;e3ed. *6 6T3f SPECI FI CATION Technical Field The present invention rel ates
to a sem conductor wafer typified by silicon wafers, and nmore particularly

to a'sem conductor wafer shape. Background Art Pri oduction of
waf ers used as sem conductor substrate material, for exanple mm Nmﬂwmmmmmﬂ

performed in wafer makers. To produce senlconductor wafers, in gener

sem conduct or single crystal ingots in cylindrical fornlare gr own by %e
Czochral ski (CZ) nethod, the FI cBREGHFZEAL {TW) net hod or ot her nethod, and
the grown sem conductor single crystal ingots are sliced into wafers in

thin plate form followed by subjecting the obtained wafers toﬂ”ﬂﬁﬂﬁmwwmmm
as a chanfering step for chanfering outer peripheral portions
prevent cracks and chips in waPEFSONRUCH; gEBp for adjusting theisafer
t hi ckness and fl atness, an etching step for etching wafers to renove

mechani cal danage fron1mafers a polishing step for further inproving

surface rqughness in éness of etched wafers to nmake the wafer surfaces
into mrrd€ANNLIES,

The present invention relates to a
semiconductor wafer typified by silicon wafers, and

more particularly to a semiconductor wafer shape.

Background Art

Prioduction of silicon wafers used as
semiconductor substrate material, for example, has
been performed in wafer makers. To produce
semiconductor wafers, in general, semiconductor
single crystal ingots in cylindrical form are grown
by the Czochralski (CZ) method, the Floating Zone
(FZ) method or other method, and the grown
semiconductor single crystal ingots are sliced into
wafers in thin plate form, followed by subjecting the
obtained wafers to steps such as a chamfering step
for chamfering outer peripheral portions of wafers to
prevent cracks and chips in wafers, a lapping step
for adjusting the wafer thickness and flatness, an
etching step for etching wafers to remove mechanical
damage from wafers, a polishing step for further
improving surface roughness and flatness of etched

wafers to make the wafer surfaces into mirror



v

surfaces, and a cleaning step for cleaning wafers to renove polishing agent
and 'f orei gn substances fromwafers. In addition to these sem conduct or
waf er production steps which is shown as main steps, sone other steps such
as a heat treatnent step nay be added, and the sequence of the steps nmay be
altered. Follow ng production of sem conductor wafers as described above,
devices are commonly formed on wafers by device makers to produce

seni condustiarf afews ceend ra sehbesidutt dFCBeidde ptoanEtibivpEBESsS O steps in
which thin filns such as oxide filns, metal filnms or polysilicon filnms are
formed i nremsrs BAlasddm ¢ondedttoraR@f 6P L For LRSS &85 paLP&r n are
normal |y perforned about 20 to 30 tines, for exanple. In the_case of DRAM
(dynani ¢ Faf@oms accEBsafeidrign 5or &1e3C patldiGPR Rt AIn&'ad §Eh of 0. 25~un
to 0.20.mis formed on currently mass- koduced 64M.bit DRAM As such thin
filnms arePtBiebhABctELRH Y 6ﬁh1ﬁ$t$ S RRrLadR &P coffitT or waf er,

unevenness occurs on the | ayer surfacgs W th unevenness grow ng | arger
with incr 84415ty RLABSr BIChagsr & IBFAC T& Enslr R f?éfﬁ%ﬁpgﬁ g% such

interl j | at fil f t Chem cal hani | i shi
techni que 2SE bech i GHBRed BU ST b PENTHG rEtPeq f0 I crCoEastions, |
tc. In the CVWP_tecghni : | i.shj i : i = d
clastic 2 1o atng Baes Rk e T e St S rovar can be

obt ai ned. HVBYEL . CRENLe Y eALS IAUe Wirknessedosignidd Aok @kowth in scale
nauct or (0]

of sem co evice 1ntegration as a result dramati ¢ advances in

SeniCondu%é¥e9§vb§e&é¥$88|ﬁ%keﬂ@i§oh%%ddﬁ@et@é%ﬂﬂ%ﬁ@uﬁ@bﬂ“ﬂ only

finer circuit patterns but also i nproved di nensional and alignment
precisionddy,chgeuit patterns. Quality requirenents of sem conductor wafers
serving as substrates for sem conductor devices are becom ng nore rigorous

in response to such&giaadsiudisrt Besyir@asgnodiict Sobeperideg 4 ncreasi ngly
difficult to neet flatness .specifications needed for the nost advanced
seni condugftsp devhcarpreduehion fising shelaf os eorritdeoneilpel,i sie gl et hod

i n conventional sem conductor wafer production. Even if a sem conduct or
waf er has fsilimght omaypolepsi lfiarorex@ibine, ax aleformegatirer hagersr @ecars in
the photolithography and other steps, thus resulting in the problemthat
reduct i on ssEmycehduics wausederFure héprm e n@asestnmiiacteoht asif face i s now
required to be flat up to the proximty of its outernost peripher

(proxi m t ypafmais yepai eesaeporab@al £6r thedpPutpdss offﬁﬁki%r@ﬁ’iécti ve
use of sem conductor wafers and thereby achieving iqProved productivity. To
produce sudh skfi €85RICeBr DRAMEr (AVBSMHE Fangdom access memory), a

resist pattern with line width of 0.25pm to 0.20um 1is

formed on currently mass-produced 64M-bit DRAM. As
such thin films are interconnected in a plurality of
layers on a semiconductor wafer, uneveﬁness occurs on
the layer surfaces, with unevenness growing larger
with increasing number of layers laid. To ensure
flattening of such interlayer insulator film surfaces,
the CMP (Chemical Mechanical Polishing) technigque has
been proposed as a po-ishing method for
interconnections, etc. In the CMP technique,

polishing is performed useing multilayered elastic



hi gh fl atness, wafer nmakers are applying a variety of engineering

i nprrovenents. For instance, to give wafers a mrror-polished finish with a
gi ven surface roughness while maintaining the obtained flatness follow ng
flattening to a high degree through polishing and surface grinding, the

af orenenti oned CVP technique - the technique that provides uniform stock
renmoval - is used in the polishing step, thus performng a snooth and
damage- f r e lnishbngppleicshi ngndThd eaMP ee€hni OFH @1 QheleHA Vichke
principle of achieving polishing by chem cal and nechanical effects, and,
for exanpken putishiagrnedconduct ed by rubbing a wafer and a polishing pad
relatively to each other under a given | oad while supplying a polishing
agent in whi ch BeWesiatal EPCEEE i ¥earsp&aser Vataa&i¢dsol ution. In such a
mrror polishing, of wafers by the CVP techni que, a soft sili,ca . hydrate film
i s fornedSéwnt 1ﬁép§r%ﬁ9W5%eH%/§%%l§I9Iis%%FGPi CHAE BEMSH ng
proceeds as this hgdrate filmis rennﬁeg. Further,a there is.a recent trend
in productiPGRGFhi-GR P | At T&SM Condhic E5R R BF s 20 ForFSh Bot h the front
and back surfaces of wafers..Iln qQrder to flatt a_semi_con tor wafer up
to the pr&aHi $ONGRCHYF SHE &L TSt ep&‘?ﬁﬁ&%y ( p‘rafc}}&ﬁi F‘?So?l%ﬁé gﬁam‘ ered
portion), polishing is conducted of t. a L shi.ng appar at us
with a poﬁ%ﬁﬁﬁﬁshgg&lﬂﬁRgoﬁﬁX f%%§rrgﬁ%&égtrP%?%#é%épggﬁxgﬁﬁgthe

pol i shi ng .pad he, . . RerLi-p I t] ; [ pol i shi ng of
t he outer4%r€€%%baﬁ%%§§%%§ﬁ€&'gﬁg%e%?lgﬁﬁgﬁgrggéég§f ﬁ gﬁé case of

product ng eI epRAUSlae Meber sk e, poLLBREndgserdzed above, as Iong as

t he design of “t'he on process was up to 0.18m it has

been possidie; t9n ARl dY sprreenrduct s7iwal /s ehbsuifdeenkogual ity by
produci ng sem conductor wafers so as to neet the sem conductor wafer

flatness s{anoasddusitir cQavedPNatei PAiCAIONG Sute asiEBIBuUE Dbal Back
| deal Range), SBIR (Site Back Ideal Range) and SFQR (Site Front

| east - sQuateasp Kapaex.o HoweMedentdred i ghebri nitegs ateas adegree ak

sem conductor device in recent years has pushed the design rule down to

0. 15m and Hdudmen gt @ ik ASasfiag Isf rdtE €l capeci tbcatden. fAstaersesul t, even if
t he sem conductor wafer has net the flatness standard as descri bed above, a
resi st patsdpsrai €ould inot s beekararedf precihselyosher dvran dedi ce had been
actual ly fabricated on the wafer, and therefore, the problemthat reduction
of yield isewhosaducdour réddvioe garefedtaron wABL&IGEHRE SBIR and SFQR are
able to ensure high precision in flatness evaluation at the wafer center,

t hese i ndiazrpeRensiijoned apedddilcl §IePtiR@ Lhe GRITERNERZPE at the wafer 5

semiconductor wafer production. Even if a
semiconductor wafer has slight waviness, for example,
a device pattern error occurs in the photolithography
and other steps, thus resulting in the problem that
reduction of yield is caused. Further, the wafer
main front surface 1s now required to be flat up to
the proximity of its outermost periphery (proximity
of its chamfered portion) for the purpose of making
effective use of semiconductor wafers and thereby
achieving improved productivity.

