVWB“BadI%G can
be handl ed eas; i { ¢ ' RSI | nadi ng
in the poli shi‘ﬁ%ﬁﬁ%@@%g LR i%&ﬁgdg&t @&g?ﬁg@%ﬁwg%@nﬁgéﬁi Wﬁz?‘.“glf t he
apparatus is atdnas@ttbahd bynceapend 128 sBhishatuttim foedd shiucgopadmps €ssti ng
stage 27 dressges the polishinghfad 56 when the sensing neans senses the

| oadi ng, the pHlAHEHFDAANBECISHHa e GRCAYS BAK bl 465 PY S Paipus miaterdk i
exanple of th ik i I LR | rque
of the notor gﬁﬁﬁgﬁa@ﬁgg%%??%%@ﬁgdgggqﬁ%$g%ﬂi@§§?r§ﬁ§Egs%gﬁagégﬂg&éﬁganed
when the ot atiuefaat of aheperaxceartsiah 126f eWdios ehy abtigectihemphmaadr i 12akieon

apparatus 10 can roughly gri nd, finely gri nd and pol i
separated from the concave parts 122

, a check valve (nost rEllustrated) maintains
the suction force.
In this embodiment, the chucks 32, 36, 38, 40 are used to hold the wafers
28 by suction, but a freezing chuck unit 128 in Fig. 9 may be used instead of the
15  chucks 32, 36, 38, and 40.
The freezing chuck unit 128 comprises a chuck plate 130, a controller
132 and a cooling water supply unit 134. The controller 132 applies a voltage
to the chuck plate 130, and the resulting Peltier effect freezes and holds the wafer
28 on the chuck plate 130 through ice film. The chuck plate 130 forms a closed
20 circuit by connecting two kinds of metals (e.g., Cu and Bi) and passing an
electric current through a contact thereof, thereby freezes and holds the wafer 28
on a thermo-element (Cu plate). The cooling water supply unit 134 supplies
cooling water to a thermo-element (Bi plate) in order to cool the heat generated
at the thermo-element (Bi plate). An electrostatic chuck unit, which holds the
25  wafer by static electricity, may be used instead of the freezing chuck unit 128.
The suction face of the chuck 32 located at the chucking position in Fig.
2 is cleaned by a cleaning unit 42 (see Fig. 2) before the chuck 32 receives the

wafer 28. The cleaning unit 42 is slidably provided on the rail 44. To clean



the wafer 28, which is held by the same chuck 32 (36, 38, 40), by rotating
the 20 index table 34. This prevents the wafer from bei ng damaged due to
the transfer of the wafer 28, and enabl es the accurate machining of the
wafer 28. On the other hand, if the wafer 28 is transferred from one chuck
to another at each stage, the wafer may be damaged during the transfer.

Mor eover, the accuracy of the suction face of the chuck ch S ev g tinme
the wafer is transferred, and the ''S changes in the accur%gaﬁéfcﬁbgé 3 he
waf er machi ni ng accuracy. This makes inpossible the accurate nachining.
Thus, the planarization apparatus 10 of ths enbodi ment solves the problem
of the conventional apparatus. Furthernore, the polishing stage 22 renoves
t he machi ni ng detsaciiar fiicedhe cR4nigrunk 42200 3ho2d labonerthé radnd4 fved isgfositioa8d and
elimnates the unevenness in the thickness g% the wafer 28 by extendi ng the
machi ni ng ti meabqus thpijcdughiddi rBncleapie ymit &2 hag a eampval memisr 145 aduch put

this invention u I et IhS. pl j 1.0 1o
appar at us of tﬁ?rg&efr[r’g%g?l#%%ﬁw @ﬁﬁ%{/é%@gf % ‘%tg%‘?icggaf%“ éﬁ?&fg{)ﬁegéheo%ﬂud:e,

wor kpi eces t haticr feamithe sidi@nitatd. SHi tig satti@r facbef greiohdtlng2 iFingde d8pdrdug pl an
view showi ng the first enbodi ment of a planarization apparatus 152 provided
with an et hi nfaigsiat camposepaiassinipred body such ppsEapisciegegoyilmembeetence

to Fig. 10 are. t reference nunerals, 10 and they will not
be descri bed. Llsﬂgg%ogﬁgér)?g%}gp?gﬁ%ﬁar atus 152 in Fig. 13 etches the wafer

28 polished by the popiisbf ggeestiadge 122 in Fipe 10ahaisulY tiothickdebeopoleivedted
wafer 28, which is positioned on the chuck 32 by rotating the index table
34 by 90 cl ock#® sheld therdhe tohuck ot D epgassi6.s 13k dayar emtamgs 1140t H 2.

cl eani ng stage_ 24, whi ch-¢l S t fer 28. Th l\eaned. waf 28, 1s
transferred toretSPléeC“é/Fféhi r;[éeﬁﬁfr&fm]l%&%rtge f%athearfgerg%)toafgﬁ%ﬁ\éﬁer\%ﬁi T"éd bei ng
hel d by thg chigkcdhaet be2desmaes tetutdpnef ke chucknst.erThY gh$l8 1RP0L389¢an

However, since the machining deteriorated |ayer is renoved at the polishing
stage 22 pri ordetermine the Bh¢kngspobiiessater B@ apafdiferzgcd betweor reathmgsgefdardur i ng

uni ;i ch | SRR ot warg e ek 2 AR BT he wa o 28 by
suction, a motor 15&ca@gahs Ridedkld 38b{ 90° ipthatdiretidher shiekw o4 Fasnozzl e
162 for supplying an etc |n%zl iquid 160, and an etching tank 164. In the

t

etching unit 1b@ndtheosikides thegmeasurrsl Walsy 28 pothwurpughigsindng 3185e dB. t He

chuck 154, and the etching. |igui hQ i.s. supplied to th S cent of the
Cop of -t nelSnas 1o Sibed Aeigives MM 40 Pt Tad b 1B D Eondf P v & st g
the wafer 28 aghogwiPlrEHRt 8! Hen@fp-dhaped gﬁﬂdiﬁgaﬁﬁel Foeofiddtsalol ar Hitphiuisiag:
Etching liquid 160 etches the wafer 28. The nozzle 162 connects to an

et chi ng |i qui d(roamtkusira®d) f aundton4Buins isegackeddoragnndige theebieas uns6>2

supplies the 24 rch 2003 .' tching lLigui dwl160.fr.om t.he, gtchi i qui d
Cank 165 ¢ hrouliotdiEt Shrrccisins A BEhipL W s THCSAGER VIS Fri A o175
formed at the gRRéLHp ahd doWatth®bud khpedndintiig WRdel amat Ykl & iheGhoBeds,

downward toward the outer peripheral in order to prevent the etching |iquid
| 60 scatt&d fr o thsedgpwardomovement causes the cup-shaped grinding wheel 46 to be

pressed against the reverse of the wafer 28.  Thus, the reverse of the wafer 28 is

roughly ground. The downward movement amount of the cup-shaped grinding

wheel 46, i.e. the amount of material removed by the cup-shaped grinding wheel

46 is determined according to a previously-registered reference position of the

25 cup-shaped grinding wheel 46 and the thickness of the wafer 28 detected by the
gages 136, 138.

