; YZ&€3eDAL(t J6T. 4# DESCRI PTI ON MANUFACTURI NG PROCESS FOR ANNEALED WAFER AND

‘ ANNEALED WAFER 5 Techni cal Field: The present invention rel at
manuf acturing process for an anneal ed .waf er obt ai ned by m\m\i\m‘m\\\m
der to

silicon mirror wafer, and an anneal ed 1waf er. 10 Backgrou

acquire an excellent oxide filmdielectric breakdown st rengt H1s9159*
characteristic, there has been adopted a nethod wherein a silicon wafer is
subj ected to hi gh tenperature hydrogen (Hs) annealing or”lmmﬁmmmmulwm
tenperature argon (Ar) annealing Egﬁﬁ tenperature ers,
however, have been known to be i R n ordinary m rr Oigodod2i shed
waf er (a mrror wafer) in a surface roughness index naned haze. This is

because silicon atoms on a surface of a silicon wafer are rearranged so as
to assune a | ower surface enerqy state in hi terrperature 20 anneal i ng

t her eof , | eadi nMANUFA@@Mfé}Na %EO%%%FQ%% Be generated on
t he surface as a result of sensitive reflectlon of a crystallographlc
orientation of the surface. AND ANMNEARFIAYBAFERIevi ce characteristic
therefore a silicon wafer with a | ower haze value is nore highly eval uated
in tednms of quality. Such an inclination is said to becone 25 nore explicit
with smaller m nimum di nensions of design rules and a -2 smaller

t hi cknessTedhmcglaFieldxi de film As a nmethod for reduci ng haze on such an
anneal ed wafer, a technique is disclosed in JP A 93-152179 in which a
silicon wafer WTHe prédentecichvertibaceelaidst &d af mamudaciulrirgp préceds)fopleane by an
angle of 0.2 to 2.0 degrees 5 is annealed in a reductive gas atnosphere. On

ot her a ¢l ed anafdtesbtagedthib§uBe £f-trichéingl aAdsilisordimBirros echfery did Aan
-321443, in which a sem conductor wafer having a vicinal (100) surface
wth a tifineneievsabr0. 1 degree or less is heat treated in a atnosphere
i ncluding at | east one of Hz gas and Ar gas at a prescribed tenperature for
a 10 qy escribed tinmne.

Background Art:

In order to acquire an excellent oxide film dielectric breakdown
strength characteristic, there has been adopted a method wherein a silicon
wafer is subjected to high temperature hydrogen (H2) annealing or high

15 temperature argon (Ar) annealing. These high temperature annealed wafers,
however, have been known to be inferior to an ordinary mirror finished wafer
. (a mirror wafer) in a surface roughness index named haze.
This is because silicon atoms on a surface of a silicon wafer are
rearranged so as to assume a lower surface energy state in high temperature
20 annealing thereof, leading to irregularities named atomic steps stepwise
generated on the surface as a result of sensitive reflection of a
crystallographic orientation of the surface. The haze degrades a device
characteristic; therefore a silicon wafer with a lower haze value is more
highly evaluated in terms of quality. Such an inclination is said to become

25 more explicit with smaller minimum dimensions of design rules and a



. The above described JP A 93-152179 has a main feature that since a silicon
waf er shows haze in rai nbow colors on a surface thereof when the silicon
wafer with a tilt angle of 0.2 degree_or less froma silicon (100) plane is
anneal ed in the reductive atnosphere, 2t'he tilt angle fromthe silicon (100)
15 plane before the annealing is set to the range of from0.2 to 2.0
degrees. On the other hand, in the above described JP A 96-321443, it is
descri bed that occurrence of haze in annealing is suppressed with a tilt
angle froma_(100) plane of bein 1 degree or less. That is, it is found
t hat ther@ﬂé@@é@%ﬁ%sé}gﬁfﬁt@thﬁge g]‘%l val ence 20 between main features of
the prior art techniques, concerning a relationship between a tjlt angle
froma (100) pl &seaomethodifor resdustnghnzgl en aneh 1By anjeatsd vedfesn aa
surface thereof by the annealing. Disclosure of the Inventign: 25 It is
accor di ngieghmiquebisediscloed Ho $P b & 152Vihin onhich drthgogewater with a