To produce such semiconductor wafers having



f t outer periphery, and particularly near the boundary between the main

+ surface and the chanfered portion of the wafer. For this reason, |ower
yield has resulted even when the sem conductor wafer flatness net the
standard according to the aforenmentioned indicators. For exanple, a nunber
of exposure apparatuses, processing apparatuses in CVP and the like are
enpl oyed for the device production process, and the steps in which

t reat ment Hiagte peptoest, ushhigsarhkappardtauseRPhavié expeVPEAEID wWof seni ng
yield at increasingly frequent occasions. It is considered that one of the
possi bl e ergineereny tonsuoNcaRgravat edoyi dnftanegmpdd W¥1VEy between a
waf er hol di ng chuck used in an exposure apparatus of a photolithography
step and\mﬂégrghép@lﬁ%o¥opoékﬁh%@n§éﬁﬂﬁhiW%tBeﬁM&#WﬁBféﬁﬁﬁﬁlﬁ and
waf er shape, matching _between a shape of the mgfen ch cf and a shape of
outer per ifHEFRNCESr Wiohl 8f TeA& tat i Ndetthe | QP FAFHRGNt 1 2EGE SKanpl e, i f

waf er chuck shape matches poorly with the _shape of ter ri pheral portion
of the waf l,f%&l&@u 4 3KES AL & Qufi ﬁd%sﬁggrﬁﬁt ?Cg}zﬁoltlsgnsfer ontg t he
waf er surface hus resulting in reduced vield, T r tion of
seni condudt iﬁbﬁ@ﬁ%EVE$ISB5 éﬁ?H?ﬁlﬁﬁﬁﬁxhbfgpehgﬁ%ﬁ%%&gﬁﬁg§)|§§denanded.
However , hi na. bet ween a a u a : ter

peri pher al %rt?%%nﬁfﬁﬁs 6 t§ﬁ%ﬁ.%§£Pg %%iﬁggﬁg %Eéﬁgggé @3J'évﬁge makers,

and it isé{@?ﬁskl%lrrfan\}& per fQrmacgue at eﬁ#ﬁ% %if‘[‘%thii tgg%gpf 1y waf er

makers. THetef or &, e waf ef “makers are growi ng needs to supply to

devi ce Mkl Scuphats NAVERGRSNAPE blal APy 88! i 6k -ploaldieyag. i n the

event of varia I'n chuck shape to a certain extent. Uniformty of stock

removal i fipyde Wafier J¥ @081 bS cesSeMéak gne Pobh Shheg gisingigR ®fc. in the
devi ce production process.” However, in conventional sem conductor wafer

product i omyci8i 86€ nQURE 1 PEhiipResy shepd @1 aawaf efe cleanteta lbe eval uat ed
preci sely as described above, it 1s inpossible to ensure high precision in

shape contgdfeot sthexv@f efoeuteatamel epheral i phi higoni. s Thenefuarsedwhgn CVP i s
performed using the retainer ring in the device step, in the case that a
sem conductwsb watera hasfarsaggl g shapshatng hpaduterlpeivger atoporti on,
non-polishing occurs and stock renoval is reduced. Wen CWP is perfornmed on
a wafer fledchoothemutedeperd pheven poladhihglien supelyingnds to readily
process the wafer to have a rising shape, resulting in variation in stock
renoval . Asohisbdua ,agentudinf orlnd € @D31¢hﬁﬁﬁié%%b%@aaﬁ§ di scoloration is
caused, resulting in reduced yield. In conventional sem conductor wafers,
further, idispaafad isnpaliksddd DPLBEHPT r oD aPHChack M1ITLOT

polishing of wafers by the CMP technique, a soft
silica hydrate film is formed on the wafer surface by
the alkali solution, and polishing proceeds as this
hydrate film is removed.

.Further, there is a recent trend in production
of highly flat semiconductor wafers to polish both
the front and back surfaces of wafers. In order to
flatten a semiconductor wafer up to the proximity of
the outermost periphery (proximity of the chamfered
portion), polishing is conducted more often by a CMP

polishing apparatus with a polishing head using a



7 J surfaces by the CWP polishing apparatus having a polishing head using
+ theretainer ring, etc. in the polishing step during the wafer production,
the both front and back surfaces of the wafer becone a rising shape at the
outer peripheral portions. On the other hand, even if no retainer ring is
used in the polishing step, the both front and back surfaces of the wafer
often becone a saggi ng shape at the outer peripheral portions due to

et chi ng effeetimad sdnan. tMaat pushesniantienhap osémibdsrdueedr akafdrs have
had a simlar shape on both front and back surfaces although there is a
sli ght di iMadireenceeirnpévdent fofr mineventisgy. e FoesSehive reassfning LoF

sem conductor wafer has a preferred shape for exposure apparatus used in

t he phot olthtehogw aphy PSP Raradg BeRt 6RdFG & L 88¢inde 1R bHBEETS:
perform ng CVP on the sem conductor wafer | eads to worsening stock renova
uni form tyadonversely, a sem conductor wafer having a preferred shape for
CWP is poorly conpatible with exposure apparatuys, resulting in a problem
that reduction &R yilt® d°8ScAUfsedl ORRE T ,S%B‘ﬁ\?ém(?%ﬁ Prsg?ﬁig%]ﬁauctor

waf ers coul d not be _shaped suitably far both steps., D sclosure of the
| nvent i on Pihet e eBOA: §inbRAt %%ébﬁgcéﬁﬂY%heagi&qQ%h?so%qqmaforegoing

o tonincln Faar e PRI B g O, SRR e
T e T B, Ha B Rl AR 2 B i or
stock remyal. Lo, GV 8 &, 49,68 PEOJUEAQN DARPCeRS1ity by
producing semiconductor wafers so as to meet the
semiconductor wafer flatness standard using
conventional indicators such as GBIR (Global Back
Ideal Range), SBIR (Site Back Ideal Range) and SFQR
(Site Front least-sQuares Range).

However, the higher integration degree of
semiconductor device in recent years has pushed the
design rule down to 0.15pum and further to 0.13um for
stricter specification. As a result, even if the
semiconductor wafer has met the flatness standard as
described above, a resist pattern could not be formed
precisely when the device had been actually
fabricated on the wafer, and therefore, the problem
that reduction of yield is caused occurred.

In particular, while GBIR, SBIR and SFQR are
able to ensure high precision in flatness evaluation
at the wafer center, these indicators fail to

accurately evaluate the wafer shape at the wafer



In order to achieve the above object, according to the present invention
there is provided a sem conductor wafer, wherein the sem conductor wafer
has a shape in which the outer peripheral portion of the sem conductor
waf er bends in such a manner as to swell (rises) on the wafer front surface
and bends in such a manner as to droop (sags) on the wafer back surface .
Thus, it is possible to ensure that the sem conductor wafer constitutes not
only a prefereedpwafigth¢ oy, a aval iaytaolcuekpobur & cappdrtae ubesingsedy conmonl y
for the photolithography step but also a wafer capable of perfornln%

wi th uni f drefisesok theerovaln isurfeceuead per ¢ pRbralf gerdi prrtHed®oPIbends
in such a manner as to swell (rises) on the wafer front surface _and bends
in such ath@neriey + o Ko iSagHa dAnt hd Okegerybaek dia$ atesudseded
herein, the wafer front surface refers to one of the wafer main surfaces -
the surfaVemn Whicsh de9i 8691 GARAUGEST ¥HEAT- fARFRIPRSWBedr TA%K surface
to the other wafer main sgrface this event, the hend of the outer
peri pher alStRr P& FCERE %@ﬁ(ﬁﬁﬂEE?O@ﬁéﬁ%@eP§ﬁﬂQﬁ%réBQQQﬂﬁﬁlFhat when
per form ng_ neasure nt of shape datg on the front and gack surfaces of the
seni conduct®r REPEP %reﬁtp&#ﬁﬁ p&ﬁﬁ%&@gﬁaﬁgﬁﬁ?ﬁ F8&34l ong the radi al

d f h d._sh d he .f back f f
he vai or pa%ﬁg%és%ﬂ%i?%ﬁﬁga@% P ar S (OIE P afi FO8 (ot BagR ool {1 er ot al

HbA Chik ek s i G
t he outer:ﬁ@%$? q&p‘mgg&blke rooé egaifierenti-al Lot ) dhepwaf er bac

surface ex s a ben pl ng sag) at t he outer i phera

porti onI fTA}\SIEar%%J%s bﬁB@eOfe%PReﬁ%fécPhﬁéélsel?ﬁrr{cj 091@&& her semi conduct or

waf er en perform ng neasurenent of shape data on both front and back

surfaces({néwgg@jﬁ§m¥cgg@quﬁﬁ oeleaii ®hsof shape profiles along the
radial direction fromthe neasured shape data on the front and back

surfaces of the men sopduedicde nafierrand eakcratilon pbsdiifdeeenti al
profiles through differential processing of the respective created shape

profiles, ¢hetditfierensi ab profh | @gafrahet waf i drdnissurface exhibits a
bend like swelling (rise) at the outer peripheral portion - that is, the
di ff er enti @mpaltuéd 0f 1 t hebditffezrenti ala fpof hbé dimgnchudd ofssdopa ~. m nm)
changes on the 10
an exposure apparatus of a photolithography step and
wafer shape. As for such compatibility between wafer
chuck and wafer shape, matching between a shape of
the wafer chuck and a shape of outer peripheral
portion of the wafer, etc. is important. For example,
if wafer chuck shape matches poorly with the shape of
outer peripheral portion of the wafer, defocus takes
place during resist pattern transfer onto the wafer
surface, thus resulting in reduced yield. Therefore,
production of semiconductor wafers well compatible
with wafer holding chuck is demanded.

However, matching between a shape of a wafer

chuck and shape of outer peripheral portion of a-



positive side when rise is expressed as positive and if the differenti al
profiile of the wafer back surface exhibits a bend |i ke drooping (sag) at
the peripheral portion - that is, the differential value of the
differential profile (magnitude of slope ~nmim) changes on the negative
side when sag is expressed as negative, then it is possible to make a

sem conduct or wafer having different shapes between the front and back
surfaces wHLdrcasl dmot sbeecatidr aedeac duy alelry cley ndleeronvemd ohtal

i ndicators based on wafer thickness into a quantitatively and accurately
prescri bed svai®posistibilse pbosiosiwf e vmr aldcapt gt ensond, i xmet ebore, that such a
sem conductor wafer is a wafer that is preferred for exposure apparatus
used in tHhepsl bthogr &phy Mstksr and Eggeﬂ@@m, p&RfEora FRr OB ket

uni formstock renmoval. It is preferred that the front and back surfaces of
the semi catRicEar ingrl Frowadd ML aegitén VIPPhE @ dePeFEpRerk@ T Porti on
excluding Immto 2mm from the outernpost periphery of the sem_conductor

waf er. For"akEat 8oRGuttY ﬁaﬁ@%ﬁetﬁga§h§&?%ﬁn9ﬁe%ﬁﬁ%@tp§ﬁ%%ﬁn%weﬁortion

in the regi on _where devices are actually forned is inportant. The area

(Speciti ot o CqEHith ea8 o 14 Gt HBse N rCHAF6r SR Fad A 5 THer HBvi ce
production}$r0c§ss has conventionally often been the area excluding 3mm
from1l S¥he"Gut er nost peri pheral portion of the wafers (,the region

toward the cent ey i%of"ﬁfi%gzs eﬁc%ggicrkg é%gvggrtiirfnaia Q¢ aséiﬁ%?glt ﬁésr eferred

to as wafer effective Tegifon)- iI's prererréd, thererore, shape
of the waf r.di tQ .t ent, i pon .S, at:le 5:!5:;]- at the
out er perf%%%?gﬁgﬁgr?ﬁ%ngp%qgﬁ?iﬁgfg%léﬂfggg?veeﬁzbio%hbgﬁ%% hn %%gh ah
manner as : [ r - ends in such a
é%o%%ltlo((r{ségg?}:e%% %W&?Egécckméut??ﬁ%%q:f@ﬂaf

manner as roop on the wafe ace. In particular, it is

preferred 44at coeVeibi bt 18 rUar 8RLBRG BT SR, | 8 1th& asgReexcl uding 3mm from
t he outernost peripheral portion of the wafer, bend occurs up to the region

of the outsrpPehicRREr adh pRkt ion exghydimg- 2AMbro & hevatterdmst periphery
(end portion) of the sem conductor wafer and further up to the region

excl udi ng drarisenit hes odteomisbefeaibphas y {end sparmponyiblife the

sem conductor wafer is formed to have a bend occurring up to such a region,
it is possebsereo harisi deealls/ srdiae sfenee atooart wfl defothse fweafare,

di scoloration failure due to CVWP and the like within the guaranteed area.
Furt her, idutsralpsy ijpssicblle goratdness Theargesren giaeantHed ia ea
(specification) of wafer flatness into a region excluding 2nmor | nmmfrom

t he out er et fpemgsheryinh tiiee wakéringr genagalin stheedg velheaf ecew porti on

is formed on the outernost periphery of the 12 ,
in the case that a semiconductor wafer has a sagging

shape at the outer peripheral portion, non-polishing
occurs and stock removal is reduced. When CMP is
performed on a wafer flat to the outer periphery,
polishing in itself tends to readily process the
wafer to have a rising shape, resulting in variation
in stock removal. As a result, non-uniformity of
film thickness and discoloration is caused, resulting
in reduced yield.

