5 Cctober 2004 -1- DESCRI PTI ON MANUFACTURI NG PROCESS FOR ANNEALED MAFER AND
ANNEALED WAFER Techni cal Field: The present invention rel atés 0’4

manuf acturi ng process for an anneal edlwafer obtained by heat-treating a
silicon mrror wafer, and an anneal ed wafer. 10 Background Art: In order

to acquire an excellent oxide filmdielectric breakdown strength
characteristic, there has been adopted a nethod wherein a silicon wafer is
subj ected to high tenperature hydrogen %HZ anneal ing or high 15
tenperature argon (Ar) annealingjlﬁaggﬁ HﬁéﬁJtenperature anneal ed wafers,
however, have been known to be inferior to an ordinary mrror finished

wafer (a mrror wafer) in a surface roughness i ndex nanmed haze. This is
because silicon atons on a surface of a silicon wafer are rearranged so as
to assune a | oweMANIIRAGTEHRING PRACESSNFORGANNIDAEED WAFEZD anneal i ng
thereof, leading to irregularities naned atom c steps stepw se generated on
the surface as a result of sANDIANNEALEBCWAFERf a crystallographic
orientation of the surface. The haze degrades a device characteristic;
therefdre a silicon wafer with a | ower haze value is nore highly eval uated
in ternms of quality. Such an inclination is said to becone 25 nore explicit
w t h snmal Iichaidal Msndcdi nensi ons of design rules and a :

The present invention relates to a manufacturing process for an
annealed wafer obtained by heat-treating a silicon mirror wafer, and an
annealed wafer.

10
| 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 (Hs) annealing or high

15 temperature argon (Ar) anneaiing. 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 step.wise
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



5 Cctober 2004 2 smaller thickness of a gate oxide elm As (]%:t %%Ob&)r
reduci ng haze on such an anneal ed wafer, a technique is disc in JP A
93- 152179 in which a silicon wafer witk-a sliced surface tilted froma
silicon (100) plane by an angle of 0.2 to 2-0 degrees 5 is annealed in a
reductive gas atnosphere. On the other hand, another technique of the kind
Is disclosed in JP A 96-321443, in which a sem conductor wafer having a
vicinal (100) surface wth atilt angle of 0.1 degree or less is heat

treated i inealbdmibsgiheise of aNalty@ikide Aitm| east one of H2 gas and Ar gas at a
prescri bed tenperature for a 10 prescribed tinme. The above described JP A

93- 152179 has a pmig &%ﬁ@&efokh?édlﬁirﬁ%a‘%e shl 5&ah Mefy atéﬂm%ég@ée '”

rai nbow colors on a-surface thereof en the SI i con vva er wt

angl e of GolnRUEaR Moless ih! AR 0B 1300M (il Gich! ARRILE wARICAIET, n'the
Yo b

reductive atnosphere, e t| t angle Tfromthe si i con afie

ot her hand o n rhe S b Re e SRR by bl bR tﬁ&?@?f P8 na
(100) %PS?%‘&%PQ%%?%%?%“‘?&*%’PQ SRRt 1S it s found that there
art techn; ques, o concl‘feb?%t?l%b R i A
o) 2 S, D et B S
with a tilt angle of 0.1 degree or less is heat treated in a atmosphere
including at least one of Hs gas and Ar gas at a prescribed temperature for a
10  prescribed time. | _

The above described JP A 93-152179 has a main feature that since a
silicon wafer shows haze in rainbow colors on a surface thereof when the
silicon wafer with a tilt angle of 0.2 degree or less from a silicon (100) plane is
annealed in thé reductive atmosphere, the tilt angle from the silicon (100}

15 plane before the annealing is set to the range of from 0.2 to 2.0 degrees. |

On the other hand, in the above described JP A 96-321443, it is
described that occurrence of haze in annealing is suppressed 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  between main features of the prior art technigues, 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



25 It is accordingly an object of the present invention to I.d 5
Cct ober 2004 -3 ngnﬁfactur{ng process for an anneal ed mafe?e%§%3 ﬁ%ﬁbf
elucidating a relationship between a tilt angle froma (100) plane of a
wafer to be annealed and haze to set qptinal tilt angles for suppression
of haze and to inprove a characteristi®c of a device as a result of the
suppression of haze. One aspect there is provided a manufacturing process
for an annealfd waf er of the,present invention conprisipg,the steps of:

prepar i ng AAEFACEBHNG; PYAFiesiafoss 2R ARG8T SHiP FeicEaRANIene Bl BAIRENE 4 1i | t
angl e (an @ffti &nalip) bOywidH Ghtils aﬂﬁff@rﬁ)@ﬁﬂ fag(_l\/cﬂj)%lﬁfe 3rtd a9 R to the

