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DESCRIPTION

WAFER MANUFACTURING METHOD, POLISHING APPARATUS,
AND WAFER

Technical Field:

The present invention relates to a wafer manufacturing method, a
polishing apparatus, and a wafer, more particularly to a wafer
manufacturing method and a polishing apparatus which prevent peripheral

sags of a mirror polished wafer so that the wafer can be polished up to its

- peripheral edge at a high flatness level, and a wafer.

Background Art:

Generally a silicon wafer manufacturing method comprises, as
shown in Fig. 18(a), a slicing step 100 of slicing a single crystal ingot to obtain
a thin disk-shaped wafer; a chamfering step 102 of chamfering a peripheral
edge portion of the wafer obtained through the slicing step 100 to prevent
cracking and chipping of the wafer; a lapping step 104 of flattening this
wafer; an etching step 106 of removing processing deformation remaining in
the so chamfered and lapped wafer; a polishing step 108 of making a mirror
surface of the wafer; and a cleaning step 110 of cleaning the polished wafer to
remove a polishing agent or dust particles deposited thereon. The main steps
are only listed above, and sometimes other steps such as a heat treatment

step and a surface grinding step may be added, or the step sequence may be

changed.



Abstract: ‘A wafer manufacturing nethod and wafer polishing apparatus in
whi ch the edge rounding of the edge of a wafer is con- troHBdanmn¢2004
consequently the value of nanotopol ogy especially required recently is

i nproved, a wafer polishing apparatus, and a wafer are dis- closed. At a
step of mrror-polishing a wafer, the back of the wafer is polished to
forma reference surface of the wafer. 16 January 2004 -1- DESCRI PTI ON
WAFER MANUFACTURI NG METHOD, POLI SHI NG APPARATUS, AND WAFER 5 Techni ca
Field: The present invention relates to a wafer manufacturing nethod, a
pol i shing apparatus, and a wafer, nore particularly to a wafer

manuf act uri ng nefchg ﬁhﬁﬂﬂg Im%g%p%h graam owlﬁl?a & %g%l 5{, pheral 10

sags of a mrror po can ed up to its

Ganeral 13 o e ooRea o BipEs nﬁ‘?f‘ég Or?s?ﬁﬁa@eﬁﬁ%ﬁ%%l@?ﬁé Ao i n

Fig, 18 te of s S cryst ot .to obtain
a ?hi n ((jﬁ?t}lkShglnﬁgpgﬁhP rar &SEﬁ&Prreé‘FilﬁétE?éBb Eﬁa‘ﬁ?@f"l h@gﬁ Sbi % i pher al

t
edge port I1on r?é a%)Bgra us%oom?ste g net ep '%ﬁ%?g {JPoecegé,lfglr? stg}ue: alsos ot“(r)n preven

5 1n Fig. 14, there has been widely known a polishing apparatus comprising a
disk-shaped turn table 206 which is rotated by a rotary shaft 204 and has a
| polishing cloth 202 adhered on the upper surface fhereof, a wafer holding
head (polishing head) 208 for holding one surface of a wafer (W) to be
polished and contacting another surface of the wafer .(W) to the polishing
10, cloth 202, and a head driving mechanism 210 for operating relative rotation
of the wafer holding head 208 against the turn table 206, wherein the wafer
is polished by supplying slurry 214 containing abrasive grains from a slurry
supplying unit 212 between the polishing cloth 202 and the wafer (W).
As another type of polishing, as shown in Fig. 15, there is a method
15  of simultaneously polishing both the front and back surfaces of a wafer. This
double side polishing apparatus 220 has a lower polishing turn table 222 and
an upper polishing turn table 224 which are faced each other vertically. A
lower polishing cloth 226 is adhered on the upper surface of the lower |
polishing turn table,222, and an upper polishing cloth 228 is adhered 6]1 the
20 Iower surface of the upper polishing turn table 224.

A disk-shaped carrier 230 is supported between the upper surface of
the lower polishing cloth 226 of the lower polishing turn table 222 and the
lower surface of the upper polishing cloth 228 of the upper polishing turn
table 224 and rotates and revolves slidably between the lower polishing cloth

25 226 and the upper polishing cloth 228. The carrier 230 has a plurality of



cracking and chipping of the wafer; a | apping step 104 of flattening this
waf er; an etching step 106 of renoving processing def or mat il6rangarpi2fd4g i n
20 the so chanfered and | apped wafer; a polishing step 108 of naking a
mrror surface of the wafer; and a cleaning step 110 of cleaning the
polished wafer to renove a polishiﬁ§3hgent or dust particles deposited
thereon. The main steps are only listed above, and sonetines other steps
such as a heat treatnment step and a surface grinding step may be added, or
the step sequence may be 25 changed. 16 January 2004 2 The polishing step
108 of nagknﬁaﬁenkééor surface of the wafer is further classified into
sub-step?,‘§' AFPBus types of polishing methods and polishing apparatus
are used in ea f th% sub-steps.. As a wafer single side ol i shi ng
apparatus 200 udatersiWre heopolishedgarerass asdhe roafer holesnd®2. Wneshthan 5 in
Fig. 14, therewgas been wi del y known a polishing apparatus conprising a

di sk- shapaéersd araipodished, apdlishing agenhissuipplicd Wratvaey thoafafe0@Wand has a
polishing cloth 202 adhered on the upper surface thereof, a wafer hol ding
head (potnéhhegoliekilg d6ihsi26, 2ERdiaghmehinidaeet ehoan\ireied W the be
pol i shed and contacting another surface of the wafer (W to the polishing

10. @ ot hpp&2polishing theadabllei 22h froreabaies (ot hokat). opetlas tqngidred 3t i ve
rotation of the wafer hol ding head 208 against the turn table 206, wherein

the waf erotates pod rehdded)the wppleyd (W) shiake ¥ind héveRist S diblg babyasi viee 9r ai ns
froma slurry supplying unit 212 between the polishing cloth 202 and the

waf er (Viowehspadizbime tlotl 226 PiHd @ﬁﬁéi%ol@hiﬁ%@l%‘hi228,':ﬂ93re935boﬂh%@ is a
met hod 15 of sinmultaneously polishing both the front and back surfaces of

a waf er. sutfhées sfatblwafed 6Pk sgkRAPar at us 220 has a | ower polishing
turn table 222 and an upper polishing turn table 224 which are faced each

SL :1]9; ver ]E i fﬂ'e'?%?ﬁraﬂeo%E’ RREGENRIh AL hékAnk Sa JIEE € F RNk aPper
10 there are a batch holding method in which a plurality of wafers are adhered
on one and the same plate using wax or the like and are polished, and a single
wafer holding method in which wafers are held one by one by means of wax or
vacuum chucking and are polished.
The wafer holding method employed when polishing a wafer is
15 divided broadly into two systems, that is, a wax mounting system and a
waxless system. The waxless system comprises a vacuum chucking system, a
template system, and the like.
Of these systems, as shown in Fig. 17, a wafer holding head 240
according to the template éystem has such a structure as, when polishing é
20  wafer (W), the wafer (W) is fitted in an engagement hole 244 in a teinplate
blank of the template 242, and the back surface of the wafer (W) is held by a
backing pad 250 adhered to a lower surface of the upper polishing turn table
248 attached to a lower end of a head 246.
When polishing wafers (W) with the holding head 240, wafers to be

25  polished are fitted into each of the engagement holes 244 in the template



poli-shing turn table 222,--and an upper polishing cloth 228 is adhered on
the 20 |lower surface of the upper polishing turn table 2246 JandgaryRO8haped
carrier 230 is supported between the upper surface of the |ower polishing
cloth 226 of the lower polishing turn table 222 and the |ower surface of

t he upper polishing cloth 228 of the 4pper polishing turn table 224 and
rotates and revol ves slidably between the | ower polishing cloth 25 226 and
t he upper polishing cloth 228. The carrier 230 has a plurality of 16
January 2004 3 wafer holes 232. Wafers (W to be polished are set in the
waf er hol es 232. Wien the wafers (W are polished, a polishing agent is

suppl i ecblankwEehe thaplab ous, féé?epﬂﬁél%é hied BRé tishd SigustcdiRgnldfe 2828 Vi a
t hroughhol es (not shown) forned in the 5 upper polishing turn table 224
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wafers (W rotate and revol ve slidably between the [|ower polishing cloth
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Thus there is known a holding method named a waxless system in
10 which, without using vacuum chucking or adhesion by wax, a soft material
named a backing pad is used for holding a wafer. Also there is a polishing
method named CMP (Chemical and Mechanical Polishing) in which a wafer
1s polished in such a manner as the wafer is held by a soft backing pad not to
transfer a vacuum chucking side configuration of the wafer to a front surface

15 thereof.

With a combination of various types of polishing apparatus
described above, a wafer is mirror polished by multistage polishing including
primary polishing, secondary polishing, final polishing, and the like.

Currently, the wax mounting system is often used in the above

20  mentioned polishing systems, but in view of deterioration of a flatness level
due to variations in an adhesive layer, cleaning of the wax, and so forth, for
instance, polishing of the waxless system, double side polishing or the like
have also been erployed. For instance, as shown in Fig. 18 (b), a waxless
polishing step 108A shows a case in which polishing of the waxless system is

25  performed in all of a primary polishing step (A1), a secondary polishing step



20 wafer (W, the wafer (W is fitted in an engagenent hole 244 in a
tenpl ate bl ank of the tenplate 242, and the back surface ofiStJaeuawfa®04( W
is held by a backing pad 250 adhered to a | ower surface of the upper
polishing turn table 248 attached to a |ower end of a head 246. Wen
polishing wafers (W with the holdiﬁé'head 240, wafers to be 25 polished
are fitted into each of the engagenent holes 244 in the tenplate 1 6
January 2004 4 bl ank of the tenplate 242, respectively, and the thus
situated tenplate 242 is arranged on a |lower polishing turn table (not

shown) hat, t fers.( i n. lower sitions, .I.n this te, one
sur f ace s’tarpéi ﬁr@ﬁﬂwgﬁ%@é’?@ ’Wﬁ‘blﬁiasﬂ‘i"ﬁéecgll RO %lﬁége“&%ﬂ%;g%e | ower
polishing turn table (not_ shown). In this 5 state, when a back pressure is
appl i ed Sg@WtShé ¢asepimtvelushodenblensidg ppeliships| issperfgrmed niny abpeinzary and at
the sane tine the | ower polishing plate (not shown) is rotated, the

t enpl at @ckishingtders(BY) end pbhslengogbtdiber viyshembeard emeplopedi ®hiang pl at e
and the wafer (W is polished. Thus there is known a hol di ng nmet hod naned a
wax| ess sgyendenyi polishingisteph(B2)i arttba fingd polskingustep éBBE ki ng or adhesi on by
wax, a soft material naned a backing pad is used for holding a wafer. Al so
therd is a pol Thei pymanst hadshiagesteEMA 1) CHBI) ¢alforathe MeaimapuepdsePof i shi ng)
in which a wafer is polished in such a nmanner as the wafer is held by a
sof t badkitbenipgdamdtmakingt 4 ankter sarfuaeuanmd ¢HuckicpoofSpsleslannfd guifat i on of
the wafer to a front surface 15 thereof Wth a conbination of various

types ofwiblthehitoek appival bs 10d@s or ek aoMBatiteehSid bslishineodloftp! | shed
by nmultistage polishing including primry polishing, secondary polishing,

final pahhghbégusedol Neorédteng @Ik Rk YonfifiGraton MRIRATNIEY Si$é&id s of ten
used in the above 20 nentioned polishing systens, but in view of

deteri orgflis@imdf RebbRIPEBStob&UColishing step, a flatness level of a wafer is

10 improved by, for instance, an etching step, a lapping step prior to the etching
step, or a surface grinding step, and with keeping this improved
configuration, making a mirror surface (so-called copy polishing) may be
performed. The combination of correction polishing and copy polishing may
improve a flatness level of a wafer and make a mirror surface thereof,

15 The secondary polishing step (A2), (B2) is for the main purpose of
making a mirror surface of the portion whiéh has not been improved in the
primary polishing step (A1), (B1), and in the secondary polishing step, there
is mainly performed so-called copy polishing wherein a wafer is polished with
keeping a wafer configuration by rerﬁoving a certain thickness with the stock

20 removal of several ym. In this stage, there are some cases where a
configuration of a peripheral portion of a wafer is corrected.

The final polishing step (A3), (B3) is for the purpose of improving
haze, and the stock removal is of a very small amount.
In order to improve a flatness level more by removing tapers and the

25  like of a wafer, it is effective to polish the wafer while rotating it during the



due to vari-ations in an adhesive |ayer, cleaning of the wax, and so forth,
for instance, polishing of the waxless system doubl e sidé6pgehitahi20g4 or
the like have ‘al so been enployed. For instance, as shown in Fig. 18 (b), a
waxl ess polishing step 108A shows a case in which polishing of the waxless
systemis 25 perfornmed in all of a p,ré_mary polishing step (Al), a secondary
polishing step 16 January 2004 5 (A2); and a final polishing step (A3),
whil e a doubl e side polishing step 108B shows a case in which double side
polishing is performed in a primary polishing step (Bl) and polishing of

ot her systens are enployed in a secondary polishing steE) (182) a][\d a ];]I nal
ol ishi b Th I jBry. i_shi te Al is for the
ﬁai n pupg%lzgehgg (%ﬁ %Iéaft?()enrii ﬁaﬁn namggige Sg I%% ;ﬁﬁ}élrnéu&f a%lbe, g%%b]]es Sl&)%j[ epI of

ol i shi ng. fer w thithe.stock renoyal 1Qlam or ,nore.. A.relatively
IElard pol élﬁiu#%ng o )WOIW%éS ggegﬁrafbg?._ ﬁﬁ?%’é‘?’&hﬁs%smfe@rs ERetishiREt i on
(so-called gorrection,.palishing). Recently, before a polishing step, a
flat nessmiaé(\chﬁp orgn%}rgth Brl Yrﬁﬂlkf\i]é’agﬁ P #8¢ SP %t ance, an et ching steg,
a lapping ste ior to the etchin sfep, or a surface grinding step, an
Wi t hpEeegi ng s r}’%e#l ApFadergs E@hﬂfme&ug%ttfl%ﬁpnﬁ@kﬁl%alaww@momhﬁe&c@r _
(so-cal l ed copy, poli.shing) may be _performed. The conbination of correction
pol i $hi né‘“&ﬁﬁ eidsy (simmulsamanyshenolishing.ovdthoughatapers leaeeimprovadned er and
make a mrror surface thereof. 15 The secondary poli shi ngmst ep_ (A2), (B2)
is for tpembgr Al penipberalongs ankizenerated.r Forthsuvihide thef wakse ippotisbed whi ch
has not been inproved in the primary polishing step (Al), (Bl), and in the
secondarin pohitae npolittepg ttaeee, rimsnandl thepdilfeoraredgsmrasdd ed fopy
polishing wherein a wafer is polished with keeping a wafer configuration
by r enovinflpctiongoiwtisront hiveldaessrface,espbeialydakpcihhieabypattiafs drvesal p. m
In this stage, there are sone cases where a configuration of a peripheral
portion ahdanaed erepsloettigent @dminute area (may be termed nanotopology) or

10 flatness thereof worse.

The peripheral sags described above are due to a phenomenon
wherein the periphery of the wafer is polished excessively and becomes
thinner than the central portion thereof in terms of thickness. This
phenomenon easily occurs when polishing a wafer by a general method.

15 The rises are due to a phenomenon wherein the periphery of the
wafer is not polished and becomes thicker than the central portion. This
phenomenon seldom occurs usually, but often occurs when a wafer is polished
with a polishing head using a retainer ring in CMP and the like.

The rises may also be generafed when the polishing rate is

20 intentionally slowed down in the wafer periphery by, for instance, making
the polishing pressure lower only in the periphery than in the central portion
to improve the flatness level in the primary or secondary polishing step (on
the assumption that peripheral sags are generated).

The inflection points are formed when a wafer having the peripheral

25  sags is polished in the above described manner that the rises are generated.



The final polishing step (‘A3), (B3)-is for the purpose of inproving
stock renoval is of a very small amount. In order t16 Janyarye804
flatness level nore by renoving tapers and the 25 like of a wafer,

and t he

effective to polish the wafer while rotating it during the I
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i shing operation, and the waxless polishing or the double si

(simul taneous) polishing is preferable. Therefore, these systens of

polishing may be performed in the primary polishing step and so on.
waf er i s polished by the conventional waxless polishing or 5 double
(si mul taneous) polishing, although tapers are inproved, a nunber of
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he li.ke. The rises may al so be generated when _the polishing
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t he poli shi Q}g pressure | ower onl % in the periphery than in t
wed wlagions (PV value) or what extent is the maximum PV value among the

PV values for all the evaluated areas. '

The flatness is based on a back side reference, a front side reference,
etc., and expressed, for instance, as SBIR or SFQR. Here, the SBIR (Site
Back side Ideal Range) is defined as a difference in the distance between the
highest position and the lowest position from a vacuum chucking face which
vacuum chucks and fixes a wafer, when assuming the chucking face as a
fixed reference for flatness and evaluating each site (each area obtained by
dividing the entire surface of a wafer into respective prescribed areas).

On the other hand, the SFQR (Site Front least-sQuares Range) is a

value expressing a maximum range of irregularities against an average plane

of a front side reference in terms of ﬂatnesé, the average plane being

calculated for each site. As to the wafer flatness, it is necessary to improve
the SFQR and nanotopology of the frbnt side reference.

