; qr e3e[ DX( 6TD=C+ WD 02/ 11947 PCT/ US01/ 21238 METHOD FOR PROCESSI NG A @
SEM CONDUCTOR WAFER USI NG DOUBLE- SI DE POLI SHI NG " Background of the

| nvent i owwad11p#esent i nvention rel ates generally to nmet hBdE/USH1/H238

processi ng sem conductor wafers, and nore particularly, to an econom cal

met hod of processing sem conductor wafers including sinultaneously

polishing front and back surfaces of the sem conductor wafers for producing
flat wafers exhibiting | ow nanot opography. 10 Sem conductor wafers are
generally prepared froma single crystal ingot, such as a silicon ingot,

whi ch is trimedMETECH FARI RROCESAINGh & GEMASIONIFUGRGR fWAFER oper

orientation of the wafer USTNGIBHRIEHS N ROUNBEING he i ngot is then sliced

into individual wafers which are each 15 subjected to a nu ,
processi ng operations to reduce the thickness of the waf er' ﬂ& @’"Mﬂlﬁge
caused by the slicing operation, and to create a highly reflectivVv t

“side. A ImpMdiowoRecr ithe (Bavealtasive slurry process) is typi %%
performed on the front and back sides of the 20 er to reduce th
131?9@9 o‘bﬁr ation.

t hi ckness of t1¢ RHSFHN - FETRVECY arfigh § h HRRRF By ¥ el oT¢

A chen calradedt gy oRer Bl d10du dish A Ovafd €k Ora@usd+€ SiehaatlfEyy als® be
performed to reduce the thickness and renove damage_after |apping. It is

known t ha@t™ RS HF e i idhthi bl PEeCRIINifht S SRS PRYEEF BI YR 5§ FRct the

nanot opodirai iafg tdienyied fieoddey 6881 Bh 110N eF 1N tH 04 HG SHaRCOSrDdce&ach waf er
are wusually polished to renove danage to the front and back sides induced

by prior Wperist iSHRt ot ShatRehator OB iRg eflak wrbews .

Si nul t anequs; hquble 1wWe, Pedd Shbdsahids. becone preferred in the industry
because such polis ing yields 'a wafer with flatter, nore parallel sides.

WO 401 2] 119- 47 SETECH o 28t fevertes | genrsral by oxRRabe@ kEre® &i nul t aneous

doubl e si ishi F a i, nul nﬁpéﬁfig%@%e i polishing is
mor e cost%ineﬁ%anég%le %%(ge(bz)?%s i%,raja%ljgl after such’ d‘illlljg e %L’ de

pol i shi ng;rigingdl farchrarelamigee haeeradms ¢ Mdkee walaks steT apeepenbr eover,

the surfacssediadiih W And™afll fe distalondisidoanplab! eppuhi ch may

cause pro ) or certain rracl I nes use stream processi ng of the
waf er . | tingptknigvthen cvleiedreinte jrdividypbbiabeby dul¢hngrdaceadle back

Si by si ' t.chi i ngl ' ' e ively

af ?%ct S t%%l%lnegcn%%gcocgra;p %?lstcﬁg %ﬁ%ﬁg{? %Seé %ﬁﬁ%@%@geﬁe{ggﬁé front
side i n ahat@ridhorgs shdetlippl vaheng operat | mager eatded way ethé s wax

nmount ed. st. Si ide etching o ions,.a ivel Jfect the
edge of t%elév\%anf%%aenﬁ%olrortlheg (l‘rlo% gl%%g%fyﬁhé%??ggg‘?% Vfgsyﬂ%%%si rabl e.
| nst ead ofide duld iTepmpey abpernatidni sakredwed veisel arnet podceds doubl e si de

pol i shing whereby the rotational speed aof th ol.i shi p nd waf er
carrier |gc nlacna?lng}f e ‘-%mercl{e u%eu}% fllzl%r(ljtwa %Or? l?r%(f]ér%%ﬁg% e?ragve fromthe
backo si dewaafial tdmsrarhkee tthee balckclonekes dvStingurasbhebl endroemdhe front side.

It has been found that.control of.the amount, of wafer _material renoved from
bach o o el B8] e S ddify MR fn b B B T P
speed. Sustici2ing ogsewdHt T@moval ng cadtdl ox ausest an eindesnt abby aybhsoation in

be performed to reduce the thickness and remove damage
after lapping. It is known that using an acid chemical

25 etchant may negatively affect the nanotopography of the
wafer.

Thereafter, one or both surfaces of each wafer are
usually polished to remove damage to the front and back
sides induced by prior operations and to ensure that the

30 wafer is planar. Simultaneous double side polishing has
become preferred in the industry because such polishing

yields a wafer with flatter, more parallel sides.
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t he back side roughness and gl oss. Mrreover, the differential between the
anount of wafer material renoved fromthe front and back sides is

rel ati vemwo bpwosSummary of the Invention 30 Anbng the sevecalusotsjiess s and
features of the present invention nmay be noted the provision of a nethod of
si mul t aneously polishing front and back surfaces of a WD 02/1197