X-axis direction and a tilt angle to the axi's"direction, in the range
of 0.1 degmagated aadChgzedbyseeoptiomlati(tlglepl famesupprassibanet kazé nakdent

thereto by slicing a silicon. single crystal ingot, gr by neans of a
Czochr al Sylo %?Wé’%; a4 r?\‘étgfl-sg’rceglf- ianée%ﬁg & Pir%ﬁﬁltn‘i’fm‘? S&/ﬁ?é?ssé?n &f
t enper at ungzen the range of from 1000C to 1300C and for a tinme in the
range of fromO0.5 to IChr in an atnosphere of hydrogen gas, an inert gas,
ni trogen gas orOre nispsgt gtierer in priovededas mhenéafturinge|proicast eforgrown in

defects in_th jcinkty o waf er sur.face,. | n another aspect there,is
p?oS?dZdl gaﬁmgﬁhééafé’glf%\%f%gr tﬁﬁar?ﬁ?%%rfturlé‘HeBE}OPhé’OHﬂﬁd?% Lf.rlpllengftﬂ?soc%gs
having a suepaafgod isentad irffroMvidTeR Havlidg 3NGh&ale dMErPtQtilb% #iGOHAP9R! L €

value of a tilt angle a to the X- axis direction and a tilt angle 1 to the

Y-axis di rr@eie dan ofp angle) 9 nwihieh i3 anepampbsite valtiegoda tliDargl®. @ tddheee from

a (100) plf—%%igrdifiecq;(‘;inn%nd a tilt angle  to the Y-axis direction, in the range
of 0.1 degree < 6 < 0.2 degree from a (100) plane or a plane equivalent
thereto by slicing a silicon single crystal ingot grown by means of a
Czochralski method; and heat-treating the silicon mirror wafer at a
temperature in the range of from 1000°C to 1300°C and for a time in the
range of from 0.5 to 10hr in an atmosphere of hydrogen gas, an inert
gas, nitrogen gas or a mixed gas or a mixed gas thereof to eliminate
grown in defects in the vicinity of a wafer surface.

In another aspect there 1is provided an annealed wafer
manufactured by the manufacturing process having a surface orientation
with a tilt angle 6, which is a composite value of a tilt angle o to the X-
axis direction and a tilt angle B to the Y-axis direction, to fall in the
range of 0.1 degree < 8 < 0.2 degree from a (100) plane or a plane
equivalent thereto, a low haze level and a high oxide film dielectric
breakdown strength.
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 described later, which has lead to completion of the

invention.



equi val ent thereto, a | ow haze level and a high oxide filmdi rJ
breakdown strength. The inventors of the present invention ﬁga@gtgg%)rnjgg%t ed a
detailed research on a relationship bétween a tilt angle froma (100)

pl ane of a wafer to be anneal ed and haze; as a result, obtained novel
findings that a haze level varies |largely depending on the change in
observation node for haze (a spatial frequency in neasurenent) from
Experimental Exanples 1 and 2 described later, which has lead to
conpletion of the invention. 5 Cctober 2004 4 Brief Description of the
Drawi ngs: FIG_1 is a graph showing a relationship between an off angle of
a wafer dhdetDascriptic obthef Deawirgséal ing in Experinmental Exanple 1; 5 FIG
2 is a graph showing a rel ationship between an off angle of a wafer and a
haze val ue aft er Fadindalsi ngraph Ekpeiigrened tidnshipbet@eerb@ ofB angleaofyaaph
showi ng a rel ationship between an off angle of a wafer and a TDDB good

chi p yi el dvafer Bxypes hasntalueExfasmi endiling 1@ Edpérsmangildphasbtadng a

rel ati onship between an' off angle of a 10 wafer and a TZDB good chip

yi el d i5n Experi mfiGal2 fsxagpash 4howivk Elielatiorishipbetwpb@ gt &ff Wnylewf hor
showi ng that an off angle of a wafer is a conposite value O of a tilt

angl e a towhiee afdaxhzélvaRE! Afodr AnseAidd i EApaitients EREmY¥iayi s direction.
15 Best Mdde for Carrying Qut the Invention: Description will be given of
enbodi ments of t EGPEeEENgrafl @RbWA: a relationship between an off angle of a
wafer and a TDDB good chip yield in Experimental Example 3;
FIG. 4 is a graph showing a relationship between an off angle of a
10 wafer and a TZDB good chip yield in Experimental Example 4; and

FIG. 51is an explanatory 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.