When a wafer is subjected to the double side polishing only,
although an inflection point is not formed, sags are easily generated in the
periphery of the wafer. Especially, the sags are generated on both surfaces of

the wafer, and hence there is a big effect thereof. Although the sags can be

haze,

it is
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to inprove the flatness level in the primary or secondary polishing step
(on the assunption that peripheral sags are generated). TheJanddrg2004n
points are forned when a wafer having the peripheral 25 sags is polished
in the above described manner that the rises are generated. 16 January 2004
7 The presence of the inflection poi'r‘?t's makes the val ue termed nanot opol ogy
wor se. The nanot opol ogy (may be al so terned nanot opography) is one of
surface evaluation wherein a wafer surface is divided into a plurality of
areas 5 and a variation in undul ations (peak to valley: PV value) for each
of the areas ig,evaluaied. The evaluation i.s carried out _as to whether
what perll‘}@a? é&@i%ﬁrvbbf Fﬁlwma stk zemoral %@Lﬁpﬁ@@lwld%olﬁ 2 $$80i ng t he
specified variation in wundulations (PV value) or what extent is _the

maxi mumiP\OLEgE (fe make g mawror puriace folanEsr stk yeveowalds raguiredrisathe 10 The
flatness i s based on a back side reference, a front side reference, etc.,
and expradsegueriosedondamnpelishingSieR and BEQR saddsrare gemerdBIRES 18, Back
side ldeal Range) is defined as a difference in the distance between the

hi ghest Alssiwhem aawdfdriie dubjesed o polishing obhtheawaabasamystamksags fmce whi ch
vacuum chucks and fixes a wafer, when assum ng the chucking face as a 15
fixed refmilgrgmdrated imthe periphdrevélthatwalgr @aclh et easeadcdodieaiddt ai ned
by dividing the entire surface of a wafer into respective prescribed

areas) . plishimg cinkthdfinthedsievRORof Suffividmitont | east - sQuares Range) is a
val ue expressing a maxi numrange of irregularities against an average pl ane
of a front side reference in terns of flatness, the average plane being 20
calcul ated for each site. As to the wafer flatness, it is necessary to

i mprove Didek<QFERF e TRt apol ogy of the front side reference. Wen a
wafer is subjected to the double side polishing only,

It is an object of the present invention to provide a wafer
10 manufacturing method and a polishing apparatus which enable control of
sags in the periphery of the wafer that is the most difficult problem in the
polishing technigques and improvement of nanotopology values thereof that is
especially required in recent years, and also to provide wafers having the
improved quality described above.
15 To solve the problem described above, the wafer manufacturing
method according to the present invention comprises the step of performing
back side polishing of the wafer to produce a reference plane thereof in a
polishing process for making a mirror surface of the wafer.
" The reference plane of the wafer is a plane which can be obtained by
20  vacuum chucking a warped wafer or the like onto a flat wafer holding plate to
make forcibly the wafer flat and polishing the wafer in the flat state.
Preferably, a multistage polishing process in which a wafer is
polished in multiple stages is employed as the polishing process, and the back
side polishing is performed after a primary polishing step in the multistage

25 polishing process.



al though an inflection point is not forned, sags are easily generated in
the periphery of the wafer. Especially, the sags are genenatasusen2004 h
surfaces of 25 the wafer, and hence there is a big effect thereof. Al though
the sags can be 16 January 2004 8 nade smaller by reducing a stock renoval

in the double side polishing step, in order to make a mrror surface a
| arger stock renoval is required i n~the subsequent secondary polishing
step, and |l arge sags are generated after all. Also when a wafer is

subj ected to polishing of the waxl ess system sags are 5 easily generated
in the periphery of the wafer as in the case of double side polishing, and
the flatness leve] is not suffjcient. Disclosure of the Invention:. It is an
obj ect of the ipé emultishage pelishisgpracesgethe wateyis orotarahly pelishadng met hod
and a palishing apparatus which enable control of sags .in_the periphery of
the waf - theasequenceeofnderblei sifp dgimubiaspresh polishiag, gmk skl dsinglenni ques
and i nprovenent of nanotopol ogy val ues thereof that is especially required
i n recerfidglepelashingd frong side (pingle siledaeerndarvpolgshing, ahdpfrronésii;mal ity
descri bed above. 15 To sol ve the problem descri bed above, the wafer

manuf act(@higlg sidet Homhlapelhshingg tBhuhefteresbat déublensidensironliahe®ss t he st ep
of perform ng back side polishing of the wafer to produce a reference

pl ané t heoleshing fpamael paishige ptegeshefois prdferabla inbkrodaced wr kapeirof t he
wafer. The reference plane of the wafer is a plane which can be obtai ned by

20 vacuughivhug ki-afgr ds waicpeeh Wahiekedontda flak e adew Qoﬁiih%%ﬂaﬂ@ﬁ@ﬁnﬁ@é di ng
plate to nake forcibly the wafer flat and polishing the wafer in the flat

state. Roediblyaile/watrdd 4154 g8ehaek isﬁﬂh@@t]:@éx%ﬁfssﬁ)él[bh}é’ﬂl ch a wafer is
polished in multiple stages is enployed as the polishing process, and the

lr)rﬁﬂ(i Sts;gg POl ITHY REAfdSwREEH WaREhed! b1 H8S PRI¥HORih et HiERiAS the

simultaneous polishing step is excellent in tapers, but has a problem that

10  sags are easily generated in its periphery; therefore in the double side

polishing step the wafer is preferably polished with the stock removal of the

order of 5um to 20pm for the both surfaces thereof. Further in the multistage

polishing step the wafer is preferably polished in the sequence of front side

(single side) primary polishing based on the front side reference polishing

15 system, back side (single side) polishing, front side (single side) secondary

polishing, and front side (single side) final polishing. Thus after the front

side polishing (the primary polishing step) based on the front side reference

polishing system, there is preferably introduced a step in which a wafer is

vacuum chucked onto a flat wafer holding plate to make.forcibly the wafer

20 flat and the back surface thereof is polished. This is because the wafer which

has been polished according to the front side reference polishing system is

excellent in nanotopology, but as in the double side polishing sags are easily
generated in its periphery.

As an example of the polishing based on the front side reference

25 polishing system, there is waxless polishing based on the template system or



25 polishing process. | 9 16 January 2004 In the multistage polishing
process, the wafer is preferably polished in the sequence 16+/aper$12804i de
(si mul taneous) polishing, back side (single side) polishing, front side
(single side) secondary polishing, and front side (single side) final
polishing. Thus after the double sidgysimultaneous 5 polishing (primary
polishing step), there is preferably Introduced a step in which a wafer is
vacuum chucked onto a flat wafer holding plate to nake forcibly the wafer
flat and the back surface thereof is polished. The wafer which has been
doubl e side polished in the double side sinultaneous polishing step is

excel | entyel I8, : I - easily generated
inits per('3 ip eté%?/ﬁ I?ﬁéh%#%%égl% ﬂ%pﬁfgp%g%{’ g%%‘%%@???@ﬁ%ﬁﬁ“ FefSvafer is
prefera k it tQek I val of t order..of Sumto 20pm for
t he bot EA ?"&?‘%E%g %ﬁ\gbye%f&%ﬂgﬁﬁcﬁgﬁng ﬁg]&hoél Hﬁ Pt F%a%%sm(bgﬁnsﬁ?%g 38t%p t he
waf er i ef er all ol ,shed iq, the uence, of front _side .(single side)
pri mar ysrffgﬁi‘f%%?ﬁa %agéahoﬁfqlheﬁb’rsoﬂ?ﬁgﬂﬂg PR SN IAKE g?ﬁ fenisidg st em
back side,(single,.side ol,i.shing, front side (single side) secondary
pol i shi A5t &HﬂgPPBEQH¥£Qd%S@§?ngIe side) final polishing. Thus after the
fron% si de poli shing %the rLa&ry_poJishin? step& based on the front side
refefence pol PN §)et e pelisking aewhaitrolneadogensading &t the i n whi ch
a wafer is vacuum chucked onto a flat_ wafer hol ding Elate to make forcibly
the waf &resert Igenting. thre msdewisaneferebly pelighsfd wsinga flshwdferTholding because
the wafer which has been polished according to the front side reference
pol i shi r}ats gtigh 3 dighxkardness whiokaholdspthegyafebuty aseans phevadouid e si de
polishing sags are easily generated in its periphery. As an exanple of the
pol i shi rfg?ﬂb‘-ksfw oprihenbker ot thitieassf @reemeder is preferably polished in a
manner that vacuum chucking marks are not transferred to the wafer. For
10  this end, the wafer should be held in a manner that throughholes for vacuum
chucking are made smaller, or a vacuum chucking pressure. 1s set as low as
possible. With this polishing manner, the flatness of one surface of the
polished wafer is improved so as to produce a reference plane. The stock
removal in this polishing is in the range of the order of 3 to 10pm. With this |
15  polishing manner, the flatness of the polished wafer becomes excellent up to
its periphery.
It 1s also possible to produce a reference plane by polishing a front
surface of the wafer, but in the present invention a reference plane is
produced by polishing a back surface thereof. That is, in the present
20  invention, it is indispensable to produce a reference plane of a wafer by
polishing a back surface of the wafer.
This is because if the front surface is further polished after double
side polishing or waxless polishing, sags are further generated in its

periphery, and depending on the type of a polishing head (a wafer holding

25 method), vacuum chucking marks may be formed on the polished surface, so



25 polishing system there-is wax| ess polishing based on the tenpl ate
systemor 16 January 2004 _10 the like, and in this case ité6ilangrebeosabl e
to enploy such a polishing systemas a wafer is held by a wafer hol ding
portion of a soft elastic filmsuch as a backing pad or a soft film This
pol i shing system can make the front side reference polishing possible. 5
Next, in the back side polishing ne%ﬂ}'introduced according to the present
invention, the wafer is preferably polished using a flat wafer hol ding
plate with a high hardness which holds the wafer by means of vacuum
chucking or. the like. In this case, the wafer is preferably polished in a
manner that yacuum chucki ng marks are _not f(ransferred to the wafer. For 10
this endtRatr e\ﬁléftEPSSs% F"&nBEOIWE‘?P%’ ofithg Vlﬁ%ﬁ%ﬁé‘lretdﬁmn@l}@ﬂ%@rghhol es for vacuum
chucking are made smaller, or a vacuum chucking pressure is set as |ow as
possi bl e. Wt h k4B ds gl kavange imender, to Wepravat thesearsstopplegy of Palenbf t he
polished wafer is inproved so as to produce a reference plane. The stock
renoval fidetrafesenes, ikisinagessaryio puevardrihe detetibmitonies descrbadoalidem Wt h
this 15 polishing manner, the flatness of the polished wafer becones

excel | enandipo adjusit tthe flethedserryperighdral ahgooptlss bhatle sticfaps nolependenef er ence
pl ane by polishing a front surface of the wafer, but in the present

i nverit i oof theredfmwrtepalegplofitke font puofiseed by polishing a back surface
thereof. That is, in the present 20 invention, it is indispensable to

produce a ref ersdtbengh aherois a mﬁﬁ{q@y?eﬂafﬁl F RHe bRaCds Wdlagenef the
wafer. This is because if the front surface is turther polished after

doubl e gftdetROHbSHlendd®poMERN@SEn PR tBOH Gy a$RYThA B oirbPprodiigsated in
its periphery, and depending on the type of a polishing head (a wafer

Qﬁlr g;gg agg&@fé‘iﬁe) PIARC KRR GH Gk NEa ER HRerEBYh P (b K e P Bol BRiRP ik Shed
performed for intentionally making the surface roughness of a wafer rougher

10  to clearly discriminate betweén the front surface and the back surface after
the double side polishing. In the present invention, the polishing after the
double side polishing is not performed for making the back éurface rougher,
but for making the back surface mirror polished still in this stage to improve
flatness and other surface states:

15 It 1s especially preferable to perform the back side polishing after the
primary polishing. The primary polishing is performed with a double side
polishing apparatus to remove tapers, or by waxless polishing based on the
front side reference polishing system to improve flatness of the entire wafer.
After that, the back surface is polished to produce a reference plane, and then

20  the front surface is subjected to the secondary polishing and final polishing to
manufacture a wafer with no inflection point in its periphery. Now, note that
the primary polishing, secondary polishing, and final (tertiary) polishing are
expressed by the number of polishing times of a front surface of a wafer.

By introduction of the back side polishing step, flatness of the entire

25  wafer (indirectly flatness of a front surface thereof) is improved. To be more



16 January 2004 - 11 that the fl atness and nanotopol ogy of the wafer are .
deteriorated.- This is also because in order to inprove thelAdaotapa@Pody of
a front side reference, it is necessary to prevent the deterioration as
descri bed above, and to adjust the flatness or peripheral -sags on the back
surface i ndependent 5 of the nanotpEQLogy of the front surface. Al though
there is a technique performng the back side polishing after the double
side polishing anong the prior arts, this is not for producing a reference
pl ane, . but for the case where the (back side) polishing is performed for

I ntentionally making the surface roughness of a wafer rougher 10 to clearly

ntentional ly | c
douti o SAgorraRnm obhfibesthd Wil e BRRE SRR Feer The
doubl |.d | i shi ' t d f Ki t he back f h
but for VIS PRECBECIE tlrpsech he nept rpdiheitdhorel spRs ofthe SFoRe 1o
' f l.at ._and h f .States. 15 1t i iall ef bl
Lo per | SRR HOBA 6 DGPTSR A 4RE ERe Biogt SpFlefhry pol i shing.  The

primary polishing.is per med with a doubl e side_ polishing apparatus to
renove tapers, pb%eﬁg)l”\‘ﬁ/a?{ gg% vaters mayupsiisng methed peerding da thef er ence
poIi%hing systemto_inprove flatness of the entire wafer. After that, the
back 9sur¥Lesent mgatiosegides ig Breupenh thaf erewaterpsams vagnym pencked t he
front surface i s subjected to the secondary polishing and final polishing
to rranuéﬁaf@dhwéle@ aifoat swrtase tbetaef iepelide dppidthe watesispxddowbey.a Now,
note that the primary polishing, secondary polishing, and final (tertiary)
pol i shi nepckr surfasepthesseldisinolishedn Mtree iohopokiisic lngiteitiveso thea fikimgnt
surface of a wafer. By introduction of the back side polishing step,
f | at nessmethadhefl thet water whemdhe back ndifaee thyrebf &t palsshedf bat theomtafsur f ace
thereof) is inproved. To be nore 16 January 2004
is fixed onto a flat wafer holding plate with adhesion by wax or vacuum
10 chucking to make forcibly the fixed side surface of the wafer flat, a back
surface of the wafer being polished. To be more precise, when the front
surface of the wafer is polished, the waxless polishing system based on the
front side reference polishing system or the like is employed, and when the
back surface of the wafer is polished, the back side reference polishing system
15 is employed in which the wafer is held on a work holding plate having a
reference plane. Especially, in that case, polishing is performed in the
sequence of the front side polishing, back side polishing, and the front side
polishing. The front side polishing makes quality of nanotopology completed,
and the back side polishing makes quality of flatness cdmpleted. For the
20  front side polishing after the back side polishing, the secondary polishing and
final polishing should be performed, but the same effect can be expected even
when only the final polishing is performed, or when additional polishing
stages are employed in addition to the above described polishing steps. It
should be noted that either the front side reference polishing system or the

25  back side reference polishing system may be employed for polishing with a



-12 precise, by vacuum chucki ng and polishing the front surface, when the
vacuum chucking is rel eased, the flatness and peripheral sa§daofary B804 r ont
surface are inproved without polishing the front surface. A feature of the
waf er manufacturing nethod according to the 5 present invention resides in
the point that the wafer is not vacuymp chucked (fixed) when a front
surface thereof is polished and the fer is fixed when a back surface
thereof is polished. There is no specific limtation on the fixing nmethod
of the wafer when the back surface thereof is polished, but the wafer is
fixed onto a flat wafer holding plate with adhesi on by wax or vacuum 10

chucki ng_t o,,make f.orcibl,y the fixed side surface of the wafer flat, a back
surfaceg%:ﬁ‘lg{lﬁglwte 35%?]%5“8@%&&51%“%&9%&%“57 eci se, when the front
surface of the wafer is poljghed,..the waxless polishing system based on the
front side ref éﬁ'\,\%ﬁ%a%‘?&s‘?ﬁﬂ:& BYlstuneApRaretys aecqrding e dhadpresent when t he
back surface .of the wafer is_polished, the back side reference polishing
syst em TBVERNGR,COPPEISER: \ihi BFstt melighig sestipe| frorpeafomsrikghoridnay pl at e
having a _reference plane. Especially, in that case, polishing is perforned
in the E@Eﬁi’éﬂ%@f@ ot sriace wiide poler drased, omadle fodb spdd referemce and t he
front side, polishing. The front side polishing makes quality of
nanoBop R Bihies Fpstened firsihinventngavkt firderpahg $he nfemkekisipdald the of
flatness conpleted. For the 20 front side polishing after the back side

pol i shi niggstipedisbwsrtdion wodids dowy: angtcohid palishilg shetiog fehpulishing a
performed, but the sane effect can be expected even when only the final

pol i shi Nepdkssypfatonirtle: wafemhe thadditei whate plad insdfengolishabas thes ¢reppl oyed
in addition to the above described polishing steps. It should be noted

that ei tidishihg sbethod isvaeuual ¢reRee oped asha e afush A pldie tendlack side
reference polishing systemnay be enployed for polishing with a 16 January
2004 - 13forcibly the wafer flat; a second inverting unit for turning the wafer polished
10 in the second polishing section upside down; a third polishing section for
performing secondary polishing of the front surface of the wafer based on the
waxless system; and a fourth polishing section for performing final polishing
of the front surface of the wa_.fer based on the waxless system.
A second aspect of the polishing apparatus according to the present
15 invention including at least three polishing sections comprises: a first
polishing section for polishing a front surface of a wafer without lvacuum
chucking a back surface of the wafer; a first inverting unit for turning the
wafer polished in the first polishing section upside down; a second polishing
section for polishing the back surface of the wafer in the state where the
20  wafer polished in the first polishing section is vacuum chucked onto a flat
wafer holding plate to make forcibly the wafer flat; a second inverting unit for
turning the wafer polished in the second polishing section upside down; a
third pqlishing section for polishing the front surface of the wafer without

vacuum chucking the back surface of the wafer.