The thickness of the wafer 28 whose reverse has been roughly ground by

the rough grinding stage 18 is measured by thickness gages with the same



5 from | eaking through the hole 172. A drain pipe 174 connects to the outer
peri phery of the bottom 170, and the etching liquid is discharged through
the drain pipe 174. In the planarization apparatus |52 of this enbodi nment,
the polishing stage 22 has a wafer cleaning unit 176 as shown in Fig. 13,
and a spin cleaner 10 178 is provided near the cleaning stage 24. The wafer

cleaning unit 176 is capable of running on a pair of rails IS
noved to a position above the wafer 28 held on the chuck iﬁii‘?ﬁéﬁ%ﬁu ean

the wafer 28 before or after the polishing. On the other hand, the spin
cleaner 178 cleans the wafer 28 before antdb after the etching. The etched
waf er 28 having been transferred to the spin 1~ cleaner 178 is spin

cl eaned, and thimcnobat FR( 10aftdsthclvapwaied @2edagawheddd mbdasasvaytfran tie
predet erm ned shel f _of the ca;set e an vi ew show ng the

6. Fig.. 15 i |
second enbodi nEHEr @8- a Rotatingring 48 e&ﬁtaéﬁp}é‘r é?&g;i@lélfep&%&itﬂ’éoofvﬁhﬁWr@h" ét chi ng

unit 190. Parts. St M.l S h ar k phapa i.h Fig.
2 and the pl angorsllcﬁzasitg% rg%sg%gt ﬁgﬁgi‘?g ﬁlmll]:fg% %&?%?%cgégb%gg t%é; C%Jﬁe same
reference numeghapsd ganding heeehb4 Finelgtgrinds ded spark@dt griinds ghe avdén 28t i Die

apparatus 192 in Fig. 15 etches the wafer 28 finely ground by the fine
gri ndi ng sPagestrwturg 9f theptiee punding s1age L) valld9é be erplangt dierognereit dps the
polishing. The fin z r ! r fen .t chin nit
190 by rot at i narimarchdte i PR, et shEgE, ©ih Hhsiclhtetnfle: Mool on o

et ches the waf®o @8ndigt drages, tbiae it poksivle to Phevidobaly hé dibldis §ihee. etThed
waf er 28 on the chuck 32. Then, the robot 97 transfers the wafer 28 to the
cl eani ng st agethiknespigagammay measyrg thq Bigkagssaf thawwater d8imilHg- st age 24, and is

el ahes 24 March 2008 Aationg L AP R BR%R rhpsS AECRRRNER AR RDBO TG T

machi ni ng 1det et @Ginateeiddingyseige 20N seatited vatiaekidSs fspenonier the amaeedudlufel Ng
the transfer by the robot 97. The etching unit 190 is a spin etchi ng unit,
whi ch i s conprindig kealir yheotuprshapehgdnding wheel Manayesgveaydromties wagr B§

suction, a rr[)tl?(gtat%r%g1 tt?engnd%xstgti)lgdt)lyed)g?n the direction of the arrow A positions the
measured wafer 28 at the polishing stage 22. The wafer 28 is polished by a
polishing pad 56 of the polishing stage 22 in Fig. 3 and slurry supplied from the
15  polishing pad 56. Consequently, the machining dcteriorated layer is removed
from the reverse of the wafer 28. The thickness gages may measure the

thickness of the wafer 28 in line.
A description will be given of the control on the thickness of the wafer by
the planarization apparatus 10 with reference to Fig. 11. First, the initial
20  thickness of the wafer is measured before the rough grinding (S100), and the
amount of material to be machined in the rough grinding is determined according
to the measured thickness. Then, the wafer 28 is roughly ground at the rough
grinding stage 18 (S110). The thickness of the roughly-ground wafer is
measured (S120), and the amount of material to be machined in the fine grinding
is determined according to the measured thickness. The wafer 28 is finely
ground at the fine grinding stage 20 (S130). Then, the thickness of the finely-
ground wafer is measured. and the polishing time is determined according to the

measured thickness, the polishing conditions and the final thickness (S140).



5 for rotating the chuck 40, a nozzle 200 for supplying an etching liquid
| 98, and an etching tank 202. The chuck 40 is placed on a step 206 of an
opening 204 formed in the index table 34, and a piston 210 of a cylinder
208 connects to the bottom of the notor 194. Wen the piston 210 is
contracted, the piston 210 is located at a 10 position away fromthe chuck
40, and when the piston 210 is expanded as shown in Fig. %? W%P 26b dl e
196 passes through the opening 204 and a connecti ng menberé® rﬁ? ed at
the top of the spindle 196 is fitted in a concave part (not illustrated)
formed at the bottom of the chuck 40 so tlfat the spindle 196 can be
connected to the chuck 40. The continuous expansi on of the piston 210 rises
| ~ the chuck 4Dhd wafartIgeisi prdsked abthe Bishimpdtaesit (D)t h€he pliclarid@tiann t he
etching tank 202 thro%ﬂh a hole 216 forned a% Lgf bottom 214 of the etching
tank 202. |n t3p@aeEnithepniiols the grcknentolif safergsia tismenger « he por ous

material 41 of theofﬁ%lﬁmoﬂ&% oftRdietiBe (LbE MabBinkd Akt 498 olifdmERRideesh t0 the

center of the top e wafer 28, that 1s rotated at a predéterm ned
rotati on speedprbferdthe nmoteorthi®4the2@mphniougluitdde fnozzehwvAQ) thadmabiening

radi al ly-di_ffused, etching Iiquid 8 etches the wafer 28. The pozzle 200

connects t 6 arf?eéﬁtrlf’r’ii“ﬁ@ IPYﬁugeg’efaé?fﬁgﬁltge t'ArGLGHPAING, Fpicylpted thpotuﬁﬁ‘f‘ﬂ g t he
punp 217 suppl, hi ngyel i gu om.t.hg.ef.chi [ Qi apk 218
Phrough t he. nosSratbE TR DI s WpRerddlP (Lt M P PERie Aol ke om

21 4 of the et cimdgit ZequigdkoRrecang tiidendvetdessoR i thicknes! dutied tHe veushr d
toward the outer periphery in order to prevent the etchin? | iquid 198
scattered frorBTindengideienog g hemag RIingOaeiHEH 13M5e alpubitedlpy sexteplaign pi pe

220 connects g SGRULBLBEN RIS, U5, DOBEM Ly S0 gt

liquid is disc u ain pipe rc

pol i shing 15t agR2RrAtdt Reloaidiled aby QRe aBRAH arihglinkd withdidSdedreabig K22 for
hol di ng the etched wafer 28 transferred by the robot 97 as shown In Fig. 15