In conventional semiconductor wafers, further,

if a wafer is polished on both front and back



sem conductor wafer, it is preferred that a bend occurs in the region of

t he ‘outer peripheral portion excluding Immor |ess fromthe outernopst

peri phery of the sem conductor wafer on both front and back surfaces. This
ensures that the sem conductor wafer constitutes a preferred wafer for both
exposure apparatuses used in the photolithography step and for polishing by
CW. It is preferred that the rise start position on the front surface
(turni ng poimfaeast ey fEbat CMF ek} SRA® S PR a4t thp¥3id Gh on the back
surface (turning point on the back surface) at the outer per.ipheral portion
of the sefXbhd éﬂ&’W@ﬁ@ruﬁk?grF%er§@?ﬁﬂ%@?h?ﬁ?ﬁmﬂ??Fom%&kﬁ%ﬁtennmt

i ph f th fer. To inp tibilit i th t i
the phot oIHQ HoBRARIYy iR GHA WH fBRRI 1N 17T SPEPEIGLQAY 1 pdPPSRi ng by
CMP, the wafer shape at the i I ti d ticularly i
Che' 1 601 orF A hi AARorAA £ ko SPaHes G P Touits oot perl SHans” o 5t Bl y |

i nportant. Consequently, the sem conductor wafer. can constjptut eferred
waf er forqﬁﬁﬂeeggogaF% APhETatRE” LRER T t%@rgﬁ%Qﬁ1tké%rg%ﬁy%gﬁggfand f or
ol i shing b . If the rise star osition.gn. the,fron rface (turnin
Boi nt ongtl’}‘%n roﬁtv%r+§c8f arit ?%ée§a§ls4§r%gp8§%?o%ﬂo%q ue back(sﬂrflacg

(turnin ol t he C f t e r rd a ti
of 't he. Sel CoRaNAFST GEFRY 1T (ROA T agroreurth o Ot Fram the. oat or most

peri phery etaﬁf‘%g&f‘@éni B e BT §S&Ugd IYENEAbe Abtt Rale tdBerthe Tise

start position on ront surtface (turning point on the front surface)

and the sage#igreR0Si HHOR 04 NBubagk ki fasaq( trniag peidsonchhe back
surface) of the sem conductor wafer are preferably | ocated at the sane

di stance frogt he waishveartieinal opgntiteovahetoradiaf edisr ectvonnadhes, if
the turning points on the front and

similar shape on both front and back surfaces

although there is a slight difference in extent of

rise and sag.

For this reason, if a semiconductor wafer has a
preferred shape for exposure apparatus used in the
photolithography step during semiconductor device
production, performing CMP on the semiconductor wafer
leads to worsening stock removal uniformity.
Conversely, a semiconductor wafer having a preferred
shape for CMP is poorly compatible with exposure
apparatus, resulting in a problem that reduction of

yield is caused. That is, conventional semiconductor

wafers could not be shaped suitably for both steps.

Disclosure of the Invention
The present invention was accomplished in light

of the foregoing, and it is an object of the present



back surfaces of the sem conductor wafer are |located at the sane di stance
fromthe wafer center along the wafer radial direction, it is possible to
ensure a sem conductor wafer having approxi mately uniformthickness at the
device fabrication region in the wafer plane, despite different shapes on
the front and back surfaces of the sem conductor wafer. Consequently, since
the sem conductor wafer front surface can be kept in a flat state by vacuum
absor pti oninfentd amafee psiony @&e vaceemichr@uict athevphotoldatdeyt apky st ep,
for exanple, it is possible to accurately formpatterns on the wafer front
surface. Therhiom eidlibackasitennssosf tihe wasidbriduehoR LdY er 1 gré
preferably mrror-polished. Thus, the sem conductor wafer can be have 14

hi gher fl ad@8pd b ImePer Hdtr EhEl BRcK Ds i fd@ €8Tt HEYe®K &fe 3R rror- pol i shed.
Therefore, it is possible to fabricate devices with high precisiog on the
seni conducBPORMIEt | APRATREUS nbRobNfg R @F alih RAA 2RIy SdiR i DR As
descri bed above, it is possible according.to th resent inventio

provi de a Rem-SridiEt BRe e?hﬁit%sﬁﬂ%ﬁ%FPe&%é%ke§ﬁ&9ﬁ%}abﬁaﬁﬁég
commonly used in, the ghotol'tho raph steg and that has a shape capabl e of
perf or mi ngtEV@ WS GRi P6A %ﬁ%g?nrgﬁﬂﬁﬁ.SSuch a seni conduct or waf er

di toth t i L | | t : ti i
pat torns on t ho WAt BF CPoritC SO G A FEl 8l RBIPAES of CGABan T i m
pat t ¢ the . ; Girei i g neven i1 m .
process. ahi ChS O OPRCDiard ) SeRrh GHidETof Jddut 2L RFedtct | on can be

i nproved. Brief. éegEiW%f%ryh%h@fyﬁﬁg§hgi%eﬂi%@n@dﬁ%ﬁ?a%hger

expl anat ory view showm ng in diagranmati c formthe shape of a sem conduct or

wafer of the presgi o LnyentiivninFige Zufed Fapipwbewing shapenpiafiles in
t he area d$ fzg'to f%%nn1fron1the center along the radial

the semiconductor wafer bends in such a manner as to

swell (rises) on the wafer front surface and bends in

such a manner as to droop (sags) on the wafer back

surface.

Thus, 1t is possible to ensure that the
semiconductor wafer constitutes not only a preferred
wafer for a variety of exposure apparatuses used
commonly for the photolithography step but also a
wafer capable of performing CMP with uniform stock
removal, if the outer peripheral portion thereof
bends in such a manner as to swell (rises) on the
wafer front surface and bends in such a manner as to
droop (sags) on the wafer back surface. As used
herein, the wafer front surface refers to one of the
wafer main surfaces - the surface on which devices,

etc. are formed - and the wafer back surface to the

other wafer main surface.



direction of a sem conductor wafer; Fig. 3 is a graph showi ng differential
»profiles calculated by subjecting the shape profiles of Fig. 2 15 to a
differential processing; Fig. 4 is an explanatory view showing in
diagrammatic formthe state in which the sem conductor wafer of the present
i nvention is placed on a wafer chuck of an exposure apparatus; Fig. 5 is an
expl anatory view showing in diagrammatic formthe state in which the

seni conduct or wafiethdfs téreeptesenitei heant ioh thes@hjtet daerdprbgral

portion of the semiconductor wafer is preferably such
that, when performing measurement of shape data on
the front and back surfaces of the semiconductor
wafer, creation of respective shape profiles along
the radial direction from the measured shape data on
the front and back surfaces of the wafer and
calculation of differential profiles through
differential processing of the created respective
shape profiles, the differential profile of the wafer
front surface exhibits a bend like swelling (rise) at
the outer peripheral portion and the differential
profile of the wafer back surface exhibits a bend
like drooping (sag) at the outer peripheral portion.
Thus, as for bend of outer peripheral portion
of the semiconductor wafer, if, when performing
measurement of shape data on both front and back
surfaces of a semiconductor wafer, creation of shape
profiles along the radial direction from the measured
shépe data on the front and back surfaces of the
semiconductor wafer and calculation of differential
profiles through differential processing of.the
respective created shape profiles, the differential
profile of the wafer front surface exhibits a bend
like swelling (rise) at the outer peripheral portion

- that is, the differential wvalue of the differential

profile (magnitude of slope um/mm) changes on the

10



Fig. 6 is a schematic explanatory view showi ng an exanpl e of shape
measur ement neans for neasuring shape data of a sem conductor wafer; and
Fig. '7 is an explanatory view describi ng shape data mnmeasurenent on the
waf er front and back surfaces using displacenment gauges in the shape
measur enent neans of Fig 6. Best Mdde for Carrying out the Invention

Al though an enbodi ment of the present invention will be described below, it
is to be paderisivedstitdE whenprdsentisneemriaons¢d ast ddsitevet hereto. Fig
1l illustrates a schematic explanatory view describing the shape of a

sem conduatnat waf eheofditfite peadaratl i pyedtilen. oFi ghel waois PREXf eat ures of
the present invention in exaggerated fashion for clarity of presentation,
and propoinha¢et gxbdlatonaobate si%es HRPPigdrdSathd 86 R Sare

different froman 16 , , . .
peripheral portion - that is, the differential value

of the differential profile (magnitude of slope
pum/mm) changes on the negative side when sag is
expressed as negative, then it is possible to make a
semiconductor wafer having different shapes between
the front and back surfaces which could not be
confirmed accurately by the conventional indicators
based on wafer thickness into a quantitatively and
accurately prescribed wafer. It 1is possible to
reliably ensure, therefore, that such a semiconductor
wafer is a wafer that is preferred for exposure
apparatus used in the photolithography step and
capable of performing CMP with uniform stock removal.

It is preferred that the front and back
surfaces of the semiconductor wafer bend in a region
of the outer peripheral portion excluding lmm to Zmm
from the outermost periphery of the semiconductor
wafer.