25 The wafer according to the present invention has both mirror



smal | amount” of stock renoval such as final polishing. A first aspect of

t he polishing apparatus according to the present inventiofd8denwiy28e4 a
first polishing section for performng primary polishing of a front
surface of- a wafer based on the front side reference 5 polishing system a
first inverting unit for turning theléafer polished in the first polishing
section upside down; a second polishing section for polishing a back
surface of the wafer in the state where the wafer polished in the first
pol i shing section is vacuum chucked onto a flat wafer holding plate to nake
forcibly the wafer flat; a second inverting unit for turning the wafer

pol i shedPoltshed swrtacescwharein anenmaip surfareal thaswaiéerdema c«anggwailcpm i shing
section for performng secondary polishing of the front surface of the

waf er badwd am IFRRmasise sl Gym tamlesaranda thener ishnpdnfleniiony mént ivrm f or
performng final polishing of the front surface of the wafer based on the
wax| ess eapdersiderot Boundiragpehe pefiphkealpedges bf nhe appfar at The anflectidmg t o t he
present 15 invention including at |east three polishing sections

conpr i sesoindid & psint giok hichi a gorsfegirativnf afrthpehirfiterpraagbs foin swohase of a
waf er without vacuum chucking a back surface of the wafer; a first

i nvert i ngfabtaitt af @nchue Btatg dhommaf@heprd bishedoidcddi@xf dthsd, thakisha ng
section upside down; a second polishing section for polishing the back

surface parttdieviRbel sigh dfftBe SR Mha 8ot haalet fReh bdheth ifinkhe first
pol i shing section is vacuum chucked onto a flat wafer holding plate to

make forei By tdituded glud | Bhé wh fSEEOM PrRveRt iﬂ?}%n@i’&géis %ga#étgﬁ%%ﬂ?rrﬂ he

waf er polished in the second polishing section upsi hird
acuum crrees Tie oR Sl (hipi RET e BB s MR AT
e, B SRR NEDE 4Rk W Ok S AU 2004 kg g 2005
10  the present invention, it is preferable that a front surface of the wafer is
divided into a plurality of 2mm X 2mm square areas, a PV value of each of

the areas is evaluated, and the maximum PV value among the PV values for

all evaluated areas is 20nm or less.

15  Brief Description of the Drawings:

Fig. 1 is a flow chart showing an example of a process sequence in a
first embodiment of a wafer manufacturing method according to the present
invention, and a part (a) shows a wafer manufacturing process sequence,
while a part (b) shows a po]ishing' process sequence;

20 Fig. 2 is a map showing flatness of a front surface of a wafer after
having been polished in Inventive Example 1;

Fig. 8 is a map showing flatness of a front surface of a wafer after
having been polished in Comparative Example 1;

Fig. 4 is a map showing flatness of a front surface of a wafer after

25  having been polished in Comparative Example 2;



that an SFQRmax is 0.10p.mor less and there is no inflection point in a
center side of 2nmfrom the peripheral edge of the wafer. Thdanuzy 2024 on
point is a point at which a configuration of the surface changes froma
convex 5 state to a concave state or froma concave state to a convex
state, that is, a part at which a sign of the differential coefficient
changes fromplus to mnus or from#&Pnus to plus. The wafer of the present
invention is characterized in that there is no abrupt change in this.
curvature. Especially the wafer has no large change in irregularities of
0.021limor nore. In the wafer according to 10 the present invention, it is
preferable that a front surface of the wafer is _divided into a pluyrality
of 2mm x 2mm s&igr 8 iara gEaph showing gsowr sechiomadshapps of mexipheries,af uat ed,
and the maxi num PV val ue anong the PV values for all evaluated areas is
20nm or wafezs (aFelrtiarshinbetwern endistandeelroraanrastse of ghe wafer and|w chart
showi ng an exanple of a process sequence in a first enbodi nent of a wafer
manuf actadsingg inehivkoheag tiarddf) g fter Havengbese polished aninemtivwnlxampie t ( a)
shows a wafer manufacturing process sequence, while a part (b) shows a
pol i shi ny QuropessiseEuempde 128n&iCpmpParative FrpmpboR) regpbtiatvelgss of a front
surface of a wafer after having been polished in Inventive Exanple 1; Fig.

3 isba map showigg 6f isabngsphothawtd®nelfivisdies Met@eval BY adles abdvi ng
been polished in Conparative Exanple 1; Fig. 4 is a map showi ng fl atness of

a front @déﬁfiéﬁ@r ehtes wWhkalferd hakingbebavpslgshge Jakbstied Kxakplparati ve
Exanpl e 2; 16 January 2004 -15 Fig. 5 is a graph show ng cross-sectional

shapes ofoRp@hi2NeE FRSnile MVaharGohpatrfhied ERASHIL betyreivalydi stance from an
edge of the wafer and a change in thickness thereof) after having been
polished in I nvygpt#Ye, BXREBhLSC view showing an example of a process sequence

in the first embodiment of the wafer manufacturing method according to the

10  present invention;

Fig. 8 is a schematic view showing a process sequence for
manufacturing a wafer in Comparative Example 1;

Fig. 9 is a schematic view showing a process sequence for
manufacturing a wafer in Comparative Example 2;

15 Fig. 10 is a flow chart showing an example of a process sequence in a
second embodiment of the wafer manufacturing method according to the
present invention, and a part (a) shows a wafer manufacturing process
sequence, while a part (b) shows a wafer polishing process sequence;

Fig. 11 1s a schematic explanatory -plan view showing an

20 embodiment of a wafer manufacturing apparatus according to the present
invention;

Fig. 12 is a schematic explanatory enlarged side view showing an
essential part of Fig. 11

Fig. 13 is a schematic explanatory plan view showing another

25 embodiment of a wafer manufacturing apparatus according to the present



1, Conparative Exanple 1, and Conparative Exanple 2, respectively; 5 Fig. 6

is a graph showi ng rel ati onshi ps between PV val ues and ocdapgamcyyead4es of
waf ers havi ng been polished in Inventive Exanple 1, Conparative Exanple 1,
and Conparative Exanple 2, respectively; Fig. 7 is a schematic view show ng
an exanpl e of a process sequence in éhe first enbodi ment of the wafer
manuf acturing nmet hod according to thé 10 present invention; Fig. 8 is a
schematic view showi ng a process sequence for nmanufacturing a wafer in
Conparative Exanple 1; Fig. 9 is a schematic view showi ng a process
sequence for manufacturing a wafer in Conparative Exanple 2; 15 Fig. 10 is
a flow chart, .show ng an exanple of a process sequence in a second
enbodin@HWeBFﬂPhe waf er manufacturing nethod according to the present

i nvention, and part (a) shows a wafer. manuf acturing prqcess .seguence,
whi To a part( Brebtbis bR seiarSisty i Hyprbene SeaseRa Rrgngl | o o
schemati ¢ exphﬁ atory plan view show ng an 20 enbodi ment of a wafer
manuf act BAF &S ag&i:’r RiFafd¥ording to the present invention; Fig. 12 is a
schemati c expl anatory enl arged_side view showi ng an essenti al Fart of Fig.
11; Fig. 13 is HHescferuta cplgk@ﬂ et evapspeeliongleexplomatory anevher ams
enbodi ment of a wafer manufacturing apparatus according to the present 16
Janudry emsential parhshawingran ermpleef 4 dowblesiqe nolasling agipdeatisw showi ng an
exanpl e of a single side polishing apparatus; Fig. 15 is a picked out
cross-sect i onalFigxpléanat orpickedwwf cerss-sectional explanatory view of an
essential part showing an example of a polishing apparatus used for back
side polishing;
Fig. 17 1s a picked out cross-sectional explanatory view of an
10 essential part showing an example of a wafer polishing apparatus based on a
template system; and
Fig. 18 is a flow chart showing an example of a process sequence of a
conventional wafer manufacturing method, and a part (a) shows a wafer

manufacturing process sequence, while a part (b) shows a polishing process

15 sequence.

Best Mode for Carrying Out the Invention:

Embodiments of the present invention are described below with
feference to the appended drawings, and it is needless to say that various
20  modifications are possible in addition to the embodiments without departing

from the scope of the technical idea of the present invention.
Fig. 1is a flow chart showing an example of a process sequence in a
| first embodiment of a wafer manufacturing method according to the present
invention, and a part {(a) shows a wafer manufacturing process sequence,

25  while a part (b) shows a polishing process sequence.



5 essential part showi ng an exanple of a double side polishing apparatus;
Fig. 16 is a picked out cross-sectional explanatory view oflalgnuzy28asi al
part showi ng an exanple of a polishing apparatus used for back side
polishing; Fig. 17 is a picked out cross-sectional explanatory view of an
10 essential part show ng an exanplel®df a wafer polishing apparatus based
on a tenplate system and Fig. 18 is a flow chart showi ng an exanple of a
process sequence of a conventional wafer nmanufacturing nethod, and a part
(a) shows a wafer rmanufacturing process sequence, while a part (b) shows a
polishing process 15 sequence. Best Mdde for Carrying Qut the |Invention:
Enbodi ment s of Thieew pfiee seiufaotcering proceseshiesa in Fegl bl dvsinil dr tortdker ence to
t he appended drawi ngs, and it is needless to say that various 20

modi fi cabnoestiensl pesisr bihanufacsdeinli PRodeds t dlvarbiadiMEnts W)t hewt adeparti ng
fromthe scope of the technical idea of the present invention. Fig. 1is a

flow Ch?foﬁishi@g\féf@ 207 6 eHIInYeative RENRASE BFENSRFRrh the cohvEstiogaoodi ment
of a wafer manufacturing nethod according to the present invention, and a

part (a)pcHves ateppf@g, manufacturing process sequence, 25 while a part (b)
shows a polishing process sequence. 16 January 2004 -17 The wafer

waf 6f mmnuf At 01 oY BeRS eI AQT thefikehGys Pl 10 shOfy SORKEN Pep 107
Tos. 5 1L ey Eha Sun® sl b Ao bbol B ALY R R e O B 1P
(B), conphiRasad (ML) SoitnildMeb MRS RHL T b AY 48lY fdoR45H 1072 @
polishing step 107¢, and a single side (front side) final polishing step 107d.
The different point of this process from the conventional double side polishing
10 step 108B shown in Fig. 18 (b) resides in that the single side (back side)
polishing step 107b is provided after the double side simultaneous (primary)
polishing 107a. As described hereinbefore, a reference plane of a wafer is
produced by polishing a back surface of the wafer; this technical point is the
greatest feature of the present invention.
15 ‘To perform the double side simultaneous (primary) polishing step
1072, there may be used the double side polishing apparatus 220 generally.
known as an apparatus polishing simultaneously both the back surface and
front surface of a semiconductor wafer as explained with reference to Fig. 15.
As for a polishing apparatus used in the Back side polishing step
20  107b of the inventive feature, there is no limitation as long as the apparatus
can produce a reference plane, and, for instance, the apparatus as shown in
Fig. 16 may be used. In Fig. 16, a wafer holding plate 152 for polishing in a
polishing apparatus 150 includes a wafer holding plate body 158 which is
~ made of hard materials such as SiC with high flatness and provided with a

25 wafer holding surface 154 and a number of throughholes 156 for vacuum



singl e side (backside) polishing step 107b, a single side (front side)
secondary polishing step 107c, and a single side (front sig@anfarynados
polishing step 107d. The different point of this process fromthe
conventi onal double side polishing 10 step 108B shown in Fig. 18 (b)
resides in that the single side (bacf side) polishing step 107b is

provi ded after the double side sinul &heous (primary) polishing 107a. As
descri bed ‘herei nbefore, a reference plane of a wafer is produced by
polishing a back surface of the wafer; this technical point is the
greatest feature of the present invention. 15 To performthe doubl e side
sinultaggg; . (primary) polishing step 107a, there may be used the double
si de pol ﬁﬁﬂ?apparatus 220 generally. known as an apparatus polishing
si mul t aneously both fhe back surface and, fropt syrface of a sem conductor
waf er as expl alhege whropghdrolesded commpgicate .thmugulbua woysm MR gl8%par at us
used in the back side palishing step 20 107b of the inventive feature,
there i Svib 4 vaguwn wrt 480t sheval amkbwhspa saceuncigpnersthdceseirefier ence
pl ane, and, for instance, the apparatus as shown in Fig. 16 may be used.
In Fig. wsferdWieiserachudichycledivata tie waferpboliding fiace h54 Fyotherhihey
apparatus 150 includes a wafer holding plate body 158 which is nade of
har d5matweafeallel dingtsuatacsi 16 Avftthelwafhr hbhting pdatarizbdyr h8 weg hei dolvered®5 waf er
hol di ng surface 154 and a nunber of throughholes 156 for vacuum 16 January
2004 _18rithhuedeingoatinpdse Hbrnngghhmighhol&Stieesinini cate t hrough a vacuum
path 160 with a vacuumunit (not shown), and when a vacuumis provided

therein, a wafhef BblishinatnsirahulREdhenyofck (e )viaflald bakeithe wadee 154.
Further the 5 wafer holding surface 154 of the wafer holding plate body

B e A
of vacuum chucking or the like, and the wafer holding plate 152 holding the
10  wafer (W) is set to a polishing head 166 having a rotary shaft 164. Then the
wafer (W) is rotated by the polishing head 166 and simultaneously is pressed
to a polishing cloth adhered onto a turn table (not shown) rotating with a
specified load.
The reference numeral 168 denotes an air supply path provided in
15 parallel with the vacuum path 160, and this air supply pafh 168 can press
down the wafer holding plate body 158 movably supported on the wafer
holding plate 152 by an elastic support portion 172 made of rubber or the like
by supplying air into a pressurizing space 170 provided inside the wafer
holding plate 152 and above the wafer holding plate body 158, thus the wafer
20 (W) being pressed to the polishing cloth of the turn table (not shown) under
pressure.
A polishing agent is supplied at a specified flow rate onto the
polishing cloth from a nozzle (not shown), and the wafer (W) is polished by

the use of the polishing agent supplied between the wafer (W) and the

256  polishing cloth. By provision of the above described polishing, a reference



hol di ng surface 154 of the wafer holding plate for polishing use 152 by
means of vacuum chucking or the like, and the wafer hoIdiﬁgJﬂﬂwﬂézﬂgi
hol ding the 10 wafer (W is set to a polishing head 166 having a rotary
shaft 164. Then the wafer (W is rpgﬁged by the polishing head 166 and
simul taneously is pressed to a polishing cloth adhered onto a turn table
(not shown) rotating with a specified | oad. The reference nuneral 168
denotes an air supply path provided in 15 parallel with the vacuum path
160, and this air supply path 168 can press down the wafer holding plate

body 158.npva suppotted on the,wafer holding plate 152 by an elastic
support %%??'Pgwel‘i@?%a@@ oim E%BE%‘#“W% he like by supplying air into a

pressuri zing space 170 provided, (nside th fer _holdin | at.e 152 and
above the wafe I'é?%@BBY%tP@iGBH&&1%3190?%\33%%‘335%Ef’r 5@8 ﬂw 1Beffy pressed
to the polishing cloth of the turn table gnot, shown) under. pressure. A

pol i shi vgcayanehneked phste.cuhan thesyesum ehucking isaeteasstdothn@aipnis shing
cloth froma nozzle (not shown), and the wafer (W _is polished by the use
of the patitohlehgrmienbe snigprilethans: WAt thishidmga beripbeyalasagst tve aX8omfol i shi ng
cloth. By provision of the above described polishing, a reference 16
Januéry s2@tetepifahe voffetr hee wapeovedW can be produced. After the above
polishing, although the wafer is still flat in the vacuum chucked state,

when t he vacuuWhéwelstogk tesnaveall éakage etvbr inahses of the tapk side peishingt o t he
original shape. At this tinme, peripheral sags on a front 5 surface of the

waf er arsgsmreoygdto WagRnarsiedcin tlenpesibhesy bangratreHiwewaseveh if he back
side polishing, sags are apt to be generated in the periphery of a wafer.

However ,sag¥edrd Een&@@ed e adesdd aliefhconfas bagtersdf fia€lect®dn potafsehre OF
inflection points are present thereon, in the secondary polishing step a
front suwrkaset erkbe, WREIRS secondary polishing step a front surface of the wafer

10 is polished with keeping its configuration by holding a back surface of the
wafer by means of a soft backing pad or the like not to transfer a back surface
configuration, whereby only the front surface of the wafer can be turned into
a mirror surface without being affected by the sags on the back surface
thereof.

15 Marks of throughholes or the like may be transferred onto a polished
surface. This is because that the wafer is forcibly vacuum chucked in the flat
state to produce a reference plane so that a strong vacuum chucking force is
inevitably required, with the result that configurations in the vicinity of the
throughholes appear as marks after polishing. Such appearance of the

20 marks of throughholes makes nanotopology of the wafer worse.

In this inventive method, however, as the back side polishing is
performed, the above mentioned vacuum chucking marks appear on the back
surface; the marks transferred onto the back surface have no effect on a front

surface as in the case of the peripheral sags, so that the secondary polishing

25  of the front surface can be performed without any problems.