The waf er 28 iavaHatiltyon the chuck 22'', and is polished in the state
wherein If the amount required for removing the machining deteriorated layer
formed by the rough grinding is calculated by multiplying the standard deviation
by less than two, the machining deteriorated layer cannot always be removed
15 completely. On the other hand, if the amount required for removing the
unevenness of the thickness and the machining deteriorated layer generated
during the rough grinding is set at a value in excess of the larger value between a
value found by multiplying a standard deviation by six, and 150um; the
machining time becomes longer and the rate of operation is lowered.
20 The amount of material to be machined at the polishing stage 22 is
preferably more than the amount required for removing the machining
deteriorated layer generated by the fine grinding, calculated by doubling a
standard deviation. It is preferably less than the larger value between the
amount required for correcting the unevenness of the thickness during the fine
25  grinding and removing the machining deteriorated layer, calculated by sextupling
the standard deviation, and 20um. This enables the removal of the machining

deteriorated layer generated by the fine grinding without lowering the rate of

operation.



the polishing pad S6 is pressed against the top of the wafer 28 while a
notor (not illustrated) for rotating the chuck 222 is rotating the wafer

2S. The robot 97 transfers the polished wafer 28 to the spin cleaner |78,
whi ch spin cleans the wafer 28. Then, the robot 97 holds the wafer 28 again
and places it on a predeterm ned shelf of the cassettes 26. As set forth
her ei nabove. the planarization apparatus according to the av586

i nvention has both the workpi ece grinding neans and the workpiece po?ishing
means, so that the workpi ece can be ground_and polished by one

pl anari zation apparatus. This increases t hé t hroughput w t hout damagi ng the
wor kpi ece. According to the present invention, the workpiece is ground and
pol i shed 1~ in the $f tieeamdundeif mptéréd] dobsemadvens theempchining gletesmnaged dmdrt hi s
enabl es the acgurat chining wthou a i ng ;the.workpiece. According to
the present i n&gwp%n&'?&lé“epg&fmg ksa?a\tlﬁ'ﬁatg%gérrg'fl}fgﬁi‘%g HTeoW‘?fgéd @\e‘t"ﬂ“?rhe

cl eani ng meansp QLssCthgR MBI HeNRaBRhing e iR@REd My RanRQY! A1SAL NG TBABS@Nd/ or
the dressing neans. Thus, the sane apparatus cl €ans and dresses 20 the
pol i shing pad whthnut £l pdDn she nghqyalthnide ¢ iess asann exuaed | oadedrechoeg ahdi ng

to the present invention he pql i shi means .or the etching neans renoves
the machi ni‘ng HRERERTE afb i F 2RO HEORE. Bied 061 EFRUNROR | IEEO VU by

the grinding ”ﬁﬁ@ﬁinﬁéﬁ%&%i&ﬁt@@q%rw?ﬂ'df‘ﬁ‘(/%l@?l?ﬁlckeeeﬁg‘?h% gh%e‘fn\%ﬁl%_f%nﬁ he

wor kpi ece. This ena e accurate machining. Int p rization nmethod
according to the mileiphhihg ianvenddrdndevidient byneaigrdndd2dgmmeba snddhivghy tghd nds

t he workpi ece by an anmobunt nore than an anpunt required for renoving a
machi ni ng det eb¢mpsdengeayed thegateet opgratine is lowgredgr i ndi ng, cal cul at ed by

doubling a standar ngge.VliZaltsi zppa'bleagh%“l/iﬁgsdntquﬂlp?e !)P{h%erhachigﬁg.'vaffcttﬁezvga r 2b
10  with a diameter of 200mm and an initial thickness of 725um is to be machined to
the thickness of S0um; the rough grinding speed. the fine grinding speed and the
polishing speed are set at 225 (um/min), 65 (um/min) and 6 (um/min).
respectively, and the amounts of material to be machined in the fine grinding. the
rough grinding and the polishing are set at 510um, 150um and 14.9um,
15 respectively. In this case, the rough grinding time, the fine grinding time and
the polishing time are substantially equal (2.27-2.48min). so that the wafer 28
with the thickness of 725um can be machined to the thickness of 50um without
lowering the rate of operation. In this case, the standard deviation of the
unevenness in the thickness during the fine grinding is 2.25um, and six times the
20  standard deviation is 13.5um. The mean of the depth of the machining
deteriorated layer during the fine grinding is 0.7um. the standard deviation of the
depth of the machining deteriorated layer is 0.11um, and six times the standard
deviation is 0.66um. The maximum depth of the machining deteriorated layer
is 1.36um. Therefore, the amount of material for eliminating the unevenness of
25  the thickness at the fine grinding and removing the machining deteriorated layer
can be set at 14.9um.
The unevenness of the thickness and the machining deteriorated layer

cannot always be removed without fail within the machining time that is



val ue between an anount required for correcting an unevenness of a

t hi ckness during the rough grinding and renoving the nmachining deteriorated
| ayer, cal cul ated by sextupling a standard devi ation, and 150um This
enabl es the renmoval of the nmachining deteriorated |ayer fornmed by the rough
grinding 5 without lowering the rate of operation. The polishing neans
pol i shes the workpi ece by an anmount nore than an anount r ire

renoving a nmachining deteriorated |ayer formed by the fingﬂGb#ﬁ%?ﬁgés

cal cul ated by doubling a standard deviation, and | ess than a | arger val ue
bet ween an amount required for correctingign unevenness of a thickness
during the fine grinding and renoving 10 the machining deteriorated | ayer,
cal cul at ed by i . r .atLon, and 20um Thi s enabl es the
renmoval of the%ggéﬁg%%ﬁgh%%(%??gagggggxgﬁéépforned by the fine grinding

wi t hout | owering therg ableofhiopeotadrhOmn this shbsdichehs thBadanstimod] nawvealer ,
that there is no intention to limt the invention to the specific forns

di scl osed, but 18Aumhs thofine grigding firecampeased Wath the ameunigegwiask foaliminating

modi fications, alternate copnstructions and, equiyal.ents falling withip the
spirit and scop® YPYIHECING iﬁei ng%f‘SSSeQB‘PgE%gHa%W% e%‘ﬁéﬁ&%ga% fa'nk® 24
March 2003 27 HAMALT ZAbI9Rd APASMIHS .2 SQAPIl HePBitioho! tH e fBRAGSIS! or
hol di ng a morkp?%%%glgrﬁghing neaﬁg whichghas a érinding wheel for grinding
sai d wor kpi ece lager, giid nisumnef waweeablo sanmdcined i exteit HF0sal d [fhenditagis
wheel ; and polishing means or etching neans for polishing or etching the
one side of sailereamrkpiagwent shimpigisll ils eyt thedasecampuntsi epnsequantligthteans
for rotating a paqlishing.hgad, a i Lioni.ng nec L r til an
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pl anari zati on appanat witoasoweip fiedatt 6 dpbraioNakd wlthtut RE HuGRNRY (irSighBdindTOVI NQ
means for noving said hol di ng nmeans between a grinding position for Said

grindi ng mé@ns to grMetcosal, dheusmoynt©é ragterial sob¢ swichipedrinethenpAighpgsist i on
for said polishing nmeans, or. said etchin ans.to polish or etch_ sai

wor kpi ece; }Ahercé’f’ﬁ’aéeéjiad“(k}prﬂﬂﬁpiag’(?é“{ §e%}'l‘%3n raﬁlbmﬂlgﬁf’%htgalbr}cvg?%ﬁﬁ aflmpl}ét‘3
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as defined in claim 1, further conprising cleaning nmeans for cleaning a