manuf acturing process for an anneal ed wafer capable of elucidating a

rel at i onsfliced sarfaeenilted from arglconf(il oo plape dy)ampaagle of 0.2tk segresse

anneal ed and haze to set optimal tilt angles for suppression of haze and to
i nprove ascimmeatddem streductivagaesimespera. result of the suppression of
haze. 5 In order to achieve the above object, a manufacturing process for
an anneal ed waf @n tie ttiRriaesle ahothuresthmique of phée ksl isilisdospkinoP A
preparing a silicon mrror wafer having a surface orientation with a tilt

angl e (ang@Bh1243 ) whith o Bemicndectlr Ralerdbgvieg & WicisaD (P0®)egurdecd rom a
(100) plane or a plane equivalent thereto and heat-treating the silicon

!ror Vedfth lantidh alagléltoﬂm@.nhaé@fe_@f oNIEEO @ he@BStreated Merd s@amsphefe ogen
s or a mxed gas thereof. The silicon mrror wafer can be nmanufactured

froma wfxﬁlucahg%rlsgstbahééf Hh Bds anfli A+ £89a6 hEkScrEbobicthpdragate f? @S tO
cause a tilt angle O of a slicing planeto fall in the range of 0.1 degree

<0 .2 . a (100) plane or a 15 plane equival ent thereto. An
annezlldéd B\ge%gflﬁfgr%frﬁﬁ?gctur ed by such a manufacturing process has a surface

orientation w thna, £y lde (%%Lg!rﬁ)eﬁ JPaldEey f‘?ﬁ)ealrlg% aQnﬂa'inldf;égvﬁﬁ% tfla]Q stndd £ degree

froma (100) plane or a ne “equi val en et o, ze level and a

O ot el eteg SN Bafl 3840 ? (oRAS b a2 dhlee RURBE QiReallnd e

present i research on a rel ations
between a tilt angle.firom,a CL00 ne of wafer . d haze
as a resuf %cogﬁag?ﬁgdgma&gfapgﬁﬁfﬁog%a«g%raete quﬁ%lszégfne%g#&?%??@@%ﬂag y
dependi ng on the change |n observation de_for haz a_ spati al  firegquency
in nmeasur éﬁ’@ﬁ?}fgf%ﬂ}ﬁ ‘it’r?@n?tém%ﬁﬁ’n@ée Elt“aﬁag% %3%8@625}15’88 {lgt% r,
whi ch_has |ead to c | etiqn of the invention - i scription of
the DFAw R .ed]Pf?f@e %?%n%eéﬂ%ﬁ %‘ﬁ&wtﬁﬁ rangeepgfrioazhérﬁla ® %bt‘%@%esag of f angle
of a wafer and a _haze val ue after apnealing_ in Experl ta mle 1~ 5
FIG 2 is a grapAnsthswpiliprahandain éﬁgkﬁ VB&%@EEBHE%;K rbé‘né?@‘@b 1 §af er

a haze value after annealing in Experimental Exanple 2~ FIG 3.is a
!;ph showeseribed diadtocoweeinge BB RagRn annealingifgiupngessed with a tilt angle

from a (100) plane of being 0.1 degree or less.
That is, it is found that there has been a conflicting ambivalence
20 Dbetween main features of the prior art techniques, concerning a relationship
between a tilt angle from a (100) plane of a wafer to be annealed and haze

generated on a surface thereof by the annealing.