10 is polished with keeping its configuration by holding a back surface of
the wafer by neans of a soft backing pad or the |like not 1®Jémans2er4 a
back surface configuration, whereby only the front surface of the wafer
can be turned into a mrror surface without being affected by the sags on
t he back surface thereof. 15 Marks 28 -throughholes or the |ike maybe
transferred onto a polished surface. This is because that the wafer is
forci bly vacuum chucked in the flat state to produce a reference plane so
that a strong vacuum chucking force is inevitably required, with the
result that configurations in the vicinity of the throughhol es appear as
mar ks after polMbehéfore, ibixhrafpredde 40 wee of palishing @pparkisoiambd dildihol es
makes nanot opol ogy of the wafer worse. In this inventive nethod, however,
as the Hacthessidglepsitie $hiong side) spesridaryramlishiveg ateyy 0Tt tlon dcveraiweum
chucki ng mar ks appear on the back surface; the marks transferred onto the
back surhatiodiale the GNiPeat waferasficdddtby £ doftdsskasg ipadt hietiealike Gind he

peri pheral sags, so that the secondary polishing 25 of the front surface

can be pesl{pedBfitWieBpitie 2RBYNAEOR 8 of ff2 Waftsadurf2R06 be2polidaefRie, it is
preferable to use a polishing apparatus nanmed CVMP .in the single side

(fromt sigektepCHABGPREHrRe! 1D D ShShEM IS Gf tRe ?Gﬁslhi%\g%ﬂh% af/BkRed. 1n the
CWP, a wafer i's held by a soft backing pad or the I'ike and polished with

h
keepi ng @.Mﬂh&ﬁé@%@&a% e ﬁ@(ﬁgr}%ﬂﬁé,%g?&fh%d&odﬂaﬁpﬁ% ofdinry i S

step, it is pre e to set t ness e polishing clothto an
Asker f the order of 70 to 90, that is, rather harder than the
or di nar %a?%ﬁqﬁgﬁ‘?)ﬁg cloth. It is preferable that in this secondary

ISR e e e R
step 107}9611%x?ali 4 ﬁrgegr ieosg,e %plgréspgagﬁlﬁrt \%%lén both the secondary polishing
10 step 107¢ and the final polishing step 107d are included together, the stock
removal is in the order of 1 to 1.buym. With such a stock removal level as
described above, in this polishing step generation of peripheral sags is
prevented, and also a mirror polished surface is made sufficiently.
It should be noted that a configuration of a wafer can be corrected
15 also in the secondary polishing step 107c¢c by increasing the stock removal
with a polishing head using a retainer ring or the like. However, when such
polishing as described above is performed, a wafer having inflection points
may be easily manufactured. Therefore, in the secondary polishing step 107c,
it is preferable to set a stock removal in a manner that correction of a
20 configuration of a wafer is substantially not made, and to polish the wafer
with keeping the configuration obtained in the primary polishing step 107a
(and back side polishing step 107b).
In the final polishing step 107d, polishing is performed using the

conventional single side polishing apparatus 200 as described in Fig. 14 and a

25  suede type polishing cloth and the like.



removal is in the order of-1 to 1.51im Wth such a stock renoval |evel as
descri bed above, in this polishing step generation of peripédaalargagd4i s
prevented, and also a mrror polished surface is made sufficiently. It
shoul d be noted that a configuration of a wafer can be corrected 15 also
in the secondary polishing step 107¢2by increasing the stock renoval wth
a polishing head using a retainer ring or the |Iike, However, when such
polishing as described above is -perfornmed, a wafer having inflection
points nmay be easily manufactured. Therefore, in the secondary polishing
step 107c, it is preferable to set a stock renoval in a manner that
correction of &ea@ralnf tlgemeats antesfdeacyvahet the mobstshotk aéimpvabhttheade, and
to polish the wafer wth keeping the configuration obtained in the primary

pol i shi rigrgéeperiffidral 6agdobawtafst. dBhaelfdrehimgrdurap ihprbye fihthdsemd nal
polishing step 107d, polishing is performed using the conventional single

si de polhsiitbgolapP ¥ alrdferéBe pPakte SCitobiedembval &F thbifrants @ faddofstirde type
polishing cloth and the like. 16 January 2004 21. Cenerally, there is a

t endencywhhigtsHol®l PPHesRhBRKsthgoval , the larger peripheral sags of a
waf er. Therefore, 1n order 'to Iinprove flatness and nanotopol ogy of a

ref exence bl angy fndtaghe BIMKAL (Mrbhial 198D SELacE0NuhlR o stler Should

be desirably s 5 By i npr at ness ' (peri pheral sags) in e state

where a stk of BHPYRLirO bro Rkt b2 L A1 U LACH AL efo hassimal | and

pol i shing t he I'n a manner tha surfac Waf'er 1s not
e N N R U R VA e e R
ourTace L RLERCR AN F RS g L ShalB AR SRS Wr
the vici ﬂé&i%gofmgrt}vgdz arl]gplefsg Oanﬂcfl n%%l(’){(%%%g%{l for the surface reference, and
10 especiallyra wafer having no change in irregularities of 0.02pm or more, that

is, no large inflection point in the vicinity of 2 to 20mm from a peripheral

edge of the wafer.

Next, using Fig. 7 that is a schematic view showing an example of a

process sequence in the first embodiment of the wafer manufacturing method
15  according to the present invention, there are explained changes in a

configuration of a wafer in each of the polishing steps in the inventive process.

At first, a front surface (A) and a back surface (B) of a wafer (W) are subjected

to the primary (double side) polishing, for instance, by the use of the same

double side polishing apparatus as shown in Fig. 1 (Fig. 7 (a)).
20 The polishing conditions for this primary (double -side) polishing step

are not limited especially but the polishing should preferably be performed

under the following conditions.

Polishing load: 200 to 600g/cm? (20 to 60kPa)

Polishing cloth : nonwoven fabric type {(an Asker C hardness of the order of
25 60 to 80)



edge of the wafer. Next, uSing Fig. 7 that is a schematic view show ng an
exanmpl e of a process sequence in the first enbodi nent of tlfdapkare200
manuf acturing method 15 according to the present invention, there are
expl ai ned changes in a configuration,9f a wafer in each of the polishing
steps in the inventive process. At ¢ rst, a front surface (A) and a back
surface (B) of a wafer (W are subjected to the prinmary (double side)
polishing, for instance, by the use of the sane double side polishing
apparatus as shown in Fig. 1 (Fig. 7 (a)). 20 The polishing conditions for

o AR Sl B SRty 7 g

conditiaqps. ;Polishing,load; 200 to 600g/cn2 (20 to 60kPa) Polishing cloth :
nonmove%]‘f%ﬂ%g¥ e ‘(1595% & C hardness of the order of 25 60 to 80) 16
January 2004 -22 Pql i shing ent:_ containing.co|llqidal silica,(pH =10 to
11)  Suppe§k dgmaowad: it GOPRI, SEBck POHBY T Lwﬂl pHEfageHANG IEME m t o
201xm f or gg‘t@g suyfaces, and_nupre ref erably about 161xm for both

sur f acePTe by abevielowrdpr botnpwifages.i s a val ue measured usi ng an Asker
rubber hardness nmeter Mddel C that is one of spring hardness testers, and
corr &sponds t o I3R sbomofskenC hardirssSeck sayusinqasbed usha ety hskagmpan)
Standard. This wafer (W polished in the double side polishing step is

i npr ovedrubber ihardapes metbuMad L (Bt fmoee bé eprigertorraneds itestehs guat i phery
of the wafer (W as shown in Fig. 7 (a). Then this wafer (W is subjected
to the backespioddspol SBESMHO01 that is the Society of Rubber Industry (Japan)

Standard.
This wafer (W) polished in the double side polishing step is improved
10  in tapers, but sags (E) have been generated in the periphery of the wafer (W)
as shown in Fig. 7 (a).
Then this wafer (W) is subjected to the back side polishing
(production of a reference plane) (Fig.7 (b), (¢) and (d)). In this back side
polishing step, as a polished wafer holding plate for the polishing apparatus,
15  there is used a hard holding plate 152 made of SiC which includes the wafer
holding surface 154 and a number of throughholes 156 for vacuum chucking
and the holding surface 154 of the wafer holding plate 152 is covered with an
epoxy resin coating film 162 as the polishing apparatus 150 shown in Fig. 16.
When vacuum chucking the wafer (W) with this wafer hoiding plate
20 152, the vacuum chucked wafer surface becomes flat with irregularities being
generated on the other wafer surface. Fig. 7 (b) shows the state where the
bottom surface of the wafer becomes convex. In this state the sags (E) in the
periphery section of the wafer (W) increase by a factor of two (B x 2).
When polishil_lg this wafer in a vacuum chucked state, a flat wafer

25 (W) is manufactured as shown in Fig. 7 {c).



side polishing step, as a polished wafer holding plate fonétasugepliGhi ng
apparatus, 15 there is used a hard holding plate 152 made of Si C which

i ncludes the wafer holding surface 154 and a nunber of throughhol es 156
for vacuum chucking and the hol di ngygurface 154 of the wafer holding plate
152 is covered with an epoxy resin coating film 162 as the polishing
apparatus. 150 shown in Fig. 16. Wen vacuum chucking the wafer (W wth
this wafer holding plate 20 152, the vacuum chucked wafer surface becones
flat wwth irregularities being generated on the other wafer surface. Fig.

7o) o gt e eablin ot O SkaGRcolo b ks BgCmES
S LT e A e e N AL

7 W 16|§J nuary 2004 .23 The polishing conditions for this back side
pol i shi ?ﬁ%‘?gﬁy% HBBS- 1 i mi t ed especially but the polishing should be

preferally. perforngd r e f Wi conditions. Polishing |oad: 200
to 6009%(5%@ %?qagi%oitgg?o %6@%{9%1933%30 §BgPﬁ? nonwoven fabric type (an Asker
C hardn .0f th rder of 6Q to 80 ol i.shi n ent: caqnfainin ol | oi dal
i 1T Ea (alishing CfogRh SRonEpesy sHige Pl (A AREen By Ak Pegs GLRDE GRUEPE i 1 t he
order of 3limito 8limand nore preferably about Sum 10 By the provision
of the it 8Pde polishing step as descri bed above, a reference plane of
the wafer .can be produced. However, even jn_this polishing, sags may be
sl i ght | yPdhenaeeant ncatainiagipHerdal sthicen@Hhat Kt to At hough the wafer is
flat in the vacuum chucked state, when the vacuum chucking is
Supplying rate: 5to 15L/min
Stock removal: in thé order of 3um to 8um and more preferably about Spm.
10 By the provision of the back side polishing step as described above, a
reference plane of the wafer can be produced. However, even in this polishing,
sags may be slightly generated in the periphery of the wafer. Although the
wafer is flat in the vacuuxﬁ chucked state, when the vacuum chucking is
released, the wafer is apt to return to the original configuration as shown in
15 Fig. 7(d). Also as shown in Fig. 7 (d), the vacuum chucking marks (D) may be
transferred onto the polished surface. The sags (e) or vacuum chucking
marks (D) appear only on the back surface (B) of the wafer (W), and although
the front surface (A) of the wafer (W) is improved in flatness, the surface
state thereof is ﬁnchanged as compared with that subjected to the primary
20 polishing.
The wafer (W) in the state described above is subjected to the
secondary {front side) polishing (Fig. 7 () and (). Any type of polishing
apparatus and polishing method conventionally employed may be applied to

~ the secondary polishing without any special limitation, but there 1is

25  preferably used for the above polishing the polishing apparatus 240 as shown



‘rel eased, the wafer is apt-to return to the original configuration as shown
in 15 Fig. 7 (d). Also as showmn in Fig. 7 (d), the vacuum dBuakiarg 2084 ks '
(D) may be transferred onto the polished surface. The sags (e) or vacuum
chucking marks (D) appear only on ggg_back surface (B) of the wafer (W,
and al though the front surface (A) the wafer (W is inproved in
flatness, the surface state thereof is unchanged as conpared wth that
subjected to the primary 20 polishing. The wafer (W in the state

descri bed above is subjected to the secondary (front side) polishing (Fig.

convent 1l o RABHEEE wgroR3: BT B rtEobadiie SuoaplapdoBIHURRHRE i t hout

any speciial, lJimtation, hut there is, 25 preferaply_used for the_above -
poi i shi n“&oJi%h&b‘ﬁYé’ﬁFﬁaf gﬁd‘a}%%%s B e ehpntiosial seepndaryamdishig i n Fig.

17 whereiin a wafer is held by the backing pad 250 and a polishing cloth
sl i ght | yS!RBA8&Eedhan that used in the conventional secondary polishing
step is used. The polishing conditions for this secondary &front si de)

polishing 5 stldje aptshiswe tonditiens dopabisiseqonslaryt Heontobidehipvdishima| d be
preferably perfornmed under the follow ng conditions. Polishing |oad: 100
to 360g/¢Re a1® 1@ diokbed @eperishindut| thd: polishingy eshoiddrbe preferabiuede type
or pol yurethane type (an Asker C hardness of the order of 70 to 90) 10
Pol i shi negerdganed undar shafallpvdoklconditorss.| i ca (pH = 10 to 11) Suppl yi ng
rate: 10 L/mn or nore Stock renoval: several pm preferably 2]~mor |ess.
Bri ef | y, Polnshtihg Isa¢iond80 yo BD0ghin2s(10a)p J0&H3hi ng step, using CVWP with the
soft backing pad 250 (Fig. 17) and the relatively hard polishing cloth, a
Polishing cloth: nonwoven fabric type, suede type or polyurethane type (an
Asker C hardness of the order of 70 to 90)
10 Polishing agent: containing colloidal silica (pH = 10 to 11)
Supplying rate: 10 L/min or more
Stock removal:  several nm, preferably 2um or less.
Briefly, in the secondary (front side) polishing step, using CMP with
the soft backing pad 250 (Fig. 17) and the relatively hard polishing cloth, a
15  wafer is polished in a manner that only a configuration of the front surface of
the wafer is corrected without a configuration of the back surface thereof
being transferred. The backing pad 250 (Fig. 17) is preferably made of a
urethane foam pad and is 300pm or less in thickness. The hardness of the
polishing cloth should be preferably in the Asker C hardness of the order of
20 70 to 90. |
There is no specific limitation on the polishing cloth used in each of
the polishing steps, but as a polishing cloth (or polishing pad) in the polishing
steps a monwoven type polishing cloth or a suede type polishing cloth is.

mainly used.

25 The nonwoven type polishing cloth is generally made of polyester



15 wafer is polished in a manner that only a configuration of the front
surface of the wafer is corrected without a configuration 66 Jamerpattd
surface thereof being transferred. The backing pad 250 (Fig. 17) is
preferably made of a urethane foanlggd and is 300pmor less in thickness.
The hardness of the polishing cloth®“shoul d be preferably in the Asker C
har dness of the order of 20 70 to 90. There is no specific limtation on
the polishing cloth used in each of the polishing steps, but as a
polishing cloth (or polishing pad) in the pollshlng steps a nonwoven type

ﬁSLLECé%,{a% PPt e e abhets] dmnrg enateel BRE,BPDRGE LGS Sthuary

2004 2 elt (its.tissue_has .random st ucture) nated with

pol yur et B"mé}&él afequafgrelasticit Y’zi’d’%q‘liﬁ? eBPHLR achléﬁ,po phngeadeiaarke in a
hi gh pol ishing rate and, flatness, thereby being capable of making the
stock r e‘{lr%m?ﬁ 5| thegeby heing carable 9 analgng tﬁlel stoelh semovaklarges Wélédl)?ﬁjar y
polishing step. or others. 5 The suede type lishing cloth is generally
conposeditsd majrlydnideyprimade oo segsaidpzy pek sﬁmg steppreghetsed wi t h

pol yur et hane, a foamed | ayer fornmed in the pol yurethane and opening
portions provi H&da siedeniy peqratisbiingyleth by generably cogapdeedsifrd bawe sedst i on of

t he pol yurethane (this layer is naned a nap layer), and is used especially

for fini Jsxlaida@;fPalymeteirsﬁhltrign;a\ggnateldapithipmljnlzmthé)né,csafmdndcblﬁgér B r eact ed
between a work and an internal surface of the foaned |layer to let the

pol i shi non phieopebdirefiivim: snédpehyme ppotioshbigvidbOtoh tlse fdrsadl Vfer Wften in
chemi cal nechani cal polishing to give a surface of no damage. Recently,

there hasemedngddvehefed @ctibhef thayelyBethahé Gihis | Bt i8oamdd ausdhng
nonwoven fabrics which conprises, for instance, a base body of a hard
layer), and is used especially for finishing, a polishing agent kept in the
10 foamed layer being reacted between a work and an internal surface of the
foamed layer to let the polishiﬁg proceed. This suede type polishing cloth is
used very often in chemical mechanical polishing to give a surface of no
damage,
Recently, there has been developed a three layer polishing cloth not
15  using nonwoven fabrics which comprises, for instance, a base body of a hard
plastic sheet, a surface layer of a nap layer made of urethane, and an elastic
sheet provided under the base body. Among the polishing cloths described
above the most suitable one to each of the polishing steps should be selected.
Further a step similar to this éecondary polishing step may be provided
20 additionally.
The wafer (W) polished in the secondary polishing is subjected to the
final polishing (Fig. 7 (g)). The final polishing may be performed using a
conventional method. The polishing apparatus for the final polishing is not
- limited especiaﬂf and the final polishing step should be preferably performed

25 under the following conditions.



el astic sheet provided under the base body. Anong the pol it6ldkngreobds
descri bed above the nost suitable one to each of the polishing steps
shoul d be selected. Further a step simlar to this secondary polishing
step may be provided 20 additional ['$6 The wafer (W polished in the
secondary polishing is subjected to the final polishing (Fig. 7 (g)). The
final polishing may be performed using a conventional nmethod. The -
pol i shing apparatus for the final polishing is not Ilimted especially and
the fin pal.ishing step shauld be preferably perfornmed 25 under the

fol | ow Okéﬁﬁgﬁ? s.19§tggﬁgﬁﬁyﬂié8¢°iﬁéibélishing | oad: 100 to 200g/cn®
(10 to 20kPa). Polishing. cloth: suede type Polishing agent: containing

col | oi dabolshing£lqthly suade tspe11) Supplying rate: 0.5 to 1L/nmin 5 Stock
renoval : _A stock renoval of 0.1limor |less is enough. In the wafer which
has beenPplishingegentr corfiaining qedloidaisiljcastrdps B todhbwn in Fig. 7 (a) to
Fig. 7 (g), there are few inflection points and the like on the surface

t her eof SQupplyles sags Orbetd hpimoired; a wafer with high flatness can be
manuf actured. Polishing conditions in each step above described may be 10

appr dpr i Gteekyredetvel M Aestotlo retmevabst 0.3t ablessdsrdbtiglons according to a
configuration of a wafer. In the first enbodi nent of the inventive nethod

shown in Fig. IInthehesaferiwhidhders e gdihedsdirvhek €hé belidowll fcpi de
si mul t aneous polishing is performed as the primary polishing, but another

type pol slsdiingn Mg D) BYFiES7 09, Usad 28 fbREnBlebBA YoRtsia3id 1@ 1ileent hi s
nmet hod is described below. Fig. 10 is a flow chart show ng an exanple of a
process geayetss ﬂlﬁr@oﬁ@ﬁ&ﬂl@e sags are improved; a wafer with high flatness can
be manufactured. Polishing conditions in each step above described may be
10  appropriately determined to the most suitable conditions according to a
configuration of a wafer.

