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 smal Iichaidal Misigcdi mensi ons of design rules and a 5 October 2004 2

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



smal | er thickness of a gate oxide elm As a nethod for redud n
such an anneal ed mafer,ga technique is disclosed in JP A QE{Q%QQ%é%O%
which a silicon wafer with a sliced sgrface tilted froma silicon (100)
pl ane by an angle of 0.2 to 2-0 degrees 5 is annealed in a reductive gas
at nosphere. 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 with atilt angle of 0.1 degree or less is heat treated in a

at nospher gmadlhg thidlngsatof baagt otk ffmH2 gas and Ar gas at a prescribed
tenperature for a 10 prescribed time. The above descri bed JP A 93-152179

has a mai n featupg hhﬁietﬁbdﬂ%rarecﬁiclﬁg?q{hz‘é’%ﬁrsé %%aéa] rv@alfgpoﬁ’ colors
on a surface thereof when the silicon wafer wt atl an

degree or iess h@q@(ﬁsa' L&9R SE W3] peal &fidod &Q T GAYC 'Ve
opt 0 SRS ENE B RRRE Bl

at mosphere, the tilt angle fromthe si ane bef or e

and. | n-theeSRay o bR R08% BbRTTO0 plahfp o £RL8E0.2 ?ﬁ%*%te@er
(100) %PE?%Q%P@%%%%?ﬁﬁ‘fﬁé’ﬁe%%%“?@%ﬁﬁif 'S T IS found that there
art tochni quos,  DoherooRg BEBACRATeR ety &ﬁgﬁaﬁﬁ%ﬂff@eﬁfﬁ&%ﬁéﬂ?ﬁf P
nereof by he! SHhas PR %%e?ﬁ%@ﬁ?ﬁ%?”% il s (00 S ai ngly

an obj ect of,the.present ion to VId a 5 Cctqber 2004 -
nmanuf Jacturljrﬂjl e888 P%[‘bnf ﬁ?e‘?f phpreats 0 dorbmes

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



rel ati onship between a tilt angle froma (100) plane of a fcgq?)et%dae
anneal ed and haze to set optimal tilt angles for suppressio h %e and

to inprove a characteristic of a device as a result of the suppression of
haze. One aspect there is provided a nuf acturi ng process for an anneal ed
waf er of the present invention conprising the steps of: preparing a
silicon mrror wafer having a surface orientation with a tilt angle (an
of f angle) 0O ich is a conppsite valu f a.tilt le.a.to the X-axis
Gi rect Pon mm B nEsai RS themreled whtdortbIG of PieCidaige Ror 01
degree < QefatPorsHIBIbE&vddOD &1f 1AQ)le FraMe aOf1 )PhAMR BFWU YR LMo Rereto
by slicing a silicon single crystal ingot grown by neans of a Czochral ski
met hod; ardingeded anddtdzegta ket sptincadntilti angleswal erupptressiohemfpbazt and i n t he

range of from 1000C to 1300C gnd or.atimeinth {:mge of from0.5 to
| Ohr i n af®at¥ie? EISFAHTESHigeR! dadevigs ?%ér&esuﬁa%, SPBBETSHR o a
m xed gas Hzea M xed gas thereof to elimnate grown in defects in the

vicinity of a wafer surface. In another aspect there is provided an
anneal ed waf er Om@nasfpest uthedebis trevirded f actaniufiactprioge geokass nfpra asur f ace

[ tati i t ilt | 0 ich is.. i.t. alue of a tjlt
ohoro a1 Phoetled R nf el stessil dPvERESEnGRR D Hbey.ssnd o
di rection,prepafiakl a isNitde mirdGO% Fbr Qalife Y 8€rracd orihidtidaohed frem a

(100) plane or a plane equivalent thereto, a | ow haze | evel and a high
oxi de fi | rn@lel(aetoff @nghelebkwdieh 33 re¢ynhositheal v eftaotist efigkehe tpribsent

1T angl & ARSI ArCBY) “Bha Brercéle (T8 e " BEUA HGaY GO"ahd 1R @nERs & -

resul t, ohtfap nedegre@eek ¢ kngizngsgtdiairoin aher®) sMele ¥RRI FRnkagfRVYIgRPENdI NY

on the change in observation node
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.