Disclosure of the Invention:

25 It is accordingly an object of the present invention to provide a



. wafer and a TDDB good chip yield in Experinmental Exanple 3~ FIG 4 is a
graph showing a relationship between an off angle of a 10 wafer and a TZDB
good chip yield in Experinental Exanple 4~ and FIG 5 is an expl anatory
view for showi ng that an off angle of 3 wafer is a conposite value 0 of a
tilt angle a to the X-axis direction and a tilt angle ~i to the Y-axis
direction. 15 Best Mdde for Carrying Qut the Invention: Description wll be
gi ven of enbodi ments of the present invention below (Mnufacture of a
silicon mrror wafer with an off angle 6.of Q.1 degree < < ,0.,2 degree) 20
1) A sil ilRapuiachariag pysess ioxgan ﬁg%ﬂﬁdawé‘?efstcap%ﬁr Qﬁrﬁqb‘c’&aitlé’tgt & ion of
< 100 > is gr.om.bxéﬁrreans of a CzochraI?ki (%Z) thod, In this Cfse, W th
a seed criphataonshupibsgveen adilt amglsdrom a (1QY nlrberofiadrater 49 begrasaled
orientation of < 100 > by an _angle in the range of fromQ.1 degree to
several doyl bege taser gutimial kY abglesufor stppsession of have andgelimpgveliar ect i on
tilted froma crystallographic 25 orientation of < 100 > by an angle in the
range of dharar@ristitegreedetice seaaeahlt of the gugprassiomof azeor di ng to an
ordinary process, a pulled silicon single crystal ingot is subjected to
cylindrical griddiorder foackevenhefbave objeeh teamianmfddtaringoprogeswoforan and
others thereafter, such a shaped silicon single crystal ingot is positioned
5 preci sedpynéddled wedfen ofvtlye phedent inventiog cphprises the eteps of prepariag a
orientation tilted froma (100) plane or a plane equivalent thereto such as

(010), (Offikon Rfiror @HE) HovikOOlsifade birilehtarigh evibhin tilbengdaen oiff 0. 1
degree < 0 < 0.2 degree using an X ray crystallographic orientation

suri ng, APIRRbaUghe ﬁﬂf%ei&'@'li daeblsd 0% 0.2Mdgres Homad (100)aslade @6t er saw
’athe Iiklgglal\lote that the tilt 10 angle O is an angle of a wafer surface

Wi th respsgiet y@vhlkdR) thek&tds a?ld Rest-fraatifguineabi®iobn a6t vaeg ia «H rection
of tilting 1s not specific. 3) According to an ordinary process, thus

sli Ceﬁ] V"agﬁﬁésﬁ{eﬁg SHPhGaESAnt 8a&NaAT BlerP%as! 3RR0BEN &1« Bk N mi¥edr B4s

pol i shing and ‘others t0 manufacture silicon mrror wafers. 15 (Heat
treat ment .usi.pg hydrogen gas and/or argon gas) A silicon wafer prepared by
slicing a silrcon single crystal ingot grown in a CZ nethod has defects

o v " L By RS Rp oAb b SSRGS M o Sileach Spafelevi co

o own- i 1 BFDERE £ AITRE R ATy gl tefeontf BB gl o' AR © T
uch s bl WEL A aanninehadl SRRRR S Es Ya XN BT A 07 ac

for anpeal [ ng at nospheres, there can be exenplified 100% 25 hydrogen gas,
100%5‘7’9035%?‘1‘&"%&%’2& 8E&%at nosphere conposed of -6 hydrogen and argon

at a hydrogen concentration equal tq or | r than the | ower. expl osi on

linmit (4%, or aﬁnaﬁ’fﬂﬁaé W@%%lf Hé?ﬂﬂ%ﬁ?%‘nr%‘? ﬁt Sﬁmﬂyﬂ %@%#aaﬂbwa% Qg?f’eéﬁ
pective arbitrary concentratjons, which have preferably a high effect of

g i nat i AGSEr BRRGePTEETation Wﬁhtaﬁélt\?in@h%ﬁ Waéﬁ raélgﬁaq%ré}.{)gggqe&%_g <50'én

anneal i ng tenperature iérgreferably set in _the rang(g of from 1000C to 1300C

and an andegreenfrom a¥l0Q) plaae or ApIpngeauivalepetherate aokow has tevsl 88410 hr .

In conditions where a tenperature is in the range of from
a high oxide film dielectric breakdown strength.

20 The inventors of the present invention have conducted a detailed
research on a relationship between a tilt angle from a (100) plane of a wafer
to be annealed and haze; as a result, obtained novel findings that a haze level
varies largely depending on the change in observation mode for haze (a
spatial frequency in measurement) from Experimental Examples 1 and 2

25  described later, which has lead to completion of the invention.