(Ménufacture of a silicon mirror wafer with an off angle 8 of 0.1 degree <0 <
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, ;51 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



bel ow. (Manufacture of a silicon mrror wafer with an off 0.1
degree < 0 < 0.2 degree) 20 1) A silicon single crystal m?@ktﬁ%%iz@gzia
crystallographic orientation of < 100-5= is grown by nmeans of a Czochral ski
(CZ) nethod. In this case, with a seed crystal having a central axis
tilted froma crystallographic orientation of < 100 > by an angle in the
range of fromO.1 degree to several degrees, a crystal may be pulled so as
to have a pulling direction tilted froma crystall ographic 25 orientation
of < 100 Jehheadn angle in the range of fromO0.1 degree to several 5 Cctober
2004 5 degrees. 2) Accordi ng to an ordi nary process, a puI led silicon

single Crﬁ?@%cof(ﬂ%gtto'én o? a?cﬁtﬁgc %yﬁﬁﬂ%'sﬂfdopgélh &%Stg.lofr{ga%ttllgn of an

orientation Oor a notc ot hers erea

silicon S'rc,ﬂg el Mé#ﬁindﬁ'&? 1r§d188§fo}re%['%§)% o:}” A §ﬁ}er§@a&¥c}ﬂr flaf g‘i?algai‘j’é’%zl that a

slicing pla or assu S an-or ane or

a plane e%#&'dvcghlgﬁg F%Qxeera%egé&gﬂ%gﬁa}égégﬁmoﬁ% e(_c’r;%,ceg? mé%&ﬁ%m&on&g 01) by

atilt angle ran egree Si ng an X ray
Wre ohw PROR AR GREE S R MR TRRE AR ?%%fﬂ'l?%%n e E0ANg @ o
el SR TSR P RS SR R0 L
e SRR S0 et A P
mrror Wafuesrlgg an X ray crystallographic orientation measuring apparatus, and is
sliced using a wire saw, an inner diameter saw or the like. Note that the tilt
10  angle 6 is an angle of a wafer surface with respect to a (100) plane or a plane
equlvalent thereto and a direction of tilting is not specific.
3) According to an ordinary process, thus sliced wafers are subjected to
chamfefing, lapping, etching, mirror polishing and others to manufacture
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 heliurq 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



15 (Heat treatnent using hydrogen gas and/or argon gas) A sisld)&g%r%bgr
prepared by slicing a silicon single crystal ingot grown in a nmet hod
has defects called grown-in defects thérein, which exercise harnfu

effects on device characteristics if being present in a device fornmation
region in the vicinity of a surface of the wafer. Therefore, in order 20 to
elimnate the grown-in defects in the vicinity of the wafer surface, heat
treatnment (annealing) is perfornmed in an atnosphere of hydrogen gas, an

i nert gashydcﬂwasaaggaEOQaﬁ=%hﬂdmeknuwmg@@3ahbnmm@ehtgaslowerahmmzbd gas
thereof. As for annealing atnospheres, there can be exenplified 100% 25
hydr ogen gaser éffltsmndomitf@dss), ar ahreérhogphewt sfasplieture coinh dsddogdn Sndct ober
2004 6 hydrogen and argon at a hydrogen concentration equal to or | ower

than the drgueratexppesivnathitidry (b¥tentrbtidnsdwvhigPhave pbleadaBliyXh llﬁﬁhwi th
hydrogen and argon at respective arbitrary concentrations, which have

pref er abl yflechobélimehd et cedwalih Hefiatts DY t1E Qi of 8oLk s stiffabe vicinity
of a wafer surface. 5 An annealing tenperature is preferably set in the

range gf from 1000&nheal30q6nRdafiteaRNeRIENDIY isB® ihStHY £ e5ABF Yraift 1 n
the range of from 0?15 ?o 0 hr. ian congllgﬁ ons }f/\/r?eré a tenperature is in

Nt : & e ¢
the range 1?0050(16113@3@5@%8%&%%}1{%%&{% 13?9@1%%1519 skt {Etﬂdezﬁdeﬂcgetcﬁ%rdxﬁmge 0

from1l to hr, a great effect of elimnating grown-in s can be

enj oyed angls SYPps a8Si ¢n &9&@&&3@&9&%@%&%&@&@%%09&9%&*ak%minof

durability of a heat treatnent urnace, netal contam nati on and

others. Asisercigei2d0-6ALPIh teaReeinbNE" 18 15805 B¥ R 1 {6 13, heat er
great effect of eliminating grown-in defects can be enjoyed and suppression
10 can be comparatively exerted on problems of durability of a heat treatment
furnace, heavy metal contamination and others.