pol i shing pad dbtaahiedadger, sk dmpoht cthinagribe@obofnastkained Roddt sh2fgmmredhshe or
dressing neans for dressing a surface of said polishing pad. 4. The
pl anari zati on dpiterristiargenghagedQumdhe amaual gf materigl tiode Berdresisngt aktheani ng

nmeans for clLeani a, pol i,shi ed. i i shi e ai d
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pad. 5. The pl anarezaihiting apparaddisycasittiaf iokethg the @leaif Bpetationhrs witthusai d

grinding fail during the polishing
Fig. 3 shows the structure of the polishing stage 22.
The polishing pad 56 of the polishing stage 22 in Fig. 3 is attached to a
polishing head 61 connected to an output shaft 60 of a motor (equivalent to a
20 rotating means) 58. Guide blocks 62 of a direct-acting guide are provided at the
side of the motor 58. The guide blocks 62 are inserted into a guide rail 66
formed at the side of a support plate 64 in such a manner as to freely move

vertically. Thus, the polishing pad 56 and the motor 58 are attached to the

support plate 64 in such a manner as to freely move in the vertical direction.

o
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The support plate 64 is provided at an end of a horizontally-arranged long
arm 68. A base end of the arm 68 connects to an output shaft 74 of a motor 72
in a casing 70. Running the motor 72 rotates the arm 68 about the output shaft

74.  Consequently, the polishing pad 56 can be moved within a range between



24 March 2003 28 neans or said polishing neans or said etching neans
machi nes a machi ng deteriorated | ayer fornmed at the one side of said

wor kpi ece ground in previous machining, or machi nes the machi ni ng
deteriorated | ayer and an unevenness of the thickness of said workpiece. 6.
The pl anari zation apparatus as defined in claim2, wherein said grinding
nmeans or said polishing neans or said etching neans machin hRiI ng
deteriorated |layer formed at the one side of said morkpiecgiaﬁggﬁéBpﬁ
previ ous machi ning, or machines the nmachining deteriorated | ayer and an
unevenness of the thickness of said workpil8ce. 7. The planarization
apparatus as defined in claim3, wherein said grinding neans or said
pol i shi ng meanshemosishidg giostiiongindizarest bpahsolak liae mackignilnghd ebishiog gtadd
| ayer fornmed at .the one side of said work iecgﬁ%round i n,previous

machi ni ng, or MEARNEe80tiHeN HAEKPGIPRYSRIRE diador Bgl%®%%Eénﬂ“bﬂ“hﬁgvgﬁﬁess
of the thickne : ' KR BessihB&ifaar i ' Rarat :
defined in cIaﬁ%?gﬁnaﬁgggﬁﬂﬂégkgﬁggiHﬁ?ﬁ% #ggns opﬁggigﬁdgﬁgsnfdgﬁﬁgiﬁs or
sai d et chi ng nmeacsedmacid pdshagmaditiaanmg posttion| he pbBshihapad clearingdiagt 2Bhe
one side of _said workpiece ground in, preyiqus chinin or ¢chines_t he
mmchi ni g dot erFBPLTCe paysinartps i e Fn Hed TG Ruttee THhe RABREN GG d
wor kpi ece. 9. I 224 158NisapRas rUsorascAsfié nsslyi [ . Whegein
sai d hol di ng mﬁ;ﬁsﬁél?s‘gﬁ{% gvi c?gdlsi n a pI’urarI nﬁﬁoérﬁagﬁﬁt@g? rr%\’/id\rt}’g {}r‘gans
sequenti al | y npoéshiagiphdhdbadiing stagar®d haom eaiotalgrientienguplosistd drushofezai d
polishing or etching position, 10., Thewﬁkanarizatipn appar atus as defi ned
in claim2, whéEBPHNgathg PRjishinggchips 8hthe opdishygnpath = Oc snRlsared. t e a
spindle for rotat] i i £ d_spi j et her
with said hol di‘g‘éwn‘ga‘ﬁg“g‘*@?‘dﬁlh&;gﬁ‘ga“ni‘g pad s g‘ne g’lé%‘gdrg @ e %%%?%ﬁ
claim9, wherei3d). saikt holisiing prbnBessimgnenps 20 i@ spdadbe fopr exmbge] g said
hol di ng nmeans, said spindl e belng noved together with said hol di ng neans.
12. The pl anar iPPhiturgthanspfoamasus thecagroyith e paliskingipgf 56- wher ei n sai d hol di ng
means i s detachably L n( : i I i ans,
and when said hoIdiAgﬂgg%ﬁg%?g%%ggkg?&gq%§W%ggFF%E?Bg&?kﬁghgg?ghﬁéﬂgpgg
means i s separ ahsiflg 70oadstak Guilei blokks 7arme dikited mitela alddiray Soeansted & tHoved.
13. The planarization apparatus as defined in claim9, wherein said hol ding
means is detacliilsl §f @offiewt ead titahausing |78 Mopudhot SPAHYT S8 @ HEEli M§VReans,

ans i s det achisi . . 1@ fisrdi ng
means 15 sbbar ALERNFom el § IER §PraReS AR el G RElG ook e HETeq

14. The pl anar irgahb«rg2aippaveated $ntashel Rbisived78 ehrolighi M dpeniiereifernsa il thel di ng
means i s hol ding nmeans for hol ding said workpi ece by suction, haolding neans
for freeze-hol diPHYNSal%l AREr BpiEECd HPYWAGIR iAckirgad) 1ad 8F o @ eereds dead; vnit
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connects to the top end of the thread rod 81. Running the motor 82 and the
20  rotating the thread rod 81 vertically move the casing 70 due to the feeding of the
screw feed unit and the straight movement of the guide blocks 76 and the rail 80.
Consequently, the polishing pad 56 is moved vertically to set a desired interval
between the polishing head 61 and the wafer 28.
A piston 88 of an air cylinder apparatus (equivalent to a pressurizing
25 mechanism) 86 connects to the top of the motor 58 through a hole 69 of the arm
68. The air cylinder apparatus 86 connects to a regulator 90 that controls the

inner pressure P of the cylinder. Therefore, the pressing force of the polishing

pad 56 against the wafer 28 can be controlled by controlling the inner pressure P



partitioning nmenber for partitioning off a polishing position for said
pol i shing neans to polish said workpiece. 16. A planarization apparatus
conprising: holding nmeans for hol di ng a workpi ece; 24 March 2003 30 rough
grinding means for roughly grinding said workpiece held by said hol ding
means; fine grinding neans for finely grinding said workpiece roughly
ground by said rough grinding neans in the state wherein ggigagakg §§ neans
i s hol ding said workpi ece; polishing nmeans for polishing prece
finely ground by said fine grinding means_in the state wherein said hol ding
means is hol di ng said workpi ece; and novi#y means for moving said hol ding
means to a rough grinding position for said rough grinding neans, a fine
gri ndi ng posi t woh tioregslaia 90i ne grinding neans, and a polishing position
for said polishing ation a rat us defined in
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said WDrkp'eCG&@Gﬁﬁ£F79rm€ﬂ%ﬁ£r99ﬂh§ﬁbﬂﬂmn%ﬁﬂmﬂ&ﬁb?hﬁﬁﬁéhﬂﬁﬂdQﬁc@p@aiﬁtus
as defined in claim2, wherein said planarizati on apparatus has-etchi ng
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conprising: holding nmeans”for holding a workpi'ece; grinding ans

grinding said wefek @B déoen being daynagaal d Hodrefiory theewater 28dk mshdmgag&adlmngr
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In this embodiment, the polishing pad 56 is used to polish the wafer 28,

10  but this invention should not be restricted to this. For example, the wafer 28

may be polished by a polishing wheel or electrophoresis of abrasive grains. In
this case, it is preferable to perform a constant cutting depth polishing.