PCT/ USOL/ 21238 3 sem conductor wafer that produces a relatively flat wafer;
t he provision of such a nmethod which Produces a wafer having visually

di stingui shable front and back sides; and the provision of such_a nethod

whi ch r edieyezubsheiie A18 dramhackmie Haterianedipmionelersidt d front

and back Jirifa6es;. BEEf |dkarbie!t hotnof  dheoul ess1d nyed i on is directed
«to sinultaneously polishing front and back surfaces of a sem conduct or

waf er. TROIHHHEY demParRCatr ki dhan i ng il 396 P bbpatusMaving a
waf er carfdéel, %S}%g{%d&bl% sbasehbetuea a didstr polishidgadad and a second

- pol i shing pad. first pad has a hardness significantly greater than a
har dness nsfmatins secdie peafeTmunkdess i s Mzreky n the serercearefer so

that the 0 I %ﬁf ; f.irst h k surface
faces thegh'rseeg‘éar%@pg%:yf polkl?egﬁ\?lnég&%w rc?;l“ﬂ?s ggp%r%%&f%' Z{Vh%%‘fgs@gne of the
pads and dehssec gmabdremsf i ot ek st weduinkepatsed el clewrds tMgam f r ont

surface i.s _bro t i 0 with the first pad and the back surface is
br ought Z%rol(‘rn S%qgl toar%?d\% p’??f ie” second pad for polishing the front and

back surfaces Iof itshé&nwafrertaherehyore sshevafart emterekl e sby edmwbEtng r om t he
ba surface.engaged, b he. ong. dlggg. e r has | ess gl oss
t h;lrlil) t he t—Tq}eor?tacgcu:::%lélicee%a}% tsglrﬁ? ori’s c?eﬁgef rH: aﬁ%ﬁﬁrﬁgaés%%%t of the

i nvent i oretchimet,hdobwadvexr 0 aessa gy el s end Derickictlve narfetosdgraphy rain a

si ngl ecrystal._ingot, and havi.ng front,. and back_surfaces conprises the step
of | appi r%‘et Ipeacggoﬁﬁ&edn r}b]a%}kg‘gﬂf%%%%&bf@?%ef%térs% 84Ut e TR t hi ckness
of the wefweintand ded galpirsivindbopdeaiiat nassrofthdevadderis Thex| appi ng step
creates danmage on the front and pack sgrfaces. The, front_. and back surfaces

of the wdt et FHF-EURET Hie* FREFIHECTRS Rt SQur f ace remai ni ng
aftey t hendpppivd steifediheche WAGR/ bt | tife REEE4E1AA 2A238hd fromt and back

surfaces of_the wafer are sinu|taneousl olished to i nprove_the fl at ness
of the wafite & &he r‘*@ﬂ]{%' \A‘ﬁb‘l’hd’a%@ég % ?ron¥nﬁﬂga§a‘8§ Burfaces. The

waf er darBgel i@l At 0o | her bag Kisewh aee wSe 04 eaé€fioihan Sotibbe waf er
damage on the front surface after. conpl etjon of the_sipultaneous polishing

step. TheS¥4QMOLIFH RS WICTHY Wt RrT9s2F1M3h PHFednt t8Sreduce haze and
roughnessydh duiend . sl fageer Thgrf{ Ot sUndRLeul Hesgatberetasea hi gher
gl oss than the back surface. The nethod is free of |,
20 the wafer material removed from the back side and thus
make the back side distinguishable from the front side.
It has been found that control of the amount of wafer
material removed from each side of the wafer is less
precise with manipulation of the rotational speed. Such
25 logss of removal control causes an undesirable variation in
the back side roughness and gloss. Moreover, the
differential between the amount of wafer material removed

from the front and back sides is relatively low.

Summary of the Invention
30 Among the several objects and features of the present

invention may be noted the provision of a method of

simultaneously polishing front and back surfaces of a



- sides of se

10 any step perfornmed on the back surface which is not also perfornmed on
the front surface. O her objects and features of the present invention wll
be in pamwoeppasient and in part pointed out hereinafter .PCBHUBII/IR3S
Description of the Drawings Fig. 1 is a schematic perspective view of a
doubl e side polishing apparatus used in a nmethod of this invention; and
Fig. 2 is a flow diagramof a nethod of the present 20 invention for
processi ng a sem conduct or wafer. CorPesponding reference characters

i ndi cate corresponding parts throughout the several views of the draw ngs.

Det ai | ed SBEYE€PRFUCERToMWaERE Biefe SIS RS0 d MR S Hef r¥dthd'didiF to the

drawi ngs «30d s ARG bCWrAs B Ghethodt A YLRfud s evpitdonal doubl e

side polis |ﬁ)g apparatus, such as a Mddel ACl400 nmade by Peter Wl ters

Grbh, Remastinggvieseddiy diiss igiepwshsdHendiiced 1aphithgenetdgdy aderred to

as 10. TRAAQRLS G3IHe OIhRPla Ine Hb S dif AL tdiendt it s ANy back
conductor wafers sliced fromone or nore nonocrystalline

si |l iscon mow® @2/EEY9mak eRGHIUSOY 23 mypoitd frnant andritaepl at ed t hat

ot her ty%?&f%fce%oubl e side polishing apparatus nay be used. The apparatus

i ncl udes "a“generdl | y annul ar upper platen 12 and a ( generally annul ar

| ower pl aten BtieSAyuppemaididdshihghEadreskiht ssomanitieeh obhst he downwar dl y