1150C to 1250C and ‘an annealing tinme is in the range of from1l to 5 hr, a
great effect of elimnating grown-in defects can be enjoyed and suppression
10 can be conparatively exerted on praoblens of durability of a heat
treatnent furnace, heavy netal cont anftiati on and others. As for heat
treatment furnaces, there can be exenplified a heater heating type batch
heat treatnment furnace perform ng heat treatnent as descri bed above, and in
addition thereto a single wafer RTA (Rapid Thernmal 15 Annealing) apparatus
of a lanp heating type or the like. Preferable heat treatnent conditions
for elimnating grown-in defects in case of an RTA apparatus in use are at
a tenperature in the rapge of from 1000 to 1350C and for a tinme in the
range of Brefdesariptom ebte raWingsy of the heat treatnment applied, as far
as a wafer has a tilted 20 surface according to the present inyention, a
haze level on tK&Gudfiera gtaph shhwine atrelaticnshintbetwaenany effanele Pbder with
a higher oxide filmdielectric breakdown strength conpared with a prior art
pract i ce.wifeamndes hege vabre aftemaneenlingiy Espements] Egample dn of the
present invention 25 below, giving Experinental Exanples having led to
conpl &tion of tHEGpreisemigraph showienn whatigmtperheteeenlareadasigte of aln this
experinental exanple, investigation was conducted into a relationship
bet ween awhfertaniing hazé vameaftdOannedlaneimnExpenaiental Bxhrapde 85 ori ent at i on
and haze on the wafer after high tenperature annealing. An annealing
furnace used i nRIG. 8 Bxagphph whowing amsdatibysHipkyaswieencin off drigletofch with a
trade nane of UL-260-10H, and a haze eval uati on apparatus was one made by
QT- A_- Tepafir 45 # TDDBMoadidhagl §igldin Ripepiméstan EsRmpla 3reasuri ng node for

ze adopted in this exanple was of Wde channel (a 10 node in which
irregularities VT Aid RWrapRtdhdkwiht @OrEIACYNSING etk anvatfedeglgtdf sar e
observed). The heat treatnent was perfornmed in an atnosphere of 100% ar gon,
at 111?th ®asr Hd é’I;ZD]?'é&oE'cﬂip Field 4 MkpleSinsdyean Exa@ifipa; afdwhi ch a tilt

p

angl e froma (100) ane (a conposite angle of a tilt angle a to the
X-axis [011] di rees isoR Aekplanatory view for showing that an off angle of a wafer

is a composite value 6 of a tilt angle a to the X-axis direction and a tilt angle B

to the Y-axis direction.

15 Best Mode for Carrying Out the Invention:
Description will be given of embodiments of the present invention
. below.
(Manufacture of a silicon mirror wafer with an off angle 6 of 0.1 degree <6 <
0.2 degree)

20 1) A silicon single crystal ingot having a crystallographic orientation of < 100
> is grown by means of a Czochralski (CZ) method. In this case, with a seed
crystal having a central axis tilted from a crystallographic orientation of <
100 > by an angle in the range of from 0.1 degree to several degrees, a crystal
may be pulled so as to have a pulling direction tilted from a crystallographic

25  orientation of < 100 > by an angle in the range of from 0.1 degree to several



15 tilt angle (3 to the Y-axis [011] direction: see Fig. 5) of a wafer in
use is plotted with the abscissa and the ordinate is assigned to a haze
value after the annealing. It is understood fromFig. 1 that with decrease
inatilt angle (an off angle 0) fromP (100) plane, a |ower haze value is
observed. This shows a simlar result to that in JP A 96-321443. Only with
t hese data avail able, a 20 conclusion would be that the decrease the off
angle, the lower the haze level. In addition, it is found that with a tilt
angl e of(iess than 0.2 degree, a haze level of 0.06 ppmor less is

obt ai ned.%®€E&eri mental Exanple 2) In this experinmental exanple, a haze

val ue was neasured in a node 25 of hbrrom/ﬁganpel ofggurfsca .SP1 descri bed
above. TR AGHOFSVRE: HRARITOmaty, PHES, & PALdcRIron FHREIR FYFEYIRED 15 es i th
a higher spatial .frequency and a | onger wavel ength conpared with the Wde