A stage having a rinsing function and a spin drying function is employed
as the wafer cleaning stage 24. The wafer 28 cleaned and dried by the wafer
cleaning stage 24 is held by the hand 31 of the robot 31, and is placed on a
predetermined shelf of the cassettes 26. That completes the wafer machining
process in the planarization apparatus 10 of this embodiment.

As stated above, the plananization apparatus 10 according to this
embodiment roughly grinds, finely grinds and polishes the wafer 28 since the
20 body 12 is provided with the polishing stage 22 as well as the rough grinding

stage 18 and the fine grinding stage 20.

This eliminates the necessity of transferring the wafer 28 from the
planarization apparatus 10 to an etching apparatus. Thus, the rough grinding
stage 18 and the fine grinding stage 20 can grind the wafer 28 to the thickness

25  close to the standardized thickness. The conventional planarization apparatus
grinds the wafer in such a manner as to remain the etching allowance of 150um
in order to prevent the wafer from being damaged during the transfer, whereas

the planarization apparatus 10 of this embodiment may grind the wafer with the



31 neans; and noving mans for noving said holding marts to a g:inding
position for said grnmd~ng neans to grind said workpiece and to a potishtng
or etching position for said polishing rt:eans or sau etching nmeans to
polish or etch said w-orkpo;cc, wherein said polrshnrg neans or said
etchrng neans polishes or etches said workpi ece by an anount nore than an
anount required for renoving a machining deteriorated Iayeg4ﬁﬁgﬁ§; opg the
grinding, calculated by doubling a standard deviatiort, and I'eSs than a

| arger val ue between art anount required heor correcting an unevenness of a
t hi ckness during the grinding and renoving said machi ning deteriorated

| ayer, cal cul ated, by sextupli % a standayd deviation, and 20um 21. A

pl anari ~ati on PRISHHE EWﬁ@C%OEIQh%WH ti-dHappar at us: wherein said
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hol di ng neans; thtdupdp@t. i MEbIRBingERBSVAfer 28 ire@byegtticn@ibstgni@i detvQsiRideReer
roughly ground by said rough grinding neant; polishing nmeans or etching
nmeans for pol ifoninag byrthegeindingssandithwoelkpinates the mecsssigy dometchipgsthe avafer

grindi ng ans,;, and, novi ng neans faqr. mving. sai.d hql di means. to a r.ough
grinding posi t%80.ﬁ“ft8f’ %%{%CP (j’z g&?‘ﬁdfﬁq&qﬁ&én‘é‘,‘: gﬁfrr, nsggﬁmrﬁd‘?%éhepévs‘"if‘fri on
for said fine ghhfidbtigingBReS We&%rﬁh@ﬁﬁdrﬁaﬁkﬂ%@ép&?&b& g h@?%‘é_tﬁdéﬂhfr&r
said polrshrng neans or card etchwg neans; wherein said fine grind ng neans

finely grinds wal deaming ptiage 83 Hyr cparang tiret patishingt faalnd taof thepohshinggtigeeX® f or
renmovi ng a machi ni ng deteriorated |l ayer fogmed by the rough,%lr,i ndi ng,
cal cul at ed by dgubie ABlIEIAE PdafiesuBY iSAgeoh/ Qhdiresye thearobshiag qud Y&l ue

b ' . f hi ck
during the roubbrsefidieEtinile fudd EEMENE R MO ERIE ST saBe dBpli IR g
deterioratgd |myercoflGentht alle olBRMcUPAd 56 artiRNdandledl k. OTherdNg

| ~Op, m and wherein said pol~shno neans or said etchno neans polishes or

et ches sai d svupkidedaesepyingrmeansar sensing 2 hesdinghinaiie (pelishisguiade® (such a
removi ng a machi ni ng deteriorated, | ayer rmed by the fine grinding,
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pl anari zation apparatus as defin~~l in claim~, further conprising a sensor
for measuldng AURMRARHCkAds §XHRPI§apl thic Sensipg deeangris ot TRRANSlOH; SENAGSothe

duri ng machi ni . saj | & j.zat | l<ki n h nt_,of
material to ber%gdrn&'}%fd%cr)(?uepgfllmseh@ébg?; e{Ecﬁ%%w%hg@%é%%ghbeqﬁgt@1§®§£sagr ed
val ue. 23. Thesqisaiantd atheanhappaicbliorqe detededrefdresdeavatud, furt her
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the wafer 28, which is held by the same chuck 32 (36, 38, 40), by rotating the
20  index table 34. This prevents the wafer from being damaged due to the transfer
of the wafer 28, and enables the accurate machining of the wafer 28. On the
other hand, if the wafer 28 is transferred from one chuck to another at each stage,
the wafer may be damaged during the transfer. Moreover, the accuracy of the
suction face of the chuck changes every time the wafer is transferred, and the
25  changes in the accuracy affect the wafer machining accuracy. This makes
impossible the accurate machining. Thus, the planarization apparatus 10 of this

embodiment solves the problem of the conventional apparatus.

Furthermore, the polishing stage 22 removes the machining deteriorated



during machi ning, said planarization apparatus controlling the amount of
material to be ground or polished or etched in accordance with a neasured
val ue 24. The pl anarization apparatus as defined in claim?7, further
conprising a sensor for neasuring the thickness of said workpiece prior to
machi ni ng or during machining, said planarization apparatus controlling the
anount of material to be ground or polished or etched in a yth a
nmeasured val ue. 25. The planarization apparatus as definedgﬁﬁmgﬁgf%QQé
further conprising a sensor for measuring 2he thickness of said workpiece
prior to machining or during machining, said planarization apparatus
controlling th !ﬂgqﬂﬂﬁ i t ¥ i.n
accordance mﬁtﬁaa neasJﬁiaﬂgéf%%%hd‘@gﬁﬁgﬁgggﬂﬁgégPP?kéﬁgﬁgﬁgkﬁgﬁgp ogge y
paya; a .ro pal-veafeo2B Bpeptendisig thmachinkigajmey ~0 ; unowe at;; ~urljos;uoa sn
exedde not;ezueueldépys,~c~sLLiIITL~~ELII_~uyn io DCSSLrli~alL' ul O0; xoud
aaat d~aon~ pees ~o0 skgaisagrpboditpent, (g waksy isg8ed aos weskpiecq by dhis daveansipat r y