For semiconductor wafers, the shape of the
outer peripheral portion in the region where devices
are actually formed is important. The area
(specification) guaranteed for flatness in wafers
supplied to the device production process has

conventionally often been the area excluding 3mm from

11



actual wafer. The present inventionis in no way limted thereby. As shown
in Fig. 1, a sem conductor wafer 1 of the present invention is
characterized in that the wafer has a shape in which the outer peripheral
portion of the sem conductor wafer bends in such a manner as to swell
(rises) on the wafer front surface and bends in such a manner as to droop
(sags) on the wafer back surface. That is, the sem conductor wafer of the
present i rodent ouhehras it f peremheshapep oetvamenodn titee wa Hat sandback
surfaces, with she wafer outer peripheral portion bending on the wafer
front surfraogicn aowardether & oneexotthara fdeswakerl sdif igcehpasi tion at
the center portion of the front surface (this bend is referred to as
"rise") ambbhehding sorotheswaierl backed@rizee S0 as twabernore concave than
the wafer surface position at the center portion of the back surface (this
bend is réffefeelive ase95ag)).. At Houghredsfinett i 6hesfefdeeshipatof the
outer peripheral portion is easy if the wafer nmain _surface is of ideal
shape havitite f FBEPSurdfackhputv hadFREILIng to &QruabTr9sempossible to
accurately eval uate the outer peripheral shape due to wavi ness and_ot her
causes. FOrMYRRE10&asoh, 2the S5tk coldtictdie hafBE S tHe PrEd&eTatention
is a wafer_ in_which mh%$ sub%ected %0 neasur enent of shgge,data on bot h
front 17 PEnbtBRcKSurtaclE ST hEL SEMicondbed sP MBS cidati Wl of shape
profiles along the radial_ direction fromthe neasured shape data.of the
front and FHECEuASacEs BFStHe *%??)m%chwguﬂﬁﬁ%ﬁ %?Ogﬁfﬁﬂ%$?F%
profiles t u ifferepntial pr LN fothe._r ect i creat ed shape
profiles,épﬁg %?Pﬁ%?éh igﬁc%ro fﬁ%ggé&igﬁyﬁ% e?r %%ﬁt?ééégécénéng%its a
bend Ii ke [ iSe t he -qut ri al ; por:ty

differentia %%o i C‘(ekr o%%ﬁgtcv%a'f er a%gérgérq‘ugc]a?’exﬁiiebiltésoéa]tr%g%%ﬁéllﬁe

droopi ng (:58g) , 3k idie PH! 8h PRI PPEhRL RO H0Y. iENUshe t heegeni conduct or

o
waf er having di fferent shapes between the front and bac% surfaces can be

quantit atigsed yueXessRfl Fkoihecisenbaerdusd OF pakarpsdape i £8811 bed by
t he aforenmentioned nethod, that is, the differential type Shape eval uation

system Thef ef peewdher sepeaendict 9F sWafert ¢ afheeldad] ynhave wshape such
that rise is formed on the front surface and sag is formed on the back

surface. Thetoet bedivdhérhe descrlbadeellonding pmesctirbingHde shape of
t he sem conductor wafer of the present invention by the differential type
shape evalaat ¢ onosystmar Wohlemef eerdcedmt 1de) aofonpamyi ng drawi ngs. First,
shape data of the front and back surfaces of the sem conductor wafer is
measur ed. sStmpeocdat heaswadeentandl e tSear copddct ortheafregican be
conducted, for exanple, using shape .

excluding 1lmm from the outermost periphery (end

portion). If the semiconductor wafer is formed to

have a bend occurring up to such a region, it is

possible to considerably reduce generation of defocus

failure, discoloration failure due to CMP and the

like within the guaranteed area. Further, it is also

possible to address changes in guaranteed area

(specification) of wafer flatness into a region

excluding 2mm or Ilmm from the outermost periphery of

the wafer. In general, since a chamfered portion is

formed on the outermost periphery of the

12



18 measur enent neans 8 shown in Fig. 6. Shape data of the front and back
surfaces of the sem conductor wafer 1 can be obtained by hol ding part of
the outer peripheral portion or the main surface of the sem conductor wafer
by a wafer holder 9, scanning the sem conductor wafer with two displ acenent
gauges 10 of front and back arranged so as to sandwi ch the wafer 1 and

t hereby neasuring the displacenent of surface al ong the wafer thickness
directionseiitonduicte; wsfkar, the shapeafatarefl tthe teai bemdlct or wafer,
the shape of the sem conductor wafer can be evaluated wth excel|ent

preci si on dpcwscanainng eerégomn amd bhek osurd aces réfoh¢iea ¢ e RICEENIRR or
wafer at fine nmeasurenent intervals. For instance, it is possible to
neasur e t lxcshapéndatlaof orhé esar Eoatustsr wafernitth eREephary of

measur ement precision by setting the sem conductor wafer scanning intervals
to 1nm or thesssamd oeardietiPar Me Zbunobesim L ASNA tadtAaPR¢E net hods for
nmeasuring the shape data of the sem conductor wafer, the shape %fta i's
obt ai ned BRHfacehg aTlsdrfi cORAUEES Wod Br LR ROt SRESHHT Foh BR &tSHe
specinen table for holding a target to be qgasu ed, scannin%_the front or
back SUI’fW%¥lFH§eS%IﬁlCBﬁ&§&%$e vefed thich éio SEhBRt *fauge and
measuri ng the displacenent of surface, along the wafer thickness,direction,
f or exanmquﬁ§at%5ﬁﬁt%%?giHni %oggﬂ&é; HREFEER UFEFQ %ﬁegé?ibetrm

shape of the sem. conduct waf er by obtai ning thickness data through the
neasureneﬁ¥§5¥sghggégﬁ¥cgﬁguctor waf er thickness concurrently with

obtaining the S@%ﬁaQgﬁée%%£5565€ﬂg%9qﬁﬂgtgaégﬁ a¥§b§%si P8 Rrofiles

al ong the radial” ditection are created respectively for the front and back

it ocs g [BgSA SapuRLe WELER fond ecrRolieg stape cata o the
surface) and the sag start position on the back
surface (turning point on the back surface) at the
outer peripheral portion of the semiconductor wafer
lie in a region within 10mm from the outermost
periphery of the wafer.

To improve compatibility with exposure

apparatus in the photolithography step and uniformity
of stock removal in polishing by CMP, the wafer shape
at the outer peripheral portion and particularly in
the region within 10mm from the wafer outermost
periphery is extremely important. Consequently, the
semiconductor wafer can constitute a preferred wafer
for both exposure apparatus used in the
photolithography step and for polishing by CMP, if
the rise start position on the front surface (turning

point on the front surface) and the sag start

position on the back surface (turning point on the

13



When the wafer shape at the outer peripheral portion which is the feature
of the sem conductor wafer of the present invention is prescribed, for
exanpl e, shape profiles of the wafer outer peripheral portion as shown in
Fig. 2 are created. The shape profiles of Fig. 2 show data of the shape in
. the region of 120 to 148mm from the wafer center of the sem conductor wafer
having a dianeter of 300mm At this time, the region of 2nmfromthe

out er nost bperk pher fack )t het waher owase expeudehdram peadurement. tAeL i s
apparent fromthe figure, nere observation of the shape profile

(di spl acepenti)calvéschior |waleroldre acrupatre g iumgneathds) t0Mhe &M t he
outer peripheral shape becones sag, or rise and where the shape change
begi ns bethesewferprsitdarabipheffiects bhewaidfessasetld Bifce the outer
peripheral portion of the 20 sem conductor wafers has generally been
subj ect edPE® s@aRT eRVIFG TP pr event i ng chips of the wafer and the like, a
chanfered portion is formed as shown.,in Fig. %. The wi dt h of .the chanfered
portion varies BEpéidithgtoRerne fEFSSréﬁg%¥ oROfetthiod bGP i Sor mal Iy
about 500m (0.5 ) Cbnsigerinq factors, such as n?asurenent greéision, it
suffices £&9%Kcl SHETARE r BGRER ST Bed RFom He Buf &Pidst® pef fFofidry of t he

' duct f i ncludi t he chanf tion. F , th [
Cower ot he et er 573 1% SF o it tahng L 1 7GR O Vi LA RCFrm Lo 2mm {1 om
th f ter. i ph ' ' [ [ ' duct f
of the pr dSuiit i RacRELGH Hafnel DAk SORUEREr ok R Ire that the

Se”iConduc%f:i@@ﬁﬁﬁc%&n;hs%ﬁﬁgsgﬁ%abﬁ¥g@éf%?f nshitbutes acpieferred wafer

for expos& apparatus ‘use otolithography step and for perform ng
OV, 1T therdd o8t saad, hacks sl hages. 9k ke eRk coaduripre el efadx t he
present invention has a bend in a region excluding the measurenent
excl usi on 1ggi o Withid {gm to 2nm from the outernost periphery of the
sem conductor wafer including the chanfered portion. At this tinme, either
sign (positive eniegat FveheCauPR1aROSAIN @t sWolnl Hloe eXxpoess sbdpe profile
(shape data). It suffices to ensure that the direction of rise or sag of
t he waf er i f aggrira dde 68t eh petéphevald ot b owadfet hereaflercd sedot wrong
21  when the wafer shape is prescribed. In the present case, for exanple,
si nce the sghagiee datamenfd it Beaserd condmct-tre wed £eri sereasur edousy mghehe shape
measur enent neans 8 shown in Fig. 6, the shape data is obtained by the
di spl acensntf gaugeslitl adiskowiam, Fig. 18 rhesebdree,t @ henskdpge @data of the
waf er back surface is represented with the opposite sign in terns of
positive a@wihegadingsen vhderuderlvinot ROrhapenadca wfURRE AR er front
surface. Next, the created shape profiles (Fig. 2) are differentiated with
respect tdhErckRBistr &Y BBSI GOH @8 8RR tLRPemRI SO TAEN, Y pl otting
data at the m dpoint thereof, dif erEntiaI profil es can _bpe E?Icukated as
shown in Rjafen. PHR&e i sdegp i BaSFSTeott aflaPES (A yEB&i A SE () in
t he created(ihage prq%%%es, ig%és ﬁossible to calculatg differential
profiles BPEAPeGKatIHt ERESqt i BhE SPHEHORPPFERICEThE ieen a magni t ude
of displacenent of the shape praofile Yi+, i T a
magni t ude IR HFSHIEAL ntSoP S et}%ﬁaﬁgnﬁ'rcoélig%{gl$%&( &%ergrp%&#mn di vi ded
by ,a constant_interval, (Xi+l.- X )_.a [ nt.al (dyi), and then
plotting Fsh%rlgggg a1 hkéém!k& (3C| n{%o?1 t%hlg%?n%érg\ggl tﬂ(ﬁi‘i}f{el}%%) . The
di fferentigl;xaluq §OroespaRds,dpe? FBAM 4 usevabuthoPentel M the
photolithography step, for example, it is possible to
accurately form patterns on the wafer front surface.
The front and back surfaces'of the semiconductor

wafer are preferably mirror-polished.

Thus, the semiconductor wafer can be have
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The differential profiles in Fig. 3 are obtained by subjecting to | east
squar e approxi mation 22 for renmoving the | ong wavel ength conponent and
al so'perform ng an operation of noving average of about 1 to 2mmfor
removi ng neasurenent noi ses during calculation of differential profiles
fromthe shape profiles. Thus, by renoving the | ong wavel ength conponent
such as warp and neasurenent noises to a certain extent, |ocal changes in
waf er shape glaarbé lagases ed idcdurat ErpntAtan@i badkmsuphadcest he i nt erval
(Xi+1 - Xi) for which differentiation of the shape profile is perfornmed can
be sel ect etharbpfr arid ymaccordipyl tohelde sHHRreforike seii £é8nduct or waf er
to be evaluated, if the shape profiles are subjected to differentiation at
| mm i nt er s dbdrg thef aatracatrli dEvdidattWoh tHakshape cafs e On
sen conduct or wafer can be prescribed with high precision. The
sem conductl® SBMECUIAEFEOFT &5ERE T NVt F AT | d TR LAY BRTi ¥ Wi Ehikhe
differential profile thus, obtained exhibits a bend like swelling (rise) on
the outer FRYIBRePAOPOFELOR -of the wafer front surface - that is, the
differential value of the differential, profile ( i tude of ,slaope E. ~nl nm
changes on the posidfyerdd WH%ﬁVﬁVsé-'sl§x§¥ﬁ§gggfﬁsaﬁﬁ%???%gg-%éhd
exhibits bend |i ke drooping .(sag) on the.Quter peri r.al tion of the
waf er bac%%%r?ﬁ@@e-nq hhflefaa%%% )Blof Perroe‘ﬁ}ﬁgl avaﬁoeunél(ggggﬁgt(%ﬁf erenti al
profile (magpitu f slLo ~ 0 ive side when
sag is exdW%ESEd%igﬁhéb%tB?&fé%égﬁi?%”iﬁ% é%ﬁ%&%gﬂ%?%?g%ggér of the
present commonly used in the photolithography step and that

has a shape capable of performing CMP with uniform

stock removal. Such a semiconductor wafer according

to the present invention allows accurate formation of

device patterns on the wafer front surface while

remaining free of uneven film thickness and

discoloration even in performing CMP in the device

production process, and therefore yield in

semiconductor device production can be improved.