faci ng suy.fac f the .u r__plat 1 . al.i shi pad 18 is
nount ed rter?gzeao\%r (ﬁlyp"ﬂg-‘cai nego%sﬁlr% zféelaior%qj th}éeoﬁv]\%\%tf %ollll(grgegn&i4 The upper
pl at en 1Zwathdeawef pl ateamni cbhdrecowtvatfed at Thes ehadttiadl cotptises speed by

sui_t abl e drive .mechani sns .10 (not shawn),. .as. is well.known | he art. As
wi H° be FESEHUEE RS lé'}g( iR arragcs‘“bgec}fa\flon o R e%arrrfe?%%d of this

i nvent i ogerddialagpariaipessel baodamtesa of oot rmdllieshid@atpad | awd 4 he oper at or
to select a rotati,an,speed for the upper platen 12 that.is different than
the sel e(ﬁeé’d’“i%psoy}é'@&uﬁ% Lﬁ?ﬁ' | OWET ﬁterpal(il%aﬁ s%,h?_]ﬁ%nﬁ%tens are

rot at abl e jighidiifdeiant gHidLeud Attas e thatdides pAatEns seyondtpdd. in the
same direction or in opposite directions. A plurality of generEg’IEI circul ar

waf er carfiemefEr dfe ARG d bFhteraiRiercdiehi $y Pt 187 Yaf er 20

canrd er Z2.hag.atedeastc e GidC Y HReNNLHLthraes ivadbi suerdedi ment)
whi ch receives a wafer Wto be polished. The periphery of each wafer

carrier Xades the isaparhrogtot A skektfhgeiary al s st 629 Fhedt gear and
an outer jgeali (MY o) Hfad he,@PPA atdis 18-, Therdhnssgagdaout er 25 gears

are driven by suitable dri've nmechanisns to rotate the carrier at a selected
speed. | reexanest mRfl gfra hiatdtrdnt (B frenthedwerface rier8ropalk eliboint ed on

the | ower | Shi t [ gener akl yr-di.spesed
bet ween the do%/er“ﬂ%(%pg%fellgaﬁﬁ ;‘z%daér}gdfaﬁleé uk|c’§;’°|(o§eklE aé:)lgllfi shi nglspaﬁ 1% At | east
] e

on@®f t HetwafasmEant svigiacde i seeprd dpad oot heing the WaPek carrier
22 s0 trmgn&rgﬁéﬂ(gﬁrfﬂégéf@feﬁhérW%fer whereby less wafer material

is removed from the back surface engaged by the second pad

and the back surface has less gloss than the front surface
after polishing.

25 In another aspect of the invention, a method of
processing a semiconductor wafer sliced from a single-
crystal ingot and having front and back surfaces comprises
the step of lapping the front and back surfaces of the
wafer to reduce the thickness of the wafer and to improve

30 the flatness of the wafer. The lapping step creates damage
on the front and back surfaces. The front and back
gsurfaces of the wafer are etched to reduce the damage on

the front surface remaining after the lapping step. The



WO |12/ 1197 PCT/ USI 11/ 21238 6 | ower polishing pad 18 and the back side
faces the upper polishing pad 16. A conventional polishing slurry is
appl i ed wo aed/1legnst one of the pads. The wafer carrier 22pCcriusouppsy 5 pad
16 and the | ower pad 18 are rotated. The upper platen 12 is | owered
downward toward the | ower platen 14 to bring the upper pad 16 into contact
with the back side of the wafer Wand to bring the | ower pad 18 into
contact with the front side of the wafler. The upper platen 12 is 10 forced
downward during polishing at a selected "down force" so that the back and
front si desordr erpblbhastiedsier fadeainebushe \rtﬁ/fﬁm@mp%im\ahﬂamwlﬁoads,
respectiy Iomer d i i n id has a
'roughnessposltlggrheffca%t]lnﬁplgc%éat%rema%@éjéoug{:ﬁ%é%ng#%ﬁeéﬁé upper pad 16.
PreferaMneddd&aWaﬁuﬂ dadadsd o3 tehe ofighnt cand shaack senbaees) pbheéshi ng pad

Node! *SUBEHD Gl edr TR i By RSt Cor BB SR bt BRERKET D the. upper

pad 56 i S:HH &ifaeﬂéxblcyaraagéldsmsﬂahe pt)i:dnsﬂmmgrﬁ&@aaifﬂadecorhppetmroﬁ

pol yuret hane material, pref abI a Mpbdel P ﬁ man ﬁfactu e by Rode

whi ch is Sty W%p%%r%°£b%% I RGP t hat Df - TR r 30h*pad’ THeS 1 over

pad has ayLmamprassibiidn ypolibkidees adbdute Gioaaandaf acdghness pief erably
ressipility of betwee about 8% and

about 70. The_ upper has a

200, and thst 55 ‘abgﬁcbetmﬁéﬁ gbgﬁt 694 ANT qg@xeﬁﬁgeFo Pad 18 has a
har dness 1si g igrdid Ve BagatBE bhak shefapper Piad medBodFos exaapbﬁ a Suba
80 pad, which is a finish pad conparable to_a Mddel UR-100, has a Shore A
hardhess %ﬁYfﬁﬁ%ﬂxﬁﬁrﬁ%r@ﬁdugpnbh?e%%chetbbﬁa?$4U§AF9 9%, nﬁﬁdaiﬁg Suba H2
pad has gPé¥nghéﬁf@ﬁCEﬁ@Sf@én@bQH£f§éeUSIng the sane test nethod. The