In the first embodiment of the inventive method shown in Fig. 1,
there is described the case where the double side simultaneous polishing is
performed as the primary polishing, but another type polishing method may

15  be used as the primary polishing, and this method is described below. Fig. 10
1s a flow chart showing an example of a process sequence in a second
embodiment of the wafer manufacturing method according to the present
invention, and a part (a) shows a wafer manufacturing process sequence,
while a part (b) shows a wafer polishing process.

20 The wafer manufacturing process shown in Fig. 10 (a) is the same as
the conventional wafer manufacturing process shown in Fig. 18 (a) and the
first embodiment of the inventive wafer manufacturing process shown in Fig.

1(a), but a polishing step 307 in the second embodiment is different from the

conventional polishing step 108 and the polishing step 107 shown in Fig. 1
25 (a).



enbodi nent of the wafer manufacturing nethod according to the present
invention, and a part (a) shows a wafer nmanufacturing procé€daguarveaes,
while a part (b) shows a wafer polishing process. 20 The wafer
manuf act uri ng process shown in Fig._%g_(a) is the sane as the conventi onal
waf er manufacturing process shown in“Fig. 18 (a) and the first enbodi nent
of the inventive wafer manufacturing process shown in Fig. 1(a), but a
polishing step 307 in the second enbodinent is different fromthe
conventional polishing step 108 and the polishing step 107 shown in Fig. 1

25 (a). 16 Januqr -27 The-pal hshi ng step, 307 of the second,enbodi ment
according to t;tgleyﬁ)(ﬁlgsgﬁflg\fge?ra%ﬁo ,thgssescﬂgaﬁxﬁho i .ntl%f:cf’ff;,"“gct@n@rﬁ ses a
front si.d i ngl e,si,de rimary. poli.shing ste 07a hased op t. front

si de ref%&%ﬁﬁl eg%?%fhgﬂi Agysh Vgﬂﬁr#gaf@@kc%'gﬁgs?gf‘&&?@ %3%1@31115@ ﬁlg ng step
307b, a front si Clg‘ﬂ:éiSi ngl e %ﬁle%lg geconﬂar% pol i shing step 307c, and a
front sitféUESY it URgeSer; wafa Despd ithhe drant sty refprenes poliskinge (singl e
side) primar lishing, step 307a based on the front side reference

pol i shi nsgg? tg%aﬁéé (sétmglemidn) mobishmmesieasilibon frentfeside (sngleetidelnpl at e
system using,a backing filmor the waxless system inc|luding a polishing
syst 8m rFecendryargasingnfensidicagniea ooy sidk (Bobker site) fiolal solinhing st ens.
That is, it is a polishing systemin which a wafer is polished in a manner
that t hest@Rf3or di sTheofronsstdebisinglelstddyprimany polishiarstep 3Wadkised cor t he
like, and is not fixed to a holding plate or the like to be a reference

pl ane. Tihe @pnt eidentefprinee wilishing syytene mdranpslishiagrisephsdigkd omx| ess
polishing step 108A shown in Fig. 18 (b) resides in that the single 15 side
(back sitde) spetllshiteypBigbsyistepenfiapne baakirer filheomakt eesxlpad EpdibRy St ep
307a based on the front side reference polishing system As described -
above, inkbidngat eslishiedt siretedf holdisg ianward: B dnselaRtichridyaak@fgh@nce pl ane

of a wafer is
10 polishing systems. That is, it is a polishing system_ in which a wafer is
polished in a manner that the wafer is not forcibiy held by means of vacuum
chucking or the like, and is not fixed to a holding plate or the like to be a
reference plane. The different point of this system from the conventional
waxless polishing step 108A shown in Fig. 18 (b) resides in that the single
15  side (back side) polishing 307b is performed after the waxless polishing step
307a based on the front side reference polishing system. As described above,
the greatest feature of this invention is in that a reference plane of a wafer is
produced by polishing a back surface of the wafer.
To carry out the polishing step 307a based on the front side reference
20  polishing system, the polishing apparatus as already described with
reference to Fig. 17 may be used.
The back side polishing step 807b, secondary polishing step 307c¢,
and final polishing step 307d correspond to the back side polishing step 107b,

secondary polishing step 107¢, and final polishing step 107d shown in Fig. 1

25  (b), respectively, and these steps are equal to each other, so a repititious



produced by polishing a back surface of the mafer To carry out the E
pol i shing step 307a based on the front side reference 20 peUkSENMEO®YStem :
t he polishing apparatus as al ready described with reference to Fig. 17 may
be used. The back side polishing step 307b, secondary polishing step 307c,
and final polishing step 307d corré§§%hd to the back side polishing step
107b, secondary polishing step 107c, and final polishing step 107d shown
in Fig. 1 .25 (b), respectively, and these steps are equal to each other,
so a repititious 16 January 2004 -28 description thereof is omtted.

Changes jn a confjguration.of a wafer in each of the polishing step s in

t he secG%HmEWBﬁﬂlh%ﬁ¥36?°¥%@eﬂnventlve process are alnost simlar to the
description of Fig. 7.showing the first enbodi nent of the present.

i nvention. 5 ACHRREges dme ationof aswatmdnessasbonfitbetpalishing sterrs r st
enbodi nent _resides in that a wafer after the polishing step 307a based on
the fronn thedecord embndimepbbf the myentttecprdeass arealrhosfesintikretotier e t he
front surface thereof turns into a mrror surface and the back surface

t her eof descrptienciidtigsiirshagdng thieiastemlodinent of generadead inmehtienperi phery
of the wafer Mdue to 10 polishing as well as etching, and the

conf Bgurfatifferenhpoedfiofithe sédvndarmbadiblait frahdivw firet Edodiinéal resides second
enbodi ment of the inventive nmethod is described below focusing on the

di f f er erih thet atwifee aéiel the polishi o dtep 30aliededvnt theffrédtesidé pyRnéhaemet hod
in which double side polishing is perfornmed in the primary 15 poli shing
step. Th®lpbingkiaent ®Rdi 4 sapkct etatchehred KRR HiifaRY Yhaebf shimg) Step
based on the front side reference polishing systemin the second

enbodi MERto of nliffor BYEMAES W dRhE QfhcR! SuiThte |th€iéo?¢ise§1£)%%1§éd ¥ubgHcet he
pol i shing should be preferably perforned under the foll ow ng conditions.

However, sags are generated in the periphery of the wafer (W) due to

10  polishing as well as etching, and the configuration thereof is similar to that
shown in Fig. 7 (a).

The second embodiment of the inventive method is described below
focusing on the different point thereof from the first embodiment of the
inventive method in which double side polishing is performed in the primary

15  polishing step. The polishing conditions for the polishing (primary polishing)
step based on the front side reference polishing system in the second
embodiment of the inventive method are not limited especially but the
polishing should be preferably performed under the following conditions.
Polishing load: 200 to 600g/cm? (20 to 60kPa)

20  Polishing cloth: unwoven fabric type (an Asker C hardness of the order of 60
to 80)

Polishing agent’ containing colloidal silica (pH = 10 to 11)
Supplying rate of polishing agent: 4 to 6L/min
Stock removal: 5 to 10pm, preferably about S8um.

25 Then this wafer is subjected to the back side polishing. That is, a



Pol i shing | oad: 200 to 600g/CVM2 (20 to 6CkPa) 20 Polishing cloth: unwoven
fabric type (an Asker C hardness of the order of 60 to 80)6Fenuarhi2igd
agent: containing colloidal silic~ (pH =10 to 11) Supplying rate of
polishing agent: 4 to 6L/ m n Stock [ggpval: 5 to 10pm preferably about
8]~m 25 Then this wafer is subjected”to the back side polishing. That is,
a 16 January 2004 -29 reference plane is produced corresponding to Figs. 7
(b), 7 W and 7 W Wen the primary polishing step is, for instance,

waxl ess polishing based on the tenplate system the sags in the periphery

of the in.Fig. Ware the su . 1 n t frQnt
surfacew%%%%Féggﬁgggg?égg ugﬁ%cPﬁ@Sggagng5&i%%ﬁiPﬁéﬁﬁgiégsﬁ¥$§ge&@etched
surface) al.shin opdi ti,ons for.the back sjde l.ishing step in the
second e%ggﬁ;#g At ofT Y %’é’ﬁisﬁ%ﬁeyés’rféf AotFaafe "ﬁ%ﬁeﬁﬁ RBﬁ%}EImésli?es@aém y but
the poljishing.should be preferably perfqrmed under fhe_follow.ng
condi ti o%. ten%blﬁpesﬁ}’%&n:f’&g&:sagédnt CRFGY of 29ewalgpishaynum Big.i%hi ng
cl ot h: ven fabri pe (an er C hardness_of the order of 60 to 80)
Pol i shi Lr@y\oﬁf‘e e S‘%ﬁ&é%ﬁﬂ@ eBE %gaat surfere fpolished synface) ang thegags yi ng
rate of pol,jshing agent; 5 to 15L/mn Stock renoval: 5 to 101im preferably
abou? 811%¥hq.a@&S%ﬁ%ﬂ%&%ﬁh@Lsmﬁhgaof the wafer is an etched surface, in
the primary polishing step the wafer is g;efe(ably polished with the stock
removal being 1316 gRbBYingacerditionanfor hidte hheh site mdsbieg stee ipothshing is
performed. The subsequence steps are equal to those in the first
enbodi nesfcond enthedimenh of e invenhived nséthed aira i dimited bipecssllpbuepies i ti ous
description thereof is omtted.
polishing should be preferably performed under the following conditions.
Polishing load: 200 to 600g/cm2 (20 to 60kPa)
10 Polishing cloth: unwoven fabric type (an Asker C hardness of the order of 60
to 80)
Polishing agent: containing colloidal silica (pH = 10 to 11)
Supplying rate of polishing agent: 5 to 15L/min
Stock removal: 5 to 10um, preferably about 8pm.
15 As the back surface of the wafer is an etched surface, in the primary
polishing step the wafer is preferably polished with the stock removal being
slightly larger than that when the double side polishing is performed. The
subsequence steps are equal to those in the first embodiment of the inventive
method shown in Fig. 1 (b), so a repetitious description thereof is omitted.
20 The multistage polishing in the second embodiment of the inventive
method may be performed using independent polishing apparatuses such as
~an apparatus specialized for performing the primary polishing step, and an
apparatus specialized for performing the back side polishing step, but it is

preferable to use a composite polishing apparatus in which a plurality of

25 polishing apparatuses are integrally arranged. Fig. 11 is a schematic




20 The nultistage polishing in the second enbodi nent of the inventive

met hod may be performed using independent polishing apparatgggsugfiighofs an
apparatus specialized for performng the primary polishing step, and an
appar atus specialized for performng the back side polishing step, but it
is preferable to use a conposite poBOshing apparatus in which a plurality
of 25 polishing apparatuses are integrally arranged. Fig. 11 is a schematic
16 January 2004 3a explanatory plan view showi ng an enbodi ment of the
inventive conposite polishing apparatus suited for perform ng the second
enbodi nent of the inventive nethod in which four independent polishing
appar at wsgdanatery inlaegriewl shawingnae embodimefit f the, irvepbivi stoingpsepar at us
400 according to the present invention conprises four different types of

pol i shi nuplehiag atppeestey saitgddfor spextassingetlys sacdidrinltmidi@ensiofolle si de)
primary polishing section (a first polishing section) 401, a back side

(si ngl e isivea}ivpohieshbd dins ditle nfoh@ ﬁﬂé@@ﬁdelﬁ)@'ﬁoﬁ@hﬁ% HphkRllsedOfre @ front
side (single side) secondary polishing section (a 10 third polishing

sect i on)inddralBgdranké®nt side (single side) final polishing section (a
fourth polishing section) 404. In Fig. 11, reference nuneral 405 denotes a

firsg conveyor 1gr o] 0 I3 f L QUsS he first
pol i Ehi ng sect ilgnm '1;1’A% ??‘?ésq%ﬂ%n\%g tlaﬁgsu%ﬁna%&%rﬁ%%%urt% %Bg&m%f er

U SRR bt Lo 05 SRR SRH B (1
o e SaRbie it nettchk o O UG s SABIHRLY BGRB8l
Upsi g, e RLOHbIPSoL o ELVBER U SN RO B A 07
waf er Caﬂol?s%iﬁ(g) lsciac%ri]c?nq 40@ y}foﬁth&i,i{ig (ﬁ%lgiessqid&gsescgﬁ fitroynp(%)s?ﬁing section (a
10  third polishing section) 403, and a front side (single side) final polishing
section (a fourth polishing section) 404.
In Fig. 11, reference numeral 405 denotes a first conveyor arm for
conveying a wafer from a previous step to the first polishing section 401. A
first inverting unit 406 for turning a wafer upside down is provided between
15 the first polishing section 401 and the second polishing section 402, whereby
a wafer with the polished front surface can be turned over for polishing the
back surface thereof in the next step. Similarly, a second inverting unit 407
for turning a wafer upside down is provided too between the secénd polishing
section 402 and the third polishing section 403, and hence the front surface of
20  the wafer can be polished in the third polishing section 403.
The mechanism for turning over a wafer as described above is not
required in the conventional polishing apparatus in which only a front
surface of a wafer is polished, but in the present invention, it is important to
perform polishing in the sequence of front side polis.hing, back side polishing, -

25 and front side polishing; therefore the mechanism as described above is



The nechanism for turning over a wafer as described above is not required
in the conventional polishing apparatus in which only a fregtansy bese of a
wafer is polished, but in the present invention, it is inmportant to

perform polishing in the sequence of front side polishing, back side
polishing, 25 and front side polishid3h; therefore the nmechani sm as

descri bed above is 16 January 2004 -31 required. In Fig. 11, reference
nuneral 408 denotes a second conveyor arm which conveys a wafer polished
in the third polishing section 403 to the fourth polishing section 404.
Designated by 409 is a third conveyor arm which conveys a wafer final

pol i shedeqnirede IhoBig. A Ipedfesdricegriametralotl$ dndtes taheecobd mexvegtrearmfi g. 12
is a schematic explanatory side view showing the first polishing section
401. | n which &orgueye, a desfegnalsiledyindille ithird pakshingnskbetionud03 toabhe 411 is
provided on a top surface thereof. This turn table 411 is rotatably driven
by a dr ifbﬁrﬁh?&lisﬂjﬂgt s6dtAN 104 THBediphhtdd BY 40Pih addhdrd oadbgiedran a 10
top surface of the turn table 411, and polishing is perfoerned supplying

slurry  Whfthido@Rey 8 Wit FYiaPpeIdhadg thel hufth3pAiiing Bb&iRoK0S b Bige Cl ot h
412. A polishing head 415 is hung novably up and down and rotatably, and a
waf ers t}gg}gsttglg_reby is polished by pressing it slidably onto the polishing
cloth 412 at "an optional polishing pressure. Further each polishing
section may co i a Lshi.n us: ha :hat emin
whi ch a pl ural :Eig g% V}\g ersgﬂé%raglcp?x cggggﬁ&t glgdgt ﬁer . C%lt??nlhg :Elgb ;S)f%%%er abl e
to use i-shi : at . i I - pot.lshi 415
a%oqf’éhlﬁg Sg\gl‘fl&?aﬁﬁ_ Iﬂ%hbé;ﬁgg%g edt%s gL 8 b‘ﬁ‘ailgll' isPPbh sl Q%ﬁf% r

whi ch processe ers sheet cause’a dianeter 'of a wa

b | t hi f | i shi t ' dl e.
reror e RO RLLRT Re R oY RSB sy B Tb R ARBS Bl 4 PE R BeRY . °
Syt o bt BB B G abE Rl TPt g Pt bl e vl

10  top surface of the turn table 411, and polishing is performed supplying slurry

414 from the slurry supplying unit 413 onto this polishing cloth 412. A
polishing head 415 is hung movably up and down and rotatably, and a wafer
held thereby is polished by pressing it slidably onto the polishing cloth 412 at
an optional polishing pressure. Further each polishing section may comprise
15 a polishing apparatus based on a batch system in which a plurality of wafers
are processed together, but it is preferable to use a polishing apparatus
having a single wafer polishing head 415 which processes wafers sheet by
sheet because a diameter of a wafer becomes larger and this type of polishing
apparatus is eésy to handle. Here, the polishing head 415 majr be based on
20 either a single shaft system or a multiple shaft system (the so-called
multi-shaft single wafer system). It should be noted that the basic structure
of the first polishing section 401 is common to the second polishing section
402, third polishing section 403, and fourth polishing section 404 excluding
the different points in the concrete structure of the polishing head 415 as