Brief Explanation of the Drawings

Fig. 1 is a schematic explanatory view showing
in diagrammatic form the shape of a semiconductor
wafer of the present invention;

Fig. 2 is a graph showing shape profiles in the
area of 120 to 148mm from the center along the radial
direction of a semiconductor wafer;

Fig. 3 is a graph showing differential profiles

calculated by subjecting the shape profiles of Fig. 2
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invention has a shape in which the differential profile of the wafer front

- surfrace shows positive within the evaluation region at the outer peripheral
portion as in the differential profile shown in Fig. 3, for exanple, if the
waf er surface slope in the direction of increasing wafer thickness on the
wafer front surface is expressed as positive. On the other hand, the

sem conduct or wafer of the present invention has a shape in which the
differentitad ardflififenénthe lwafmrcoasknsurf ace shows positive within the
eval uation region at the outer peripheral portion, for exanple, if the

waf er surface slfope. i 4 tlse adi rexplenadfoniecréasi mhrowiag tin ckness on the
waf er back surface is expressed as positive. Thus, by prescribing the shape
of the serftafdadret waf Epracddreli agate tie WRLifsr &it¢al type shape

eval uation system it is possible to quantitatively and accurately indicate
t he shape %Mt Renskifedhduefer af eEngs O%ES fRLpAEsERR T AVedtS on, whi ch has
been not confirmed accurately hy the conventional evaluation of the

sem condud@-bRCREF &1 PasBATER vt eF Kt RifclafesSXPPRAT S APBREFE USY which ri se
is formed on the front surface and sag is forned qg?the back surface of the

waf er outer peripteraP 328 2Thof¥PoRMN Bf GHEV iR P¥1pGssibl e to

accurately,and clearly define the fer shape, by.prescribing the shape of
t he waf er %ﬁ?%?aﬁ‘@}a}tp%%rgprﬁbrtt}?%ng%ggﬁg Jtrhewgf})zélhuael?%n met hod. At this

time, it i fficie h Lcan f.er he present

i nvention %%ﬁggofﬁhyﬂéoie%%gﬁggfgfﬂéﬁguggfé%é??gﬁ§P§$55%PSi8ﬁ5excluding t he
nmeasur ene |.us| egi/@en which is within Inmto 2mnm fromthe outernost

peri phery d?gﬁﬁg%zﬁﬁ?%%ngg%for waf er on the front and back surfaces of the

waf er as shown g 196 Le andsthenshane ofpthe eslodust alnygier i the

measur enent excl usion region can be arbitr fore, for exanple, a

waf er shapeni 8xbhe NeasHr efRi¥e exShHar@h&R01 AR Q1% therwalers { ¥ opY surface
may be a shape in"which rise changes gradually into sag and the sag is

formed as §Rspas da-4 herchafairdonaildty: Whakr;s,ahfe bending in such a
manner as to swell on the wafer front surface in the present invention

means that the qui@r pefrisphef abxpokiatop) thewedesciigiingushage results
in a bending shape (rising shape) so as to be nore convex than the wafer
surface posataomeaisuhemeant ern pohei o fafr t Aeohrtoringubhadke sasr feserd bed
above, and since it is only natural that the outer peripheral portion

event ual | yngbngectisp bathaecHanfangespart i ohe shiap dossasotraeantt hat t here
are no sags at all_ on the 25 surface of the outer peripheral portion.
Whi l e the mRRBp Sfapelgndt-he neasurement excl usion region of the wafer back
surface can be also chosen arbitrarily, it is preferred that the

measur enment excl usi on region of the wafer back surface takes the shape that

continues to be sag to the chanfered portion_and be free of rise as shown
in Fig. 1 Best Mode for Carrying out the Invention

Although an embodiment of the present invention
will be described below, it 1s to be understood that
the present invention is not limited thereto.

Fig. 1 i1illustrates a schematic explanatory view
describing the shape of a semiconductor wafer of the
present invention. Fig. 1 shows the features of the
present invention in exaggerated fashion for clarity
of presentation, and proportionality relation of the

sizes and figures and so on are different from an
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The sem conductor wafer of the present invention having the shape as

descri bed above can be a wafer that is preferred for a variety of exposure
apparatuses commonly used in the photolithography step and is capabl e of
performng CMP with uniformstock renoval. Fig. 4 shows in diagranmatic
formthe state in which the sem conductor wafer of the present invention is
pl aced on a wafer chuck (vacuum chuck) of an exposure apparatus, and Fig. 5
shows i n di@guaimata foe f or nThhe pstesten t ninkvierh tdwe $emicondoicwar waf er of
the present invention is subjected to CVWP. As shown in Fig. 4, when the

sen conductioniwefertiodréhg .present invention undergoes the photolithography
step, the back surface of the sem conductor wafer 1 is intentionally held
on a absor pti onZAshugko@nbyi rvaltugm adbsor pt¢ohconduet dackadiarf ateobf the

sem conductor wafer 1 with absorption chuck 2 having penetrating holes 3,

t hus causitiiget REC3ENT r LBVRG PP i bR @@%Wbﬁﬁférz%grllphﬁhalt gdt&i on of the
wafer front surface to becone flat . Thereby, when resist patterns transfer
onto the WAERT! PGt 3ufPabe defBRUShattiheCWarer Rk EPhB&R lpheral portion
is hard to be caused, so that a igld i n device produyction can be inproved.
Mor eover , EPEEFQP?%@iEBetﬁ@mﬁﬁéé B tOe WP E8ENPS nt Pof U4t ot
flattening of the wafer surface after absorption to th eri pheral area
even if valFAERon &% BOwarE: hUEksgﬁépé”}sgﬁgné?ﬁg%ﬁ ﬁEB%@eﬁ“ﬁbﬁﬁF&tuses

h , th [ duced, devi ' . W
The ‘som cOMUROPBr AT bh R CThe phaRBRE. Fvent) Of G5 SUbfBee otCRP i m t he

devi ce pr Lo ep, back surface of the sem conductor wafer 1 is
hel d by aq%%f%%h#%ﬁﬁﬁeggrkg%§3ing a retainer ring 6 via a packing pad 5,

and the wafer frgnt, syt act%'_ssgﬁ%%mdaﬁgﬁcwatge;% Yel B ROLLSRRG pad 7

as shown in Fig.” 5. At "this tine, the po i ng is puttrnfo a state

in which the,Egtaidirna5ngi& AU LSSES shlap &ObERLB d18ASANLHRY Pesher m ng CVP
under this condition, the outer peripheral portion of the front surface of

the sem copglachaic wedef £ cles POk shed nantpa Acshape: sdgked Afd 51t he rising
shape, and therefore, the wafer can be polished with uniform stock renoval

in a waf erppranen Ase@dlaguldn tEh¥awaddOnrionst ecke FgaBVRlO i85 NEH caused
and non-uniformty in film27
be more convex than the wafer surface position at the
center portion of the front surface (this bend is
referred to as “rise”) and bending on the wafer back
surface so as to be more concave than the wafer
surface position at the center portion of the back
surface (this bend is referred to as “sag”).

Although confirmation of the shape of the outer
peripheral portion is easy if the wafer main surface
is of ideal shape having flat surface but no waviness,
it is actually impossible to accurately evaluate the
outer peripheral shape due to waviness and other
causes. For this reason, the semiconductor wafer of

the present invention is a wafer in which when

subjected to measurement of shape data on both front
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t hi ckness and di scol oration are prevented, suppressing reduced yield in the
devi'ce production step. Thus, it is possible to ensure that the

sem conductor wafer of the present invention is well conpatible with a
waf er chuck of an exposure apparatus and capable of polishing uniformy
during CVP. At this time, in order to reliably ensure good conpatibility
bet ween exposure apparatus in the photolithography step and the

sem conducmd batdr sandf&apisowe unheéoskmticondsceck: readedl, of the wafer in
CWP, it is extrenely inportant that the wafer shape at the outer peripheral
portion, igrgatipoulad|ghape theofedesnadieamgnthemhddomlt e n@F e on

out ernost periphery is controlled precisely. Therefore, it is preferred
that at tHeront eheparephersld pdrapendafta Hef sehiec drithict oRNERfACKt he ri se
start position where bend begins on the wafer _front surface (turning point
on the fratrSacegcOL ahdet e Loy stact GosFuilsi Wierefbend begins on the
waf er back surface (turning point on the back surface) is |located,in a

regi on wi tohi bt pORBE I PRE fdutes mbBE operh phef i edre i he2 waPdRCoE StRTs ti ne,

if the rise_start position on the frght surface (t.urning Bpint on the front
n

surface) dnd thHe L&FREGFE VHoSiTFdheon SRP Balk FurfGRe ELGr ning point on

t he back f, t 28 .. i t f t th

i st ance THERFERE el BEALA Sl Oho Lo TRTSF PG dnFection, the
senlconducggéiggkir C ﬁavgi-‘%PéﬁgﬁﬂHkﬂ%ff?ggiﬂlinhghgaﬁﬁ{t@%a“e even in

a ‘be
the case of conduct or "wa aving ere shapes ween the front

and back {fﬁg%g%%liélgkﬂglog{,gifﬂa it?l\éerkg)iffef‘r.-gﬁq{féfrgro%el the

sem conduct or vacuum absor ption using the absorption

chuck 2 i n e, Blalol{ BRULaRy, SLeB A SXanp! @ity showe ik fbging, the

front surface o e sem conductor wafer can be flattened to the proximty

of the neagyrgirent excl us(;@R ¥ ek PRpLAVS I hepekars, . resist patterns can be
formed accurately to the proximty of the neasurenment exclusion region on

the wafer surfageusfuehbersenicbadi&Fr fe fihathdhensend conduenar waf er
of the present invention is mrror-polished on the front and back surfaces

of the wafgfapkk bheweshcamduct oonwalerd dbathe spreSeotsi meentbhen is
mrror-polished on the both surfaces, it is possible to ensure high | evel
of fl at nesguantthe tsiend tgnewytioss satierif Thee ebene, c aediicéo rcam berf or med
accurately on the wafer front surface even in the event of nore rigorous
desi gn rulshaper adugede § artieddvy ceher adier emendrioeesd, medhid@t yield in
t he devi ce production process can be inproved further. It is to be
under st oocchh&nt 1si,n tthe differential type shape evaluation

system. Therefore, the semiconductor wafer can

reliably have a shape such that rise is formed on the

front surface and sag is formed on the back surface.