| ower 18 renoves wafer material at a WO 02/1197 PCT/US01/ 21238 7
faster rate t RirheneoRppekspand( Fenbvhes raf ethat PEPSepEefBYEBFYORt | east
about fiwvgs{j RS PRrE,waf &b OREREI ahaPeh peEAtHEMNeEAJt Batl ower pad than the
upper pad 16 More prefera ? the renoval rate ratio is about 10:1, and
even 5 norerdirdkiebly is about Z5:1. The wafer Wis thereby pollshed usi ng
the rough pad and the finish pad such that |l ess wafer material is renoved
fromthe back S|de than t he front side and so that the back side has |ess
gL®ss thabridse Desen : 18 Deawiatisrate ratio and the difference

bet ween t he terial n de rand t he back
side may be rﬁ%f%en§|§%r§agéggﬁgggc g%%??ﬁ%0§ gléglgflged%g?gFlonal speed
of the casxderpQQtshheguppearptaSenSQQ andauppehopa@fihignd t he | ower

pl aten 14, an%nééolo pad 18. Specifically, the upper platen 12 is rotated

in the saﬁ%v rec?lon as the wafer carrier 22 and at about the sane speed
as the wafer cRigie?. iknat fiilow diagram of a method of the present

20 invention for processing a semiconductor wafer.
Corresponding reference characters indicate
corresponding parts throughout the several views of the

drawings.

Detailed Description of the Preferred Embodiwment

25 Referring now to the drawings and in particular to
Fig. 1, a portion of a conventional double side polishing
apparatus, such as a Model AC1400 made by Peter Wolters
Gmbh, Rendsburg, Germany, is shown schematically and
generally referred to as 10. The double side polisher is

30 used to polish the front and back sides of semiconductor

wafers W sliced from one or more monocrystalline silicon



manner, relative notion between the upper pad 16 and each wafer Wis
decreased so that |less material renpval occurs 20 during polishing. Table 1
i ncl udesvuIYHBIE ranges and preferred paraneters for theP€Ep&S/BR3% he
upper and |lower platens 12, 14 and the inner and outer ring gears (the
speed of the ring gears determ nes the speed of the carrier 22). Table 1

al so includes a suitable range of 25 polishing down force and a preferred
pol i shing down force. WO 02/119-47 & TABLE 1: PCT/USQO1/ 21238

Par amet er sPref erredSui t abl e RangePol i shi ng Down Force, daN300100 -
6005UppednBraten Spedd RPNEMRLatGcokdatPIihar Spmas dPMadle20 - - 401 nner

Pin Rng s%ﬁ%egolﬁ,%i%gzt?gaé%t%@d{a%r R WA apRe Mg 10 The

r enoval rate ratio an ference between the watreér material renpved
f rom t he ifwcdidesi de gameraloy tamnudack winds: mehatsn fik tsd 4 ncreased by

| ncr easi %%nfe%ltl‘?;{*%g{rﬁﬂ%&e lquetrh%llca%}[%{a P2d 1§ gg)piegpitpra]oclgioér%i;r& Lﬁvﬁ ‘;]r ?Eg 15

“side relative to enperature-o upper p
bé&ck sidds ikempempemcatar elgf dearivapolliys Hiawg rgadsursfasmntaoldbed by

circul at| I i is int I j catli it espective

pl at ens Pﬁ%@‘gﬁﬁgﬁt W ﬁ% tafs%’leci %&@%&%@%ﬁ@%ﬁ%&g&@%&fﬁ Oglol i shers

i ncl ude &heompwalrddystiemiy sworfacd ldfihgehd dvenperlatiare 1of. t he circul ating
water in co ication w-.th the upp pl aten -12 an separ ate control
aystem for tndns SEmeh tdbar o B gk bt £ SR Rl hl tten 14,
The sepanit e spdeenrdnailat ide apeed ty iswciredsle tde 5 reiparisdmg e of t he

|.ower pad 1 ith respect, to that of the er_pad 16 and .t hereby renove
re mat gﬁogl %3’?‘?\%%@% rlogntwesl[}'r ;%Y‘fé‘mt H&n% %’%C’k ;Dlﬁf‘“élgjel %q n anot her
met hod oldelshe ilbade hid rei naafE £ GRdiIc treys parfre rc V4 o netkd mextashvent i onal

Zappi ng a atus (not Negative sign for rotatiqn |ndicates
o o B i e e s cteibat oot b A BRI r ect i on.

that allows the operator to select a rotation speed for
the upper platen 12 that i1s different than the selected
15 speed for the lower platen 14. Also, the platens are
rotatable in different directions so that the platens may
rotate in the same direction or in opposite directions.

A plurality of generally circular wafer carriers 22
are mounted on the lower polishing pad 18. Each wafer

20 carrier 22 has at least one circular opening (three in
this embodimenf) which receives a wafer W to be polished.
The periphery of each wafer carrier 22 has a ring gear
(not shown) engaged by a “sun” or inner gear and an outer
gear (not shown) of the apparatus 10. The inner and outer

25 gears are driven by suitable drive mechanisms to rotate
the carrier at a selected speed.