channel revdeecied tosplingricahenpiing nmatior obpaoriesdationdlaipea naseld t i ons
were the sane as those of Experinental Exanple 1. Measurenent results are
shown i n ddotlersithereafier, sbsk ashapedsiticungsingle erystal ingoidsmopitioneghser ved
that with an off angle of 0.1 degree or |less, a haze value neasured in the
Nar r oW chamenmselymodeucls asxay dhat g slicbreepkeae. thenefor peswines eanomient@dinsi der ed
to correspond to a phenonenon in JP A 93-152179 that a haze in rainbow

col ors watsitod Sesmenl (B00)aplamé er haldnmegequivalentabgretoofudh, @s §eYDeOWD), | ess
froma (100) plane after its 10 annealing. Al though a cause for generation
of haze i@oohg0mOder @OT) be aNilt hawled imtled ramspenfdet dagree < 6 w8 degreed t hat
as a result, undul ation conponents with | ong wavel engths increase on a

fer surfgiee hn Xasg efysedllsdrhphfigbeieatation megurtn®appesstusanthdize
served in the Narrow channel node rises very 15 nuch. Haze observed in

the Narr oyy;&aanigl aNvide a8y, RirPRIRFaEidfetdr §43 of thellikeWNstefthat ihe silof a
| ong period required on a silicon wafer is severer. |If haze observed in the

Nar r op chapsrle (R4S ahglfdf Awheisutfals WRKSlespb@tod (1DE pldVedELh iplind S

perfornmed 1h the Narrow channel node in order to evaluate the flatness of a

| ong peri : I j t ; h 20 defects such as
8 aiy hég{rtglﬂeg@g?nz)ga ﬂ‘ife%t;@n Jt %ﬂtl]‘?ﬂgrlﬁ no? ?f)é@iﬁ@

particles t serve Ther ef or e, is inportant to prevent an

nerease W ARBFIARSH ¥loldinhiP LN RHRMIRkd Rdfors! A Wibfbtdd tyas

under st oo angl e e 1 ng gree was necessary.

(Exper i meph At EXR0PLG pihe, Bt indPhEhrdr Flldhing SHRCOIHAE t67HadiTadiile aN0l €5

wer e subj

silicon mirror wafers.
15 (Heat treatment using hydrogen gas and/or argon gas)
A silicon wafer prepared by slicing a silicon single crystal ingot
. grown in a CZ method has defects called grown-in defects therein, which
exercise harmful effects on device characteristics if being present in a device
formation region in the vicinity of a surface of the wafer. Therefore, in order
20 to eliminate the grown-in defects in the vicinity of the wafer surface, heat
treatment (annealing) is performed in an atmosphere of hydrogen gas, an
inert gas such as argon gas and helium gas, nitrogen gas, or a mixed gas
thereof.
As for annealing atmospheres, there can be exemplified 100%