The method will be described below for prescribing

the shape of the semiconductor wafer of the present

invention by the differential type shape evaluation

system with reference to the accompanying drawings.

First, shape data of the front and back
surfaces of the semiconductor wafer is measured.

Shape data measurement of the semiconductor

wafer can be conducted, for example, using shape
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29 sem conductor wafer of the present invention, the magnitudes of sl opes
of the rise on the front surface and the sag on the back surface at the
waf er outer peripheral portion are not specifically limted, and the

magni tude of slope of the sag on the back surface, for exanple, nmay be
determ ned as appropriate according to the intensity of vacuum absorption
and the shape of the wafer chuck in the exposure apparatus and ot hers. As
for the nagms$udemetsiopensf & hehoivse ign Fhe. f ont Stuadeacdatiht afay be
determ ned the magni tude as appropriate according to a setting condition of
t he retai nerer Emgnandaad pbhicghi sgr endist ioh theCwRrmiTposduictd® possible to
inprove further yield in the device groductipn process by determ ning as
appropri atwafae dagEn udes obit sl bpds baf tkdi nge Pt heff £oet BUFEHce and
the sag on the back surface at the wafer outer peripheral portion according
to the deweeiphedischiPArEsmdi toonshermaer SUEha Gret®BdtH6r produci ng the
sem conductor wafer of the present invention is not specifically |jimted.
That is, a3ELHEORCICERR pefigsedo Bsal oifg &% EoégﬁnxﬁMUEFéPQ&ﬁ%rtegn be
produced whose outer peripheral portion has, a rising shape on thf waf er
front surfeRBleRd R Sagsi NgsHapdlbh (the vat epPl %%ngéﬁg%%r'gxanpla

| f th duci h ' duct or_ , waf f th
o coont | TFenE PORL (a7 cOPE TS et ABHSCh Wi Gh S0 °SeAEbRdKtor valers are
d b bj.ect i I t chi.ng. peci ficall ili
Gl note cryet s 4 ind e Byl o Sbtnath ¢t Rec et RERita F8a si nle
tal i | i , h ' t. hayd et | I i ng, etchi
and e or BB AN At S Epehi BhEEee ST o o Aanat act Or £°%em conductor

wafers. After that, fhe fiont and bagk éﬁ%;?gﬁﬁ%@fdéﬁg QQ?aéﬂﬁd

sem conductor wafer are respectively eva or shape by the

differentialnty %ecggﬁ?sre%%'ﬂ@é,i opngy e e Fremdhe s¥alvaliancfgsults, the

etching area an ng anount for plasnma etching are cal cul ated

respectivelyrbor dhe yaf g fnonteandiitackeguehacas: gheed diasedoon the
cal cul ated etching area and etching amount, the front and back surfaces of

the sem cogdgehamgrafiee s osapasatieln subjeeredds prasme etching by
irradiating raw naterial gas in plasnma formonto the sem conductor wafer.

By using sgshiaomi®tori wafepossi flied omaasuraimed yt pioduaerahe .
sem conductor wafer of the present invention having a shape in which rise
is formed Port e dftramtesuriftaces apdssddplis for med sonreéh&hisackiapef ace. As an
al ternative nmethod, when a sem conductor wafer is produced, new steps such
as et chi ngdatappihg:laadseovitdends aicicat evayf endivig hegxBe lddded to perform a
professing of the wafer so as to provide the wafer shape of the present
i nventi on.mgasurement precision by setting the semiconductor

wafer scanning intervals to lmm or less and

particularly about 0.05mm.

As alternative methods for measuring the shape

data of the semiconductor wafer, the shape data 1is

obtained by placing a semiconductor wafer without

absorption on the specimen table for holding a target

to be measured, scanning the front or back surface of

the semiconductor wafer with a displacement gauge and

measuring the displacement of surface along the wafer

thickness direction, for example.
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The present invention will be explained specifically hereafter wth the
Exanpl es of the present invention. However, the present invention is not
limted to these. (Exanple) A silicon single crystal having dianeter of
300mm was pul l ed by the CZ nethod, and the obtained single crystal was
sliced, foll owed by subjecting to steps of chanfering, -apping, etching and
mrror polishing in succession to manufacture a silicon wafer. At this
time, the frontFandheack strfiscesos$ibhe wed enower @ poitrahed voy CMP usi ng
the retainer ring in the mrror-polishing step. It is found that the
silicon watrers@afilee the rhape- pd iPhe ngestiaprdectRE appfeki Ratel y same
shape in the front and back surfaces such that rise is fornmed at the outer
per i pher abbgarii dbngothdat kn e st We fa obh rend haeke stiersiuseneNExtCL t he front
and back surfaces of the obtained silicon wafer were respectively eval uated
by the di fher esematongyec shapraded] ual i 6/ AT eRPIENET S F 6th lwﬁghaval uation
results, the etching area and etching ampunt were cal cul ated respectively
for the watdra ¥Rbhg 5@@tﬁ%ﬁp§w4%E%soﬁot@§sﬁﬁ@é@ﬂ&?QQF%Faﬁﬁigkching SO

that the silicon wafer may have a, shape in which rise. is faorned on_the
front surface 3¥extandSRage ?3%5 8Sofi‘1t%gblﬁgﬁ s’ﬁ?r(%a%i ot waPer outer

i ph I ti ile the f. f d t d._pl t chi
B heo tho 53 | GHER AP AR Eo R LY 1 Hnf CEur it of APPond) PaBrrae ag O
descri bed above, bot f. the fr.ont_an c a r i o]
pIan; et§m4€%¢ﬁsop eﬁﬂP% ESHPf%:nﬁ%gtgﬁéggggégt%g%yidﬁ?égﬁﬁﬁggggegurfaces
ith high i si,on.) T. b i hj d
ot chi ng GRS UARAUIE cHnPor Hs var s, R SRt SR e BT aede B

sem conduct or. waf ' ' ed to plasma etching by irradiating a raw
mat eri al é%%n}%gﬁﬁ%§ﬁ%x$g$%?%%éreto to manufacture a silicon wafer. After

t he nanufacturiwﬁgg E?g wéfé¥wlmgb%ré¥;Qggp@d%g&a@@yqpﬁgﬁwg dat a of
ac % f

the front and b surfaces of the obtained silicon wafer was neasured

usi ng Nanoiet o 6r e@iistier ed khademds k) r20JH { Henufeaet soadulyt dRODA
PRECI SI ON"I NDUSTRI ES LTD.) which is a neasuring device of non-contact | aser

di spl acengpd r gauges Hiiavop headrity penvehexton shape rersafripedyerfocr eat ed
respectively for 120 to 148mm fromthe wafer center along the radial

direction dxonplbe nRaspeegreffapee dabd dfhe heafiefrerodtent pand ptaekal
surfaces. Fig. 2 shows shape profiles created for the wafer front and back
surfaces. gNext iomeasursmewh roi sesgwele areoerdathedubjBeei agapre shape
profiles of the wafer front and _
profiles of Fig. 2 show data of the shape in the
region of 120 to 148mm from the wafer center of the
semiconductor wafer having a diameter of 300mm. At
this time, the region of 2mm from the outermost
periphery of the wafer was excluded from measurement.
As is apparent from the figure, mere observation of
the shape profile (displacement) does not lead to an
accurate judgment as to whether the outer peripheral
shape becomes sag or rise and where the shape change
begins because of considerable effects of waviness,

etc.

Since the outer peripheral portion of the
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33 back surfaces of Fig. 2 to a noving average of 2mm followed by
calculation of differential profiles by a differential processing at
Immintervals. Then, the |ong wavel ength conponent was renoved by | east
square approxi mation, thus calculating differential profiles of the wafer
front and back surfaces as shown in Fig. 3. The differential profiles of
the wafer front and back surfaces of Fig. 3 indicate that in the region
out si de ofsdantiecdndbiaricer ofa f4@mmifaonyehensdfley bepmnersbegrardoftd Om from
t he waf er outernost periphery), the differential profile of the wafer front
surface r@hsmsenanphe @osh reversi deg ( chsipsg of rebei eorgfeandnicheche
differential profile of the wafer back surface also remains on the positive
si de (saggilif di dectiagrt eredapudl 190 r epnifsrepdt e ridyawnve nsittied si nce t he
sign is reversed for the shape data of the back surface). Fromthe finding,
it is appdrentThhaviche 11 it waRett emAds ROMIT M by a3liR%a et ching has a
shape in which rise is forned on the wafer front surface and sag is forned
on the waffEPdRekngurdTacelat "eie bR BPIPEStiierBEtHRE i®Atof St he wafer. The
rise and sag start positions (turning points on the front and back
sur f aces) rgidna heymagiittude80am s(Gpedmyf. t kONHIdebAaNdafcdCclhers al so

det er mi ned_f the calculated differential profiles 34 _(Fig. 3). As
Casul 1, LB SBOC A GHRR b WY € he Likirer™ {1 BHE Ui 4 3k 0 (T W3 pol

the. vaf er e bro TGt Thetlls M PBs SR Rb DA b Rlve at uritng
poi nt_on e, bagkaswidace). 8L 12 0051 §oR ol 10, AU o0yt e WAl &y _center

i ndi cating e turning points on ront “a es are

| ocated a %GRt e't%@trégggﬁa%ﬂéfgagﬁ% feomLbe d’PfﬁBeC?Jétf_eér It 1s

al so found that the magnit of sl op the rise on the front surface of

the silic &% nas Hb Oﬂé?%@“@itﬁiﬂoﬁiﬁﬁ 05 0h Jﬁ%ﬁfﬁr emd hes pater

center, and the nagnitude of slope of the sag on t surface of the

vafer was {h03r. BeiM@iec Ay POSI IJON A1 md4AmBdFoahtke Waf enhecenter. Then, 50
silicon wafers having the aforenenti oned shape were manufactured. Next,

devi ces weyeenfovnmeEdMdh Wesegn gl ehef plclbamoninhest i beQn wafar front
surfaces by repeatedly subjecting all the manufactured silicon wafers to

t he phot oliid,hogt apky siepiland tdre gosusk nthst ephef P consemqence. As a
result, in the photolithography step, reduction of yield due to defocus was
consi der abaf elr nofi sherl. pAEsenitn imeepolicshiagnstegwie€VR, di scol oration
failure caused by non-uniformty of filmthickness dimnished. And, it was
di scover egpnherried staper of orhexpdense apparatus used in the