25 described below, and individual description of each of the polishing sections



of the first polishing section 401 is common to the second poli shing
section 402, third polishing section 403, and fourth poli $élaguase2dddon 404
excluding the different points in the concrete structure of the polishing
head 415 as 25 described bel ow, and individual -description of each of the
polishing sections 16 January 2004 --32-402 to 404 is omtted. The polishing
head (246 in Fig. 17) based on the waxl ess systemas shown in Fig. 17 is
used as a polishing head 415 of the first polishing section 401 shown in
Fig. 12. In the second polishing section 402, the polishing head 5 (166 in
Fig. 16) having a polishing nechani sm based on the vacuum chucking system
as showd0RroH0d iskinitsedised as a polishing head, and thereby a wafer is
vacuum chucked onto a flat wafer holding plate (152 in Fig. 6) for making

forcibly the wahempdlishing@hda@ P46 h Mgt D) haekd eutiasexldersetem e
polishing head (246 in Fig. 17) based on the waxl ess systemas shown in

Fig. 17 shewesSedrid 17Sisais88 dsspolsHiaathdad zllitep{t He B PolishiniPss&ffn on 403

and in the fourth polishing section 404. It is preferable to perform

pol i shi f t ; hid h ual l'y
e pol o o S B T Lach

T SO T AL
oresent RUaRkSRLn R0 B HESEEL Retiind ERY i ARLONEHABLER o o0
I 1 oL LR S5EL BV RN SR B R DR (720
hesd 15, an 20 hoeqa Dack nulfson o & vaer or b rglng g shr ace
415 15 vl donar dand Rer! Qe BRLLShiNG, Under 205 nal s oL sh no
10 as a polishing head in the third polishing section 403 and in the fourth
polishing section 404. It is preferable to perform polishing for the front
surface under the conditions enabling gradually fine polishing as the
polishing proceeds. Especially the polishing in each step should be perfornied
under the polishing conditions as described above.
15 The operation of the polishing apparatus 400 according to the
present invention will now be described. At first, an etched wafer is conveyed
to the first polishing section 401 i)y the first conveyor arm 405. The first
polishing section 401 is provided with a polishing head (246 in Fig. 17) based
on the waxless system as shown in Fig. 17 as the polishing head 415, and
20 holds a back surface of a wafer for polishing a surface (front surface) for
fabricating a device thereon. Then, the polishing head 415 is moved
downward and performs polishing under optional polishing conditions (the
primary polishing conditions).
The polished wafer is turned upside down by the first inverting unit

256  406. There is no specific limitation on the inverting function of the wafer



primary polishing conditions). The polished wafer is turned upside down by
the first inverting unit 25 406. There is no specific |inil6danemy 8604 he
inverting function of the wafer 16 January 2004 -33 inverting unit 406, but
a wafer may be preferably turned up§%gg down by a robot armor the |iKke.
The inverted wafer with the back surface now faced upward is then conveyed
to the second polishing section 402, and the front surface of the 5 wafer
is held by a polishing head simlar to the polishing head (166 in Fig. 16)
as shown in Fig. 16, thereby the wafer being forcibly flat, and after that
the pol.ishing head s jojoved down to.polish e, back surface of.the wafer
under " dBYPHEE 55 A0 BB Sralet mend bB e tpabl siied b E mthy &
condition%) Thelp | i.shed wafer is again turned upside down by the second
10 inveﬁ?ﬁﬂbaﬁﬁﬁq ﬂﬁﬁh ving the sanme inverting function as the first
inverting unit_406. The wafer again turned upsi de down with_the front

surface faced %ﬁ”&rw&@rt‘?ﬁé the haskagrtaseinny faneddupBRrd i Fhptsect i on

403, and the back _surface of the wafer is held by a polishing head as
shown i reomvgyed o thedsespnérpolshingisection 46 anidngheh &gt isirfaneeef thawn t o
secondary polish the front surface of the wafer under optional polishing
condif i owefqriihdekbbyadetiphpg hetl signilaoiedibeipohishingNesad (16tisBronthr y
pol i shed wafer is conveyed to the fourth polishing section 404 by the
second canvkywn iarfng408, themdby hite badkr beirfeafoecibly 120 ddaftef ¢hat shdel d by a
polishing head (246 in Fig.17) as shown in Fig. 17, and after that the

pol i shi ngoliwdadgilseadneadodaiviowa thi pdlshpld béclt berfhcoof tlafkfdeeualler t he
waf er under optional polishing conditions (the final polishing conditions).
Af ter t heptiomd pgdizhishedglitiohe (thaf eick snamvediathihe chhéitfatsequent
The polished wafer is again turned upside down by the second
10  1inverting unit 407 having the same inverting function as the first inverting
unit 406.

The wafer again turned upside down with the front surface faced
upward now 1s then conveyed to the third polishing section 403, and the back
surface of the wafer is held by a polishing head as shown in Fig. 17, and after

15  that the polishing head is moved down to secondary polish the front surface
of the wafer under optional polishing conditions (the secondary polishing
conditions).

Next, the secondary polished wafer is conveyed to the fourth
polishing section 404 by the second cdnveyor arm 408, and the back surface of

20  the wafer is held by a polishing head (246 in Fig.17) as shown in Fig. 17, and
after that the polishing head is moved down to final polish the front surface of
the wafer under optional polishing conditions (the final polishing conditions).

After the final polishing, the ‘Wafer is conveyed to the subsequent

cleaning process by the third conveyor arm 409.

25 With the process sequence as described above, the front surface and



cl eaning process by the third conveyor arm 409. 25 Wth the process
sequence as descri bed above, the front surface and 16 Janud®yam@®¢2004 back
surface of the wafer are polished to thereby obtain a wafer with high

fl at ness. The enbodi nent shown in Fig. 11 shows an exanple in which four
pol i shing apparatuses are integrally %franged to formthe polishing 5
apparatus according to the present invention, but the polishing apparatus
according to the present invention can also be fornmed by arranging, three
pol i shing apparatuses integrally. Fig. 13 is a schematic explanatory plan
vi ew showi ng apot her .enbodi nent af, .a polishi pparatus,according to the
present Pesbnians Frthnraen N%Bglb%hchm ﬁ@er&ggﬁéﬁkéy%ﬁ% W@lﬁ@ﬁ% ly 10
arranged, In Fig. 13, a polishing apparatus 500 according to the present
inventiéﬁméeﬁ%rises three different types of polishing apparatuses arranged
successively; a front side (single side) primary polishing section (a first
pol i shi ng sect 1bg)embodinzeriashioven de Kigi hsbows da) exshplhimyhdde fown (a
second 15 polishing section) 503, and a front side secondary final

pol i shi mpliseng oappdxaiiises polei dhiegradlyctoiroam)geiode Pewngnhe egoblyh®l is a

| oader section conprising a first delivery stage 501la and a first conveyor
ar m 606.appeestumateaadiye 50 5he praseniniromdéions dettithie pamhingiaypaaatud t h
delivery stage 505a. 20 The first polishing section 502 conprises first

and seccrdophihgsii tig: psésagesinBtiob0Bn alsi s fofpesd byomtmaghi@ghr&09,
second and third conveyor arnms 510, 511, and a second delivery stage 512.

The fir gjolizhing eppadanes Shtdrallst agas HD7s aSéhetRiPeRYliatedomi b i rst and
second heads 507a, 508a, and first and second polishing machine | oaders
507b, 5G8bw dtRsEEEtdntEhY¥r embodiment of a polishing apparatus according to the
present invention in which three polishing apparatuses are integrally
10 arranged. _
In Fig. 13, a polishing apparatus 500 according to the present
invention comprises three different types of polishing apparatuses arranged .
successively; a front side (single side) primary polishing section (a first
polishing section) 502, a back side (single side) polishing section (a second
15 polishing section) 503, and a front side secondary final polishing section
(third polishing section) 504. Designated by 501 is a loader section
comprising a first delivery stage 50la and a first conveyor arm 506.
Designated by 505 is an unloader section comprising a fifth delivery stage
505a. | | |
20 The first polishing section 502 comprises first and second polishing
stages 507, 508, a first positioning stage 509, second and third conveyor arms
510, 511, and a second delivery stage 512. The first and second polishing
stages 507, 508 are provided with first and second heads 507a, 508a, and first

and second polishing machine loaders 507b, 508b, respectively.

25 The second polishing section 503 comprises third and fourth stages



January 2004 .35 513, 514, a second positioning stage 515, 16 damdadry aogk fi fth
conveyor arms 516, 517, a third delivery stage 518, and further a first
cleaning unit 519. The fourth convgég[ arm 516 functions as a first
inverting unit. The third and fourtHf“polishing stages 513, 514 are
provided with third and fourth polishing 5 heads 513a, 514a and third and
fourth polishing nmachine | oaders 513b, 514b. The third polishing section
504 conprises fifth and sixth polishing stages 520, 521, a third

position tage 522 si.xth.and seventh conveyo arnms 523, 52 a fourth
el | ver yo1ab agd 856ContlpoIBoRiRg Sf&g&e’fl%@%%Eém%ﬁhrﬁome%%ar%gl@ xt h
conveyor m 523 functions as_a_second inverting unit. The 10 fifth and
sixth stged Bigd ew@tﬁ%éﬂéean&r}uﬁtheﬁf% Rraheleapiag upiaakd.sdthe 5214,
and fifth and sixth polishing machine | gaders 520b, 521b, respectively. In
t he exar%llét AOWEYPR arpy b16 Funghang astre rsoinyertisg weits (Hyethirdand v t he
fifth and sixth polishing stages 520, 521 in the third polishing section
504, t Heurths peligune skigey Bl gd 4500 nrevideddwitbribfrdand futsh petishtte v
polishing, and 15 the sixth polishing stage 521 is used for final

pol i §hi nepadaiilda, hé4s andithint 2od fdesbrioheHimhmaehindipadper 5t3kom1dbl | now be
described. At first, wafers to be polished are supplied fromthe | oader

501. The waf efBheatldrd gpovisliats byctidie 504 rcotmprtupeeybh ardsi@b doliehinde first
“delivery stage 50l1a to the first positioning stage 509, where the wafers

are posidtageed20262and thhiel wabriching etegnBeY edixahta skt kedhthh@nsesend
conveyor arm 510 to the first and second polishing | oaders 507b, 508b.

Then, thermete8ss52d,@ ﬁﬁﬁ&ﬁ&@dver&%t&%’@Sﬂmdﬁfdsﬁﬂﬁﬁeﬁi sépadfidéstingrahisecond
pol i shi ng heads 507a, 508a in the irst polishing section (front side

LTS B o rgseasbanyc 02, Dryeancbiceie dyne g gt e e
pol i1ghi neftheadssiROH ata 23800, Adiesrd Pfviddd'&ifH fifth A sixth heads 520a,
521a, and fifth and sixth polishing machine loaders 520b, 521b, respectively.
In the example shown in Fig. 18, among the two polishing stages, namely the
fifth and sixth polishing stages 520, 521 in the third polishing section 504,
the fifth polishing stage 520 is used for front side secondary polishing, and
15  the sixth polishing stage 521 is used for final polishing.
With the construction described above, the operation will now be
described. At first, wafers to be polished are supplied from the loader 501.
The wafers are conveyed by the first conveyor arm 506 from the first delivery
stage 501a to the first positioning stage 509, where the wafers are positionéd,
20  and the wafers are conveyed and set by the second conveyor arm 510 to the
first and second polishing loaders 507b, 508b. Then, the wafers are conveyed
to the undersides of the first and second polishing heads 507a, 508a in the
first polishing section (front side priméry polishing section) 502 by the first

and second polishing machine loaders 507b, 508b, and the wafers are held by

25 the first and second polishing heads 507a, 508a. After that, the first and



16 January 2004 36_ second polishing machi ne | oaders 507a, 508b are
returned to the original positions. The wafers held by thes{as aneh
second polishing heads 507a, 508a are pressed slidably on the polishing
cloth and polished thereby. In the exanple showm in Fig. 13, in order to

i nprove the work efficiency, two 5 b%ﬁfshing stages, nanely the first and
second polishing stages 507, 508 are provided, and wafers are supplied to
t he polishing stages and polished therein, respectively. The wafers
polished therein are again conveyed to outside of the polishing machi ne by
the first and second polishing chine |oaders 507b, 508b, and .ar
conveyedeeend molishih anardnne dpgderspdia 190 are getuppiedate, fae Q8HEIBILr arm
510. Next, the front side primary polished wafers are_conveyed by the
third caosijens. afhe seferstelddyithe first padspeandpplisiBng bepds fE7ge@

polishing section 503 where the wafers are cleaned. This cleaning unit 519
shoul d tage prested abidably sadthm pelishing) clopheand g@ahished hheré¢hy.uda the a SCl
liquid (a 15 cleaning liquid m xture of amoni a, hydrogen peroxi de and

wat er ), dxamgliecshownwaf dlig.i 33pinomsisedoi mpiwves topionak efficeneynsiwg | i qui d,
the SC1 liquid, a rinsing liquid, and a rinsing liquid. After this

cl eadi ngpolidhéngategess, amendlyrthe ditsh e setowd dlidhing fsdagdshb50E,060@woe ar m
(the first inverting unit) 516 and are conveyed to the second 20

posi ti onpriegidddagend Woaidrer ret beppHierd #he piBhin®nedgeshardpgsiisheded

waf ers are conveyed by the fourth conveyor arm 516 to the third and fourth

pol i shi nghergBe heBpedtdrder SThA 3Pafe?d 40]ishBe ntHehginnat € agadd @ot0Byayed by the
third and fourth polishing nachine | oaders 513b, 514b to undersides of the

e e e L
in the sfaherdWens 5089, 4841884BHYeRh the second delivery stage 512 by the
10  second conveyor arm 510.

Next, the front side primary polished wafers are conveyed by the
third conveyor arm 511 to the first cleaning unit 519 of the second polishing |
section 503 where the wafers are cleaned. This cleaning unit 519 should be
preferably based on dipping type cleaning by the use of a SC1 liquid (a

15 cleaning liquid mixture of ammonia, hydrogen peroxide and water), in which
a wafer is processed in the sequence of a rinsing liquid, the SC1 liquid, a
rinsing liquid, and a rinsing liquid.

After this cleaning, the wafers are turned upside down by the fourth
conveyor arm {(the first inverting unit) 516 and are conveyed to the second

20 positioning stage 515 where the wafers are positioned. The positioned wafers
are conveyed by the fourth conveyor arm 516 to the third and fourth polishing
machine loaders 513b, 514b. Then the wafers are conveyed by the third and
fourth polishing machine loaders 5138b, 514b to undersides of the polishing
heads 51384, 514a in the second polishing section (back side polishing section)

256 803, and the back surfaces of the wafers are polished in the state where the




.37 wafers are held by the polishing heads 513a, 514a. In the exanple shown
in.Fig. 13, tw polishing stages, nanely third and fourthipdhhsdty Bgost ages
513, 514 are provided for inproving the work efficiency, and wafers are
supplied to the respective polishin§7§tages where the wafers are polished.
The wafers 5 polished therein are conveyed by the third and fourth
pol i shing machine | oaders 513b, 514b to outside of the polishing machines
and are conveyed by the fourth conveyor arm516 to the third delivery
stage 518. This back side polished wafers are conveyed by the fifth

conveyor, 7 Qg [ URh .5 ' [ i shing
section vg%%?% ?}lesh%@eggﬂﬁnﬁe;ﬁgﬂén i gﬁ%e%?g @%aarg%a?'héﬁg gﬁg‘txgglélggé gwglﬁ lnt he first
cl eani ngg.uni 19) f.or. cleaning. After.the gleanjng,,.t;he fers e turned
per de. datin Ly B bolifling SABRD yuply ity Rat BRRBrvERe S8R AT 25, "and
are conveyed to tqittPiLd osit%gningkgﬁgte 522 f$r osi tioning. ,The
positio ey B4 %1% g te #e HRREH PR waleoRTesHRRN 9 ader s
520b, 521k, by the sixth conveyor arm 523. 15 After that, .t waf ers are
conveye Ogbetrﬁép%tlfv@rpogwﬁlﬁ ﬁi/qgeﬁavh%rﬁit%@ VaeHS AL Ppggm-sjﬁgéﬁ‘fﬁfe@ﬂb to
the fifth polishing stage (front_side secondary polishing stage) 520 in
the Phi erhﬁgtﬁfisﬁleﬁ@ms 8 icoRvesadhy diedthizd canideyrthoppishing machine
pol i shing section) 504, where front surfaces of the wafers are secondary
pol i shedoadess §13bnb14bde oxiseidaddrthe polishinmeshinges apé azenveveseddy t he
fifth 20 polishing machine | oader 520b to outside of the polishing nachine,
and ar e thedenrtihoeanyeyor ame B1&th the thioyotelaeny 528z@b 18 hdHikibadk padd t i oni ng
stage 522, and then are conveyed again by the sixth conveyor arm 523 to
t he si xtrvolishetli wafemy arachnveyéddgethe Afth coewdyort dren vidlffets the secom/eyed by
the sixth polishing machine | oader 521b to the final polishing stage (the
si xt h palléshinggueib BageihsMird pdishindbediqobDd HitsgleRainigormndddonder e t he
wafers are final 16 January 2004 38 _

10  are the same as those of the first cleaning unit 519) for cleaning.

After the cleaning, the wafers are turned upside down by the sixth
conveyor arm (the second inverting unit) 523, and are conveyed to the third
positioning state 522 for positioning. The positioned wafers are conveyed to
the fifth and sixth polishing loaders 520b, 521b by the sixth conveyor arm 523.