As for heat treatment furnaces, there can be exemplified a heater
heating type batch heat treatment furnace performing heat treatment as
described above, and in addition thereto a single wafer RTA (Rapid Thermal

15 Annealing) apparatus of a lamp heating type or the like. Preferable heat
treatment conditions for eliminating grown-in defects in case of an RTA
apparatus in use a_ré at a temperature in the range of from 1000 to 1350°C
and for a time in the range of from 1 to 60 sec.

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 pfior art practice.
Examples

Further detailed description will be given of the present ip.vention

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



heating type batch heat treatnment furnace perform ng heat trse8{85Htb0os
descri bed above, and in addition thereto a single wafer RTA (Rapid Ther mal
15 Anneal ing) apparatus of a |anp heating type or the |like. Preferable heat
treatment conditions for elimnating gfown-in defects in case of an RTA
apparatus in use are at a tenperature in the range of from 1000 to 1350C
and for atine in the range of from1l to 60 sec. Wth any of the heat
treatnment 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 treatnent
can be retfi¢& %wer with a higher oxide filmdielectric breakdown

strength ared th a i art practice. Exanples Further detailed
descri-pti m’%\‘ﬁrf”?neﬂ algﬁ%%li’?%iﬁﬂ he present invention 25 below, giving
Experi ment al Ex |l es having led to conpl.etion of the present 5 Cctober
2004 7 inventiont® thisceenarmprntal exaanpice myestigations was pemdwetrdaintexanyl e,
I nvestigation was, conducted into a_ relationship between a tilt angle from
a (100) prelasiogship hetween a ftig ange grpeneal iU wlaaenal e wafemeuvkacer after
hi gh tenperature annealing. An annealing furnace used in this exanple was
one nedle ByiewbRion Bk hpsn on the medenafter highaweprarburst awpealbog.108n  and a
haze eval uati on a%%z;r atus was one nmade by KLA-Tencor Corp. with a trade
name of SanmeahngHurnace wmead unithds ezdmlerwampee adape by TokyhiBleetranpl e was
of Wde channel (a 10 node in which irregularities with a | ow spati al
f r equency Lamdtesd whtdy & trade name of UL-260-10H, and a haze evaluation apparatus
was one made by KLA-Tencor Corp. with a trade name of Surfcan SP1. A
measuring mode for haze adopted in this example was of Wide channel (a
10 mode in which irregularities with a low spatial frequency and a short
wavelength are observed). The heat treatment 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 P 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 8) 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 1s found that with a tilt angle of less than 0.2 degree, a haze

level of 0.06 ppm or less 1s obtained.

(Experimental Example 2)

In this experimental example, a haze value was measured in a mode

25  of Narrow channel of Surfscan SP1 described above. The Narrow channel



wavel ength are observed). The heat treatnment was perforned i§aBber 2004

at nosphere of 100% argon, at 1150C and for 4 hr. In Fig. 1, there is shown
a graph in which atilt angle O from a8(-100) plane (a conposite angle of a
tilt angle a to the X-axis [Gl] direction and a 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 in a tilt angle (an off
angl e 0) fmode i ¢ 108l inl whish iarémueritieazatl al highps spaiel frequenidyl andhows a
simlar result to that in JP A 96-321443. Only with these data avail able, a
20 concl udbngemenzivdldneth kampdred deitheidzeWille ohlfhnehghede thé Wodwdetivhe haze
level. 1In addition, it is found that with a tilt angle of less than 0.2

degree, a doagonecney alre @bsérved. pThe Gthé€sondifionbtwénethe binpedd fRutbalf
Exanple 2) In this experinental exanple, a haze value was neasured in a

mode 25 dfxpdatmewtalBeneblol. SMudsseancsPleddtariidahwboy ®ig Ehe Narrow

channel 5 Cctober 2004 8 node is a node in which irregularities with a

hi gher 5spatial f TegugRBYeRRd fRom! PRYLHLMAY SLAAGHIY GUMRBFRM tMat WithenW de
channel node and undul ati on conponents are observed. The other conditions

were the S@ﬂrﬁngfe %ﬂrﬁf%eg%ee SXReE] Aeavak RerRhSuled Measy chegheits are

shown in Fig. was observed from Fi 2 that a tendency Is observed

g .
that with ﬁed?ﬁér%tggﬁ:egr Derdash d0EEHE et E%& ﬁ%ﬁ@n&%?ed}’ @gﬁé%gﬁg%g dinthe