In a method of this invention, the wafer carriers 22
are mounted on the lower polishing pad 18 so that the
carriers are generally disposed between the lower

30 polishing pad and the upper polishing pad 16. At least
one of the wafers W is placed in one of the openings in

the wafer carrier 22 so that the front side faces the
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WO 02/1197 9 PCT/USOL/ 21238 shown) and is |apped to reduce the thickness of
the wafer and to inprove the flatness of the wafer. Reduction of the
t hi cknesv@u1Wie Zappi ng operation al so renoves damage c&(TA@niin2she waf er
slicing operation. The | apping 5 step, however, creates danage (| apping
si gnature damage) on the front and back surfaces that has different
characteristics than the damage caused by the wafer slicing operation.
Sui tabl e | appi ng apparatus include Petfer Wlters Mdel Nos. AC1400 and
AC2000, nmanufactured 10 by Peter Wlters Corporation, Rendsburg, Gernany.
The | appilifyedppalaiafsingpat thenhidafrelatesdastacrs ddudl wepere pol i shing
apparatu The 4l i eration renoves a predeterm ned thickness of wafer
mat eri al ,%Oslu%ﬁllarggog%%tpﬁb to 100 mcrons, and preferably about 70 m crons
i s 15 renoved Aydrhesrdaippialy myarstimn. s Thnerppes adppliead tdeaconventi onal
| appi ng apparatus w Il be apparent to those ski|Jled in the art and

JERHE St e R (S doctte DRESTIRAT TR PR KIRYes of the
vef er W ayg atechath tith O dughd hes darmge,oicddie frontyshde Sepeini ng
after the lapping step. Preferably, the etchant used is a caustic
(al kal i né2 dtsch dagusnd awarddghes leser pkaten 14 thdring
nanot opo hy 0o e er tggn i nt ... The wafer r.e preferably
i mrer si o%’hgé%gért o%\é?g thIht\g eﬁ%%ﬁé%%%t?%cﬂcs Salréee c%fn'?te}%r%l ated. The

waf er W maf ebre vedgel pod ishady aficerl dvwer edadhi 19 Sittep. cdfteadt omitland back
sides are sinmultaneously polished to inprove the flatness of the wafer W
and to ré&\?c?’ﬂ%’ftermdj:ﬁ@‘g e ST ontTRA FBRRK Ri%SRes? The wafer danmage
3O remai HAGLD dAmRATK AWRF§d1S HAM &l t@%i&&é{@feaommge on the
front surface after conpletion of the simultaneous polishing step. The

si mul t andmussgfolds Hilrg: sthep baxckprasierabdnt perdes nedk use hgslhéd net hod

descri bed , 4 a(%lze/ 1l -47b 10t PCT/ USQL/ Zl%H&g above C?o that | ess fer

mat eri al <Y eroved From4 h&%é}ﬁ?%ﬁfé“ WP IFont TR ot VI He wafer W
More speddd Qalver padiarglierwhidiigheli gtask i tshalSEeoii® $dé sShhadeafront side
than is used to polish the back side. In this 5 nethod, it is preferable
not to mEANYSNGSS tHETbHigandl FRadebithan &aFoydmess | af oklRr to

increase nf(’)"??af‘ci remvsle difharentdial Retaeen.d fﬁf{yg ipagky si des.

Mani pul at | the rotational speed nay decrease e control~ over back
si de mat evstalck ermmalrgl iWhipdl WeHing gaall Mede @h pobesretdidee vari ation in

t he back .side roughness an |l oss.. The fro si de_ of the fer js finish
pol i shed W@@gﬂﬁ%cﬂﬁ@}ﬁ%%é@?ﬁe%ﬁ%% ‘ f?%ﬁeg?kﬂg’ E\f{\ﬁw?éejoel i eved
tpat thﬁ SWL@!wt}?pqgicB,phharﬁfﬁédgﬁn@iHo}ﬁi%iﬂiéfﬂ|(i;}qz®qﬁ£t§cb&i)‘il¢éwﬂty unihf orm
after the_simltaneous poljshing net this jnvention so that the
hanot opodEphy 5t YBREDRAC ot S TS Horabisg i | VErS st dee L+ A g

nanot opo@RPadd dhepdremdrisd A I0HIFh{HONha t5é Hfa PO| b5 &Babiiea

nanot opography of the front and back sides after 20 sinultaneous polishing
i s prefetiasial [Bslthppdonaiiaztiyred B Bodedn sWitichinks | ess than 70 nm PV

on a | X . i y 1S | than 10
nm PV %&@ﬁ%@?@nﬁn&lwgﬂﬁﬁﬁ%ﬁ eé%%@?g%%go%%b%%ght iegl??y zero.
After frdmwext gmdpdlash ngomplesdrontit2dpd of deetheserm dbgherecyl asd 8han t he

back surface so that the front, and back sides are visually distinguishable
and are &%t MRS M?W%eﬁ% Sed ep‘r‘%%’ésp?% 3¥ nfshed wafer. For

e@npl e, ddi @053 0N thef nstvsdieabsubeutadd 2 o5 en@ dbrgor-Tri -G oss
Met er, made by Gardner, Inc., 30 Germany, while theofFIPoss on the back side
i s about PrEFarshly thetwesre akauly .10braeiek2% t heThe oklgwer deadaks a hi gher