photolithography step and for performing CMP, if the
front and back surfaces of the semiconductor wafer of
the present invention has a bend in a region
excluding the measurement exclusion region within lmm
to 2mm from the outermost periphery of the
semiconductor wafer including the chamfered portion.
At this time, either sign (positive or
negative) can be chosen at will to express shape
profile (shape data). It suffices to ensure that the
direction of rise or sag of the wafer surface in the

outer peripheral portion of the wafer is not wrong
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35 resulted in only mnor yield reduction even when a plurality of
exposure apparatuses and CVP were used and kept the yield unaffected even
in the event of variation to a certain extent between apparatuses, and
therefore, highly integrated devices can be produced with high yield. The
present invention is not limted to the enbodi nents described above. The
above-descri bed enbodi nents are nere exanples, and those having the

subst ant i athgnsaime stafierusdase t hat pdesart beddi.n The tappepdedeeltai ns and
providing the simlar functions and advantages are included in the scope of
the presemtasavedidmex3BpleClAdMsce. tAseriaprducttor wAf ehe wherein the
sem conduct or wafer has a shape in which the outer peripheral portion of

t he seni cometEoRANGeprbeirde ] ni sutkas urpedensdad dlsaebhaprd ses) on the
waf er front surface and bends in such a manner as to droop (sags) on the
waf er backKl@¥PHIEEEL MRENSerf cORGUBt G Waier &ccdrld nghapeciddhal,
wherein the bend of the outer peripheral portion of the sem conductor wafer
i s such tha?, ORREAGRE f BY mthE rdhebremsmcht SRETEYat @ o SHOWRoAD and
back surfaces of the senigonductor waf er, creation of respective shape
profiles althg the FRALRLAFFectlilvh $RBRE KB heaShr édsHapEetaba dh t he
front and bacgasurtaces of the wafer and cal cul ation of differential

profiles tHHobghCdi'fT ef BREEACHrode¥sithy 0FSt RBPGSEt R dS88pedt i ve shape

files, i £ f ial_profile of th t_surf hi bi t
bend |1 ke SOEPFI 86 (1505 E (HIS GOBRR oS phor &P AortS6H ard ThE

differmﬂiéﬂ%§éggéﬁ%;%ft@ﬁﬁf&gﬁ pa% ﬁ?{fgﬁﬁf x@tﬂts a bend |ike

droopi ng (sa out ér” peri pheral port - 3. The sem conduct or wafer

accor ding to cl &dpd, orng al fa 2ruheisi Sl t Be feiont s apd;Rack surfaces of the
differentiated with respect to an arbitrary position
at constant intervals. Then, by plotting data at the
midpoint thereof, differential profiles can be
calculated as shown in Fig. 3. Tﬁat 1s, as the basis
for an arbitrary point X; (mm) in the created shape
profiles, it is possible to calculate differential
profiles by calculating the gquotient of the
difference between a magnitude of displacement of the
shape profile Yi,, (pum) at X;;; (mm) and a magnitude of
displacement of the shape.profile Y; (pum) at X; (mm)
divided by a constant interval (X;,; - X;) as a
differential value (dyi), and then plotting the data
at the midpoint of the interval (X;;; - X;). The
differential value corresponds to a magnitude of
slope (um/mm) .

The differential profiles in Fig. 3 are

obtained by subjecting to least square approximation
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sem conductor wafer bend in a region of the outer peripheral portion

cexcluding Immto 2mm from the outernost periphery of the sem conductor

waf er. 4. The sem conductor wafer according to any one of clainms 1 to 3,

wherein the rise start position on the front surface (turning point on the

front surface) and the sag start position on the back surface (turning

point on the back surface) at the outer peripheral portion of the

seni conductoar meherinice tilve alpag onevielkng ioneehpPemaHe dhferios?

peri phery of the wafer. 5. The sem conductor wafer according to any one of

clains 1 perfomhéng mit heperss istarofpsotinm aHeERI S roft a@mfacﬁ

(turning point on the front surface) and the sag start ppsition on the back

surface (tuwr Mmy BOLNtrIROY hBOhRSG@ SUERHENT orCLAESsEHEbRduct or wafer are

| ocated at the sanme distance fromthe wafer centerfglong %he fer radial
oh&€of®

di rect i oncad.cThetdem cohddefde iRl 2dc & hgSfo THRM Bfms 1 to

5, wherein the front and back surfaces of the sem conductor fer are

m rror-polikhetless . ARVSA3, PY ATS@RRERS AECaE &Y. KESEXKLITR (5. Al

, 1. A3fl . AuSE. AY; @. AYNSE. A ;Y. A NY. A E. AaY. A3SY. AN, Y. ANY, A

E. A3aY. A( %Q@E%@ﬁ?ﬂ(\? 1 A2 A WARE ARYS AW?%%‘R@W%NY.%ONF?%\FOAF?l "Ey6;

?/ 48; , .

quxzLgl nytEE 7 Hl E5TER b a) C8Fe BT ERY ) TR ‘éqg]fceéﬁ c%?%g]ecg]acna]%%] ca] ca] ca
ca ca] cal] calcalca ca]cRa] ca] c: a] ca! npD

kgﬂﬁﬁtgﬂQé%a%%ﬁggghk“?%gf%%%§§§£5|qugL]Xiﬂ]cg]ca]ga]ga]ca]caLﬂc

Ca] oal 5020, - PoBUSLSAKERY DOEEL Eent 1 VBT TCEENERTUAA NBRS s 6 204 ] cal

caljcalc - L cal

ool ool oo o L0 R R B B e e S o o1 T e o

U1]ca] Ca]}%}fa calcal £7] sal calrateahcal sl eahealigaloateakicaleaf oa] ca] cal ca

] ca] ca] cal'ca] ca] cal calca]ca!] " 1b7b8b; ddd<gBgkl | Og_qgqq9sj st vvwW' wRwz7z{| | ~

& xsni d_Z\{ 4 caheplecal £at Ba] erireat6abeal et cakdalca] capealoa] bad tapca] cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! &EK39: QM% xsni d_ZU] ] ] ca] ca] ca] ca] ca]

ca] ca] ca] cf cahealstajsa] pabadllesd cafealxa) tattalcajeal cal ca] ca] ca] ca] caj ca]

cal ca] ca! 9D%2H+] *2h} xsni d_ni d_ZU] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ga] ca] c@ cabeajnal #a] oa] ea] cajwalicaleatzapcallcalgat ba] c@ FEyf H
SlOﬁg&()-rladial direction, the shape of the semiconductor
wafer can be prescribed with high precision.

The semiconductor wafer of the present
invention is a wafer in which the differential
profile thus obtained exhibits a bend like swelling
(rise) on the outer peripheral portion of the wafer
front surface - that is, the differential value of
the differential profile (magnitude of slope um/mm)
changes on the positive side when rise is expressed
as positive - and exhibits a bend like drooping (sag)

on the outer peripheral portion of the wafer back

surface - that is, the differential value of the

differential profile (magnitude of slope pm /mm )
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' That is, the semiconductor wafer of the present

invention has a shape in which the differential

profile of the wafer front surface shows positive

within the evaluation region at the outer peripheral

portion as in the differential profile shown in Fig.

3, for example, if the wafer surface slope in the

direction of increasing wafer thickness on the wafer

front surface is expressed as positive. On the other

hand, the semiconductor wafer of the present

invention has a shape in which the differential

profile of the wafer back surface shows positive

within the evaluation region at the outer peripheral

portion, for example, if the wafer surface slope in

the direction of decreasing wafer thickness on the

wafer back surface is expressed as positive.

Thus, by prescribing the shape of the

semiconductor wafer according to the differential

type shape evaluation system, it is possible to

quantitatively and accurately indicate the shape of

the semiconductor wafer as in the present invention,

which has been not confirmed accurately by the

conventional evaluation of the semiconductor wafer

based on wafer thickness, that is, shape in which

rise is formed on the front surface and sag is formed

on the back surface of the wafer outer peripheral
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portion. Therefore, it is possible to accurately and
clearly define the wafer shape by prescribing the
shape of the wafer outer peripheral portion using the
evaluation method.

At this time, it is sufficient that the
semiconductor wafer of the present invention bends in
the region of the outer peripheral portion excluding
the measurement exclusion region which is within 1lmm
to 2mm from the outermost periphery of the
semiconductor wafer on the front and back surfaces of
the wafer as shown in Fig. 1, and the shape of the
semiconductor wafer in the measurement exclusion
region can be arbitrary.

Therefore, for example, a wafer shape in the
measurement exclusion region on the wafer front
surface may be a shape in which rise changes
gradually into sag and the sag is formed as far as to
the chamfered portion. That is, the bending in such
a manner as to swell on the wafer front surface in
the present invention means that the outer peripheral
portion on the wafer front surface results in a
bending shape (rising shape) so as to be more convex
than the wafer surface position at the center portion
of the front surface as described above, and since it
is only natural that the outer peripheral portion

eventually connects to the chamfered portion, this

does not mean that there are no sags at all on the
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1098 ()-! Surodg ¢&' EX- mhdoogter mindp®erel portion. While the
wafer shape in the measurement exclusion region of
the wafer back surface can be also chosen arbitrarily,
it is preferred that the measurement exclusion region
of the wafer back surface takes the shape that
continues to be sag to the chamfered portion and be
free of rise as shown in Fig.1l.

The semiconductor wafer of the present
invention having the shape as described above can be
a wafer that is preferred for a variety of exposure
apparatuses commonly used in the photolithography
step and is capable of performing CMP with uniform
stock removal.

Fig. 4 shows in diagrammatic form the state in
which the semiconductor wafer of the present
invention is placed on a wafer chuck (vacuum chuck)
of an exposure apparatus, and Fig. 5 shows in
diagrammatic form the state in which the
semiconductor wafer of the present invention is
subjected to CMP.

As shown in Fig. 4, when the semiconductor
wafer of the present invention undergoes the
photolithography step, the back surface of the
semiconductor wafer 1 is intentionally held on a
absorption chuck 2 by vacuum absorption of the back

surface of the semiconductor wafer 1 with absorption

chuck 2 having penetrating holes 3, thus causing the
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rising portion at the outer peripheral portion of the
wafer front surface to become flat. Thereby, when
resist patterns transfer onto the wafer front surface,
defocus at the wafer outer peripheral portion is hard
to be caused, so that a yield in device production
can be improved. Moreover, a wafer having the shape
of the present invention allows flattening of the
wafer surface after absorption to the peripheral area
even 1if variation in a wafer chuck shape is generated
between apparatuses such as exposure apparatuses,
thus preventing reduced device yield.

When the semiconductor wafer of the present
invention is subjected to CMP in the device
productioln step, the back surface of the
semiconductor wafer 1 is held by a polishing head 4
having a retainer ring 6 via a packing pad 5, and the
wafer front surface is brought into contact with a
polishing pad 7 as shown in Fig. 5. At this time,
the polishing pad 7 1is put into a state in which the
retainer ring 6 presses it. For this reason, by
performing CMP under this condition, the outer
peripheral portion of the front surface of the
semiconductor wafer 1 is polished into a shape
modeled after the rising shape, and therefore, the
wafer can be polished with uniform stock removal 1in a
wafer plane. As a result, a variation in stock

removal is not caused and non-uniformity in film
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thickness and discoloration are prevented,
suppressing reduced yield in the device productiocn
step.