Nar r ow channe extremel y 1 ncreased. I's resu onsi der ed

to corres drf? n A gPoIRAsd 1Y h £ PRaze dt (RidHId cBolfé%s sl RlaPow

colors was o ser%/e
‘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 generétion of héze 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 perfornied 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 observgd. 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



on a wafer having a tilt angle of 0.2 degree or less from a {A30Q)eRlophe
after its 10 annealing. Al though a cause for generation of haze 1n the
node of the Narrow channel is uncertaPn, it was found that as a result,
undul ati on conmponents w th |Iong wavel engths increase on a wafer surface in
case of an off angle of 0.1 degree or |ess, and haze observed in the
Narrow channel node rises very 15 nmuch. Haze observed in the Narrow channel
will be problematic in the future when flatness of a |on eriod required
on a sili &6k fafRective vg@m@ﬁ&aze|vralu¢ﬁazr5h@wé¢wchrwemse%rﬁ%owmme| node
is at a very high |l evel when a haze inspection is perfornmed in the Narrow
channel nifdm dielentrigrbreakdewalstzangthitest (BDR&smeafurethent. pérgood,chap pr obl em
al so arises that other surface 20 defects such as particles are hard to be
obser ved. yildnefthe&DDB msasuneordidrns atmropprigseot clips haecigpse okildhblze
observed in the Narrow channel node, for which it was understood that a
tilt angl eideceadbregkiodndegeeehvesl Cresdssdriyher (Rd@etdnttivak obxambe 3)
Then, wafers having respective various off angles were subjected to 25

anneal §ng osidu filn thirkinepeof SO a pseeate df 4 ;rh?, epakessaineahLea@igr s 5
Oct ober 2004 9 with respective various haze values. The wafers each were

used for a@aODAVMR2 ahdlardbel Redgeratibleeakdown strength test (TDDB
measurenent). A good chip vyield in the TDDB neasurenent is a proportion of

chi ps having an %b%aédﬂ%yﬂb%&ﬁféﬁiﬁtﬁfcﬁﬁ%@m.étnwwﬁ%ﬂgh%%% or

hi gher under conditions of a gate 5 oxide filmthickness nm, a gate

?;(rarge(r);t 3?%4‘6\7‘1@ thrb @S Siffrficey A e (BitHerMENPo:ARE Bim! QB 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 rzuﬂ.Jcm_2 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



The reason why the oxide filmthickness is 5.0 nmis that itsHaspd4eens
known t hrough experiences that the thinner the oxide film the nore
sensitive to a surface state. 10 In Fil§d- 3, there is shown a graph show ng
an off angle of a wafer vs. a good chip yield. It is found fromFig. 3
that with an off angle of 0.2 degree or nore, a good chip yield is 80% or
| ess. Wafers having off angles less than 0.2 degree showed percentage

val ues of al nost 100% Accordingly, proper off angles obtained fromthis
exper i mensahsi¢éwanpl esarfecd swse.t hak'ip. £ thege seshavdn Frpehi shemtial aExaipl e 4)
Wafers were annealed in a simlar manner to Experinental Exanple 3 to
prepar e wahgisohavafgr vespaaid okdp wagldoUs ihfumdvizbineBig. Tbdat webeéssedch were
used for an oxide filmdielectric breakdown strength test (TZDB

nMeasur eneniy) off AngROsE GRide g¥deSladgddd dHip yI<1RBs BE96 b BEBNtWhierd hadQidy &or tion
of chips having an oxide filmdielectric breakdown strength of 8 N V/ cm

or hi gher sidey 1&@nshsd O defred SRbWe®Xialged bf MlkbEER0E%S Hcchrdlnply, a
gate area of 8 MmR2, a current density in decision of | Mand at room

t enper gt UropdMeTRAsa N oad D BoBX tEiR dxipkfintdiitak BRESIDIS afe slfhah.phat it
has been 25 known through experiences that the thinner the oxide film the

more 5 Cct £c.2004 -10 sensitive to a surface state. In Fig. 4, there is
shown a graph showing an off angle of a wafer vs. a good chip yield. It is

f d f Fi g. ' . .qood
chip yield 15 psucarierilk RIEREDLR bt Srpe ARl OT % & Hooree
shoved val yes of AHRSh &r%%%to%cﬁ%ﬁfg &%ﬁﬁal 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 wvalue can be

20  manufactured.