25 hydrogen gas, 100% argon gas, a mixed gas atmosphere composed of



25 annealing simlar to Experinental Exanple 1 to prepare anneal ed wafers
.9 wth respective various-haze values. The wafers each were used for an
oxide filmdielectric breakdown st ren%t h test (TDDB neasurenent). A good
chip yield in the TDDB neasurenent i5§%a proportion of chips having an oxide
filmdielectric breakdown strength of |G cnR2 or higher under conditions of
a gate 5 oxide filmthickness of 5.0 nm a gate area of 4 mmR, a stress
current value of 0.01 A/cn2 and at roomtenperature. The reason why the
oxide filmthickness is 5.0 nmis that it has been_known thraough
exper i endadrogen anfargnn Mier hyAeogsh epncenirationayalte o E"ieFitg‘gntt@ea
surface state. 10 In Fig. 3, there is shown a graph showi ng an off angle of
a waf er \lewenexgplogionHimil{48)dor pn atsmasphare @ﬁ@mmflgr.e withrkxdregen aad of f
angle of 0.2 degree or nore, a good chip yield is 80%or less. Wafers
havi ng ofdrgangitasspestivd halntry degeetrasivosewpeh bane qyrefarablies bighal nost
100% Accordingly) proper off angles obtained fromthis experinental
exanpl e affect efslitninatifig Zrowgriaalefdds (ithe vicinity aif abxafgylsairfcevaf ers were
annealed in a simlar manner to Experinental Exanple 3 to prepare wafers
havi ng respecti wa wahealifigh@amperatuesis pheferaflersteacthevwnagesddiromr an
oxide filmdielectric breakdown strength test (TZDB neasurenent). A good
chi p yi el ghgorCtiael 300E8 andasis en@dling finge R refarpblytsetin the ehhgsoffsuiong an
oxide filmdielectric breakdown strength of 8 MW/ cm or hi gher under
condi ti ongs0fo 093 € IaXédiRlifibhenvitiekaasmpeiraturd@ BMn sh@akagardfafrom 8 Mo,
a current density in decision of 1 md¥cnR and at roomtenperature. The
‘ason Why1 e Q18800 ARl b ¢ Bine £ AMHeSrdiRtof frof@P tH@ERr, 20 known
rough experiences that the thinner the oxide film the nore =10
sensitive : I. h ' i ng an
o angl cEspt Sk bR ERmihatif erburl fh dffepky Gl bl Sy SLBRreSIA T2t T

excesg, of .an,g fc%;fnq%%éﬁggfyl &e%tr%ﬁ gfﬁ ‘;‘}g'_ogf’e&gé) gg dﬁg:%}ﬂlliﬂf eFd h&aiBa¥athehfss-

Waf er's” having o ess gree showed val ues of al nost 100%
Accordi ng 9. BRLoper f I m this experinental exanple
are | ess {lﬁ%cﬁa}e%&&lg&l c@@%‘ﬁ%&&?ﬁgh@g%p&% vel y above Experi nent al

Exanples 1 to 4,,it. is concluded, t:hat_in r.to .I.8: i ze
val ues, an of f d%%}f%r Ee%tf rga\ﬁglpgp f}nénf"l"céecs]u?lﬁ% (fatél Pg%ﬁ%@ﬁﬁ % @artgﬁge of
0.1 degree <.8 < 0. egree. 10 Furthernore, a proper.rapge qf off angles
wer e confﬁ?%‘%ﬁgtbﬁpﬁ Cgi}?ﬁqta e@ﬁﬁ@}lpﬁﬁm%‘:et Be %ﬁm?gﬁr@%t&sl to 4
except for the fact that the heat tyeatnent, S rf in on
at nospher descrtheddabryenpaddgaddaden éﬁe’@te @rﬁlg\éﬁ ‘Bgﬁﬁ(ﬁf‘gﬁﬂfﬁ%@i’gﬁﬁﬁ or 1
hr. 1t was found that there were observed tendencies, sinml ar Figs. 1to
4 whetei nAamesling) agparitssefi 2 damp heating tpge r%n(}@ ﬁkeo%reg%fg’ﬁﬁ% hsgg < 0.2
degree. Capability of Explaitation in |Indust r,y;iﬂ,?ccor_di ng to_.the sent
i nvent i ontreadmeas ceanditions 4o eliminagimey gEOWR YD Aafects i Gaseof it very
!/v | evel of a haze value can be 20 manuf actured. -11 CLAIMS 1. AC

nuf act urbngratuscasese are ahademueratirgainethectange of Hgm KR0Q tedS567C 5

preparing a silicon mrror wafer having a surface orientation with a tilt
angl e 0 i andHer adime ivfthe range gf fomx 130600se2. degree froma (100) plane or a

With any of the heat treatment applied, as far as a wafer has a tilted

20 surface according to the present invention, a haze level on the wafer after the

heat treatment can be reduced lower with a higher oxide film dielectric
breakdown strength compared with a prior art practice.