Thus, 1t is possible to ensure that the
semiconductor wafer of the present invention is well
compatible with a wafer chuck of an exposure
apparatus and capable of polishing uniformly during
CMP.

At this time, in order to reliably ensure good
compatibility between exposure apparatus in the
photolithography step and the semiconductor wafer and
improve uniformity in stock removal of the wafer in
CMP, it i1s extremely important that the wafer shape
at the outer peripheral portion, in particularly, in
the region within 10mm from the wafer outermost
periphery is controlled precisely. Therefore, it is
preferred that at the outer peripheral portion of the
semiconductor wafer, the rise start position where
bend begins on the wafer front surface (turning point
on the front surface) and the sag start position
where bend begins on the wafer back surface (turning
point on the back surface) is located in a region
within 10mm from the outermost periphery of the wafer.

At this time, if the rise start position on the
front surface (turning pcoint on the front surface)
and the sag start position on the back surface

(turning point on the back surface) of the
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semiconductor wafer are located at the same distance
from the wafer center along the wafer radial
direction, the semiconductor wafer can have a uniform
thickness in the wafer plane even in the case of a
semiconductor wafer having different shapes between
the front and back surfaces as in the present
invention. Therefore, when the semiconductor wafer 1
is held by vacuum absorption using the absorption
chuck 2 in the photolithography step for example as
shown in Fig. 4, the front surface of the
semiconductor wafer can be flattened to the proximity
of the measurement exclusion region, and therefore,
resist patterns can be formed accurately to the
proximity of the measurement exclusion region on the
wafer surface.

| Further, it is preferred that the semiconductor

wafer of the present invention is mirror-polished on
the front and back surfaces of the wafer. TIf the
semiconductor wafer of the present invention is
mirror-polished on the both surfaces, it is possible
"to ensure high level of flatness in the semiconductor
wafer. Therefore, devices can be formed accurately
on the wafer front surface even in the event of more
rigorous design rule introduced in the device
production process, so that yield in the device
production process can be improved further.

It is to be understood that, in the
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semiconductor wafer of the present invention, the
magnitudes of slopes of the rise on the front surface
and the sag on the back surface at the wafer outer
peripheral portion are not specifically limited, and
the magnitude of slope of the sag on the back surface,
for example, may be determined as appropriate
according to the intensity of vacuum absorption and
the shape of the wafer chuck in the exposure
apparatus and others. As for the magnitude of slope
of the rise on the front surface, 1t may be
determined the magnitude as appropriate according to
a setting condition of the retainer ring and a
polishing condition in CMP. Thus, it is possible to
improve further yield in the device production
process by determining as appropriate the magnitudes
of slopes of the rise on the front surface and the
sag on the back surface at the wafer outer peripheral
portion according to the device production conditions.

Further, the method for producing the

semiconductor wafer of the present invention is not
specifically limited. That is, any methods can be
used as long as a semiconductor wafer can be produced
whose outer peripheral portion has a rising shape on
the wafer front surface and a sagging shape on the
wafer back surface. For example, as an example of

method for producing the semiconductor wafer of the

present invention, there is a method in which
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semiconductor wafers are processed by subjecting to
plasma etching.

More specifically, a silicon single crystal is
pulled by the CZ method first, and the obtained
single crystal is sliced, and then subjected to the
chamfering, lapping, etching and mirror polishing
steps in succession to manufacture semiconductor
wafers. After that, the front and back surfaces of
the obtained semiconductor wafer are respectively
evaluated for shape by the differential type shape
evaluation system. From the evaluation results, the
etching area and etching amount for plasma etching
are calculated respectively for the wafer front and
back surfaces. Then, based on the calculated etching
area and etching amount, the front and back surfaces
of the semiconductor wafer is separately subjected to
plasma etching by irradiating raw material gas in
plasma form onto the semiconductor wafer. By using
such a method, it is possible to accurately produce
the semiconductor wafer of the present invention
having a shape in which rise is formed on the front
surface and sag 1s formed on the back surface.

As an alternative method, when a semiconductor
wafer is produced, new steps such as etching, lapping
and further surface grinding may be added to perform
a processing of the wafer so as to provide the wafer

shape of the present invention.
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specifically hereafter with the Examples of the
present invention. However, the present invention is

not limited to these.

(Example)

A silicon single crystal having diameter of
300mm was pulled by the CZ method, and the obtained
single crystal was sliced, followed by subjecting to
steps of chamfering, lapping, etching and mirror
polishing in succession to manufacture a silicon
wafer. At this time, the front and back surfaces of
the wafer were polished by CMP using the retainer
ring in the mirror-polishing step. It is found that
the silicon wafer after the mirror-polishing step has
the approximately same shape in the front and back
surfaces such that rise is formed at the outer
peripheral portion on both of the front and back
surfaces.

Next, the front and back surfaces of the
obtained silicon wafer were respectively evaluated by
the differential type shape evaluation system. Then,
from the evaluation results, the etching area and
etching amount were calculated respectively for the
wafer front and back surfaces to be subjected to
plasma etching so that the silicon wafer may have a

shape in which rise is formed on the front surface

32



10! 109%<& () -M BT 10%E<E<&’ ()-m 3T 10%<& ()-m ! HM 10%<& ()-SM 10%& () -S
©10< 10< 10<9~ @10 109 ()- !'10%& ()- 10< 10< 10<,<10%& ()-.z 10%& ()-
141 10% h(h& () - MBeEH JK~_= 10![ 10%bb& ()- 10%& ()- 10b 10b
10b<10%& ()-& 10%& ()-'L 110% f& ()-rv36789} ASH=

and sag is formed on the back surface at the wafer

outer peripheral portion (while the front surface

does not need plasma etching since the peripheral

area on the front surface already has rise as

described above, both of the front and back surfaces

are subjected to plasma etching in order to control

the shape of the front and back surfaces with high

precision.)

Then, based on the respective etching areas and
etching amounts calculated for the wafer front and
back surfaces, the semiconductor wafer is subjected
to plasma etching by irradiating a raw material gas
in plasma form thereto to manufacture a silicon wafer.

After the manufacturing of the silicon wafer as
described above, shape data of the front and back
surfaces of the obtained silicon wafer was measured
using Nanometro (registered trademark) 300TT
(manufactured by KURODA PRECISION INDUSTRIES LTD.)
which is a measuring device of non-contact laser
displacement gauges (two-head type). Next, shape
profiles were created respectively for 120 to 148mm
from the wafer center along the radial direction from
the measured shape data of the wafer front and back
surfaces. Fig. 2 shows shape profiles created for
the wafer front and back surfaces.

Next, measurement noises were removed Dy

subjecting the shape pfofiles of the wafer front and
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back surfaces of Fig. 2 to a moving average of 2mm,
followed by calculation of differential profiles by a
differential processing at lmm-intervals. Then, the
long wavelength component was removed by least square
approximation, thus calculating differential profiles
of the wafer front and back surfaces as shown in Fig.
3.
The differential profiles of the wafer front
and back surfaces of Fig. 3 indicate that in the
region outside of the distance of 140mm from the
wafer center (region of 10mm from the wafer outermost
periphery), the differential profile of the wafer
front surface remains on the positive side (rising
direction), and the differential profile of the wafer
back surface also remains on the positive side
(sagging direction: it actually remains on the
negative side since the sign is reversed for the
shape data of the back surfacé). From the finding,
it is apparent that the silicon wafer manufactured by
plasma etching has a shape in which rise is formed on
the wafer front surface and sag is formed on the
wafer back surface at the outer ?eripheral portion of
the wafer.
The rise and sag start positions (turning
points on the front and back surfaces) and the

magnitudes of slopes of the silicon wafer were also

determined from the calculated differential profiles
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surface) was found to be located at a position of
141.1mm from the wafer center, and the sag start
point on the back surface (turning point on the back
surface) at a position of 140.8mm from the wafer
center, indicating that the turning points on the
front and back surfaces are located approximately at
the same distance from the wafer center. It is also
found that the magnitude of slope of the rise on the
front surface of the silicon wafer was 0.0lpm/mm at a
position of 147mm from the wafer center, and the
magnitude of slope of the sag on the back surface of
the wafer was 0.03um/mm at a position of 147mm from
the wafer center.

Then, 50 silicon wafers having the
aforementioned shape were manufactured.

Next, devices were formed with design rule of
0.15um on the silicon wafer front surfaces by
repeatedly subjecting all the manufactured silicon
wafers to the photolithography step and the polishing
step of CMP in sequence. As a result, in the
photolithography step, reduction of yield due to
defocus was considerably diminished. Also in the
polishing step of CMP, discoloration failure caused

by non-uniformity of film thickness diminished. And,

it was discovered that the shape of the wafers
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resulted in only minor yield reduction even when a
plurality of exposure apparatuses and CMP were used
and kept the yield unaffected even in the event of
variation to a certain extent between apparatuses,
and therefore, highly integrated devices can be
produced with high yield.

The present invention is not limited to the
embodiments described above. The above-described
embodiments are mere examples, and those having the
substantially same structure as that described in the
appended claims and providing the similar functions

and advantages are included in the scope of the

present invention.
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1. A semiconductor wafer, wherein the
semiconductor wafer has a shape in which the outer
‘peripheral portion of the semiconductor wafer bends
in such a manner as to swell (rises) on the wafer
front surface and bends in such a manner as to droop

(sags) on the wafer back surface.

2. The semiconductor wafer according to claim 1,
wherein the bend of the outer peripheral portion of
the semiconductor wafer is such that, when performing
measurement cf shape data on the front and back
surfaces of the semiconductor wafer, creation of
respective shape profiles along the radial direction
from the measured shape data on the front and back
surfaces of the wafer and calculation of differential
profiles through differential processing of the
created respective shape profiles, the differential
profile of the wafer front surface exhibits a bend
like swelling (rise) at the outer peripheral portion
and the differential profile of the wafer back
surface exhibits a bend like drooping (sag) at the

outer peripheral portion.

3. The semiconductor wafer according to claim 1 or

claim 2, wherein the front and back surfaces of the
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semiconductor wafer bend in a region of the outer
peripheral portion excluding lmm to 2mm from the

outermost periphery of the semiconductor wafer.

4. The semiconductor wafer according to any one of
claims 1 to 3, wherein the rise start position on the
front surface (turning point on the front surface)
and the sag start position on the back surface
(turning point on the back surface) at the outer
peripheral portion of tﬁe semiconductor wafer lie in
a region within 10mm from the outermost periphery of

the wafer.

5. The semiconductor wafer according to any one of
claims 1 to 4, wherein the rise start position on the
front surface (turning point on the front surface)
and the sag start position on the back surface
(turning point on the back surface) of the
semiconductor wafer are located at the same distance
from the wafer center along the wafer radial

direction.
6. The semiconductor wafer according to any one of

claims 1 to 5, wherein the front and back surfaces of

the semiconductor wafer are mirror-polished.
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