R e
nutnovai pug ~YpMUais@be ApPUBA 169y Ririshf WokPicksatR iy irditel pilisARF R er- t 03
paxt nbaa ; unout e 'ue uaanl ,ag anen ~aare~ a uey,; Sssa—~ pue uor; >;rnap

pl cpue; s a ~ur lthghgpnding. pa; et ngpa ‘~rrp\lljvléo ayt ~Sq parwo~ aa~Cr.1 pa; exoua;
ap ~uruyaem a ~yno ~0z .pannbar . : un ue, uey: axpw,. un ue :

aoar d~. ron~ poes sa al,ga??’llgas‘ﬂ%lyl—%\'js AN tbf)ﬁ:{?taelﬁg‘é@met”g\g?@e@\?xp&ﬂzraﬂgp~od
pi es maxaqrt~ ohNtp 18, ~ ; ~ t 1,€S; Jjcaw
~urySl ~d pl Bsagggﬁﬂﬁél ?@:‘égﬁazﬁr@gg\?gﬁs%n %Yuér}gggouéﬁ l;qg?y' puqfsag[ga Fﬁffﬁrt&\/ﬁ] pqt%gs
putx d o; sueawesdribed-with PfSreace-tdBig; 16 Qg detioiethby Hie Simetif¢@Nce-HiReRdk, Pi es

~Ur now ~0~ sueaw ~Ut NOw pue aueaw ~Ur puu~ p~r;s ~Qq puno.r~ aaai dx, ron~ pees
out qa; a solG-ur @ad Wy widhneflbsalgscriigdya; a so sueaux ~urqgstlod .susaw nul p~oq

pros ~Cqg pjay aaavdygnn pi es nucpuu~ . toy..sueaw Tt pyu~ - aaardxjonl..
~npj oq |'ob sueaw ~ur eoPlg“?ri{?t“QPraBRH&tuSsﬁs;ZZ@gﬁée1%8?(?]5%Lﬁl_éfh@’laé”)ésgﬁ%hs?’ﬁﬂTen
pa.zns~eaut a Ly thMpBAMGRg 4088922 ZhRa3bot 9Rh&lds 2k PaKkiEl Qb fbP2RURRRKEY Oa
~eya; ew 30 ;unowe at;; ~uyloXruoo 5n)Cl E~dE LIOIt;z111;flt;~d plES
* 3ul ut L~~Ew d~pdbitipned ont the| dhutk-32uby @ptaxi@e xte anrddxd tabko M pae 0% alskauseal y a

aqg; ~uunseaux x03 xosuas t._ seq .Sn;exedde yo2l EZt | EUE~d poe at~m | Z
wLel a m paul3ap €& ‘S‘Sd,oé% Volr ?‘Féﬂeéi‘végeéqz t—"a‘ﬁ%& aBH‘.gz?ﬁg‘-'é‘aiﬁ’g‘%‘cblﬁeans
aauQp~ooa~ r ~ 3, UROX. v Bhos Qnit Ul t
ay; -~uyj oylusta)lo gﬁea %agﬁgguc;?%&%% fgfgg lg%ﬂﬁﬁk@éﬁ{ ﬂ%gtnc%mt“’ogg'rtmyoéw oa
i ot xd aaaadxxoWwafpisttitat-dre asaetshddwhild Being hohisgave xaBck nayde damaged@quring

snZEx>?ddE not ; ezt xeuej d pi es .maxag.t;- "0~ utLi?~0 uj, pauT~ap SE pot ~~aux
uoi ; ezt xeuel d ap-tramsfer tschp rabpt-AK + Howevgy spcenhe BRChigmg dyferigrated layer is

pi anari zation i Sing; i f£ar i Lece;
Fough gr i ni ng Bard fotheiaTBhind' dike 27 pbRE HROSHAE prbis) B9 PaidERER:
hol di ng neans; nkidreiagidgedidagingeiasardsfer tyithekabog®7ndi ng sai d wor kpi ece
roughly ground by said rough grinding nmeans; polishing nmeans or etphin?
nmeans for #blishi ng Bic deinggitslalds aspiapiteliag unHewhichris gaEppyed mainly o

a chuck 154 for holding the wafer 28 by suction, a motor 156 and a spindle 158

for rotating the chuck 154, a nozzle 162 for supplying an etching liquid 160, and

an etching tank 164. In the etching unit 150, the wafer 28 is held by a porous

material 155 of the chuck 154, and the etching liquid 160 is supplied to the

rJ
n

center of the top of the wafer 28 through the nozzle 162 while the motor 156 is
rotating the wafer 28 at a predetermined rotation speed. The radially-diffused
etching liquid 160 etches the wafer 28. The nozzle 162 connects to an ctching

liquid tank 168 through a pump 166, and running the pump 166 supplies the



sai d grinding nmeans; and noving neans for noving said holding neans to a
rough grinding position for said rough grinding neans, a fine grinding
position For said fine grinding nmeans and to a polishing or etching
position for said polishing neans or said etching neans, wherein said fine
grinding nmeans finely grinds said workpiece by an anount nore than an
anount required for renoving a machining deteriorated Iayez %ﬁéﬂﬁqéﬁﬁ t he
rough grinding) cal cul ated by doubling a standard deviatio f t han
a larger val ue between an anount required X3or correcting an unevenness of a
t hi ckness during the rough grinding and renoving sai d machi ni ng
deteriorated | gyfing 1?@11@%@%% e e@&ﬁﬁgnhm@qm fé@ﬂﬁ@ﬁ&% @8 \Hodkie Ao, and
150um and wherein said polishing means or said etching means polishes or
et ches sai d wor kpi eclthebspiagie aifBuist insertesl frhara hoiearﬁﬂmemedqan thedcentar of a

removi ng a machi ni ng_deteriorated |ayer fornmed the fine grinding
cal cul ated by Bet®mi Ago: ag@a‘ﬁﬂa‘??ﬁ%vf ilénl,nchﬁ@yld@é‘@Wq{ﬁntoqurﬁr@érOV@Fue

het ween an amoyghof SO Gl B pROLLCHE ASAN HIRY FaNESS AT 3 L Shipes

during the fi n8 BV ng sal I'ning $ and

cal cul at ed sby s@xt WalkidpdttRos tﬁrt\l@@héledm atAQﬂama?ﬁ'mme cSdneckn® the outer
pl anari zati on apparatus as defined in claim 30 urther conprising a sensor

for measuring pérpheny ciribe dottbms A7 ancr Wgi @d@ngrliqmid o disabdrged nhroogh dhe i ng
machi ni ng, sai 8 pl anahgéatl on apparatus controlling the amount ef materi al
to be ground o or etched in accordance with a neasured value. 32.