15  After that, the wafers are conveyed by the fifth and sixth polishing machine
loaders 520b, 521b to the fifth polishing stage (front side secondary polishing
stage) 520 in the third polishing section (front side secondary polishing/final
polishing section) 504, where front surfaces of the wafers are secondary
polished. The front side secoﬁdary polished wafers are conveyed by the fifth

20  polishing machine loader 520b to outside of the polishing machine, and are
positioned by the sixth conveyor arm 523 at the third positioning stage 522,
and then are conveyed again by the sixth conveyor arm 523 to the sixth
polishing machine loader 521b. Next, the wafers are conveyed by the sixth
polishing machine loader 521b to the final polishing stage (the sixth polishing

25 stage) 521 in the third polishing section 504 where the wafers are final



pol i shed. The final polished wafers are conveyed by the sixth polishing
machi ne | oader 521b to outside of the polishing machine angsasqfppyeyed by
the sixth conveyor arm 523 to the fourth delivery stage 525. This final

pol i shed wafers are conveyed by the seventh conveyor arm 524 to the fifth
del i very stage 505a in the unl oader  #ection 505, and finally are conveyed
to the next (cleaning) step. Exanples The present invention wll be nore
specifically described with 10 reference to exanples thereof, but it is
needl ess to say that these exanples are not construed to limt the scope of
the invention. (Inventive Exanple 1) An 8-inch wafer having been subjected
to a ge®®lishedr ocess including slicing, chanfering, |apping, and etching
was polished by the inventive 15 nethod. The polishing process in the

i nventive net hhewfinat spolisbedomtalerss argmmvemgdmg.thp, spvht pelisiggence of a
doubl e side (sinultaneous) polishing (front side primary polishing) step
(Fi g. 7 tha}Bine-loadersh2idi ® mitdalepdf the polighitigiachiicdenderé etnveypddep (Fi gs.
7 (b), 7 (c), and 7 (d)), - a single side secondary 20 polishing (front

si de secdherdsixyh pohiveemgrms 589 toFtlys foudthedelivarg stage)d2b.- -Thia fisdngl e si de
final polishing (front side tertiary polishing) step (Fig. 7 (g)). 1 Double
si dep( sipolishadepdfeys pire Bhyepdd bhithesdeopnih eod2y2@00 nf i2detdothePéftdr Wl ters -
AG was used as a double side polishing apparatus. The polishing

Sons | e ;o et e oSt bty otpospdarcr) 1
Conmpany ) tHediext (cleaning) step.
Examples
The present invention will be more specifically described with
10  reference to examples thereof, but it is needless to say that these examples
are not construed to limit the scope of the invention.
(Inventive Example 1)
An 8-inch wafer having been subjected to a general process including
slicing, chamfering, lapping, and etching was polished by the inventive
15  method.
The polishing process in the inventive method was carried out, as
shown in Fig. 7, in the sequence of a double side (simultaneous) polishing
(front side primary polishing) step (Fig. 7 (a)), — a single side polishing (back
side polishing) step (Figs. 7 (), 7 (¢), and 7 (d)), — a single side secondary
20 polishing (front side secondary polishing) step (Figs. 7 (e), and 7 (), — a
single side final polishing (front side tertiary polishing) step (Fig. 7 {g)).
(1) Double side (simultaneous) primafz polishing step -
The AC 2000 (made by Peter Wolters AG) was used as a double side
polishing apparatus. The polishing conditions were as described below.

25  Polishing load: 300g/cm? (30kPa)



Asker C hardness of 78) Polishing agent: HP-20 (a trade name of Fujim

I ncorporated) (pH = 10.5) Supplying rate: 5L/mn 5 Stock negav@ry 20041 shed
with 81lxm for one surface (161zmfor two surfaces)- (2) Single side (back
side) polishing step The FSP-200 (nmege. by Fujikoshi Machinery Corp.) was
used as a polishing apparatus. The |l ishing conditions were as descri bed
below. A wafer holding plate made of Si C ceram cs having high flatness and
coated 10 with epoxy resin was used. Polishing |oad: 3008/ cn2 (3CkPa)

Pol ishing cloth: SUBA 600 (a trade name of Rodel N tta Conpany) (an Asker

C hardngss: of 7 Pol d-shin gent.; -1325 t rgde. nang of N ssan Chem cal
Fndst 1 RORSERS Oth'%sgt?gﬁ %O?O?Bg)tr%ﬁ%&aﬁ%éﬁ?%?@ Rt Paientel Pyl

pol i she i e side (front side) seconda olishin step The
FSP- 200%(’%523 gagi&i’i‘ﬁ’ﬁ)slfgg@ Machi nery Corp.) was used as a 20 polishing
appar at .and the palishing conditiong_were as descrifed _below, A

ur et han? @@iﬁ?%&&eﬂggihé@je%ﬁr%eﬂ%?ﬁ Fﬁﬁ@lffﬁcomﬂréﬁfg?ﬁ%f@@ Pol i shi ng

| oad: 20Q0g/ ¢nR (20k_Pag Pol ishing cloth: PU pad (a trade nane of Rodel Nitta

Conpany yimgaatec Slymi@ness of 80) 25 Polishing agent: SSS (a trade name

of Nissan (ﬁem’ cal_Industries, Ltd.) (pH 16 Janyary 2004 -40 10.35)
SuppPyi rﬁj;op remoyal’| | paliphed with 8um for one surface (161im for two surfaces).

(2) Single side (back side) polishing step
The FSP-200 (made by Fujikoshi Machinery Corp.) was used as a
polishing apparatqs. The polishing conditions were as described below. A
wafer holding plate made of SiC ceramics having high flatness and coated
10  with epoxy resin was used.
Polishing load: 300g/cm? (30kPa)
Polishing cloth: SUBA 600 (a trade name of Rodel Nitta Company) (an
Asker C hardness of 78)
Polishing agent! AJ-1325 (a trade name of Nissan Chemical Industries, Ltd.)
15 (pH=10.5)
Supplying rate: 10L/min
Stock removal:  polished with 5pm.
(3) Single side (front side) secondary polishing step
The FSP-200 (made by Fujikoshi Machinery Corp.) was used as a
20  polishing apparatus, and the polishing conditions were as described below. A
urethane foam pad was used as a backing pad for holding a wafer.
Polishing load: 200g/cm2 (20kPa)
Polishing cloth: PU pad (a trade name of Rodel Nitta Company) {(an Asker C

hardness of 80)

25  Polishing agent: SSS (a trade name of Nissan Chemical Industries, Ltd.) (pH



Stock renoval : about 11im -(4) Final polishing ste 5 The FSP-200 (nade by
Fuj i koshi Machinery Corp.) was used as a polishing apparatgSan 2hbg
polishing conditions were as described below. Polishing | oad: 150 glcn®
(15 kPa) Polishing cloth: FS-7 (a t[gge name of Daiichi Lace Inc.)
Polishing agent: Fujim 3900 (a tradé nane of Fujim Incorporated) .10
Supplying rate: 500nLl mn Stock renoval: 0.1limor |ess. Evaluation for

fl at ness and nanot opol ogy of the wafer having been subjected to the
pol i shing steps descri bed above was carried out. Fig. 2 is a nap show ng
flat ness_ 9f gyhe polished wafer. This map was obtained by 15 nmeasuring with
a thi ckneSs heasurenent apparatus having a capacitive sensor (7900E +

Station %&E ). The flatness (SFQRmax) of this wafer was

0. 071p. m C S \%@@‘%‘%el lent. Fig. 5 shows a cross-sectional shape of
t he perirﬁ)he%){~ of tﬂe fer Wth edge exclusion of 2mm and a position of
2mm fro tLtoﬁ ﬁ%vﬁ ier AP0y *20 is shown as the reference (zero) therein.

The polished f .h:i\d .Xj"e| |l ent quality that the peripheral sags were

i nproved "and ai\éﬁ%ﬂﬁ!&ﬁ' @Eﬁ%t@lpoi nt was observed. Further the

nanot.opol ogy eval uated as shown.in Fig. 6. This eyvaluation is based on
such%a mnner% ﬁgbvéé%?% 7| ﬁ%shbg/@cé‘ﬂﬁ‘?@ pppp.) FRONSeE @S (ar eas
each 2mm square), irregularities_of each square were 16 January 2004 -41.
conf i r nERPI1SAABE aprataine, andihe palishing ¢nndifiens Weaeiasglescxibedibefoar. t he

irregularities éa PV val ue) occugé (occupancy rate) was checked, and the
checked Pehishingdeadier d5Qetumif{1dt kBl n a sequence of froma larger value to

a
Polishing cloth: FS-7 (a trade name of Daiichi Lace Inc.)

Polishing agent: Fujimi 3900 (a trade name of Fujimi Incorporated)
10 Supplying rate! 500mL/min
Stock removal:  0.1um or less.

Evaluation for ﬂatness and nanotopology of the wafer having been
subjected to the polishing steps described above was carried out. Fig. 2isa
map showing flatness of the polished wafer. This map was obtained by

15 measuring with a thickness measurement apparatus having a capacitive
sensor (7900E + Station made by ADE Corp.). The flatness (SFQRmax) of
this wafer was 0.071nm, which was very excellent.

Fig. 5 shows a cross-sectional shape of the periphery of the wafer.
With edge exclusion of 2mm, and a position of 2mm from the peripheral edge

20  is shown as the reference (zero) therein. The polished wafer had excellent
quality that the peripheral sags were improved and also no inflection point
was observed.

Further the nanotopology was evaluated as shown in Fig. 6. This
evaluation is based on such a manner that a wafer was divided to a plurality

25  of areas (areas each 2mm square), irregularities of each square were



smal | er one. The nanot opol ogy was evaluated with WS CR83- SQM nade by 5

ADE Corp. According to the graph showi ng the results in | nygnii | e
1, the area with the PV value of 18. Ohnmis al nost zero, and this Indicates
that irregularities |arger than the PV value are not present in case of
the nanotopol ogy observed on the ba#ls of the 2mm square area. 10 To be
nore precise, in evaluation of nanotopol ogy, an irregularity height, at

whi ch the occupancy rate beconmes zero % (an area indicating the |argest
PV value) is inportant. In this exanple, the largest PV value is 18 Onm
and this small value shows that the wafer surface anludg&

very few
i rregul senfirmed( avhatr @eresmts ofc shoWaley the areanhaving o yaleyipr the
(Conparative Exanple 1) A wafer simlar to that used in Exanple 1 was
subj ect atregulatities ol P¥hralyehoovuss (ecumaney 1aig). was ahiegked.sandnhepr ocess
conprising a double side (front side primary) polishing step (Fig. 8 (a);
t he per ichkeked PYagdué&vené acqumeulaibd in arsequencgedf fromsi lagker valte tsecondary
(front side secondary) 20 polishing step (Fig. 8 (e) and 8 W the
per i phersataliagme EThehanhbiopobdgsrwhe coamatédmith WEHCRB8-3QdE nesle gei ng not
very much inproved, (inflection points nmay be produced when a retainer
ringsor ADE Colge is used)), --p a single side final (front side tertiary)
polishing step (Fig. 8 (g);the flatness in the periphery of a wafer is not

very much inpr aueshdinghe tﬁ@?&éﬂi REORAOE EBS r¥dt PRl [orareteBxamgds 1f he sanme
conditions as those enployed in Exanple 1 excluding the 16 January 2004 -42

singl e sihderkhaskhshde)VRAILS Bf N9.0ndh 1€61thD& Aubhad Shiteindetdtebithat (Fig. 8
(a)) was finished (in the stage of primary polishing), the flatness

( SFQRWaﬁ}réguléﬂﬁe\éﬁfa%emaab% PO 32RRMard Neotl hatfessineask et thochanged
al so after the secondary
nanotopology observed on the basis of the 2mm square area.

10 To be more precise, in evaluation of nanotopology, an irregularity
height, at which the occupancy rate becomes zero %, {an area indicating the
largest PV value) is important. In this example, the largest PV value is
18.0nm, and this small value shows that the wafer surface includes very few
irregularities (a wafer surface having excellent nanotopology).

15 (Comparative Example 1)

A wafer similar to that used in Example 1 was subjected to the
polishing process shown in Fig. 8, that is, the process comprising a double
side (front side primary) polishing step (Fig. 8 (a); the peripheral sags (E) of
the wafer are large), — a single side secondary (front side secondary)

20 polishing step (Fig. 8 (e) and 8 (f); the peripheral sags (E) of the wafer become
large with the flatness being not very much improved, (inflection points may
be produced when a retainer ring or the like is used)), — a single side final
(front side tertiary) polishing step (Fig. 8 (g);the flatness in the periphery of a
wafer is not very much improved). The polishing process was performed

25 under the same conditions as those employed in Example 1 excluding the



5 polishing was finished, and the wafer configuration was little corrected
in the secondary polishing step. Rather peripheral sags wes gamlangbod4y
generated in the secondary polishing step. A con-figuration of a wafer
havi ng been subjected to the polishi steps as described above is shown
in Fig. 3. There has known therefrorftf4he 10 fact that contour lines are
crowded in the periphery of the wafer, which -indicates that there are sags
in the crowded portion. There is known also fromFig. 5 the fact that the
waf er configuration sharply changes in thickness of the periphery fromthe

poi nts of abou fr t he. wafer edge. In short, it is a problemwth

t he abo@@lﬁé%iq @@méiiﬁﬁfqrpéﬁ‘?ﬁ}ﬁBW%at the flatness (especially 15 the
flatness in the peripher of. the wafer _.can be j.nproved. The

nanot opol ogy i &fteRdhn dpﬁ%iﬂ iide@,f’h&hﬁl%@'lgh%msi‘??ﬁ% ﬁl%ﬁégﬁl the st@gBpar at i ve
Exanpl e 1, the irregul.aritghphei ght for the occupancy rate of 0% is in the
range fofrpdmary nokshinghi the ifladiness dSTQRmaxb| oft thewalen yas about
irregularities were present on the wafer surface (wafer surface with poor
20 nanotbpfiogy) . Theohataeas i was Ekepiplunchpngedaslse after| the tsecendaryused in
Exanple 1 was subjected to the polishing process shown in Fig. 9, that is,
t he proqedishounpas finshal, dodithe wafed eoxfigwraticaai weas fittlamoyecirsl insthieng st ep
(Fig. 9 (a); peripheral sags Wof the 25 wafer are large), - single side
(front ssedendmagorudashyng ptdp. SRatlgerspeppidray sags tleye shghilgrgeaeyat@2dih 43 t he
state where the wafer is vacuum chucked (before polishing), Fig. 9 (c)~)
the st ahe seb&iduyilishad@estdps vacuum chucked after polishing, Fig, 9 (d);
the state after the wafer is released fromthe vacuum chucked state (the

flatness of the cyai@iration FPRONEr Rikingdsdinehisctddneh 1BE KalicBingd®r
inflection points ( " may be generated on the surface (A)), - a single
si de sec@pgaky debdrMHd §h&R is shown in Fig. 8. There has known therefrom the
10 fact that contour lines are crowded in the periphery of the wafer, Whigh
indicates that there are sags in the crowded portion. There is known also
from Fig. 5 the fact that the wafer configuration sharply changes in thickness
of the periphery from the points of about 6mm from the wafer edge. In short,
it is a problem with the above described polishing that the flatness (especially
15  the flatness in the periphery) of the wafer cannot be improved.
The nanotopology is shown in Fig. 6, and as shown in the graph of
Comparative Example 1, the irregularity height for the occupancy rate of 0%
is in the range from 30 to 40nm, which indicates that relatively large
irregularities were present on the wafer surface (wafer surface with poor
20 nanotopology).
(Comparative Example 2)
A wafer similar to that used in Example 1 was subjected to the
polishing process shown in Fig. 9, that is, the process comprising a double
side (front side primary) polishing step (Fig. 9 (a); peripheral sags (E) of the

25  wafer are large), — single side (front side secondary) polishing step (Fig. 9 (b);




tertiary) polishing step (Fig. 9 (e); a front surface, (A of the wafer is
polished (in the state where the -configuration is naintai®eghuarf2oe4 9
(a), --# a single side final (front side quaternary) polishing step (Fig.
9 (g); the wafer has the inflection points (M or vacuum chucki ng marks
(D) on' the front surface 10 theredf43and the fl atness and nanot opol ogy of
the front side reference are deteriorated). In brief, in this Conparative
Exanpl e, in stead of the back side polishing step in Inventive Exanple 1,
a front surface of the wafer was polished. On the sanme conditions as the
back side polishing step in Inventive Exanple 1, a reference plane was

pr oduc eldreottate stheradhe wafenis wanuvae ehutked Greforerpyolishingh Figno (itng | ve
Exanple 1. Qther conditions were the sane as in Inventive Exanple 1. The

f 1 at nessbade whezewhborafeads vapremearhuokeddivr {HlbORm Fig. pedvsrhefstaf-QRMax,
but the inprovenent was not sufficient. Wen inspected with a magic

mi rror, aftbetle wafer Sambe ceddsomitbesrataiks clRhiclidiesthbs GhahahRss Wekg 20
observed on the polished surface, and further the nanotopol ogy

(i rreguwaférn is inhpiahd, bat vaeauRa dEckidzematko W) wanﬂggﬂiénr Mt G\)

configuration of the wafer (map) was as shown in Fig. 4. ere was

Some | Mmiuohs gesethil B eoueRot (A 2 PRk AD b ATlECL I RIRLAL 21 2

poi nt about 6mm from the peripheral ‘edge

| n ot hefortiah §PpoREKRQUARY, (hg: fd ge?/PETx%n“é’as%rk ;@z%‘?qﬂ_e %‘@‘é?ﬁﬁﬁgﬁ%&%?at Ness