for haze (a spatial frequency in neasurenent) from Experi m@@&ob&‘z@'ﬁ’ﬁ?l es 1
and 2 described later, which has lead to conpletion of the 7 nvention. 5
Oct ober 2004 4 Brief Description of thé Drawings: FIG 1 is a graph show ng
a relationship between an off angle of a wafer and a haze val ue after
annealing in Experinmental Exanple 1; 5 FIG 2 is a graph showi ng a

rel ati onship between an off angle of a wafer and a haze val ue after
annealing in Experinental Exanple 2; FIG 3 is a graph. showing a

rel ati onship between an off angle of a wafer and a TDDB good chip yield in
Experinental Exanple 3; FIG 4 is a graph showing a relationship between
an' of f aritief Besaiption obfher DaamtingsTZDB good chip yield in Experinental
Exanple 4; and FIG 5 is an explanatory view for showi ng that an off angle
of a wafer is alFiGnjidsid eramph sho®imd aaeldtidnsdrigbetaetw anhef ¥ngld 6f a
direction and a tilt angle to the Y-axis direction. 15 Best Mdde for

Carryi ng Quifetrhed nherd valne descinpddling i ExpdengnveliEodmetdtdi nents of the
present invention below. (Manufacture of a silicon mrror wafer with an

off angle 0 of OFIGdedises graph sho®hizy da@lftntp betwesh lanCeM agighobfacr yst al
I ngot having a crystall ographic orientation of < 100 > is grown by neans

of a CZOChirafe‘ir!ﬁind(@hzémﬁmdaﬂémaﬁﬁléaﬂiﬂgaﬁ?Exﬁ\éﬂiﬁle@ltﬁl?EQam?![é’ﬁi al having a
central axis tilted froma crystallographic orientation of < 100 > by an

angl e in the ran@Gof3 {o' Dol sHEEISL at1R1HENEIRD HIeHEEETn SFGE 8Ff 2 MY be
pulled so as to have a pulling direction tilted froma crystal l'ographic
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



25 orientation of < 100 > by an angle in the range of from ¢ to
several 5 October 2004 5 degrees. 2) According to an ordlnagvé%§§%g®§4
pulled silicon single crystal ingot isz-subjected to cylindrical grlndlng,
formation of an orientation flat (or a notch) and others; thereafter, such
a shaped silicon single crystal ingot is positioned 5 precisely in such a
way that a slicing plane therefor assunes an orientation tilted froma
(100) plane or a plane equivalent thereto such as (010), (001), (00),
(OF10) ordgggﬁg_by atilt angle O in the range of 0.1 degree < 0 < 0.2
degree using an X ray crystallographic orientation nmeasuring appar at us,

and is yg&ql%tﬁgggioaaﬂwo&&n%qwpﬁeeésn@eﬁuﬂé@@m&h §1ﬁ§46e0&r§s@§1 18 i NOt e

that the ti e 0 1s an angle of a wafer sur ect t

(100) ol ey gl AE el AL RRL LISLRLD A BEhLaRH 80 0L 4 bl |9

not speci g tto an nary process us s ers are

subj ect ed {9 o A ALl e ARBI Qghaﬁéfggfgﬁgn LS ae Lahiaghandoatgers Lo

manuf act ure Icon mrror waters I'Ng rogen gas
crytaf 1 e Mt Sl Gl %fsef?%’?‘iaéi%“*?%f*ﬁ%?%t v
present eferite Cobf mipion ?e@ﬁ&ﬁ %%Wﬂgnﬁﬁe?%??u@r 4 0Pt BBl e
vioini ty ST TE OEEhueant Rude S Batasst of GibRRGR F0-H8Ped i n
an at nosphere of galdrogen gas, . |nert ct;as such as argon %as and helium

gas, nitrdtere gds > &8Y LIHP gﬁ%ﬁhlﬁkfgﬂ%‘&ﬁ 108 INPEGFUHAR PR HGTUS nBRPHET es,

there can be exenplified 100%
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