Examples
Further detailed description will be given of the present invention

25  below, giving Experimental Examples having led to completion of the present



pl ane equi val ent thereto and heat-treating the silicon mrror wafer in an
at nrosphere of hydrogen gas, an inert gas, nitrogen gas or a m xed gas
thereof. 10 2. The manufacturing procegss for an anneal ed wafer according to
claim1, wherein the silicon nmirror wdf'er i s manufactured froma wafer
prepared by slicing a silicon single crystal ingot so as to cause a tilt
angle A of a slicing plane to fall in the range of 0.1 degree < 8 < 0.2
degree froma (100) plane or a plane equivalent thereto. 15 3. An anneal ed
waf er manufactured by the manufacturing process according to claiml or 2
havi ng alBVEMERR orientation with a tilt angle 8 to fall in the range of
0.1 degree < A < 0.2 degree Sron1a (100) plane or a plane equival ent
theret o. (BsperprentabExamplail) ANY. Aa2. ANE. AE. AE. Al R A7JL] | (u=Y"hG [
}xsnid_ Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] ca] ca] fajthad eaperiuenipl Raample,; igrvestigation was conducted 'into a
BX1s=yF} xsni d_ Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca{ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] caktetjamhip] betheahca) k] angleafom # (LPO) plane of a wafer surface
#'e"" " GHH#HIRISS0UX 98B0 &&} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] capcalqridritalion] and dedzeadic ahe ay afef cefferahigl] cahpejatare @ng&alivig. ' An(\ (((4) D
)J)|))*M**+n++, T, ,,B-i---.|wnmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] acrale;aaﬂrfg"ﬁlﬁ@]céal@a] fa}hiz] @aimplec whs ajrearalechy djkya! Elé@twaty 0Z0000G
111(2y223V333=4V44446689N9: ; _; d;
} xshi d_2] ] pafeabath eakaas salmade] £24¢ aDEabed) < hhzadeahatboalairanjcal Ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! d; <5=B?07?71 @ @ @AEA<AAABNBBNCCCCD: ;
’s ni d_z] J,58lsa] salie ahCRIaireabsaben). orithal ¢ dahaalecs] Satfeah SRT.alACa] ca] ca
a]ca]ca]ca]ca]ca]c calcalca]ca7JL]fH @0% h& ()-10% h& ()-t10%

h& () -
o (o 1oppRitihg b 300 abo G Khid GBIl dft WS chRHBEIA )

oottt (1 ghithofHeatiios, WAL Shacial BQUAGy | dnd gt e O
S10%] & (%vave en@d‘% Qe O%Jsg/\?déld‘s‘ OThel hdht 1 Brddtment was performed in an

atmosphere of 100% argon, at 1150°C and for 4 hr.
In Fig. 1, there is shown a graph in which a tilt angle 6 from a (100)
plane (a composite angle of a tilt angle o to the X-axis [011] direction and a
15  tilt angle B to the Y-axis [011] direction: see Fig. 5) of a wafer in use is plotted
with the abscissa and the ordinate is assigned to a haze value after the
. annealing. It is understood from Fig. 1 that with decrease in a tilt angle (an
off angle 0) from a (100) plane, a lower haze value is observed. This shows a
similar result to that in JP A 96-321443. Only with these data available, a
20 conclusion would be that the decrease the off angle, the lower the haze level.
In addition, it is found that with a tilt angle of less than 0.2 degree, a haze
level of 0.06 ppm or less is obtained.
(Experimental Example 2)
In this experimental example, a haze value was measured in a mode

95 of Narrow channel of Surfscan SP1 described above. The Narrow channel
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longer wavelength compared with the Wide channel mode and undulation
components are observed. The other conditions were the same as those of

Experimental Example 1. Measurement results are shown in Fig. 2.
5 It was observed from Fig. 2 that a tendency is observed that with an
off angle of 0.1 degree or less, a haze value measured in the Narrow channel
mode is extremely increased. This result can be considered to correspond to a
. phenomenon in JP A 93-152179 that a haze in rainbow colors was observed
on a wafer having a tilt angle of 0.2 degree or less from a (100) plane after its

10 annealing.