A planari zation appqﬁghy laER17Rf ﬁ'd&?araﬂﬁ' A ?s”ém%BBg%ﬁ't Lﬂéggéhs hing by

wor kpi ece; rough grin nmeans oughly grin |ng sal

sai d hol di ng mstaps 22fhase wafendisaginyeawis 176 ms shoveh yin Hig.niB, ngxdsaas;dnvmdﬂpr ece
roughly ground by sai d cough grindi ng neans; olishin? means or etching
nmeans far 1ol i éﬂgrﬁg P@QVlé@d:ﬁPNg”@aﬁﬂéa%ngGﬂe fThfeW Yr Jasingyunit 276 Nar ch
2003 35 said grin and__moy, ol,di ng, means

to a rough gri ﬁ%ﬁaﬁk’ g%gien?ln@no? &Py Q‘?‘S[@ﬁ éﬁlé }‘?dﬁn%e aﬂgo%lsglof’ﬂ?@v‘égﬁdi ng

position for swafkrfﬂmﬁelarémmen&mamsmaadtd elean R Wl B BEfRE SR AEr the
p05|t|on for said polishing nmeans or said etching neans, wherein a
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15  cleaner 178 is spin cleaned, and the robot 97 holds the wafer 28 again and places
it on a predetermined shelf of the cassettes 26.

Fig. 15 is a plan view showing the second embodiment of a planarization
apparatus 192 provided with an etching unit 190. Parts similar to those of the
planarization apparatus 10 in Fig. 2 and the planarization apparatus 152 in Fig.

20 13 are denoted by the same reference numerals, and they will not be described.

The planarization apparatus 192 in Fig. 15 etches the wafer 28 finely
ground by the fine grinding stage 20, and more particularly etches the wafer 28
before polishing. The finely-ground wafer 28 is transferred to the etching unit
190 by rotating the index table 34 clockwise by 90°. The etching unit 190

25  etches the wafer 28 held on the chuck 40. The robot 97 holds the etched wafer
28 on the chuck 32. Then, the robot 97 transfers the wafer 28 to the cleaning
stage 24. The wafer 24 is cleaned at the cleaning stage 24, and is then

transferred to the polishing stage 22. The planarization apparatus 192 etches



wherein said fine grinding means and/or said polishing nmeans or said

et chi ng neans adjust a nmachi ning anount to renove a nmachining deteriorated

| ayer fornmed by previous machining on said workpiece. .A A3R A
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20  through the nozzle 200 and the radially-diffused etching liquid 198 etches the

wafer 28. The nozzle 200 connects to an etching liquid tank 218 through a

pump 217, and running the pump 217 supplies the etching liquid 198 from the
etching liquid tank 218 through the nozzle 200.

The hole 216 is formed at the center of the bottom 214 of the etching

tank 202, and the bottom 214 is inclined downward toward the outer periphery in

order to prevent the etching liquid 198 scattered from the wafer 28 from leaking

through the hole 216. A drain pipe 220 connects to the outer periphery of the

bottom 214, and the etching liquid is discharged through the drain pipe 220.
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As set forth hereinabove. the planarization apparatus according to the
10  present invention has both the workpiece grinding means and the workpiece
polishing means, so that the workpiece can be ground and polished by one
planarization apparatus. This increases the throughput without damaging the
workpiece.

According to the present invention, the workpiece is ground and polished

15 in the state of being held by the same holding means, and this enables the
accurate machining without damaging the workpiece.

According to the present invention, the planarization apparatus is
provided with the cleaning means for cleaning the polishing pad of the polishing
means and/or the dressing means. Thus, the same apparatus cleans and dresses

20  the polishing pad when the polishing pad becomes stained or loaded.

According to the present invention, the polishing means or the etching
means removes the machining deteriorated layer from one side of the workpiece
ground by the grinding means and eliminates the unevenness in the thickness of
the workpiece. This enables the accurate machining.

25 In the planarization method according to the present invention, the fine
grinding means finely grinds the workpiece by an amount more than an amount
required for removing a machining deteriorated layer formed by the rough

grinding, calculated by doubling a standard deviation, and less than a larger
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workpiece by an amount more than an amount required for removing a

machining deteriorated layer formed by the fine grinding, calculated by doubling

a standard deviation, and less than a larger value between an amount required for

correcting an unevenness of a thickness during the fine grinding and removing

10  the machining deteriorated layer, calculated by sextupling a standard deviation,

and 20um. This enables the removal of the machining deteriorated layer
formed by the fine grinding without lowering the rate of operation.

It should be understood, however, that there is no intention to limit the

invention to the specific forms disclosed, but on the contrary, the invention is to

15  cover all modifications, alternate constructions and equivalents falling within the

spirit and scope of the invention as expressed in the appended claims.
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holding means for holding a workpiece;

grinding means which has a grinding wheel for grinding said workpiece
and grinds one side of said workpiece by said grinding wheel; and
polishing means or etching means for polishing or etching the one side of said workpiece, said
polishing means comprising rotating means for rotating a polishing head and a
positioning mechanism for setting an interval between said polishing head and

said workpiece.

2. The planarization apparatus as defined in claim 1, further comprising:
moving means for moving said holding means between a grinding
position for said grinding means to grind said workpiece and a polishing or etching position
for said polishing means or said etching means to polish or etch said workpiece;
wherein said workpiece is ground and polished or etched in a state of being held by

said holding means.

3. The planarization apparatus as defined in claim 1, further comprising
cleaning means for cleaning a polishing pad attached to said polishing head of
said polishing means, or dressing means for dressing a surface of said polishing

pad.

4. The planarization apparatus as defined in claim 2, further comprising:
cleaning means for cleaning a polishing pad attached to said polishing head of
sald polishing means, or dressing means for dressing a surface of said polishing

pad.

5. The planarization apparatus as defined in claim 1, wherein said grinding
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means or said polishing means or satd etching means machines a machining detertorated layer formed
at the one side of said workpiece ground in previous machining, or machines the
machining deteriorated layer and an unevenness of the thickness of said

workpiece.

6. The planarization apparatus as defined in claim 2, wherein said grinding
means or said polishing means or said etching means machines a machning deteriorated layer formed

at the one side of said workpiece ground in previous machining, or machines the
machining deteriorated layer and an unevenness of the thickness of said

workpiece.

7. The planarization apparatus as defined in claim 3, wherein said grinding
means or said polishing means or said etching means machines a machining deteriorated layer formed

at the one side of said warkpiece ground in previous machining, or machines the
machining deteriorated layer and an unevenness of the thickness of said

workpiece.

8. The planarization apparatus as defined in claim 4, wherein said grinding

means or said polishing means or said etching means machines a machining deteriorated layer formed

at the one side of said workpiece ground in previous machining, or machines the
machining deteriorated layer and an unevenness of the thickness of said

workpiece.

9, The planarization apparatus as defined in claim 2, wherein said holding
means is provided in a plural number, and said moving means sequentially

moves said holding means from said grinding position to said polishing or ctching position.

10. The planarization apparatus as defined in claim 2, wherein said holding
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11. The planarization apparatus as defined in claim 9, wherein said holding
means connects to a spindle for rotating said holding means, said spindle being

moved together with said holding means.

12.  The planarization apparatus as defined in claim 2, wherein said holding
means is detachably connected to a spindle for rotating said holding means, and
when said holding means is moved, a connecting part of said holding means is

separated from said spindle and only said holding means is moved.

13. The planarization apparatus as defined in claim 9, wherein said holding
means is detachably connected to a spindle for rotating said holding means, and
when said holding means is moved, a connecting part of said holding means is

separated from said spindle and only said holding means is moved.

14.  The planarization apparatus as defined in claim 1, wherein said holding
means is holding means for holding said workpiece by suction, holding means
for freeze-holding said workpiece through ice film, or electrostatic holding

means for holding said workpiece with static electricity.