25 hydrogen gas, 100% argon gas, a mnixed gas atnosphere conpgs f

Cct ober 2004 6 hydrogen and argon at a hydrogen concentration @gﬁ%ﬁoﬁ% or
| ower than the |ower explosion limt-04%, or an atnobsphere of a mxture
wi th hydrogen and argon at respective arbitrary concentrations, which have
preferably a high effect of elimnating grown-in defects in the vicinity
of a wafer surface. 5 An annealing tenperature is preferably set in the
range of from 1000C to 1300C and an annealing tinme is preferably set in

t he rangehyfirégamand. &5gow atG hydrogencondenirationdgaad ta or doer dham éhes in
the range of from 1150C to 1250C and an annealing tinme is in the range of
from 1 toléwer explosgndanite@f@cor af attriospherts ofg mrioture ivitH éfydedgercand be

enj oyed and suppression 10 can be conparatively exerted on probl ens of

dur abi | i t yrgén atheapedtiwabiiotaryfdonoaceatioaavyhie bhve patRFLBEL 4 dagRNd
others. As for heat treatnent furnaces, there can be exenplified a heater

heating t ypecbaf €hmiesting gmﬂﬁﬁtdefe&@@@eh@e_{cmwbﬂg wieet shiFfg@é ment as
descri bed above, and in addition thereto a single wafer RTA (Rapid Thernal

15 Anngal i ng) appar ahHsa@he dehpEPa 8t isNBrdfyR®lP set B8 HeKeandd 6f ¢fak! e heat
treatment conditions for elimnating grown-in defects in case of an RTA

appar at us JigooHe 8o aBe0at: aadta%{mﬁ{@atﬁﬁgiﬁjn@ it g?efé?mswst@ﬁiﬁ fﬁ@%&%&%ef m3°0C

and for atine in the range of from1l to 60 sec. any o eat

Lne.pr esers 1oy Snition 1 RopRRis BARke I Ppllobli e iy 1Y, S LASE BF A ont

the present invention, evel on the er a reat ment

can be redl‘i%%dcltgv‘%qq:"(}t{hcf‘aﬁi%%% i ﬁﬁefiéli@gﬁé%ﬁgérf’k%"r rle%k%%‘?gﬁ o

strength conpare a prior art practice. her

descripti Qeut Eﬁ‘e&eoigéﬂﬁ[ﬂn&finé EOQEQEG&%&Q\f:%ﬂt}seognjoyed 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



25 bel ow, giving Experinental Exanples having led to conpl etsi 4.0 2bbs
present 5 Cctober 2004 7 invention. (Experinmental Exanple 1) In this
experimental exanple, investigation was_conducted into a relationship
between .a tilt angle froma (100) plane of a wafer surface 5 orientation
and haze on the wafer after high tenperature annealing. An annealing
furnace used in this exanple was one nmade by Tokyo Electron Limted with a
trade name of UL-260-10H, and a haze eval uation apparatus was one made by
KLA- Tencor Corp. with a trade name of Surfcan SP1. A neasuring node for
haze adop’trévc?nitﬁmthi s exanpl e was of Wde channel (a 10 node in which

irregularities.wt | ow tial frequency and a short wavelength are
obser ved) tﬁ’ﬁ"@ﬁ‘?@ aﬁ%%ﬁ%ﬁi) was performed in an atnosphere of 100%
argon, at 1150C and for 4 hr. In Fig. 1, .there is shown a graph . in which a
tilt angle O fr ah{sm%l)emaraawg CHBRIep BT e ERne WEE @odictedaiificeda t o
the X-axis [OQl].direction and a 15 tilt angle [3 to the Y-axis ﬁ[Oll]

di recti onrelggionship befween 2 it eanglp fyew ias(]glcﬁtiﬂ@@evxﬁlﬁ B Pisdembytisssa and
the ordinate is assigned to a _haze valye after the annealing. It is
under s® oo@rienbaiirn gnd hegeonnthea wider st highatemperatvry anpealingf fAmngl e 0)
froma (100) plane, a |lower haze value is observed. This shows a simlar
resul t toanmgeling {uPnaco&sed insdis @rhyple thas bes cudde dya¥akyabilectran20
concl usion woul d be that the decrease the off angle, the | ower the haze

| evel . | disdthd woil, a ittadesndmernd U260 aH, end alltazareyatuadfion eppatdtas 0. 2
degree, a haze Ilevel of 0.06 ppmor |ess is obtained. (Experinental