Although a cause for generation of haze in the mode of the Narrow
channel is uncertain, it was found that as a result, undulation components
with long wavelengths increase on a wafer surface in case of an off angle of
0.1 degree or less, and haze observed in the Narrow channel mode rises very

15 much. Haze observed in the Narrow channel will be problematic in the
future when flatness of a long period required on a silicon wafer is severer. If
. haze observed in the Narrow channel mode is at a very high level when a
haze inspection is performed in the Narrow channel mode in order to
evaluate the flatness of a long period, a problem also arises that other surface
20  defects such as particles are hard to be observed. Therefore, it is important to
prevent an increase in haze observed in the Narrow channel mode, for which

it was understood that a tilt angle exceeding 0.1 degree was necessary.

(Experimental Example 3)

Then, wafers having respective various off angles were subjected to

25 annealing similar to Experimental Example 1 to prepare annealed wafers
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yield in the TDDB measurement is a proportion of chips having an oxide film
dielectric breakdown strength of 1C/ecm?2 or higher under conditions of a gate
5 oxide film thickness of 5.0 nm, a gate area of 4 mm?2, a stress current value of
0.01 A/cm? and at room temperature.
The reason why the oxide film thickness is 5.0 nm is that it has been
‘ known through experiences that the thinner the oxide film, the more
sensitive to a surface state.
10 In Fig. 3, there is shown a graph showing an off angle of a wafer vs. a
good chip yield. It is found from Fig. 3 that with an off angle of 0.2 degree or
more, a good chip yield is 80% or less. Wafers having off angles less than 0.2
degree showed percentage values of almost 100%. Accordingly, proper off
angles obtained from this experimental example are less than 0.2 degree.
15 (Experimental Example 4)
Wafers were annealed in a similar manner to Experimental
. Example 3 to prepare wafers having respective various haze values. The
wafers each were used for an oxide film dielectric breakdown strength test
(TZDB measurement). A good chip yield in the TZDB measurement is a
20 proportion of chips having an oxide film dielectric breakdown strength of 8
MV/em or higher under conditions of a gate oxide film thickness of 5.0 nm, a
gate area of 8 mm?2, a current density in decision of 1 mA/cm? and at room
temperature.

The reason why the oxide film thickness is 5.0 nm is that it has been

25 known through experiences that the thinner the oxide film, the more
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an off angle of 0.2 degree, a good chip yield is 85% or less. Wafers having off
angles less than 0.2 degree showed values of almost 100%. Accordingly,
5 proper off angles obtained from this experimental example are less than 0.2
degree.
Considering collectively above Experimental Examples 1 to 4, it is
‘ concluded that in order to acquire optimal haze values, an off angle 6 of a
wafer is required to fall within the range of 0.1 degree < 6 < 0.2 degree.
10 Furthermore, a proper range of off angles were confirmed through similar
experiments to Experimental Examples 1 to 4 except for the fact that the
heat treatment was performed in argon atmosphere including hydrogen gas
at a content of 3%, at 1200°C and for 1 hr. It was found that there were

observed tendencies similar to Figs. 1 to 4 wherein an off angle is suitably in

15 the range of 0.1 degree < 0 < 0.2 degree.

. Capability of Exploitation in Industry:
According to the present invention, as described above, a high
quality annealed wafer with a very low level of a haze value can be

20 manufactured.
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<=>? @BCDEFGHI Jt@RQRS Bkt mirror wafer having a surface orientation with a

tilt angle 0 in the range of 0.1 degree < 0 < 0.2 degree from a (100) plane or a
plane equivalent thereto; and
. heat-treating the silicon mirror wafer in an atmosphere of hydrogen
gas, an inert gas, nitrogen gas or a mixed gas thereof.
10 2. The manufacturing process for an annealed wafer according to claim
1, wherein the silicon mirror wafer is manufactured from a wafer prepared by
slicing a silicon single crystal ingot so as to cause a tilt angle 0 of a slicing
plane to fall in the range of 0.1 degree < 8 < 0.2 degree from a (100) plane or a
plane equivalent thereto.
15 3. An annealed wafer manufactured by the manufacturing process
according to claim 1 or 2 having a surface orientation with a tilt angle 6 to fall
. in the range of 0.1 degree < 6 < 0.2 degree from a (100) plane or a plane

equivalent thereto.
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