15.  The planarization apparatus as defined in claim 1, further comprising a
partitioning member for partitioning off a polishing position for said polishing

means to polish said workpiece.

16. A planarization apparatus comprising:

holding means for holding a workpiece;
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by said rough grinding means in the state wherein said holding means is holding
said workpiece;

polishing means for polishing said workpiece finely ground by said fine
grinding means in the state wherein said holding means is holding said
workpiece; and

moving means for moving said holding means to a rough grinding

position for said rough grinding means, a fine grinding position for said fine

grinding means, and a polishing position for said polishing means.

17. The planarization apparatus as defined in claim 1, wherein said
planarization apparatus has etching means for etching said workpiece before or

after polishing.

18.  The planarization apparatus as defined in claim 2, wherein said
planarization apparatus has etching means for etching said workpiece before or

after polishing.

19.  The planarization apparatus as defined in claim 16, wherein said
planarization apparatus has etching means for etching said workpiece before or

after polishing.

20. A planarization method using a planarization apparatus comprising:
holding means for holding a workpiece;
grinding means for grinding said workpiece held by said holding means;

polishing means or etching means for polishing or etching samid workpiece ground by said grinding
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means; and
moving means for moving said holding means to a grinding position for
said grinding means tc grind said workpiece and to a polishing or etching position for said

polishing means or sawd etching means to polish or etch said workpiece,

wherem said polishing means or said etching means polishes or etehes said workpiece by an amount
more than an amount required for removing a machining deteriorated laver
formed by the grinding, calculated by doubling a standard deviation, and less
than a larger value between an amount required for correcting an unevenness of a
thickness during the grinding and removing said machining deteriorated laver,

calculated by sextupling a standard deviation, and 20um.

21. A planarization method using a planarization apparatus:
wherein said planarization apparatus comprises:
holding means for holding a workpiece;
rough grinding means for roughly grinding said workpiece held
by said holding means;
fine grinding means for finely grinding said workpiece roughly
ground by said rough grinding means;
polishing means or etching means for polishing or etching said workpiece finely ground by
said grinding means; and
moving means for moving said holding means to a rough grinding
position for said rough grinding means, a fine grinding position for said fine
grinding means and to a polishing or etching position for said pohishing means or said etching means;
wherein said fine grinding means finely grinds said workpiece by an
amount more than an amount required for removing a machining deteriorated
layer formed by the rough grinding, calculated by doubling a standard deviation,
and less than a larger value between an amount required for correcting an

unevenness of a thickness during the rough grinding and removing said
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formed by the fine grinding, calculated by doubling a standard deviation, and
less than a larger value between an amount required for correcting an unevenness
of a thickness during the fine grinding and removing said machining deteriorated

layer and calculated by sextupling a standard deviation, and 20um.

22.  The planarization apparatus as defincd in claim 3, further comprising a
sensor for measuring the thickness of said workpiece prior to machining or
during machining, said planarization apparatus controlling the amount of

material to be ground or polished or etched in accordance with a measured value.

23.  The planarization apparatus as defined in claim 6, further comprising a
sensor for measuring the thickness of said workpiece prior to machining or
during machining, said planarization apparatus controlling the amount of

material to be ground or polished or etched in accordance with a measured value

24.  The planarization apparatus as defined in claim 7, further comprising a
sensor for measuring the thickness of said workpiece prior to machining or
during machining, said planarization apparatus controlling the amount of

material to be ground or polished or etched in accordance with a measured value.

25.  The planarization apparatus as defined in claim 8, further comprising a
sensor for measuring the thickness of said workpiece prior to machining or

during machining, said planarization apparatus controlling the amount of

material to be ground or polished or etched in accordance with a measured value,
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workpiece prior to machining or during machining, said planarization apparatus
controlling the amount of material to be ground or polished or etched in

accordance with a measured value.

27.  The planarization method as defined in claim 21, wherein said
planarization apparatus has a sensor for measuring the thickness of said
workpiece prior to machining or during machining, said planarization apparatus

controlling the amount of material to be ground or polished or etched in

accordance with a measured value.

28. A planarization apparatus, comprising:

holding means for holding a workpiece;

grinding means for grinding said workpiece held by said holding means;

polishing means or etching means for polishing or etching said workpiece ground by said
grinding means; and

moving means for moving said holding means to a grinding position for said grinding
means to grind said workpiece and to a polishing or etching position for said polishing means or
said etching means to polish or etch said workpiece,

wherein said polishing means or said etching means polishes or etches said workpiece by
an amount more than an amount required for removing a machining deteriorated layer formed by
the grinding, calculated by doubling a standard deviation, and less than a larger value between an
amount required for correcting an unevenness of a thickness during the grinding and removing said

machining deteriorated layer, calculated by sextupling a standard deviation, and 20um.

29. The planarization apparatus as defined in claim 28, further comprising a sensor for
measuring the thickness of said workpiece prior to machining or during machining, said

planarization apparatus controlling the amount of material to be ground or polished or etched in

accordance with 2 measured value.
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rough grinding means for roughly grinding said workpiece held by said holding means;

fine grinding means for finely grinding said workpiece roughly ground by said rough
grinding means;

polishing means or etching means for polishing or etching said workpiece finely ground by
said grinding means; and

moving means for moving said holding means to a rough grinding position for said rough
grinding means, a fine grinding position for said fine grinding means and to a polishing or etching
position for said polishing means or said etching means,

wherein said fine grinding means finely grinds said workpiece by an amount more than an
amount required for removing a machining deteriorated layer formed by the rough grinding,
calculated by doubling a standard deviation, and less than a larger value between an amount
required for correcting an unevenness of a thickness during the rough grinding and removing said
machining deteriorated layer, calculated by sextupling a standard deviation, and 150um; and

wherein said polishing means or said etching means polishes or etches said workpiece by
an amount more than an amount required for removing a machining deteriorated layer formed by
the fine grinding, calculated by doubling a standard deviation, and less than a larger value between
an amount required for correcting an unevenness of a thickness during the fine grinding and

removing said machining deteriorated layer and calculated by sextupling a standard deviation, and

20um.

31, The planarization apparatus as defined in claim 30, further comprising a sensor for
measuring the thickness of said workpiece prior to machining or during machining, said

planarization apparatus controlling the amount of material to be ground or polished or etched in

accordance with a measured value.

32. A planarization apparatus, comprising:
holding means for holding a workpiece;
rough grinding means for roughly grinding said workpiece held by said holding means;
fine grinding means for finely grinding said workpiece roughly ground by said rough
grinding means;

polishing means or etching means for polishing or etching said workpiece finely ground by
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said grinding means; and

moving means for moving said holding means to a rough grinding position fer said rough
grinding means, a fine grinding position for said fine grinding means and to a polishing or etching
position for said polishing means or said etching means,

wherein a machining time of the rough grinding, a machining time of the fine grinding, and
a machining time of the polishing or etching are substantially equal to each other; and

wherein said fine grinding means and/or said polishing means or said etching means adjust

a machining amount to remove a machining deteriorated layer formed by previous machining on

said workpiece.