gl oss than I he back, sl de; abter; ddg & L Anepus,BR! LShi agp8f epaput before

finish polishing.
16. For example, a Suba 80 pad, which is a finish pad

comparable to a Model UR-100, has a Shore A hardness of
30 about 13~20 using test method RM-02A-7-91, and the Suba H2
pad has a Shore A hardness of about 84 using the same test

method. The lower pad 18 removes wafer material at a




WO 112/119-47 11 PCT/ LI SO1 /21238 Advant ageously, the nmethod of processing
the wafer Wis free of any step perforned on the back side which is not

al so per V0O ARUI%N t he front side. Thus, the wafer W has tRETfUSAt/NE3% and
paral | el i sm enabl ed by sinultaneous 5 doubl e-side polishing, has a high
gloss mrror finish on the front side due to the finish polishing step, and
the nmet hod does not require an additional step to be perforned on the back
side to make the front side distinguis%able fromthe back side. Moreover
the process is nore ecoqﬁnical in tha& | ess faterial rempval fromthe

e

front si de?FST T i h the WPhEF t B oL BVt e*3F e BbEPShi ng step due

to the fustdeiramieraal1éesovaboner f oraedihdst fi6réi phsbrpakiebing step. In
view of the above, it will be seen that the 15 several objects of the

i nvent i orPeKF er@edt B hndhot herendvadt bgepushe cspbes Bedalhed. Monen
ol an LB ol ey EReELed YRR D oBpE RRELETERH, oy

*enbodi ne 1cles and " sai are

i rB ended torepsrefdvdblere abeu019ne. or Therwadbértheiel enepeby The terns
"conprising', "including" and "having" are intended to be inclusive and
P?i%ﬁ n@

mean t hat ReFaNS 1RO e t TP RREnBREstRe nbirtpAnPRAesHFEL BRREI enent s.

As vari oups Shapges, GRMM & be1 Mede i b8 APOYerke L8Rt LUQLI PASnWhBoUt
departing fromthe scope of the invention, 1t is intended that all matter

cont ai nedf¥ent helddovred des ciipt | bne opachowhde nhatiel agsogpaaypi hgadr awi ngs

shal |l be inte ed. illustrative and not in a limting sense. WO
02/119-t7tqé é&éﬁélééifAwaD I'S: PCT/US(11/21238 1. A nethod of

sigrul t aneous| yripel tehowgl frane Bangli bagkdsthé agesfefeaceeBeeradticthe waf er
conprising the steps of: (a) providing a Eolishing apparatus having a wafer
5 carri er"yeterBri§r iRk pbeBavedt een Bhei 5enpofidfi AGdphdcEnERg second

goLgfghgggﬁgg1%§§%4g%%g§% gg%?ﬂé¥iPﬂcfeQéé&”B§5m§h9£hiéE§H§'¥h8reater than
relative rotational speed of the carrier 22, the upper
platen 12 and upper pad 16, and the lower platen 14 and

15 lower pad 18. Specifically, the upper platen 12 is
rotated in the same direction as the wafer carrier 22 and
at about the same speed as the wafer carrier. In this
manner, relative motion between the upper pad 16 and each
wafer W is decreased so that less material removal occurs

20 during polishing. Table 1 includes suitable ranges and
preferred parameters for the speed of the upper and lower
platens 12, 14 and the inner and outer ring gears (the
speed of the ring gears determines the speed of the

carrier 22). Table 1 also includes a suitable range of

25 polishing down force and a preferred polishing down force.
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(b) placing said wafer in the wafer carrier so that 10 said front surface
faces said first pad and so that said back surface faces said second pad,
(c) appl wag2/a9pol i shing slurry to at | east one of said p&d$/usftrizsot ati ng
the carrier, first pad and second pad, 15 (e) bringing said front surface
into contact with said first pad and said back surface into contact with
sai d second pad for polishing said front and back surfaces of said wafer,
whereby | ess wafer material is renoved from said back 20 surface engaged by
said second pad and said back surface has | ess gloss than said front
surface JABLE dolishing. 2. A nethod as set forth in claim1 wherein the
first pag—ts—rade—of—potyurethare—+ppregrated—potyester—fett—rater+al and

t he second pad i sPamaieeoéror oneri c| poPyreferkade mat 8wibhble Rap@=UpP/ 119. 17
PCT/ USOLfZT238.13 3. A nerhod as sef rortn 1tn crarm I whereln the 1|rst pad
has a ro @‘?ﬁré?%‘lﬁggwncgﬁ’trﬂﬁ'gr eatbr thaf% nhe second pdtf 4.°% net hod as
set forthgaf claiml1l wherein the fifst pad is |ess|conpressible thap the
second pag—5—Atrethod—as—set—fortp—t+r—etatrm-i—whereri—the—step—of
rét ati ng | iVppleadéd ageineSraay t RPM el pti ve rétati onall speed of 1@he cafrier,
the firsf_pad ang the second pad Sufh that _renoval |of teriral_jronsaid
back 5 syH¥EE ggattﬁél \ﬁﬁee?rdd'i S5 ni fri zed. "%*.SFA met hod & %et T3dtth {n claim

5 whereinthe.stap ef JPtRldNG conplises rojating the caprier,gnd the
second pa& In the sane direction at|approximtely fthe sanme velocity|so as
to mnimlZ¥M he wafer material renmoyed from5 sai d|back surface. 7.[A

net hod a§~Set TONIN N clarm. Wher i n The T1Tst phd renpves. at Teast 5
times noré)u%ﬁre ll?atRelﬂgaISapﬁeerdl'rot at{on of the fi rsii pad fhan'the setond
RPM

fad.