January' 2004 -44 the nan}c))t opol ogy was not Su I'en

(ST i LAt N XA SRR B b FROTR et R -OTBRLR T
20 058 ST e PRI B 4, BB B 1 ™
conpar ifiﬁletcﬂ%nnﬁéiﬂ W)aloy eva{c%%gf%flmc Pﬁag \:{ng!u' 8 t]ﬂ) onqv n@f iﬁ\:/oent surface
10 thereof, and the flatness and nanotopology of the front side reference are
deteriorated). In brief, in this Comparative Example, in stead of the back
side polishing step in Inventive Example 1, a front surface of the wafer was
polished. On the same conditions as the back side polishing step in Inventive
Example 1, a reference plane was produced on a surface (front surface)
15 contrary to that in Inventive Example 1. Other conditions were the same as
in Inventive Example 1.
The flatness of the wafer was improved to about 0.110pm in terms of
SFQRmax, but the improvement was not sufficient. When inspected with a
magic mirror, there were some cases where marks of the throughholes were
20  observed on the polished surface, and further the nanotopology (irregularity
height for occupancy rate of 0%) was about 25nm.
A configuration of the wafer (map) was as shown in Fig. 4. There
was sometimes observed the wafer configuration like an inflection point -

at a point about 6mm from the peripheral edge thereof as shown in

26  Fig. 5. In other words, although the flatness was improved, improvement of




Exanple 1 is clearly better. The evaluation was perforned for cells each
havi ng a size of 25nmm X 25nm (25nm square). Al so vari ati on$s (aju=aayogs t he
cells were inproved, which indicates 10 that a wafer not having inflection
points or the like is nanufactured._l&_cases of 3mm exclusion and 2mm

excl usion, the values of the Cbnpara% ve Exanples deteriorate largely as
conpared to those of the Inventive Exanple. This shows in the Conparative
Exanpl es that the closer to the periphery, the larger the sags. 15 Table 1
SFQR (3nm excl usi on) SFQR (2nm excl usi on) Aver agedMaxAver agedMax val ueval ue

I nventive Exanpl e .10.0370.0100.0710. 0390.0120. 092 Conparative0 0 O
0. 0480. %@@%"Mﬁ@%@lﬂ 0% .. Conparative Exanple

&5 :
20. 0370. 0130. 1100. 0430, 0230. 118 ble 1, 3 excl ysi.on, neans .t hat a
portion up to brﬁ?ﬂff%ﬁh% atEﬁ%(é#Qgﬁ%gﬁVe?té‘%‘ép el BAradige) is not
eval uated when the wafer flatness is evaluated, and. the abgv& VE| ue was
obt ai nedE¥gmplalyaningomparative dsxampler 2 mremhofa #bdwbledr t PERE 19k ewi se,

2mm excl usi on_neans that the 20 portion up to 2mmfromthe edge of_ the
waf er (térshesllevithin thmwasir suface ip §.0darg anallrof Ipgeative Example 1 and

5 Comparative Examples 1 an_d 2 (the value in Inventive Example 1 is a little
better), but comparing the maximum value thereof, the value in Inventive
Example .1 is clearly better. The evaluation was performed for cells each
having a size of 26mm X 25mm (25mm square).

Also variations (@) among the cells were improved, which indicates

10  that a wafer not hav_ing inflection points or the like is manufactured. In cases
of Bmm exclusion and 2mm exclusion, the values of the Comparative
Examples deteriorate largely as compared to those of the Inventive Example.

This shows in the Comparative Examples that the closer to the periphery, the

larger the sags.

15 Tablel
SFQR (83mm exclusion) SFQR (2mm exclusion)
Average Average
value d Max value d Max
Inventive 0.037 | 0.010 | 0.071 | 0.03% | 0.012 | 0.092
Example 1
Comparative | 044 | 9024 | 0.131 | 0.048 | 0.030 | 0.155
Example 1
Comparative | 057 | 0,013 | 0.110 | 0.043 | 0.023 | 0.118
Example 2 .

In Table 1, Smm exclusion means that a portion up to 3mm from an
edge of a wafer (a wafer peripheral edge) is not evaluated when the wafer
flatness is evaluated, and the above value was obtained by evaluating the
areas inner from the above portion. Likewise, 2mm exclusion means that the

20 portion up to 2mm from the edge of the wafer (the wafer peripheral edge) is



-45 not evaluated. In the nethods enployed in the Conparative Exanpl es,

SFQRmax values were at best in the range fromO0.10 to 0. 1%pganwtyg 2664 Rax
values were inproved only up to 0.31lim which are not shown herein, but by
adding 5 the back side polishing as in the Inventive Exanple, it is
possible to stably manufacture waf'eds ™ wit h SFQRmax of 0.10pm or |ess and
the SBI Rmax of 0.3pmor |ess. Further wafers having excell ent nanot opol ogy
can be mnufactured easily. (Inventive Exanple 2) 10 A wafer simlar to
that used in Inventive Exanple 1 was polished as in Inventive Exanple 1
excl udi ng the point that polishing based on the waxless systemusing a
tenplat@0%§§abﬁﬁﬁgfned in place of the double side (front side primary)
polishing. To be nore precise, the wafer, was subjected to _a polishing
process conpri &7 fge éiﬂefti)’@ﬁ? emmlevedim gre Comparagiveniixgmpits, SNQRMEx st ep
based on the front side reference polishing system -: a back side (single
si de) pollees were aepest imthe samge frpen Ostthin 6.19ae) asd 3HAaRgx yalueshi ng

step, a front side (single side) final polishing step. In Inventive

Exanpl e weredngovstionly apgartadpm, cdpeblage abt showncsaievs| yutgesr fddimigng f r ont
side (single side) primary polishing based on 20 the front side reference
pol i 8hi rthe dysikesile patikhiigles polths Hnwgntifze dxransplde its ecpostibly tpadtibly ng, and
final polishing was used. Mrre specifically, there was used a polishing
appar at usaniufacetinectrafdiseeithoS FeRmax miohidas ot heeendotid SBIRghseocf i ons) as
shown in Fig. 13 are arranged integrally with two polishing stages being

provi ded). 3amearhldgl | sShuftthed eqllf@R. hdbild SreNesl edtidiepdbEy , cdheie was
enpl oyed a cl eaning systemin 16 January 2004 -46

manufactured easily.

(Inventive Example 2)

10 A wafer similar to that used in Inventive Example 1 was polished as
in Inventive Example 1 excluding the point that polishing based on the
waxless system using a template was performed in place of the double side
(front side primary) polishing. To be more precise, the wafer was subjected to
a polishing process comprising a front side (single side) primary polishing

15  step based on the front side reference polishing system, — a back side (single
side) polishing step, — a front side (single side) secondary polishing step, — a
front side (single side) final polishing step.

In Inventive Example 2, a polishing apparatus capable of
successively performing front side (single side) primarj polishing based on

20 the front side reference polishing system, back side polishing, front side
secondary polishing, and final polishing was used. More specifically, there
was used a polishing apparatus, in which three polishing machines (three
polishing sections) as shown in Fig. 13 are arranged integrally with two
polishing stages being provided in each polishing section.

25 In each cleaning unit, there was employed a cleaning system in



whi ch using a dipping type - cleaning with a SC1 liquid (a cleaning liquid

m xture of ammoni a, hydrogen peroxide and water), a wafer WAdatusepP@dH i n

t he sequence of the rinsing liquid, SCL liquid, -rinsing liquid, and rinsing
liquid. 5 Polishing conditions in each polishing section in Inventive
Exanmple 2 were as those in InventiV%BExanple 1in ternms of the polishing

| oad, polishing cloth, polishing agent, supplying rate of the polishing
agent, and stock renoval, excluding the polishing conditions of the front
side (single side) primary polishing step based on the front side
reference polishing 10 system and 8pm aof_. t he, _stock, renoyal .in the back side
pol i shi ﬁd@lclrﬁéﬂﬂgomtd}pmn&etx&q pRIRg FEfh 7 Bl @qrdb({ A SAPIBESRETGh t he
front side reference polishing systemis waxless polishing based on the

t enpl at enispurenf pmmpnish hydregas nwd@a#dpﬁataxisa weader wasarededi Wy pad for
holding a wafer. The polishing conditions were as described bel ow. 15

Pol i shi ribe| seqaeng@ ®f ghendinéBe kgaid, BCLshawg, cinting 18pBA. 60d Yiasingade nane
of Rodel Nitta Conpany) (an Asker C hardness of 78) Polishing agent: HP-20
(a traddiquade of Fujim Incorporated) (pH = 10.5) Supplying rate: SL/mn
20 Stock renoval: |Opm Wth the polishing apparatus and the polishing
condbti ons as Pobishingdeshdihioune in theh walighivgsegpmni hbdenaived Exeecpésul t  of
the polishing showed that the flatness of the polished wafer (SFQRmax; 2mm
excl usi awersass GhdePrin Furdditre Tranmpleetunatdrinys loéithbt pélishihheloadcupancy
rate of 0% in 25 the eval uati on of nanotopol ogy was 20nm which was very

Zigg: : :ﬁo-lisﬂi'&g ththapeBeMin08dentd buppBriREmatvas tBe Ifhizhing iagbnijesndl so
stock removal, excluding the polishing conditions of the front side (single
side) primary polishing step based on the front side reference polishing

10  system and 8nm of the stock removal in the back side polishing. The front
side (single side) primary polishing based on the front side reference
polishing system is waxless polishing based on the template systein in which
a urethane foam pad was used as a backing pad for holding a wafer. The
polishing conditions were as described below:

15 Polishing load: 300 g/em? (30 kPa)
Polishing cloth: SUBA 600 (a trade name of Rodel Nitta Company) (an
Asker C hardness of 78)
Polishing agent: HP-20 (a trade name of Fujimi Incorporated) (pH = 10.5)
Supplying rate: 5L/min |

20 Stock removal: 10pm

With the polishing apparatus and the polishing condifions as

described above, the wafer was polished, and the result of the polishing
showed that the flatness of the polished wafer (SFQRmax; 2mm exclusion)

was 0.10pm. Further the irregularity height for the occupancy rate of 0% in

26  the evaluation of nanotopology was 20nm, which was very excellent. The



Capability of Exploitation in Industry:. As described above, according to
the present invention, it is possible 5 to perform controlsginipagsoos the
peri phery of the wafer that is the nost difficult problemin the polishing
techni ques, and to manufacture a waf wi th excellent flatness including
the portion of 2mmor less fromthe Water edge, especially a wafer having
no inflection point in flatness in an inner portion from 3mm of the wafer
peri phery, and further a wafer with excellent 10 nanot opol ogy especially
required in recent years, that is, a wafer with excellent flatness and
nanot opalQgy. 16 J ry 2004 .48 CLAIMG.1. A wafer manufacturing nethod
conpri st *%Wéx WW@&F%E‘&P@FM%&%‘&SW &~ pol i shing of the wafer to
produce a reference plane thereof in a polishing process using. a
polishing cloth and a polishing agent for making a mrror surface of the
wafer. 2. The wafer manufacturing nmethod according to claim1l, wherein a
mul ti st &&@Wﬂ?&?ﬁ]—ﬁﬁp]@ﬁ@&@%mmdﬂﬁhﬁ’h a wafer is polished in nultiple
stages is enployed as the polishing process, and the back side polishing
is performed Abtdssceibed ahavs: aserrding itg the @pes’emttln@emom%tl%gessgglq shi ng
process. 3. The wafer manufacturing nethod according to claim2, wherein
t he Bwafterpdrfompoldoskesd dfnsagseins the mesinhefry defuihee waifele thah inithereests)
polishing, the back side (single side) polishing, front side (single side)
secondardiffpoili pholblgm andherprishsngdelsniqgee, shdgp manalfagore shimader 4. The
waf er manufacturing nethod according to claim2, wherein the wafer is
pol i shedrith dxeellseqflatesssahchuding the der(enng] 2msi de)egsriroar thewetafehi ng
based on a front side reference polishing system the back side (single
Si ge)( pﬁg}e§bispl@aiaﬂyQanlwﬁéldQa&&i@gbeinﬂedﬁ))nslaﬁﬂndarﬂamlss shisyginaed front
side (single ‘ _

portion from 3mm of the wafer periphery, and further a wafer with excellent

10 nanotopology especially required in recent years, that is, a wafer with

excellent flatness and nanotopology.



side) final polishing. 5. The manufacturing method according to any one of
clains | to 4, wherein in the back side polishing the waf ¢ JasuappPi®hed
with being held by a wafer holding plate which has a hard wafer hol di ng
portion and a holding face of. a high flatness level. 6. The wafer
manuf act uri ng net hod according to any¥done of clains 3 to 5, wherein in the
front side secondary polishing the wafer which is held by a backing pad is
pol i shed using a polishing cloth with an Asker C hardness of 16 January
2004 -49. 70 to 90. 7. A polishing apparatus conprising: a first polishing
section for performng primary polishing of a front surface of a wafer
based on a front side reference pGIMdB{ g system a first inverting unit
for turning the wafer polished in the first polishing section upside down;
a second polishing section for polishing a back surface of the wafer in
the stat & whehewhiee t@ihefacBihs Bedthol LohliGrid | shing section is
vacuum chucked onto_ a fl at maf%r hoPgFﬁb p%ggzkfgﬁﬁ%ég forcibly the wafer

frat; a seconBeTRUBINgG hackgide palishing of ty: waer tweprexiupsela sffiednics pldyge second

pol i shi nghe6f #+P Wl : hird polishing section for performng
secondary pol | sh?#&ﬁgkﬂjﬁgﬁpﬂggﬁ{ﬁ%}ﬁ?gg S -%ﬂ@gﬁ\éf’érapﬁ]é%]@@goﬁ‘g%éo%xl ess
syst em Hadking houirar potfasdoNthewetdron for performng final polishing of
the front surface of the wafer based on the waxl ess system 8. A polishing

appar at B i ncl (idgrader h%&fabﬂ_{ﬁﬁg&eéﬂf&f?ﬂ&&o%&ﬁié %8%1#@,%%%@” ses: a

first polishing section for polishing a front surface i t hout
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vacuum  after a primary polishing step in the multistage polishing process.

3. The wafer manufacturing method according to claim 2, wherein the
wafer is polished in the sequence of double side (simultaneous) polishing, the
back side (single side) polishing, front side (single side) secondary polishing,
and front side (single side) final polishing.

4, The wafer manufacturing method according to claim 2, wherein the
wafer is polished in the sequence of front, side (single side) primary polishing
based on a front side reference polishing system, the back side (single side)
polishing, front side (single side) secondary polishing, and front side (single
side) final polishing.

5. The manufacturing method according to any one of claims 1 to 4,
wherein in the back side polishing the wafer is polished with being held by a
wafer holding plate which has a hard wafer holding portion and a holding
face of a high flatness level.

6. The wafer manufacturing method according to any one of claims 3 to
5, wherein in the front side secondary polishing the wafer which is held by a

backing pad is polished using a polishing cloth with an Asker C hardness of



chucked onto a flat wafer holding plate to nake forcibly the wafer flat; a
second inverting unit for turning the wafer polished in thessaaemrd2004
polishing section upside down; a third polishing section for polishing the
front surface of the wafer w thout vacuum chucking the back surface of the
wafer. 9. A wafer, manufactured in a886rdance with any one of clainms 1 to
6, conprising at |least one mrror polished surface, wherein one main
surface of the wafer has a configuration that an SFQRmax is 0.10pmor | ess
and there is no inflection point in a center side of 2Zmmfromthe

peri phe:@I January 2004 .50 edge of the wafer. 10. The wafer according
to clai 91;,0 erein a front surface of the wafer is divided into a

pl ural i of ZE‘{nx 2im square areas, a PV value of each of the areas is
eval uat dd, and® Ii’é’hﬁg};ignﬁﬁﬂwatﬁ@ﬂ wormpmiginget e fivvt vpolisdEngosectiom| for

eval uated areas is 20nmor |ess. 11. The wafer according to claim9,

wher ei n%rﬁmgﬁmm& poflishing wfibiciront surfave dfd walfer bagdduoald Bongf 2Mm x
2mm square areas, a PV value of each of the areas is evaluated, and the

maxi numskle vefevencenpolishing sPutern) uefirst daverting evad Bt filndhigaBel wak8nm or
| ess. 10 = ABSTRACT The present invention provides a wafer manufacturing

met hod @edished infthe fivot polithig.gappeoatupsidthdShnea abbsh M IthofoctiBgS in 2

peri phery of a wafer and inprovenent of nanotopol ogy val ues thereof that is
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producein the first polishing section is vacuum chucked onto a flat wafer holding
plate to make forcibly the wafer flat; a second inverting unit for turning the
wafer polished in the second polishing section upside down; a third polishing
section for performing secondary polishing of the front surface of the wafer
based on the waxless system; and a fourth polishing section for performing
final polishing of the front surface of the wafer based on the waxless system.
8. | A polishing apparatus including at least three polishing sections,
which comprises: a first polishing section for polishing a front surface of a
wafer without vacuum chucking a back surface of the wafer; a first imverting
unit for furning the wafer polished in the first polishing section upside down;
asecond polishing section for polishing the back surface of the wafer in the
state where the wafer polished in the first polishing section is vacuum
chucked onto a flat wafer holding plate to make forcibly the wafer flat; a
second inverting unit for turning the wafer polished in the second polishing
section upside down; a third polishing section for polishing the front surface
of the wafer without vacuum chucking the back surface of the wafer.

0. A wafer, manufactured in accordance with any one of claims 1 to 6,
comprising at least one mirror polished surface, wherein one main surface of
the wafer has a configuration that an SFQRmax is 0.10pm or less and there is no
inflection point in a center side of 2mm from the peripheral



ref erence pl ane -t hereof.
16 January 2004

.50.

edge of the wafer.

10. The wafer according to claim 9, wherein a front surface of the wafer
is divided into a plurality of 2rom X 2mm square areas, a PV value of each of
the areas is evaluated, and the maximum PV value among the PV values for

5 all evaluated areas is 20nm or less.

11. The wafer according to claim 9, wherein a front surface of the wafer
1s divided into a plurality of 2mm X 2mm square areas, a PV value of each of
the areas is evaluated, and the maximum PV value among the PV values for

all evaluated areas is 18nm or less.
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