Exanpl e 2wdsmond insadx pgrikKidrifalcoeXzmpl eitla ahaade wedme ofidirfmas8Pad An a

ode 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



25 of Narrow channel of Surfscan SP1 described above. The N%r(R& Shaphpel 5
Cct ober 2004 8 node is a node in which irregularities wth a higher spati al
frequency and a |onger wavel ength conpBared with the Wde channel nbde and
undul ati on conponents are observed. The other conditions were the sane as
those of Experinental Exanple 1. Measurenent results are shown in Fig. 2.
51t was observed fromFig. 2 that a tendency is observed that wwth an off
angle of 0.1 degree or |ess, a haze value neasured in the Narrow channel
nmode i s extoden ynigderisawbith iThemularities witlaa Highevapadel Fdquenayoandapond to
a phenonenon in JP A 93-152179 that a haze in rai nbow col ors was observed

on a waf erlohgen mgvalemigth cangleredfwith2tideWide dhianned snddeoemd ddAxtiphane
after its 10 annealing. Although a cause for generation of haze in the

node of th@niyudedits agbabbetveds Theafthad BonditiondSwéule b aStlbseesult,
undul ati on conponents w th |Iong wavel engths increase on a wafer surface in

case of arEgidrimegtd Dfamplell dBHRArSmchesSulasrdeisvebsayed in the
Narrow channel node rises very 15 nuch. Haze observed in the Narrow channel

will beg probl emali gasbbhered fbm BigeRat hatR&SEcyOl hsbRRA 1h&K kagh hadui red
on a silicon wafer is severer. |If "haze observed in the Narrow channel nopde

is at a vedy afbRof Y Hegiedr Bss NA%E zE HERRCHABuFeR ﬁffﬁé)N%?ﬁv% L hgeNar r ow

channel node in order to evaluate the flatness of a [ong period, a problem

al so aris OHQS% eﬁ&@ﬁ%%fﬂfc&%d?%fﬁ?&?%ﬂ? B‘ﬂ'ﬁ'ﬁ@ cAsiRddd & L%?réasﬁ)ﬁnﬁgég to be

observed. Ther ore, It Is Inportan revent an 1 ncrease

obeerved, gyt e RORel TP L0 L6l S HRERLS BB 2
Then, waf & a%’fep %,a(fﬁlséag %fh': %{Egl\éa})rf iO(.)ﬁl aeggefe o%qgéseﬁ'o\f\lﬁea %16(55%151% %gte% Qs
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



25 annealing simlar to Experinmental Exanple 1 to prepare anygabgsd Joghers 5
Cct ober 2004 9 with respective various haze val ues. The wafers each were
used for an oxide filmdielectric bredkdown strength test (TDDB
measurenent). A good chip vyield in the TDDB neasurenment is a proportion of
chips having an oxide filra dielectric breakdowmn strength of JC/ CM or

hi gher under conditions. of a gate 5 oxide filmthickness of 5.0 nm, a gate
area of 4M\R, a stress current value of 0.01 A/lcn2 and at room

t enper at uMath TeRpectizs gwrigng have velvere The miadenscachssetesugdoionmni axidhat it
has been known _through experiences that the thinner the oxide film the
nore sendilm diglectrig hyeakdewn strangthitest ATPDH n@asttmment)s Atgoed chigr aph
showi ng an off angle of a wafer vs. a good chip yield. It is found from
Fig. 3 thaieldiintha TP meghereoferd.i? adegpestian of chipe haaimgpad ogllepfilvhel d is
80% or |l ess. Wafers having off angles less than 0.2 degree showed

per cent ageialattreshrfa kdlowmsdtrditis ofAC/ondiondiyhepuoper caiditionnof asz06t ai ned
fromthis experinmental exanple are less than 0.2 degree. 15 (Experinental