The removal rate ratio and the difference between the
wafer material removed from the front side and from the
back side may be further increased by increasing the
temperature of the lower pad 18 in contact with the front

15 side relative to the temperature of the upper pad 16 in
contact with the back side. The temperature of each
polishing pad is controlled by circulating water which is
in thermal communication with the respective platens in
contact with the pads. The AC1400 and AC2000 model

20 polishers include a control system for controlling the
temperature of the circulating water in communication with
the upper platen 12 and a separate control system for the
circulating water in communication with the lower platen
14. The separate systems enable the user to increase the

25 temperature of the lower pad 18 with respect to that of
the upper pad 16 and thereby remove more material from the
front surface than the back surface.

In another method of the invention, semiconductor

wafer W is placed in a conventional lapping apparatus (not

! Negative sign for rotation indicateg counter-clockwise
direction, positive number indicates clockwise direction.



8. A nethod of processing a sem conductor wafer sliced froma
single-crystal ingot and having front and back surfaces, the nethod
conpri si mobhie1vst eps, in order, of 5 (a) |apping the frontrcansobaris
surfaces of the wafer to reduce the thickness of the wafer and to inprove
the flatness of the wafer, the |apping step creating damage on the front
and back surf aces ; WO 02/ 119-47 PCT/US01/21238 14 10 (b) etching the
front and back surfaces of the wafer o reduce the damage on the front
surface remaining after the |apping step; (c) sinultaneously polishing the

front an®heaeR S&cf dced aFPachdadiesiuae theprdicknae s |of fdss wAfes t he
vef er and {0 JLduee MRl ehdames, s e dHoRand bagaauw{gacess the wafer

damage renmi ning on the back surface being greater than the wafer damage on
t he fronttheuthdc&ngsisevicorpiietlianpisly swaradilian e uepeshi ng step; 20

and (d) f4.ni i.shi q?% f r.f a waf er r aze and
r oughnessd éﬁmr?ﬁéh%%%"rso%nq riDg’ur acg{a%res%irlo%t%%sgﬁ%:tlﬁ? ea %r%ﬁ% a
higher glatsp,t hawetvies bacteasnad alsmadzs (lpgEing tsignettdoe dandgele of any
step perfo%r gf%d %not q:e %?ﬁv s,ﬂ?rfacef(_:\l/\clzheischd{(,ist gjan %isﬁ@f%r{@r med on the front
surf ace °™ ¢°THE st KOG BT STtH 31 ¢l Al 8" %herein e step of
si mul Ejanemassi@clt@nﬁﬁmmag ul—imt frhen td zamedy d:)axalufsad fk&ceslleg:ommﬁézses: I I(a) g g
provi di ng .a polishing.apparatys. hawvi r re y di spose
bet ween %]ﬁcﬁsﬁg ﬁ(ﬂel S tllr?gn ‘padg'ylualnt %alé;gc%)@gan;%ﬁp i ngg%%dl,&?g)ﬂ%l acing said
waf er i n Heverwalcdrt exar Magtels NdshatAGH @ farohtAGArFacendmachsctoaret fi r st pad
d so that id surface faces said segond p 10 (c) lying a
3@1 i shi ngjyslpls?r%reyjf ?%clgieﬁsea%%rpo & O%O%’ai]gerb%gjslfrg(’d?@ér%m%l’t‘é'ng @ﬁeg carrier,
first pad=aidrecepphieadis (y e ndiegamd hfpaardtstirdsaicehe ndoulslost act Wit h
said first, ajnd sai d back surface.i nt]garﬁ VO 02/119-17 15 PCT/ US01/ 21238

ad :
15 cont actidF AP S b CERP TS or i AR S HRPFF Oh™ ahd"PEk Bur f aces
of sa}_d \&Iefé{et%ﬁmltﬁeﬂlt&ﬁmsimeh@id&f fvi;at%r ﬁﬁ;tdéﬁ\dln,gd@l&&grﬂmﬁ%%utl f
significantly greater than a hardness sai.d second pa ereby | ess waf er
material 4% tébgjfoé)nw&fqr?’%m%“ﬁ cP‘E%fﬁF%‘EPrX fcl%o%g%(béﬂf‘bﬁo%%i ¥ second pad,
ad sai d ddnited By atR I'!l.("i@p;ﬁArﬂj %{ﬁéré}ii&‘ﬁ. t hete Sepsh-dackn sof feee after

si mul t aneous poljshing. 10. nmet hod as set. forth in claim9 wherein the
first pa&%@%%@&h%@ﬁ%rﬁ??%ﬂ% HhrehiRG IBRGFEERe SRR Pad.

skilled in the art and therefore will not be further
described.

The front and back sides of the wafer W are etched to

20 reduce the damage on the front side remaining after the
lapping step. Preferably, the etchant used is a caustic
(alkaline) etch because caustic etching is less harmful to
the nanotopography of the wafer W than acid etchant. The
wafers are preferably immersion etched, though other

25 etching operations are contemplated. The wafer W may be
edge polished after the etching step.