5 proper off angles obtained fromthis experinental exanpl esaoaoﬂ,é@@o&han
0.2 degree. Considering collectively above Experinental Exanples to 4,

it is concluded that in order to acquire optinmal haze val ues, an off angl e
O of a wafer is required to fall within the range of 0.1 degree <0<0.2
degree. 10 Furthernore, a proper rangg of off angles were confirmed through
simlar experiments to Experimental Exanples 1 to 4 except for the fact

t hat the heat treatpent was performed in argon_at nosphere including

hydr ogen lgas Aatm%n‘é%eﬁflgof’r%%sSaf”l%(?@%e‘ﬂd’l’a@fh?‘)mpfls\mg heund t hat
t here werg bg_erved tendencies simlar to Figs. 1 to 4 wherein an off
angle is W 4 1y in 15 the range of 0.1 degree < 0 < 0.2 degree.

bi | f di
e doscr i bed Aepetingh Sfiddh aFHSH Redr BRVGL S ShrlR. pEsg g vel o
a haze valig £t BRg120, fwlgltbﬁlaﬁt 4" &finpos et LANEE A004iMt lankl o TBMEAC! U1 N

process for an anne conpr|s ng the “steps of eparing a silicon

mrror waekibaAvidich sHAfAER ahbBOBald B Yohkly alﬂebhfonariﬁltﬁe%n\gal chis a
conposite value of a tilt angle a to the X-axis direction and a‘tilt angle

0 to theoY- @xl sdegreect< ofr, <i 0.2 heegangeronf .1 0dYgheens & <a Oplandegr ee
froma (100) plane or a plane equivalent thereto by slicing a silicon

si ngl e cregsivdlenhgherepoony Hhicingeansilofom sGrglehcaysstkl ingohedpwandy
means of a Czochralski method; and

heat-treating the silicon mirror wafer at a temperature in the

range of from 1000°C to 1300°C and for a time in the range of from

0.5 to 10hr in an atmosphere of hydrogen gas, an inert gas, nitrogen

gas or a mixed gas thereof to eliminate grown in defects in the

vicinity of a wafer surface.

2. An annealed wafer manufactured by the manufacturing process
according to claim 1 having a surface orientation with a tilt angle 9,
which is a composite value of a tilt angle o to the X-axis direction
and a tilt angle P to the Y-axis direction, to fall in the range of 0.1
degree < 6 < 0.2 degree from a (100) plane or a plane equivalent

thereto.



heat-treating the silicon mrror wafer at a tenperature in t of
from 1000C to 1300C and for a tine in the range of from 0.§n§%0@%%@6?n an
at nosphere of hydrogen gas, an inert-Has, nitrogen gas or a mixed gas
thereof to elimnate grown in defects in the vicinity of a wafer surface.
2. An anneal ed waf er manufactured by the manufacturing process according
to claiml having a surface orientation with a tilt angle 0O, which is a
conposite value of atilt angle a to the X-axis direction and a tilt angle
(3 to the Y-axis direction, to falABSYPRARE range of 0.1 degree < 0 < 0.2
degree froma (100) plane or a plane equivalent thereto. 5 October 2004
-12 ABSTRACT Provided is a manufacturing process for an anneal ed wafer
capable of elucidating a relationship between a tilt angle froma (100)

pl ane of a waf epravidedhe aanedifecudiit faeesd forsat anpealediwafeltcapablees for
suppression of haze and to inprove a characteristic of a device fromthe

anneal ed y@figsidasing 4 RIMibneHip HebResn pRIESBEWrOf HG208) pharsd of cwmfen rror
waf er having a surface orientation wth atilt angle in the range of 0.1

degreg; < {) e Snrlefl88%9@ HARMoAt bR AtaABaNn s for BhFeseiaui ofdl-eataridher et o
is heat treated in an atnosphere of hydrogen 10 gas, an inert gas,
ni trogen gasnofovd dERA% ceasstider £8bvice from the annealed wafer as a result of

the suppression of haze. A silicon mirror wafer having a surface orientation

with a tilt angle in the range of 0.1 degree <6 < 0.2 degree from a (100) plane

or a plane equivalent thereto is heat treated in an atmosphere of hydrogen

10 gas, an inert gas, nitrogen gas or a mixed gas thereof.