Exanpl 8 4)pxithf £lis thivkecanotBDatn| 8 gatshrdd ¢4 Fand) ef stiéssotreshireituglof
Exanple 3 to prepare wafers having respective various haze val ues. The

waf ers eagaren¥agd st ebo@drtefiged8tddel M di el ectric breakdown strength test
(TZDB rneasurenent). A good chip yield in the TZDB neasurenent is a 20

proportion of chiips rea¥Nehgtheekdt ﬁixb'%hﬂ:ﬂgﬁle@scis@ﬂn%?@ﬁ%%h%'b%@?tg gf 8

NI V/cm or higher under conditions of a gate oxide filmthickness o

nm a gatkg oL ahebuSh B erichced M {HART t10e NSk Yer @hge&léé Oﬂlrﬁf the Migpd at
room tenperature. e reason why the oxide filmthickness is 5.0 nm is

that it hagnBRRR 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



25 known through experiences that the thinner the oxide filmgolfge, 68 5
Cct ober 2004 -10 sensitive to a surface state. In Fig. 4, there is shown a
graph showing an off angle of a waferlvs. a good chip yield. It is found
fromFig. 4 that in excess of 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
val ues of al nost 100% Accordingly, 5 proper off angles obtained fromthis
experinmental exanple are less than 0.2 degree. Considering collectively
above Expeensiiviedb sexanfpteestate.t bn Figi4, there costudwm acdzraphtshowiogder off o
acquire optiml haze values, an off angle O of a wafer is required to fall
W t hi n t henpdngea efaflr ts.degiodiectdip G1eld0.12 igfgnalefrohOFfeudtthat i egcess ofir oper
range of off angles were confirned through simlar experinments to

Experi mentad] of5a8R 650.2 de@rde, @XERI cHipryidlddsfases of hak. Weferb@abidd e@t ment
was performed 1 n argon atnosphere including hydrogen gas at a content of

3% at 12Q@la@ntedsothsh 02 dbiratashdweddralied of féﬂ’sﬁl@sﬂ\ﬂ()@%_.obiﬁ&bifcﬁﬂﬁly,_
tendencies simlar to Figs. to 4 wherein an off angle is suitably in 15

the rapge 3tpér drdegicolitabned Bod HeidISeriadiidil bkinpl aBXRRithahi®@y in
I ndustry: "According to the present invention, as described above, a high
quality a ged wafer with a very low |level of a haze value can be 20
manuf actured. 5 Cctober 2004 11 1. A nmanufacturing process for an anneal ed

waf er conpri sing dag;4eshfiPolctivalyP ARG ExBeinl dtaD EFuHifks WR{LE, fRAYI N9 a
surface orientation

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 wvalue can be

20  manufactured.



wth atilt angle 0, which is a conposite value of a tilt anghg.geo@ohhe
X-axis direction and a tilt angle 0 to the Y-axis direction, In the range
of 0.1 degree < 0 < 0.2 degree froma (100) plane or a plane equivalent
thereto by slicing a silicon single crystal ingot grown by neans of a
Czochral ski nethod; and heat-treatingithe silicon mrror wafer at a
tenperature in the range of from 1000C to 1300C and for a tinme in the
range of from 0.5 tg 10hr in an atposphere of hydrogen gas, an inert gas,
ni t rogen l-gas AmMantiagduriggsrrefsssofort an cinnpased oV 4feswpOMBTWARECDS i n the
vicinity of a wafer surface. 2. An anneal ed wafer manufactured by the
nmanuf act L???%O\g?ocess according to claim| having a surface orientation
with atilt a i i.s. a. comosite,value of a.tilt angle a to the
X axi o di rectiaroeng & NS i EOT IR APV A sofidcec brBitafighy af) T

the rangeyioh Deikt 248 8 wh h<isoa2061ﬁgé§§2%f§f[a%g%$)f( 3Q0 dag4ogél|@§a % heP! ane

equi val ent thereto.” 5 October 2004 - Provi

manuf act gliargs A AGRESH hal AnIAAAGK 8oLy -6aRAR R ctidh, ¢hUtkedakiRg a
rel ati onship between a tilt angle froma (100) plane of a wafer gto be

anneal ed ofn@. hadegtew set6 ogt ORI depide oaghesa fAOuUpPPiLSSboOra Oplahaze and
to inprove a characteristic of a device fromthe anneal ed wafer as a result
of the sqppyasaidheoétohhyesliging lai sidican singlewafwtahangoyg grosur bace
orientation with atilt angle in the range of 0.1 degree < 0 < 0.2 degree
froma (PeeAnspphacCzoehielphiametoodi ¢flent thereto is heat treated in an

at nosphere of _hydrogen 1 as, an inpert gas, nitrogen gas or . a n xed gas
theregf. he%t-tr ating t%egmshcon m?rror v%a?er at a t%mpe%ature in the d

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.