The front and back sides are simultaneously polished
to improve the flatness of the wafer W and to reduce wafer
damage on the front and back surfaces. The wafer damage

30 remaining on the back surface is greater than the wafer
damage on the front surface after completion of the
simultaneous polishing step. The simultaneous polishing

step is preferably performed using the method described
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The front side of the wafer is finish polished to
reduce haze and roughness in the front side. It is
believed that the nanotopography of the back side will be
15 sufficiently uniform after the simultaneous polishing
method of this invention so that the nanotopography of the
back side will not negatively affect the nanotopography of
the front side during front side polishing. The
nanotopography of the front and back sides after
20 gimultaneous polishing is preferably less than 20 nm PV in
a 2mm X 2mm site and less than 70 nm PV on a 10mm X 10mm
site. More preferably, the nanotopography is less than 10
nm PV in a 2mm X 2mm site, and even more preferably is
substantially zero. After front side polishing, the front
25 side has a higher gloss than the back surface so that the
front and back sides are visually distinguishable and are
distinguishable by sensors used to process the finished
wafer. For example, the gloss on the front side is about
370 using a Mirror-Tri-Gloss Meter, made by Gardner, Inc.,
30 Germany, while the gloss on the back side is about 120
using the same meter. Moreover, the front side has a
higher gloss than the back side after the simultaneous

polishing step but before finish polishing.
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method does not requlre an additional step to be performed
on the back side to make the front side distinguishable
from the back side. Moreover, the process is more
10 economical in that less material removal from the front
side is required in the simultaneous double side polishing
step due to the further material removal performed in the
finish polishing step.
In view of the above, it will be seen that the
15 severél objects of the invention are achieved and other
advantageous results attained.
When introducing elements of the present invention or
the preferred embodiment (s) thereof, the articles "ar'",
"an", "the" and "said" are intended to mean that there are
20 one or more of the elements. The termsg "couwprising",
"including" and "having" are intended to be inclusive and
mean that there may be additional elements other than the
listed elements.
As various changes could be made in the above
25 constructions without departing from the scope of the
invention, it is intended that all matter contained in the
above description or shown in the accompanying drawings
shall be interpreted as illustrative and not in a limiting

sense.
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IS CLAIMED IS:

1. A method of simultaneously polishing front and
back surfaces of a semiconductor wafer comprising the
steps of:

(a) providing a polishing apparatus having a wafer

5 carrier generally disposed between a first
polishing pad and a second polishing pad, said
first pad having a hardness significantly
greater than a hardness of said second pad,

(b) placing said wafer in the wafer carrier so that

10 said front surface faces said first pad and so
that said back surface faces said second pad,

(c) applying a polishing slurry to at least one of

said pads,

(d) rotating the carrier, first pad and second pad,

15 (e) bringing said front surface into contact with
said first pad and said back surface into
contact with said second pad for polishing said
front and back surfaces of said wafer, whereby
less wafer material is removed from said back

20 surface engaged by said second pad and said back
surface has less gloss than said front surface

after polishing.

2. A method as set forth in claim 1 wherein the
first pad is made of polyurethane impregnated polyester
felt material and the second pad is made of poromeric

polyurethane material.
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second pad.

4, A method as set forth in claim 1 wherein the

first pad is less compressible than the second pad.

5. A method as set forth in claim 1 wherein the
step of rotating includes selecting the relative
rotational speed of the carrier, the first pad and the
second pad such that removal of material from said back

5 surface of the wafer is minimized.

6. A method as set forth in claim 5 wherein the
step of rotating comprises rotating the carrier and the
second pad in the same direction at approximately the same
velocity so as to minimize the wafer material removed from

5 said back surface.

7. A method as set forth in claim 1 wherein the
first pad removes at least 5 times more wafer material per

rotation of the first pad than the second pad.

8. A method of processing a semiconductor wafer
sliced from a single-crystal ingot and having front and
back surfaces, the method comprising the steps, in order,
of:

5 (a) lapping the front and back surfaces of the wafer
to reduce the thickness of the wafer and to
improve the flatness of the wafer, the lapping
step creating damage on the front and back

surfaces;
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front and back surfaces, the wafer damage
remaining on the back surface being greater than
the wafer damage on the front surface after
completion of said simultaneous polishing step;
20 and |
(d) finish polishing the front surface of the wafer
to reduce haze and roughness in the front
surface, the front surface thereafter having a
higher gloss than the back surface,
25 wherein the method is free of any step performed on the

back surface which is not also performed on the front

surface.

9. The method set forth in claim 8 wherein the step
of simultaneously polishing the front and back surfaces
comprises:

(a) providing a polishing apparatus having a wafer
5 carrier generally disposed between a first
polishing pad and a second polishing pad,

(b) placing said wafer in the wafer carrier so that
said front surface faces said first pad and so
that said back surface faces said second pad,

10 (c) applying a polishing slurry to at least one of
said pads,

(d) rotating the carrier, first pad and second pad,

(e) Dbringing said front surface into contact with

said first pad and said back surface into
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gignificantly greater than a hardness of said
second pad whereby less wafer material is
20 removed from said back surface engaged by said
second pad, and said front surface has a higher
gloss than said back surface after simultaneous

polishing.

10. A method as set forth in claim 9 wherein the
first pad has a roughness significantly greater than the

second pad.



